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President’s Address 

In preparation for this address, I wanted to know a little more 
about the history of Kansas. So, I read a book called The Cm/e 
Towns to give me a deeper appreciation for this beautiful state. 
Here are just a few historical tidbits. 

As many of you know, Texas and Kansas are forever linked in 
history because of the cattle drives that began in Texas and ended 
in Ellsworth, Newton, Dodge City, Abilene and yes, Wichita, So 
if the cattle industry was born in Texas, Kansas certainly served 
as the cradle. Abilene was only 6 years old when it was discov- 
ered by the Texas cattle drovers. It’s funny how things that hap- 
pen then, parallel what is happening today. The following exam- 
ples will serve to illustrate my point. 

Was there competition in the market-place? You bet. Each of 
these towns in Kansas tried to market themselves to the drovers 
coming up the trail. Advertisements were placed in Texas oews- 
papers extolling the virtues of each town at the trail-head. Even a 
Texan named Shanghai Pierce was hired to go to south Texas and 
recruit Texas herds to Wichita. In fact, the Wichita city council 
voted to use $4,000 of city tax money to “make vigorous efforts 
to secure the Texas cattle trade” and “deter and hinder as far as 
possible the cattle trade from going to any other town.” Other 
towns had their own marketing plans. Circulars were printed up 
and nailed to trees all along the cattle trails to “bring your cattle 
to Ellsworth-good grass and plenty of water!“. 

Were there grazing leases back then? Yes. A grazing lease in 
1883 fetched $1.25 per acre. That’s not all that different from 
today. A lease in Texas mos $4-$7 per acre, depending on the 
range site and condition. 

Did they have radical groups to deal with? Well, you be the 
judge. For a July 4 celebration in 1884, Dodge City arranged a 
“‘genuine Spanish bullfight” by bringing bulls and matadors from 
Chihuahua, Mexico. They spent $lO,OC0 and almost 4,000 spec- 
taton showed up, but it was almost brought to a screeching halt. 
The national president of the American Society for the Prevention 
of Cruelty to Animals wired then Kansas Governor. George Click 
and pleaded with him to stop the bullfight. As you might have 
guessed, the bullfight went on as planned. 

Were there anti-cattle groups? Yes. Farmers formed into vigi- 
lante groups to keep cattle off their land and oat of their crops. As 
early as 1868, Abilene, Kansas, in Dickenson County. had “herd 
laws” (to reduce overgrazing and crop damage) and even “night 
herd laws”, because most depredations occurred at night. In 1872, 
Abilene businessmen raised $4,000 among themselves to pay 
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farmers for damages to their land and crops. So even back then, 
cattlemen were asked to restrain and control their herds. 

There were also anti-Texas cattle factions because of the dread- 
ed disease, splenic or “Texas” fever. In 1868, local cattle started 
dying. Naturally, Texas cattle drovers pooh-poohed the notion 
that this disease was from Texas cattle, because Texas cattle 
never came down with splenic fever. But where did the first 
check-off program start? In Kansas, naturally. 

After the herds arrived at the trail-heads, Texas dmvers levied 
themselves a $.05 per head tax to pay for losses due to splenic 
fever. So even though Texas drovers didn’t agree, they exercised 
goad judgement in trying to cover losses due to splenic fever. By 
1876, quarantine legislation drew a line in the sand that signaled 
the close of Wichita as a cattle trading center. Dodge City 
became the new shipping capital. Six years later, the federal gov- 
ernment even got into the act by creating the Bureau of Animal 
Husbandry in USDA to deal with diseases like pleuropneumonia 
from Europe and splenic fever from Texas. 

However, Texans, knowing they couldn’t afford to be ham- 
pered by the feds and still believing that splenic fever was all in 
the imagination of Kansas stockmen. convinced Congress to 
exempt splenic fever from consideration by the newly created 
Bureau. Politics at its best! But later, 1884, Governor Click quar- 
antined the entire state of Kansas against imported herds from 
Texas. This ended the cattle trade. So 1 guess Kansas and Texas 
ended their relationship l&l years ago. We now have the Big I2 
and we import another kind of beef: Texas football players to 
Kansas and Kansas State. I just hope they don’t have splenic 
fever! 

What does all this have to do with SRM? Well, not much actu- 
ally. 

But this history lesson does remind us that we’ve always had 
controversy surrounding the livestock industry. And SRM today 
will always be in the middle of controversy as long as we contin- 
ue to believe that managed grazing has a place in most rangeland 
ecosystems. I happen to believe that. 

But we will loose the war (not to mention the respect of our 
peers) if we don’t recognize that we most ahvays focus on the 
health of rangeland ecosystems. We must never support grazing 
at all costs when the damage to the land is proven and we must 
let organizations like NCA know that. We most never condone, 
ignore, or look the other way when confronted with poor grazing 
practices, trail bikers and recreationists who damage rangelands, 
or improper mining practices. Conversely, we most continue to 
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celebrate the ranchers who are good stewards-for they are the 
best caretakers of the land. Let’s continue to be the champion of 
good stewardship focussing attention on these good stewards 
again and again, and again. In short, we must never lose sight of 
our vision of “productive, sustainable rangeland ecosystems.” 

While I’m on the topic of “musts”, here’s a few more: As a 
professional society, we must continue to recognize, and extol1 
the value of, wildlife as an integral component of rangeland 
ecosystems. Our magazine, Rangelands, and the Journal of 
Range Management, must continue to have articles which 
demonstrate successful management of rangelands for wildlife, as 
well as for watersheds, grasslands, and grazable forest lands. 

We must continue to support our members who are employed 
in our federal agencies. To help them, we must push the impor- 
tance of rangelands and proper stewardship thereof, to the fore- 
front of every issue, and keep it in front of every public official at 
the local, state, and national level. 

We must continue to push for a uniform and consistent 
approach to rangeland assessment and monitoring. Chaos and 
confusion will reign supreme until the NRCS, BLM, USFS, and 
NPS use the same system. 

We must push harder in developing partners on resource issues. 
We must figure out a way to find common ground and send joint 
position statements to congress. As Jim Newman and Carolyn 
Hull-Sieg have said, our future power is in developing strong 
alliances with other professional societies. 

As a profession, we must never forget that our science is the 
only thing that separates us from any of those conservation or 
environmental groups or organizations. We must keep doing and 
publishing good science. 

As an organization, we must always promote one of our great- 
est assets-our wonderfully crafted Coordinated Resource 
Management Guidelines. Those guidelines, put down on paper by 
SRM members, are the single best tool in conflict resolution. We 
need to promote it to the highest levels of government. 

Last, we must be the voice of reason. Please indulge me as I 
read an excerpt from a book. I should say r-e-read it because this 
is the exact same excerpt I read to you in my very first 
President’s message: 

In his appreciation of Giiord Pinchot, Roderick Nash spoke of 
Pinchot’s inspirational Power, emphasizing that “‘to arouse men, and 
move them to action, one cannot speak only to their minds; one must 
touch their hearts as well.” 

This lesson has been applied with ever increasing fervor, until 
today the issues of conservation surge back and forth through public 
affairs on floods of emotion. So the hearta are touched. What now of 
tbe minds? 

In these days, enthusiasts of all sorts take their hearts to war, 
and leave their minds behind. Their emotional attacks provoke emo- 
tional counterattacks. Each side has the same mono: Win or Die. 

But in real life few win entirely or die entirely. A Peace table is 
found, treaties are hammered out, concessions are made. To gain 
advantage in mediation, a negotiator must know the value, for his or 
her cause, of each concession granted or gained. But if all the nego- 
tiator brings to the table is a fervor, the negotiation takes place in a 
vacuum, when what the negotiator should have in hand is a rich sup- 
ply of demonstrable facts. 

So now is the time to rephrase Nash and say: “to strengthen the 
ability of the emotionally committed to act effectively, one cannot 
appeal only to their hearts; one must arm them with the tools of rea- 
son as weuI? 

In the future, SRM must continue to provide those tools of rea- 
son. 

There is one last thing we ought not to forget as well look 
toward the future. We ought not to forget hope. Hope does not 
present the same difficulties as future predictions. With hope 
there are no rose-colored glasses to lose their tint. Best of all, 
hope changes things for the better. Not all things that we hope for 
do we get. But some we do. That is because, as hopeful people, 
we have our eyes open to all sorts of possibilities that carry the 
fulfillment of hopes hidden within them. Hopeful people act as if 
there is a good chance their hopes will be realized. Hope is being 
100 years old and taking out a two-year magazine subscription to 
take advantage of the lower annual subscription rate. SRM is an 
collective organization of individuals who care deeply about the 
land and the people on the land. Because of the this, I believe 
SRM is a professional body of great people filled with hope. 

In closing, I would like to quote Margaret Mead who said: 
“Never doubt that a small group of hopeful, thoughtful, and com- 
mitted people can change the world. Indeed it is the only thing 
that ever has.” 

It has been my honor and my privilege to serve you. I am hum- 
bled to have had this opportunity. 
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Seasonal changes of herbage biomass on the 
fescue prairie 

WALTER D. WILLMS, BARRY W. ADAMS, AND JOHAN F. DORMAAR 

Walter D. Willms and Johan F. Dormaar are range ecologist and soil scientist, Agriculture and A&y-i-Food Canada 
Research Centre. Lethbridge. Alberta, Canada, TIJ4BI: Barry IV. Adams is regional range manager, Alberta Pablic Lands, 
L&bridge, Alberla, Canada, TIJ 2.X 

Abstract 

Knowing the amount of herhage on rangeland is basic to man- 
agement decisions related to livestock grazing. However, the 
amount of herhage available for grazing changes seasonally. 
Therefore, changes in berbage biomass were examined in differ- 
ent communities of the fescue prairie. The study was conducted 
at 2 sites in southwestern Alberta. In the Porcupine Hills near 
Stavely, changes in herbage biomass components were examined 
in 3 communities: rough fescue (Festuca campestris Rydb.), 
Parry oat grass (Danthonia parryi Scribn.)-Kentucky bluegrass 
(Poa pratensis L.), and Kentucky bluegrass-sedge (Carex spp.) by 
sampling at monthly intervals from April or May to late 
September. Observed trends among the rough fescue, Parry oat- 
grass-Kentucky bluegrass, and Kentucky bluegrass-sedge com- 
munities were, for peak current year’s standing production, 398, 
305, and 226 g mm*, respectively; for spring current year’s stand- 
ing production as a percent of its peak, 73,50, and 35%, respec- 
tively; and for percent losses of total herbage biomass, from fall 
to spring, 24, 43, and 56%, respectively. In the foothills near 
Pincher Creek, the standing crop of grasses and forbs was sam- 
pled using paired subplots. One subplot was harvested in 
October and the other in April. Dry matter losses over winter 
averaged 27 and 58% for grasses and forbs, respectively. Of the 
3 communities examined, production on the rough fescue com- 
munity was the greatest, least dependent on precipitation during 
the growing season, and least susceptible to weathering losses 
and, therefore, had the greatest forage values. The Kentucky 
bluegrass-sedge community had the lowest forage values. 

Key Words: primary production, litter, disappearance of dry 
matter, Poa pratensis, Danthonia parryi, Festuca campestris, 
Carex spp. 

The fescue prairie, one of the most productive grasslands on the 
Northern Great Plains, extends from northern Montana through 
central Alberta and Saskatchewan to south-west Manitoba. In 
southwestern Alberta, the fescue prairie covers the foothills of the 
Rocky Mountains (Pavlick and Looman 1984) at elevations 
between 1,000 and 1,700 m above sea level. The dominant 

The research was partly funded by a grant from Farming For the Future, Alberta 
Department of Agriculture, Food, and Rural Development. This paper is 
Contribution number 3879441 of the Lethbridge Research Centre. 

hlanuscript accepted 1 hlay 1995. 
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species is normally rough fescue (Fesrucu campestris Rydb.) but 
Parry oat grass (Danthonia parryi Scribn.) may dominate drier 
sites. Also, at higher elevations near the limits of its distribution, 
rough fescue may be replaced by Richardson needle grass (Stipa 
richardsonii Link) as the dominant herbaceous species. 

Rough fescue is extremely susceptible to grazing during the 
growing season but tolerates grazing while dormant. This may 
reflect the historical use of the fescue prairie which is believed to 
have been winter grazing by bison. Winter grazing of this prairie 
by cattle is an economically sound management practice (Willms 
et al. 1993) which conserves the integrity of the grassland. 
However, dry matter losses over winter, from weathering, tram- 
pling, and herbivory, limit the amount of forage available for 
livestock. 

Grazing fescue prairie at moderate and heavy stocking rates 
resulted in the disappearance of 30.2 +- 1.3 and 25.9 k 1.5 kg (?T + 
SD), respectively, forage dry matter per animal-unit-day (AUD) 
(Willms 1988). This represented a grazing efficiency of less than 
SO%, assuming that forage intake was 12 kg AUD“. Apparently, 
more than 50% of available herbage was lost through decomposi- 
tion, consumed by non-livestock species, or transferred to the lit- 
ter pool. In a similar environment, dry matter losses over winter 
from leaves of Altai wildrye (Elymus angusrus Trin.) were about 
45% (Willms 1992). 

Available forage, also referred to as standing crop, is a com- 
monly measured attribute of grasslands but its dynamics on the 
fescue prairie are not well understood. Morris and Brunner 
(1971) reported that herbage biomass in Montana was greatest in 
July and varied by 39% over the year. About 83% of above- 
ground production was achieved by 15 June in Alberta (Willms 
1988). However, the study by Morris and Brunner (1971) was for 
a single year only and neither study estimated weathering losses 
over winter. The objective of this study was to determine season- 
al changes in the biomass of herbage components of major plant 
communities in the fescue prairie. 

Materials and Methods 

Site Description 
The study was conducted in 2 locations. The Stavely site was 

85 km northwest of Lethbridge near Stavely (50” 12, 113” 57’; 
1,350 m) in the Porcupine Hills of southwestern Alberta whereas 
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the Pincher Creek site was located in the foothills of the Rocky 
Mountains about 104 km southwest of Lethbridge near Pincher 
Creek (49” 28’, 114” 12’; 1,220 to 1,710 m) . 

Soils at the Stavely site are classified as thin Orthic Black 
Chemozemic (Cryoboroll) developed on till overlying sandstone. 
Precipitation during the growing season averaged 348 mm (Table 
1) at nearby sites. In 1949, 2 fields were fenced to enclose areas 
of 32 and 16 ha and stocked annually from May to November 

Table 1. Winter (December to March)’ and monthly precipitation on the 
fescue prairie near Stavely, Alberta, during the growing season*. 

Winter April May June July August Total 

_ _ _ _ _ _ - _ _ _ _ - - - - - - - - (mm) - - - - - - - - - - - - _ - - _ - - - - 

19ss 70 10 9 63 19 122 293 
19s9 122 30 29 46 37 55 319 
1990 94 52 89 46 99 90 470 
30-yr 
rtvemee 64 70 99 55 60 

‘Based on the avenge of 2 nearby sites (Claresholm and Pincher Creek. Alberta). 
%1~ured at the study site. 

species is Richardson needle grass and rough fescue with bear- 
berry [Arctostuphylos uvu-ursi (L.) Spreng.] as the major shrub 
component (Table 3). The soils vary from Orthic Regosols (Typic 
qorthent) to Rego Black Chemozemic (Eufric cryoboroll) over- 
lying colluvial and till. The area is used as winter range for elk 
and summer range for cattle. 

Table 3. Composition (%I) of major species in the Montane ecoregion 
near Pincher Creek, Alberta. 

Grasses and sedges 

Bromus ciliatu? 
Danthonia parryi 
Danthonia intermedia 
Festuca campestris 
Festuca idahoensis 
Poa pratensis 
Stipa richardsonii 
Carex spp. 

Forbs 

(%) 
2.3 
7.6 
1.2 

10.6 
6.5 
1.1 

28.3 
2.2 

with 13 cows and calves to achieve moderate and high grazing 
Anemone multifida 2.5 
Fraaaria vir.einiana 3.0 

pressures, respectively. The grassland vegetation is representative Galium boreale 2.2 

of the Rough Fescue Association described by Moss and Lupinus spp. 5.9 

Campbell (1947). Grazing modified the species composition of Monarda fistulosa 2.3 

the plant communities by causing a shift from one dominated by 
Vicia spp. 2.5 

Shrubs 
rough fescue to one dominated by Parry oatgrass-Kentucky blue- Arctostaphylos uva-ursi 16.5 
grass (Pea prutensis L.) in the moderately grazed field or Rosa acicularis 1.6 

Kentucky bluegrass-sedge (Curex spp.) in the heavily grazed ‘Composition based on estimates of catmpy corer. 
field (Table 2). 2Nomenclature follows Looman and Best (19S7). 

Table 2. Composition of major species at the Stavely, Alberta, site. 

Species 
Plant communitv 

Rough fescue Party oatgrass- Bluegrass- 
Bluegrass- Sedge 

- -- -- _- - - --- (%I) ---- -- - ---- - 
Grasses and sedges 

Agropyron dasytachyum2 1.1 4.4 5.1 
Agropyron subsecundum 1.1 2.8 1.6 
Asrostis scabra 0.6 2.8 1.6 
Bronurs inermis 2.6 0.1 0.2 
Danthonia par@ 16.7 19.0 15.3 
Fesluca campestris 41.1 5.1 1.0 
Fesntca idahoensis 3.9 4.8 5.7 
Poa pratensis 2.3 24.4 22.3 
Stipa comata/viridula 1.7 10.6 7.9 
Carex spp. 4.6 6.8 15.9 

Forbs 
Achilles millefolium 2.0 1.4 0.5 
Artemisia frigida 0.0 0.1 8.8 
Aster ericoidesflaevis 5.5 0.6 0.9 
Galium boreale 5.2 1.6 1.0 
Tararacum oficinale 0.1 2.2 0.8 
Thermopsis rhombifolia 0.3 1.6 3.0 

Shrubs 
Potentilla fruticosa 1.5 2.3 1.5 

komposition is based on basal area determined by point sampling. 
2Nomenclnture follows Loomnn and Best (1987). 

The Pincher Creek site is located in the Montane ecoregion 
(Strong and Leggat 1981). The area is characterized by open 
grasslands interspersed with lodgepole pine (Pinus contorta 
Dougl.), Douglas fir [Pseudotsuga menziessii (Mirb.) France], 
and limber pine (Pinusflexilis James). The dominant herbaceous 

Experimental Approach 
In 1988, study sites were selected in each of the grazed fields 

representing both a Parry oatgrass-Kentucky bluegrass and a 
Kentucky bluegrass-sedge community. Hereafter, these commu- 
nities will be referred to as Parry oatgrass-bluegrass and blue- 
grass-sedge, respectively. Another site was established in a rough 
fescue community within an exclosure that was established in 
1983 on an area that had previously been lightly grazed in the 
fall. The study sites on the grazed fields were fenced to exclude 
livestock in the year that the study was initiated. Within each site, 
252 plots were arranged in randomized complete block design 
with 3 years x 7 blocks and with years split into 12 months. 
Although a plot was assigned for each month, samples were 
obtained at monthly intervals only from April or May to late 
September as snow cover and freezing temperatures limited field 
activities. 

Plots were 1-m’ on the rough fescue site and 0.5-m’ on the 
Parry oatgrass-bluegrass and bluegrass-sedge sites. Plots on the 
rough fescue site were larger to reduce the between-sample varia- 
tion caused by the large, tufted rough fescue plants. All herbage 
biomass was harvested near ground level and mulch was removed 
to the mineral layer. Herbage was dried at 70°C and hand sorted 
into components of current year’s standing production, standing 
litter representing mostly the previous year’s growth, and fallen 
litter that was fragmented into pieces that were usually less than 
10 cm long and included mulch. The fallen litter was screened to 
separate the coarse and fine components. A subsample of the fine 
component was ashed to determine organic matter. Current year’s 
standing production and standing litter were combined to form a 
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standing crop component for certain comparisons. The coarse and 
fine fallen litter components were pooled for statistical analysis. 

For each year and site, the seasonal maximum biomass of each 
component was determined and used as an estimate of peak bio- 
mass. Estimates of spring, peak, and fall biomass represented the 
date factor, which was analyzed, together with plant community 
and year, using analysis of variance. Single degree of freedom 
contrasts were used to compare paired means. Individual analyses 
by a main factor were made where significant (RO.05) interac- 
tions were found. 

Four study sites were selected at Pincher Creek at least 2 km 
apart on exposed, rugged ridges with subplots at each site distrib- 
uted from the mid-slope to the crest of the hill. Changes in 
herbage biomass over winter were assessed in a randomized com- 
plete block design with 3 years and 4 blocks (sites) while years 
were split into 2 season (fall and spring). In each year, 12 paired 
subplots (0.25 m’) were sampled at each site; one subplot was 
harvested in mid-October and the second was harvested in the 
first week of April each year from fall, 1987 to spring, 1990. The 
spring-harvested subplots were protected from grazing over-win- 
ter with portable cages (1.5 x 1.5 x 1.5 m) set up the previous 
fall. Forbs and grasses were separated in the field then oven-dried 
at 7O’C, and weighed. Standing litter was pooled with current 
year’s standing production because they could not be reliably 
separated. New subplot locations were clipped each year. The 
data were analyzed as a split block with year tested against the 
year x site interaction (error 1) while season and the interaction of 
season and year was tested against the residual error (year x site x 
season interaction). 

Rt?SlltS 

Losses of standing crop and total herbage biomass over winter 
among communities at Stavely were: rough fescue > Parry oat- 
grass-bluegrass > bluegrass-sedge (PcO.05, Table 4). However, 
as a proportion of their fall estimates, losses over winter from the 
rough fescue, Parry oatgrass-bluegrass, and bluegrass-sedge com- 
munities were 53, 53, and 60%, respectively, for standing crop 
and 24, 43, and 57%, for total herbage. Fallen litter decreased 
only in the bluegrass-sedge community (Table 4). Dry matter 
losses of total herbage over winter (Table 4) were 103, 80, and 
87% of peak current year’s standing production (Table 5) for the 
rough fescue, Parry oatgrass-bluegrass, and bluegrass-sedge com- 
munities, respectively. 

At Pincher Creek, disappearance of total herbage over winter 
averaged 36% (Table 6). Losses of grasses and forbs averaged 27 
and 55%, respectively. Herbage losses between seasons were 
similar among years. 

Plant community, sampling date, and year significantly 
(RO.01) affected the biomass of most herbage components at the 
Stavely site (Table 7). Only total litter did not differ (-0.05) 
among years. The effect of plant community on current year’s 
standing production and litter components were different 
(PcO.01) among years (Table 7). Peak current year’s standing 
production occurred in June 1988, July 1989, and September 
1990 in each community. Most herbage components differed sig- 
nificantly (RO.01) among communities in the order: rough fes- 
cue > Parry oatgrass- bluegrass > bluegrass-sedge (Tables 6 and 
7). The average between-community difference in current year’s 
standing production was about 30% while total litter differed by 
75% between the rough fescue and Parry oatgrass-bluegrass com- 
munities (Table 8). The peak litter biomass was not chronologi- 

Table 4. Herbage biomass components in fall and spring in 3 plant com- 
munities on the fescue prairie at Stavely, Alberta, over 3 years (n=Zl) 
and associated analyses of variance. 

Standing Fallen 
crop’ litter 

Total 

Rough fescue 
Fall 
Spring 

SEM 
Parry oatgrass 

Bluegrass 
Fall 
Spring 

SEM 
Bluegrass - Sedge 

Fall 
Spring 

SEM 
Analysis 
of variance 
Effect: 

Community (C) 
Date (D) 
Y=(Y) 
CXD 
CXY 
DXY 

___ ------__---- (gm”, _______-_ - ----- 

683b2 
321a 

37 

1,031a 
984a 
120 

1,714b 
1,305a 

96 

468b 
217a 

23 

238b 
94a 
10 

94a 
102a 

16 

112b 
60a 

11 

562b 
319a 

25 

350b 
154a 
17 

_ _ - _ _ _ _ _ _ _ - - -pp-obabi&y _ _ _ _ - - - - _ _ _ - - 
cO.oo1 <o.OOl <0.001 
<O.OOl 0.492 co.001 
<O.OOl 0.020 0.996 
<O.OOl 0.828 0.322 

0.010 0.009 0.052 
0.193 <0.001 CO.001 

‘Standing crop in fall includes current year’s standing production plus standing litter 
pd., iv the spring, only standing litter. 

W~thln community. paired fall and spring means with different letters are significantly 
(PcO.05) different (based on an analysis of variance for each community separately). 

tally synchronized with peak current year’s standing production 
and varied from May to September. 

The trends in biomass estimates across sampling dates were 
similar (fiO.05) among communities for each herbage compo- 
nent (Table 7). However, an individual analysis of each commu- 
nity shows greater similarity among sampling dates in the rough 
fescue and least in the bluegrass-sedge communities (Table 5). 
Current year’s standing production at the time of sampling in 
spring was 73,50, and 35% of its peak on the rough fescue, Parry 
oatgrass-bluegrass, and bluegrass-sedge communities, respective- 
ly (Table 5). The total herbage biomass in spring was 87, 64, and 
53% of its peak for the respective communities (Table 5). 

The average decrease in estimates of current year’s standing 
production, from the peak to fall was 23%; however, this was 
modified by year and plant community and varied from 0 to 70% 
over the study period. In 1990, peak and fall standing crop esti- 
mates of current year’s production were similar. 

Current year’s standing production was least variable among 
years in the rough fescue community and most variable in the 
bluegrass-sedge community (Table 9). Production was most 
responsive to precipitation during the growing season (Table 1) in 
the bluegrass-sedge community. Therefore, in 1988 when precipi- 
tation during the growing season was low, the difference in pro- 
duction between the rough fescue and bluegrass-sedge communi- 
ties was 62% and, in 1990, when precipitation was the greatest, 
the difference was only 25%. 

Discussion 

The seasonal accumulation and disappearance of herbage bio- 
mass was affected by plant community and modified by growing 

102 JOURNAL OF RANGE MANAGEMENT 49(2), March 1996 



Table 5. Biomass of various herbage components on the fescue prairie 
near Stavely, Alberta, in relation to sampling date when analyzed sep- 
arately by plant community over 3 years (n=21). Statistical analyses of 
pooled data are shown in Table 6. 

Table 7. Statistical analysis of herbage components on the fescue prairie 
near Stavely, Alberta, in relation to plant community (Rough fescue, 
Rf; Parry oatgrassBluegrass, PB; Bluegrass-Sedge, BS), date, and 
year. 

Current year’s 
standing Standing Standing Fallen 

production litter crop litter Total 
(1) (2) (1+2) (3) (1+2+3) 

Current year’s 
standing Standing 

production litter 
(1) 12 

Standing 
crop 

Cl+21 

Fallen 
litter 

(3) 
Total 

11+2+31' 
- - - - - - - - 

Rough fescue 
Spring 291a* 
Peak 398b 
Fall 327ab 

SEM 24 
Parry oatgrass 
- Bluegrass 

Spring 154a 
Peak 305c 
Fall 224b 

SEM 13 

Bluegrass-Sedge 
Spring 80a 
Peak 226~ 
Fall 175b 

SEM 10 

- - - - - - - -- --------- 

588a 1,005a 
727b 1,190a 
683ab 1,031a 

38 84 

------ Analysis 
of variance 
Effects: 

----- ------------ Probabjljh, ------_________ 
297a 
398b 
356ab 

28 

1,593a 
1,828a 
1,713a 

106 
Community (C) 
Date (D) 
Y-0 
CXD 
CXY 
DXY 

<O.OOl 
<O.OOl 
<O.Ool 

0.384 
<O.OOl 
CO.001 

<O.OOl 
co.001 

0.088 
0.002 
0.008 

co.001 4.001 
<0.001 0.002 
<O.OOl 0.002 

0.710 0.861 
0.225 <O.OOl 
0.042 0.082 

<0.001 
CO.001 
cO.OOl 

0.999 
co.001 

0.220 

Contrasts 
for main 
effects . 
Community 
RfvsPB 
RfvsBS 
PB vs BS 

<0.001 
<O.OOl 
<0.001 

co.001 
<O.OOl 
<0.001 

co.001 <O.OOl 
<O.Ool <o.OOl 
CO.001 0.740 

co.001 
<O.OOl 

0.001 
Date 
Spr. vs Peak 
Spr. vs Fall 
Peak vs Fall 

<0.001 
<O.OOl 
<O.OOl 

co.oo1 
0.092 
0.011 

co.001 0.002 
co.001 0.971 

0.012 0.002 

4.001 
0.034 
0.014 

Year 
1988vsl989 
1988 vs 1990 

<O.OOl 
<O.OOl 

0.002 0.458 0.038 
<O.OOl 0.001 

0.048 
<O.OOl 

1989 vs 1990 <O.OOl 0.005 co.001 0.140 0.010 

167a 321a 125a 446a 
283b 504b 231b 696c 
244b 468b 94a 556b 
20 25 15 28 

88b 168a 102a 27Oa 
114c 327~ 196b 508~ 
63a 238b 112a 350b 

8 12 18 23 

‘Totals for peak yields may not be the column totals because peak yields of herbage 
components were not necessarily synchronized chronologically. 
‘Within columns and communities, means with different letters are significantly 
(PcO.OS)different. 

conditions. In general, as long-term grazing intensity increased, 
over winter losses of herbage increased, magnitude and stability 
of annual production decreased, and growth was delayed in 
spring. These effects appeared to be associated with shifts in the 
dominant species of the community from rough fescue to Parry 
oat grass and, eventually, bluegrass. These shifts corresponded 
with changes from “hard” to “soft” grasses, from deep to shal- 
low-rooted species, and from species with low regrowth potential 
to those with high regrowth potential. 

The resistance to weathering of rough fescue, a “hard” grass, 
seems to be derived from a well developed sclerenchymatous 
layer in the leaves (Coupland and Brayshaw 1953) and, perhaps, 
from leaf rolling which may contribute to its ability to cure on the 
stem (Looman 1983). Rough fescue has a greater (PcO.05) con- 
centratton of acid detergent fibre than Parry oat grass (Willms 
and Beauchemin 1991). Similar comparisons with the dominant 
species in the bluegrass-sedge community were not available but 
other rhizomatous grasses of the fescue prairie have less crude 
fibre than either rough fescue or Parry oat grass (Johnston and 
Bezeau 1962). Forbs are also more vulnerable to decomposition 

Table 6. Average spring and fall standing crops for grasses and forbs at 
Pincher Creek, Alberta and associated analyses of variance (n=l2). 

than grasses because they have less fibre and shatter readily after 
senescence (Johnston and Bezeau 1962). 

Losses of total herbage biomass over winter were accounted for 
mostly by the standing crop component in the rough fescue and 
Parry oatgrass-bluegrass communities (Table 4), suggesting that 
any input to the fallen litter component was matched by similar 
losses from standing litter. In the bluegrass-sedge community, 

Table 8. Biomass of various herbage components on the fescue prairie 
near Stavely, Alberta, in relation to plant community, date, and year 
(statistical analyses shown in Table 6; n=63). 

Current year’s 
standing Standing Standing Fallen 

production litter crop litter Total 
(1) (2) u+a (3) (1+2+3) 

------------------ (g rn-*) - - ---------------- 
Community: 
Rough fescue 338 351 666 1.076 1,709 
Parry oatgrass 
- Bluegrass 228 231 429 150 566 
Bluegrass-Sedge 161 88 244 136 384 

Date: 
Spring 175 184 359 411 770 
Peak 310 265 519 539 1,011 
Fall 242 221 463 412 875 

Year: 
1988 162 275 405 378 772 
1989 218 222 422 462 876 
1990 347 173 511 522 1,012 

SEM (for each 
factor) 9 12 16 28 36 

Grasses Forbs Total 
---_-___-______ (pm-*) ________I___ __ 

Fall 59 26 85 
Spring 43 11 54 
SEM 3 2 4 

Analysis 
of variance 
Effect: 

Ye= 07 
Date(D) 
YXD 

- - - - - - - - - - - - - - - Probabiliv - - - - - - _ _ - _ _ _ 
0.311 0.346 0.248 
0.004 CO.001 CO.001 
0.440 0.052 0.899 
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Table 9. Estimated annual primary production on the fescue prairie near 
Stavely, Alberta, in relation to plant community and year (n=21). 

1988 1989 1990 
Year 

SEM CV effects(P) 

Rough fescue 3 16b’A* 410bA 447aA 21 17 0.165 
Parry oatgrass 
-Bluegrass 246bA 251aA 434aB 15 34 <O.OOl 
Bluegrass - Sedge 121aA 234aB 333aC 14 46 ~0.001 
SEM 16 11 22 
Community 

effects (P}: 0.004 co.001 0.101 
~Wilhin columns, means with different lowercase letters are significantly (FcO.05) dif- 
ler+ 
Whm rows, means with different uppercase letters are significantly (P&.05) different. 

biomass losses were significant (PcO.05) across each group and 
resulted in a 56% reduction of total herbage biomass compared 
with reductions of 23 and 43% in the rough fescue and Parry oat- 
grass-bluegrass communities, respectively. 

The value of the plant community for winter grazing is dimin- 
ished on overgrazed range as rough fescue decreases and is 
replaced by less productive, short-statured grasses and forbs 
(Table 2). Although weathering losses were greatest on the rough 
fescue community, the proportional decrease was the same as on 
the Parry oatgrass-bluegrass community resulting in a greater 
quantity available for grazing. Differences in the weathering rates 
of the major species were not estimated, but grasses, consisting 
mostly of rough fescue, lost less than half the proportional bio- 
mass that was lost by forbs (Table 6). 

Summer losses of standing crops have important implications 
in determining the carrying capacities of rangeland. In this study, 
deviations of up to 70% were observed, depending on the grow- 
ing conditions over the summer. Peak current year’s standing 
production was equivalent to the fall estimates only in 1990 when 
the production cycle was shifted to later in the year by higher 
than normal precipitation distributed uniformly over the growing 
season (Table 1). Peak current year’s standing production does 
not represent total annual production because ongoing losses and 
growth are not completely accounted for by a single harvest; they 
are, however, the best approximation from a single harvest. 

The greater production stability of the rough fescue community 
is affected by the deep-rooted rough fescue plants and the large 
accumulation of litter which traps snow and conserves soil mois- 
ture. Furthermore, growth in rough fescue begins early in spring 
and is completed by the end of June (Stout et al. 1981) which 
enables it to use spring moisture effectively and avoid moisture 
stress in summer. Consequently, the rough fescue community 
was less affected by precipitation during the growing season 
(Table 5) than were the Parry oatgrass-bluegrass and bluegrass- 
sedge communities, resulting in greater production stability. On 
the rough fescue community, 73% of peak current year’s standing 
production had been achieved at the time of sampling in May 
compared with 50% on the Parry oatgrass-bluegrass and 35% on 
the bluegrass-sedge communities (Table 5). 

Delayed production on the bluegrass-sedge community was 
likely related to dry soil conditions in spring caused by lack of 
snow retention. Therefore, the onset of growth and production on 
the bluegrass-sedge community was dependent on precipitation 
during the growing season. The shallow-rooted species dominat- 

ing this community are most productive with frequent showers 
since moisture conservation is inefficient. Periodic heavy precipi- 
tation events, such as those in June, 1988 (Table 1) which pro- 
duced 68% of monthly rainfall (Willms, unpublished data), are 
ineffective in promoting production in the bluegrass-sedge com- 
munity because infiltration is poor (Johnston 1962) and evapora- 
tion is high due to low amounts of litter. Forage production in 
response to precipitation late in the growing season also tends to 
be low because many species have completed their growth cycle 
and low temperatures may impede growth. 

Conclusions 

The dynamics of herbage on the fescue prairie was character- 
ized by large losses of dry matter over winter that were affected 
by the severity with which the community was modified by graz- 
ing. The greatest modification was in the loss of rough fescue and 
an increase in “soft” grasses that are less productive and are more 
susceptible to weathering. These changes follow a trend that is 
related to the degree of over-grazing and is associated with 
reduced forage values. It is essential to maintain a high propor- 
tion of rough fescue on winter range to ensure the best grazing 
opportunities for either cattle or elk. 
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Abstract 

The relation was studied between the applied stocking rates 
and the degree to which sheep grazed stems of various 
karoobush species. A rule of thumb exists amongst farmers and 
research workers in the Karoo, that sheep graze stems of 
karoobushes with a diameter of 2 mm or less. This hypothesis 
was esamined over a period of 3 years. The recently grazed off 
stems of Pentzia spinescens Less. (doringkaroo) and Rosenia 
humilis (Less.) Bremer (blou perdekaroo), the most abundant 
forage species, were measured by sliding Vernier callipers. 
Estimates of grazeable dry matter, as used in the estimate of the 
current grazing capacity, is based on the separation of clipped 
dry matter into grazeable and non-grazeable material. This sepa- 
ration is based on the 2 mm criterion. The hypothesis that sheep 
voluntarily graze stems with a diameter of up to 2 mm was 
rejected. The stems of less palatable species are seldom grazed at 
2 mm diameter, while grazed stems of palatable species are often 
thicker than 5 mm. It was established that sheep graze stems of 
the less palatable karoo hushes to a mean diameter of 1.4 to 1.6 
mm. This impacts directly on the method in which dry matter 
production is estimated for the purposes of determining grazing 
capacity. The long term grazing capacity norm for thii area is 30 
ha large stock unit”. Based on gain ha” data obtained from 
stocking rate trials, the grazing capacity is 33.4 ha large stock 
unit’. The stocking rate: grazed stem relation yields an optimum 
grazing capacity figure of 32.5 ha large stock unit’. This indi- 
cates that monitoring the grazed stems of appropriate species can 
be used to set grazing capacity limits or adjust stocking rates. 

Key Words: applied stocking rates, optimum stocking rates, 
grazed stem diameters, production. 

The Ecological Index Method of grazing capacity calculation 
described by Vorster (1982) is commonly used in the Karoo to 
estimate grazing capacity from floristic composition. The contri- 
bution made by each species to tire estimated grazing capacity is 
based on the ecological significance of the grasses and the palata- 
bility of the karoobush species. Perenniality and seral position of 
the grasses (climax, sub-climax or pioneer) play a role in the 
determination of their ecological value. The subjective rating of 
palatability (palatable, less-palatable and unpalatable) determine 
the “ecological” value of the karoobushes. Studies currently 
undertaken by Du Toit (1992) aim to quantify the grazing value 
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of various plant species. For this reason a number of species, rep- 
resentative of pioneer to climax grasses and unpalatable to palat- 
able karoobushes, are harvested every 3 months. The plant mate- 
rial is harvested in 4 reasonably homogeneous farming areas. The 
plants are harvested at ground level and the harvested material is 
separated into potentially grazeable and non-grazeable fractions, 
prior to further analysis. 

By definition, all the material thicker than 2 mm is regarded as 
non-grazeable. This definition was applied in the studies on the 
chemical composition of karoobushes by Botha (1981) and 
Botha, et al. (1990). A field trial was undertaken in order to test 
this definition. 

It is known that this so-called ecological value does not neces- 
sarily reflect the grazing value of a plant species or it’s contribu- 
tion to grazing capacity. Therefore, the use of this technique of 
grazing capacity estimation, leads to over- and under-estimation 
of the current grazing capacity. 

The purpose of this paper is to : 
i. Test the hypothesis that sheep select stems less than 2 mm in 

diameter for indicator species, and 
ii. To determine to what degree this hypothesis can be used as 

an indicator of optimum stocking rates. 

Methods 

The trial was carried out on Biesieslaagte farm (30” 45’S, 22O 
Ol’E), at the Camarvon Research Station, situated in the Arid 
Karoo (Acocks, 1988). Two less palatable karoobush species 
were selected for monitoring, they were Pentziu spinescens Less. 
(Gibbs Russell et al., 1987) (doringkaroo) (Smith, 1966) and 
Roseniu humilis (Less.) Bremer (blouperdekaroo). The less palat- 
able species, Eriocephalus ericoides (L.f.) Druce (common 
kapokbush) was also considered for measurement, but was 
excluded, due to uneven distribution over the experimental ter- 
rain. 

The species were selected in an established stocking rate 
triaLwhere Afrino sheep (a hardy sheep cross consisting of 50% 
Mutton Merino, 25% Merino and 25% Roundribbed Afrikaner, 
an indigenous sheep breed) graze the range at 4 stocking rates. 
The trial was laid out to determine the optimum stocking rate for 
this area. The applied stocking rates were 26.4 ha Large Stock 
Unit’ (LSU’), 36.3 ha LSU’, 46.2 ha LSU’ and 52.8 ha LSU’, 

‘A J--W is a 450 kg OS, gaining 500 g day” 
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6.6 sheep were taken to represent 1 LSU, the small stock unit 
(SSU) in this case would be a 6 tooth Afrino wether with a mass 
of 50 kg. Areas allocated to the different stocking rate treatments 
were 54 ha, 72 ha, 90 ha, and 108 ha. Each of these areas were 
subdivided into 3 equal sized paddocks. In each year 2 paddocks 
per treatment were rotationally grazed by 10 sheep, with a period 
of stay of 3 months. The third paddock was deferred from grazing 
for a full year. Due to the large area involved in the trial, 324 ha, 
the trial was not replicated, however, the applied stocking rates 
remained the same from one year to the next. Of necessity there- 
fore, statistical treatments of the data had to be in the form of 
regression analyses. The gain ha-’ calculations follow Jones and 
Sandland (1974) and Edwards (1980). In order to tie in the stem 
diameter, stocking rate relation with gain ha-’ and to study the 
power of this relation to predict an optimum stocking rate for this 
area, it was decided to employ quadratic regressions of the stem 
data instead of linear regressions. 

Three considerations support the decision to work only with the 
less palatable species group. 

i. The less palatable species group accounts for more than 70% 
of the floristic composition of the range and contributes the 
major portion of the available forage. This group was there- 
fore considered the most suitable to monitor. 

ii. Preliminary investigations indicated that unpalatable species 
are seldom grazed and it is therefore unlikely that they will 
respond to stocking rate manipulations. 

iii. It was observed that the diameter of grazed stems of the 
palatable species, Limeum aethiopicum But-m. (koggelmander 
voetkaroo) and Sulsolu cullunu Fenzl ex C.H. Wr. (rooigan- 
na) regularly exceeded 5 mm, regardless of stocking rate. 
This can partly be ascribed to their relative palatability on the 
one hand and partly to their low abundance on the other. 
They are therefore not suitable for monitoring. 

Twenty five plants per species were randomly selected in an arc, 
between 100 m and 200 m away from the watering point, in the 
most recently grazed paddock of each stocking rate. Closer to the 
watering point, all karoobushes are fairly severely grazed, while 
further away, it is more time consuming to find recently grazed 
stems to measure. Karoobushes that were obviously grazed quite 
recently, were selected for measurement. The discolouration of 
the wounds, left at the apex of the stems after grazing, enabled 
the distinction to be made between “old” grazed-off stems and 
recently grazed stems. Old stem wounds are greyish, while recent 
wounds have a strawcoloured to light-greenish tint. Stems that 
have a straw coloured apical stem wound, were selected for mea- 
surement and the measurement was taken at the point where the 
branch was browsed off. Owing to the variable palatibility of dif- 
ferent plants of the same species, a maximum of 4 readings were 
taken per plant in order not to introduce bias. Recently browsed 
branches were selected at random on a specific plant. The read- 
ings were taken with sliding Vernier callipers. In laterally com- 
pressed stems, the mean of the widest and narrowest measure- 
ments was used, in order to provide a single measurement for that 
stem. 

The trial period ran from the 1990/91 season to the 1992/93 
season, with measurements being taken during February of each 
season. This date corresponds to the peak growth activity calcu- 
lated for this area using climatic variables (Du Toit 1990). At low 
stocking rates fairly thin stems are grazed off. With an increase in 
stocking rates, thicker stems are grazed. At high stocking rates 

during favourable rainfall seasons, the abundance of available 
forage influences the thickness of the stems being grazed. The 
diameter of the grazed-off stems at the higher stocking rates 
reaches a maximum and remain constant. With these data it 
should be possible to calculate an optimum stocking rate from the 
stocking rate: grazed stem relation. It was reasoned that, with 
growth at its optimum and with young, succulent stems, the defo- 
liation: stocking rate relation of the karoobushes would be 
described by a quadratic curve. The measured diameter of grazed 
stems at the different stocking rates was therefore regressed on 
stocking rate in a quadratic regression. This relation, in the form 
of the quadratic curve, can then be used to calculate the optimum 
stocking rate, at which the range should be grazed in this area. 
The asymptote of the curve represents the stocking rate at which 
the diameter of the grazed-off stems reaches a maximum, this 
stocking rate represents the optimum stocking rate. 

Results 

Mean diameters of grazed stems for Penfziu spp. over all sea- 
sons were 1.14 for the lightest and 1.68 mm for the heaviest 
stocking rate (Table 1). The seasonal means over all stocking 
rates were 1.30, 1.27, and 1.54 mm for Pentziu spinescens. Mean 
diameters of grazed stems measured for Roseniu spp. over all sea- 
sons were 1.34 for the lightest and 1.89 for the heaviest stocking 
rate. The seasonal means over all stocking rates were 1.65, 1.44, 
and 1.72 mm for Roseniu humilis. 

The fairly low mean diameter measured for Pentziu spinescens 
and Roseniu humilis in the high stocking rate treatment (5.5 ha 
SSU’) during the 1992/93 season was influenced by the high pro- 
portion of Eriocephulus ericoides found in that specific camp. 
When present, Eriocephulus ericoides seems to be grazed in pref- 
erence to Pentziu spinescens owing to the more succulent nature 
of it’s stems. 

These results coincide with the observations made by Vorster 
and Blom (1982), at the Grootfontein Research Station situated in 
the False Upper Karoo (Acocks, 1988). They found that Merino 
sheep on range dominated by Pentziu incunu (Thunb.) Kuntze 
(ankerkaroo, good karoo), grazed stems to a mean diameter of 
1.35 mm, while Dorper sheep grazed stems to a mean diameter of 
1.55 mm. On this range, at the recommended stocking rates, the 
hypothesis that sheep voluntarily graze stems which have a diam- 
eter of up to 2 mm, must be rejected. The stems of the less palat- 
able species component, the most abundant species group in the 
Arid Karoo (Acocks, 1988), are seldom grazed below the 2 mm 
point. However, the stems of palatable species, such as Limeum 
spp. and Sulsolu spp., are frequently grazed in excess of 2 mm 
and this probably accounts for their low abundances in this 
range. Few measurements of the less palatable species exceeded 
2 mm. At high stocking rates, where dry matter becomes limiting, 
the grazing of stems exceeding 1.5 mm can not be regarded as 
being voluntary because the animals are obviously under stress. 
This condition is more pronounced during dry seasons (Table 1). 

During the 1990/91 season, the measured diameters leveled off 
with an increase in stocking rate. Precipitation during 1990/91, 
for the 12 months preceding the month during which the mea- 
surements were taken, was 261.9 mm (Immelman 1993, Pers. 
Corn**). This is 36% higher than the longterm median annual 

21mmehnan, W.F. Camarvon Research Station, P.O. Box 98, Camarvon. 7060. 
Republic of South Africa. 
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Table 1. Mean diameters (mm) of grazed stems at thr point of removal in the different stocking ,‘A+ over 3 seasons. 

Stocking Rate 

th&SU) 

S 
7 

5.5 
4 

hlem 

1990/91 1991IYL 1992/93 Overall mean 
(21 Feb ‘91) (6 Feb ‘92) (2 Feb ‘93) 

Penrzia spinescens (mm) 
mean SE mean SE mean SE 

(mm) (n-4 @N 
1.016 0.2842 0.979 0.4382 1.411 0.2856 1.135 
1.315 0.3772 0.915 0.2816 1.511 0.3515 1.247 
1.373 0.3196 1.471 0.3272 1.395 0.3348 1.413 
1.500 0.3674 1.714 0.3776 1.835 0.4555 1.683 

1.301 1.270 1.538 1.370 

Rosenia humilis 

8 
7 

5.5 
4 

hfem 

m n 

139: (mm) 

SE mean SE mean SE 
m-d (-1 

I:677 0.3630 0.4835 1.199 1.194 0.3678 0.6788 
1.421 
1.710 0.3793 0.4119 

1.771 0.4607 1.557 0.4119 1.657 0.3991 
1.775 0.4765 1.822 0.3979 2.073 0.4556 

1.654 1.443 1.715 1.604 

Erioceohalus ericaides 

1.337 
1.527 
1.662 
1.890 

8 
7 

5.5 
4 

Mean 

mean SE mean SE 
(md 0-m 

1.333 0.3962 1.486 0.3066 1.4095 
1.4X2 0.4442 1.705 0.4678 1.5935 
1.872 0.5696 1.725 0.3645 1.7985 
1.989 0.4895 2.242 0.4827 2.1155 

1.669 1.7895 1.7293 

rainfall, which is 192 mm (Anon., 1993). An abundance of succu- 
lent forage was available. Because of the succulence of the stems, 
fairly thick stems were grazed, but without severe grazing being 
evident. The abundance of succulent forage provided sufficient 
forage even at high stocking rates. 

During 1991/92, only 50% (94.3mm) and during 1992/93, only 
41% (78.5 mm) of the long-term median precipitation was 
recorded. This resulted in a slow growth rate and low dry matter 
accumulation. 

Discussion 

During both the 1991/92 and 1992/93 seasons, the measured 
diameters increased curvi-linearly with increasing stocking rate. 
However, the measurements made during 1991/92 were on the 
whole, lower than those during 1990/91, because the material 
dried out from the drought and the overall stem dimensions 
decreased. The low mean diameters measured in the lower stock- 
ing rates, was influenced by the carry-over effect of dry matter. 
At the higher stocking rates, less dry matter is usually carried 
over to the next season and consequently the mean measured 
diameters increase. The mean diameters measured in the high 
stocking rate during 1991/92 were much higher than those during 
the 1990/91season. 

In 1992193 the effect of the second consecutive dry season 
became evident. Animals grazed very severely in order to satisfy 
their requirements, especially in the high stocking rate treatments, 
due to the low amount of dry matter carried over from the previ- 
ous season and the low production during the current season. 
Grazed stem diameters increased sharply with increasing stocking 
rate (Fig. 1 and Table 1). 

Grazed Stem Diameter as an Indicator of Stocking Rate. 
For the purposes of this analysis, the data obtained for Penrziu 

spinescens and Rosenia humilis were pooled. These species are 
the most abundant of the forage species on this range and belong 
to a group with the same palatibility rating. These species were 
grazed to the same degree by the animals. As can be ascertained 
from Table 1, the stem diameters of these 2 species differ slight- 
ly, with the stems of Pen& spinescens being thinner than those 
of Rosenia humilis. For this reason it was decided to pool the data 
to illustrate the influence of stocking rate on the diameter of 
stems grazed, as illustrated in Figure 2. 

The expected stocking rate: grazed stem relation of the 
karoobushes is a quadratic curve. As the stocking rate increases, 
the grazed diameter of the stems increase but levels off at the 
higher stocking rates. During the favourable rainfall season of 
1990/91, with growth at its optimum and with young, succulent 
stems available, in the low stocking rate treatment, only thin 
stems were grazed off (1.01 mm for P. spinescens and 1.39 mm 
for R. humilis). With the increase in stocking rate thicker stems 
were grazed off. In the high stocking rate, the abundance of avail- 
able forage influenced the thickness of the stems being grazed. 
There was sufficient forage available to the animals in the grazed 
stratum, making it unnecessary for the animals at the highest 
stocking rate to graze more severely in order to satisfy their 
requirements. The measured diameter of grazed stems decreased, 
from the second highest to the highest stocking rate in P. 

JOURNAL OF RANGE MANAGEMENT 49(2), March 1996 107 



2.6 

2 

1.6 

1 

0.6 

0 

Srwd diameter (mm) 
1990/91 

Stocking rata SSU/ha 

- Regrerrlon 0 Data point8 

Grazed diameter <mm) 
2.6 T 1991/92 

2 

1.6 

1 

0.6 

0 : 
0 

Stocking rata SSU/ha 

2 

1.6 

1 

0.6 

-I’ 
i 

0 1 

- Regrerrlon 0 Data point8 b 

Grazed diameter Cmm) 
2.6 -I7 

-  v 
- - - -  - -  

1992/93 

0.86 

1 ‘ I  1 I  1 

a 

0 0.06 0.1 0.16 0.2 0.26 0.6 0.36 
Stocking rata SSU/ha 

- Regresrlon 0 Data points C 

Fig. 1. Regressions of measured pooled grased stem diameters of the less palatable species, Pent& spinescens and Rosenia humilis, over &a- 
sons from 1990 to 1993. 
(a) 1990191, Y=-0.6504+21.4X-49.13F, 
(b) 1991/92, Y=OA757+14.91X-23.58X”; 
(c) 1992/93, Y=1.91-6.95X+28.41x”. 
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Fig. 2. Comparisons of animal production ha-’ and the intensity of grazing as gauged by the measurements of the mean grazed stem diameter Fig. 2. Comparisons of animal production ha-’ and the intensity of grazing as gauged by the measurements of the mean grazed stem diameter 

spinescens from 1.37 mm to 1.5 mm and in R. humilis from 1.77 
mm to 1.78 mm. This indicated that in the quadratic relation, the 
stems grazed off in the highest stocking rate, was already beyond 
the point of inflection on the curve. 

The relation during the 1990/91 season was a convex parabola, 
in 1991/92 the relation was nearly linear and in 1992193 the rela- 
tion was a concave parabola. The shift in the slope and direction 
of the curve, is explained by the dry matter availability. Due to 
the low rainfall experienced during 1991/92 and 1992/93, dry 
matter production was very low. Instead of the bulk of available 
dry matter restricting the thickness of the stems being grazed, the 
animals had to graze thicker stems in order to obtain sufficient 
dry matter to satisfy their requirements. 

As the dry seasons progress, the reserve dry matter produced 
during the favourable seasons becomes depleted. This is especial- 
ly true for the higher stocking rate treatments. The higher diame- 
ter stems being grazed now, means that the plants are overgrazed. 
The bushes diminish in size and they eventually die out with con- 
tinued high stocking rates being applied. It was observed that 
individuals of Rosenia humilis have been grazed down to such an 
extent in the high stocking rate treatments, that they could no 
longer provide sufftcient forage. This leads to the less palatable 
species being overgrazed. Eventually the less palatable species 
group loses its ability to supply grazeable dry matter. Their con- 
tribution to dry matter production in the system is replaced by 
unpalatable species, which in this case is Eberlanziaferox (L. 
Bol.) L. Bol. (doringvygie), a very fibrous plant, especially dur- 
ing the drought. As a result of this change in species composition, 
animal production declines. From this stocking rate: grazed stem 
relation the optimum stocking rate can be calculated. 

A regression of mean grazed stem diameters on stocking rate, 
data of the 3 seasons were pooled for each stocking rate, yielded 
a quadratic curve similar to the Jones and Sandland curve (Jones 
and Sandland, 1974) of gain per hectare on stocking rate, recalcu- 
lated from data quoted by Meyer (1992). The optimum stocking 
rate calculated from the animal liveweight gain per hectare : 
stocking rate relation is 33.36 ha large stock unit’. The optimum 

stocking rate calculated from the grazed stem diameter:stocking 
rate relation, for the pooled data, is 32.46 ha large stock unit“ 
(Fig. 2), while the official grazing capacity in the area, prescribed 
by the South African Department of Agriculture, is 30 ha large 
stock unit’. It is accepted that the economic optimum stocking 
rate is lighter (Edwards, 1981) than the optimum stocking rates 
calculated above. From the calculations it then follows that both 
the gain ha*’ and the stem diameter regressions, yield optimum 
stocking rates which are lighter than the officially accepted graz- 
ing capacity norm. This clearly indicates that the norm is too 
lenient and that it should be adjusted. 

For the 1990/91 season only, the optimum stocking rate calcu- 
lated from the P. spinescens data is 32.45 ha large stock unit”, 
while in the case of R. humilis it is 36.62 ha large stock unit” 
(Fig. 3). It is evident that the pooled data provided a more realis- 
tic estimate of the grazing capacity, when compared to both the 
official grazing capacity figure and the grazing capacity figure 
computed from the animal liveweight gains. It is clear therefore 
that the grazed stem diameter is a useful parameter in the estima- 
tion of the optimum stocking rate. 

Estimating Stocking Rate 
The method employing stem thickness as criterion in the esti- 

mation of grazeable dry matter, often used to estimate the grazing 
capacity of an area, over-estimates the forage component. The 
consequent over-estimate of the grazing capacity, leads to over 
utilization. The criterion of using 2 mm to estimate forage may 
prove satisfactory where palatable to less palatable shrubs occur 
in a 50:50 ratio. The over-estimate of the less palatable forage 
component will be offset by the under-estimate of the palatable 
component. Where the less palatable species contribute the major 
portion to the forage, the mean grazed stem diameter is 1.5 mm. 
This measurement is 25% lower than the previous accepted yard- 
stick. In terms of the overall accumulated dry matter, it may be 
lower by as much as 50%. The tremendous impact that the over- 
estimate of the grazing capacity can have on dry matter removal 
is obvious. 
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equation for R. humi& is Y = - 0.3775 +22.45X-56.99X”, with a coefficient of determination, R” = 0.99 

During dry periods animals graze more severely than during 
favourable rainfall periods in order to satisfy their dry matter 
requirements. Plant stems are not as succulent and tumescent as 
during good rainfall periods and the measured diameter of the 
grazed twigs decreases, as a result of the drying out of the stems. 
It is postulated that although the measured diameter of grazed 
stems decreases, the animals still graze to the same extent. When 
animals graze stems as thick as, or thicker during dry periods, 
than during good rainfall seasons, the plants are overgrazed. 

In order to avoid “hidden” overgrazing, stocking rates should 
be lighter than the optimum stocking rate calculated from stock- 
ing rate trials, for both the animal production per hectare and the 
grazed stem diameter. This recommendation is especially true in 
the light of the over-estimation of available forage. “Hidden” 
overgrazing results during drought conditions when little dry 
matter is carried over between grazing periods and production 
cannot keep up with removal, because of the low dry matter ac- 
cumulation. Lenient stocking rates enable animals to satisfy their 
dry matter requirements with a relatively low negative impact on 
the range, regardless of the prevailing climatic conditions. At pre- 
sent, the stock reduction advocated to offset the detrimental 
effects of the drought, benefits the range in that not all the dry 
matter is removed during grazing, but is carried over to be uti- 
lized during periods of low dry matter production. In the long run 
the hidden overgrazing results in a reduction in the vigour of the 
karoobushes, ultimately leading to unfavourable species composi- 
tion changes, with a consequent lower grazing capacity. 

non-grazeable fractions. By definition the material thinner than 2 
mm is regarded as grazeable. It was established that sheep graze 
stems to a mean diameter of 1.4 mm to 1.6 mm. The hypothesis 
that sheep voluntarily graze stems with a diameter of up to 2 mm 
must be rejected, on the grounds that the main source of forage, 
the less palatable species, are seldom grazed as thick as 2 mm. It 
follows then that the method in which dry matter production is 
estimated for the purposes of determining grazing capacity must 
therefore be adjusted by some 20%. Measurements of grazed 
stems of the less palatable category of karoobushes in the Arid 
Karoo, can be used to calculate optimum stocking rates. In order 
to avoid “hidden” overgrazing, stocking rates should be lighter 
than the optimum stocking rate calculated from stocking rate tri- 
als, for both the animal production ha-land the grazed stem diam- 
eter. 

Further research is necessary in order to employ measurements 
of grazed stems of the less palatable karoobushes to adjust stock- 
ing rates, especially the official stocking rate norms and to moni- 
tor applied stocking rates. 
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Abstract 

A 5 year study was conducted during 1988-1992 to quantify 
the effects of grazing date and frequency on total organic 
reserves of prairie sandreed [Calamovilfa ZongifoZia (Hook.) 
Scribn.] and sand bluestem (Andropogon haZZii Hack.). 
Treatments consisted of mid-month grazing periods in (1) June, 
(2) July, (3) August, (4) October, Q June and July, (6) June and 
August, (7) July and August, or (8) June, July, and August. 
Seasonal stocking rates were equal among treatments and divid- 
ed equally over multiple grazing periods. Grazing treatments 
were applied to the same pastures during 4 consecutive years 
with yearling cattle and 4-7 day grazing periods. Mean tiller 
weight of etiolated initial-spring growth was used to estimate 
total organic reserves in the fifth year. Dormant season grazing 
in October was not different from 4 years of rest for either 
species. Total organic reserves in prairie sandreed decreased 
when paddocks were grazed in June or July regardless of the 
number of grazing periods per treatment. Reserves in sand 
bluestem were maintained by grazing once in June or August. 
Rotationally grazing pastures 2 or more times during 
June-August is least likely to maintain or increase total organic 
reserves in either species. Multiple grazing periods initiated in 
June reduced reserves by about 38% in prairie sandreed and 
30% in sand bluestem. When stocking rates are similar to this 
study, deferment periods should be longer than 60 days after 
grazing in June to avoid measurable reductions in total organic 
reserves in both species. Periodic deferment of grazing until mid- 
August or later will be required to maintain simultaneously high 
levels of reserves in prairie sandreed and sand bluestem. 

Key Words: etiolated growth, grazing date, grazing frequency, 
short-duration grazing, rotational grazing, Calamovilfa Zongifo- 
lib, Andropogon hallii 

The total of all grazing research efforts in North America repre- 
sents only a small percentage of potential comparisons among all 
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possible grazing strategies. Fundamental questions of when and 
how many times to graze during the growing season, to achieve 
specific vegetation management objectives for individual pas- 
tures, remain unanswered for many range ecosystems. Grazing 
research is expensive because of time, labor, and resource 
requirements. Clipping studies are less expensive. However, clip- 
ping at fixed stubble heights disregards seasonal shifts in relative 
palatability behveen vegetative and reproductive tillers or among 
species and the degree of defoliation increases as the growing 
season progresses (Menke and Trlica 1983, Mullahey et al. 
1991). Placing livestock in small paddocks for selected periods of 
time incorporates selective herbivory and plant competition 
effects. Information on vegetation response to date and frequency 
of grazing during the growing season is limited and generally 
focuses on lengths of grazing/deferment period sequences with- 
out regard to specific dates (Heitschmidt et al. 1987, Hart et al. 
1988, Gillen et al. 1990, Taylor et al. 1993). The cumulative 
response of vegetation to partial growing-season deferment peri- 
ods, repeated over years, has not been reported. Comparisons 
between dormant-season grazing and single or multiple growing- 
season grazing periods at equal seasonal stocking rates have not 
been reported. 

This study was part of an effort to provide a broad ecological 
data base for the development of an array of grazing strategies 
designed to accomplish specific vegetation management objec- 
tives. The objective of this research was to quantify the cumula- 
tive effects of date and frequency of grazing on total organic 
reserves in prairie sandreed [Calamovilfa Zongifolia (Hook.) 
Scribn.] and sand bluestem (Andropogon hallii Hack.), key for- 
age species throughout the 4.9 million ha of Nebraska Sandhills 
and the sandy prairie soils of the northern and central Great 
Plains (Lodge 1963, Welch 196X, Aase and Wight 1973, GPFA 
1986). 

Materials and Methods 

Yearling cattle were used to apply grazing treatments to native 
vegetation on sands range sites during 1988-1991 at the 
University of Nebraska, Gudmundsen Sandhills Laboratory 
(GSL) located near Whitman, Nebr. Soils are Valentine fine 
sands (mixed, mesic Typic Ustipsamments). Paddocks were 
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located along the top of a large stabilized sand dune over a dis- 
tance of 1.4 km and were similar in species composition (Table 
1). Basal area of species was estimated with a modified step-point 
system described by Owensby (1973). Prior to the study, the 
location had been grazed at moderate stocking rates during April 
and May by cow-calf pairs for the past 30 years. All paddocks 
were in excellent range condition with an average condition score 
of 92 in 19SS. 

Grazing treatments consisted of 4 to 7-day, mid-month grazing 
periods in (1) June, (2) July, (3) August, (4) October, (5) June 
and July, (6) June and August, (7) July and August, or (8) June, 
July, and August (Table 2). Treatments were replicated 3 times 

Table 1. Average species composition based upon herbage biomass and 
basal area for 24, l-O-ha pastures in 1988 at the Gudmundsen 
Sandhilis Laboratory, Whitman, Nehr. 

Snecies’ 

Composition 
Herbage Basal 
biomass area4 

-so- 
Andropogon scoparius Michs. 31 13 
Andropqon hallii Hack 19 9 
Calamovilfa hqifolia (Hook.) Scribn. 17 9 
Panicran vir.qalum L. 8 5 
Boarelorra hirsura Lag. 8 16 
Boufelosa gracilis (H.B.K.) Lag. ex Griffiths 4 9 
Other Warm-season Grasses2 6 6 
Cool-season Grasses and Grass-like Species’ 2 26 
Forbs 5 7 
‘Nomenclature follows The Great Plains Flora Association (1986). 
20ther warn-season grasses wete Dichanthelimn oligosanthes (Shult.) Gould var. scrib- 
nrriamrm (Nash) Gould. Dichonthelium wilcoxianum (Vasey) Freckmnnn, Paspalum 
wtaccum hlichx. var. stramineum (Nash) D. Banks, Sporobolus cr,ptandnts (TOIL) A. 
pmy, and dluhlenb~r~ia ptmgmr Thurb. 
Cool-season grasses were Stipa comnta Trin and Rupr., Stipn sportea Ttin, Koeleria 

pwamidotrr (Lam.) Beav.. nnd Agropyon smithii Rydb. Grass-like species were corer 
ekocharis Baily and Cvperus schwinitzii Tom 
Jhlean total baral area i:or all perennial plants was 16%. 

over 24, l.O-ha paddocks. Grazing treatments were applied to the 
same paddocks during 4 consecutive years. Cattle were weighed 
after an overnight stand without food and water and allocated to 
treatments by weight. One animal unit (AU) was equal to 454 kg 
of yearling cattle. Seasonal stocking rates were set each year at 
60% utilization of current year herbage as estimated in pastures 
grazed only in June (Table 3). Seasonal stocking rates were equal 

Table 2. Grazing treatments during 1988-1991 at the Gudmundsen 
Sandhilts Laboratory, Whitman, Nebr. 

Treatment 

Percentage of 
Date of mid-month erazirw periods seasonal stocking 

June July August October ratekrazine. period’ 
x 

x 
x 

X 
X X 
X X 

X X 
X X X 

100 
100 
100 
100 
50 
50 
50 
33 

‘Total srasonal stocking tare was divided equally among multiple grazing periods nnd 
wa equal among treatments within years. Seasonal stocking rates were established at 
6OZ milk&ion ofcurrent year herbage in treatment 1 pastures each year (Table 3). 
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Table 3. Seasonal stocking rates, distribution of precipitation during 
1988-1991 and the 30 year average distribution of precipitation at the 
Gudmundsen Sandhills Laboratory, Whitman, Nebr. 

Seasonal’ Precinitationz 
stocking Januaty- April- October- 

Year rate March September December 
(AUWha) -----------(mm----------- 

19ss 1.48 105 516 42 
1989 1.11 47 163 33 
1990 1.4s 74 369 67 
1991 1.63 111 420 93 
30 Year Average 70 420 70 

‘One animal unit (AU) was eqtml to 454 kg of yearling cattle following an overnight 
stand without food and wter. One animal unit month (AUhQ was equal to 30 animal 
unit days (AUD). 
*Precipitation data is from the hlullen 21 NW reporting site. located 10 km northeast of 
GSL (NOAA 1991). 

among treatments and divided equally over multiple grazing peri- 
ods. 

Twenty 0.25 m* sample areas, each encompassing preceding 
year stubble of both study species, were covered with 1 .O m* tents 
in each pasture and 3 adjacent ungrazed locations, 2-3 April 
1992, before initial spring growth. Tents were constructed of 
landscape fabric and suspended by 2 wooden stakes (2.5 x 5.0 x 
30.0 cm) placed 50 cm apart and driven to a remaining height of 
15 cm. The perimeter of tents was secured to the soil surface with 
landscape staples to exclude all light. Tents covered an area about 
90 x 90 cm which provided a 15-cm wide buffer around the inte- 
rior 0.25 m* sample area. Etiolated tillers were clipped at ground 
level and counted by species, 26-28 May 1992. Etiolated herbage 
was oven dried at 60°C for 48 hours then weighed to estimate dry 
matter yield. Total etiolated herbage biomass was divided by 
tiller density for each species in each quadrat to calculate mean 
biomass of etiolated tillers as a measure of total organic reserves 
(Reece et al. 1988). Mean tiller weight of etiolated initial-spring 
growth is a valid measure of total organic reserves when environ- 
mental and physiological limitations do not occur. With the 
exception of drought, growing conditions and activity of meris- 
tematic tissue are favorable for etiolated growth in the field dur- 
ing spring. 

Experimental units were individual pastures. Mean responses 
were calculated from quadrat data within each pasture. Data were 
analyzed as a randomized complete block using the General 
Linear Models Procedure (SAS 19X2). Blocking criterion was 
based on the relative amount of topographic relief within pas- 
tures. When significant effects were detected, the least-squares 
means procedure within SAS was used to separate means. 
Differences among means were declared significant at PlO.05. 

Results and Discussion 

Annual precipitation ranged from 243 to 663 mm compared to 
the 30 year average of 560 mm. Total precipitation during 
April-September ranged from 163 to 516 mm compared to the 30 
year average of 420 mm (Table 3). Drought during 1989 may 
have contributed to measurable effects after 4 years of grazing 
treatments. Drought is a normal but unpredictable part of the 
Great Plains environment which can cause changes in species 
composition. The magnitude and duration of drought-caused 



changes in mid- and tall-grass prairies increase when rangelands 
are heavily grazed (Albertson et al. 1957). 

Mean density of etiolated prairie sandreed tillers for individual 
pastures ranged from 20 to 72 mm2 and from 16 to 56 ni2 for sand 
bluestem. Within pastures, density of etiolated tillers under indi- 
vidual tents ranged from 4 to 224 mm2 for prairie sandreed and 
from 4 to 168 m-* for sand bluestem. 

Although prairie sandreed and sand bluestem tillers generally 
emerge in May, substantial growth is limited until warmer air 
temperatures occur in June (Brejda et al. 1989, Hendrickson 
1992). Herbage production is generally most rapid from mid-June 
to mid-July with peak standing crop occurring by 1 August 
(Gilbert et al. 1979). 

Dormant-season Grazing 
The effect of dormant-season grazing in mid-October on total 

organic reserves was not different from 4 years of rest for prairie 
sandreed or sand bluestem (Table 4). Freezing temperatures 
occurred 2 or more times each year before the October grazing 
period began. More than 80% of prairie sandreed tillers and all 
sand bluestem tillers were discolored by frost and considered dor- 
mant. If low-quality, dormant-season forage could be used effr- 
ciently for livestock production, resting pastures for 12 months or 
more would be unnecessary unless residual plant material was 
needed to control erosion, increase retention and infiltration of 
precipitation, or accomplish other resource management objec- 
tives such as enhanced wildlife cover. 

Single, Growing-season Grazing Periods 
All single-use, growing-season treatments reduced total organic 

reserves in prairie sandreed compared to dormant-season grazing 
(Table 4). A single grazing period in June or July reduced 
reserves by about 36%. When paddocks were grazed in August, 
mean organic reserves in prairie sandreed were greater compared 
to the June or July grazing treatments, but 17% below dormant- 
season grazing. Mean reserves for the August grazing treatment 
were not different compared to rested sites. In contrast to prairie 
sandreed, total organic reserves in sand bluestem were affected 
only by the mid-July grazing treatment which reduced reserves 
by 26% compared to dormant-season grazing (Table 4). Mean 
levels of reserves in sand bluestem for single grazing periods in 
June or August were not different from dormant-season grazing. 

Table 4. Mean biomass of etiolated prairie sandreed and sand bluestem 
tillers in spring 1992 after 4 years of grazing treatments at the 
University of Nebraska Gudmundsen Sandhii Laboratory, Whitman, 
Nebr. 

Grazing Prairie Sand 
treatment sandreed’ bluestem 

_ _ _ _ _ _ _ (mg/~]]er)- _ _ _ _ _ _ 
June 58.3 c 55.0 a 
July 61.5 c 44.8 bc 
August 78.6 b 58.0 a 
October 94.2 a 60.8 a 
June, July 59.5 c 44.0 c 
June, August 55.7 c 41.6 c 
July. August 60.1 c 53.5 ab 
June, July, August 57.7 c 42.4 c 
Ungrazed SO.3 ab 62.6 a 
SE 5.0 3.1 

‘Means within columns followed by the same letter are not significantly different, 
PA05 
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Contrasts between prairie sandreed and sand bluestem in 
response to the mid-June grazing treatment appear to be related to 
differences in morphology and phenological development. Prairie 
sandreed tillers are erect, emerge in May and early June, and 
growing points begin to elevate from late-May to early-June 
(Brejda et al. 1989, Northup 1993). In contrast, sand bluestem 
initiates growth later and has fewer elongated tillers than prairie 
sandreed during the growing season (Brejda et al. 1989). Initial 
growth of sand bluestem tillers is frequently prostrate to decum- 
bent (Engel 1993, Northup 1993). Growth becomes erect when 
growing points begin to elevate from late-June to early-July 
(Gilbert et al. 1979). Frequency and extent of defoliation per tiller 
and percentage of tillers grazed are controlled primarily by forage 
allowance (Gillen et al. 1990, Jensen et al. 1990, Hart et al. 1993, 
Demer et al. 1994). The relatively high stocking rate and stocking 
densities used in this study resulted in relatively low forage 
allowance during single, growing-season grazing periods, partic- 
ularly in June. 

Seasonal changes in the concentration of organic reserves in 
prairie sandreed and sand bluestem are often dynamic. 
Measurable differences in carbohydrate concentrations may also 
occur among roots, rhizomes, and stem bases (Perry and Moser 
1974). However, defoliation date and frequency and degree of 
defoliation generally have no measurable effect on the concentra- 
tion of carbohydrates in plant parts of either species at the end of 
the growing season (Welch 1968, Engel 1993). Consequently, 
treatment effects on total organic reserves of prairie sandreed or 
sand bluestem, as measured by etiolated initial-spring growth in 
the field, may be primarily the result of biomass differences in 
roots and/or rhizomes. 

The lack of difference in total organic reserves in sand 
bluestem between August and October grazing treatments was 
inconsistent with clipping studies at the Gudmundsen Sandhills 
Laboratory (GSL). Mullahey et al. (1991) reported that clipping 
plots only in August was detrimental to sand bluestem. In a study 
concurrent to our grazing study, Engel (1993) reported that clip- 
ping sand bluestem plants only in August caused a 24% reduction 
in the amount of total nonstructural carbohydrates (TNC) in roots 
compared to clipping only in October. The change in TNC corre- 
sponded to about a 25% reduction in root weight and length with 
no change in concentration of TNC in roots. Lack of differences 
between August and October treatments in our study may have 
occurred because of differences in grazing intensities among 
dates. Advanced plant maturity in August may have caused cattle 
to graze fewer tillers or remove less herbage per clone from both 
species compared to clipping studies (Northup 1993). Differences 
in plant maturity may have been the primary reason for reduced 
organic reserves after grazing in July compared to August. 
Forage allowance appeared to be similar in mid-July and mid- 
August, but seed head emergence in prairie sandreed and sand 
bluestem occurred primarily during late-July and early-August in 
this study. 

Multiple, Growing-season Grazing Periods 
Dividing seasonal stocking rates equally over 2 or 3, mid- 

month grazing periods beginning in June reduced total organic 
reserves by about 38% in prairie sandreed and 30% in sand 
bluestem compared to dormant-season grazing (Table 4). 
Increasing the deferment period from 25 to about 56 days after 
grazing in June had no measurable effect on reserves in either 
species. The effect of 3 growing-season grazing periods at one- 
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thiid seasonal stocking rates each month was not different from 
either double-grazing treatment initiated in June for either 
species. 

Use of multiple grazing periods during the growing season did 
not avoid the reductions in organic reserves observed in prairie 
sandreed when paddocks were grazed only in June at full season- 
al stocking rates (Table 4). While reserves in sand bluestem were 
maintained with a single grazing period in June, all multiple- 
grazing treatments beginning in June reduced total organic 
reserves. In contrast, Mullahey et al. (1991) concluded that defo- 
liation in June and August was optimal for sand bluestem based 
on a 3-year clipping study. The positive response under clipping 
may have been caused by a reduction in competitive stress from 
associated species because all plants in the quadrat area were 
defoliated whereas plants were selectively defoliated in the graz- 
ing study. 

Grazing at one half seasonal stocking rates in July and August, 
compared to grazing only in July at full seasonal stocking rates, 
did not avoid reductions in organic reserves in prairie sandreed 
(Table 4). Total organic reserves in sand bluestem for the July 
and August treatment were intermediate between grazing only in 
July or only in August. Cumulative negative effects of the July 
and August treatment on prairie sandreed may have reduced com- 
petitive stress on sand bluestem. 

The greater tolerance of sand bluestem to growing-season graz- 
ing treatments than prairie sandreed was unexpected. High levels 
of grazing preference for prairie sandreed and sand bluestem 
were maintained by yearling cattle over a wide range of forage 
quality and quantity in this grazing study (Northup 1993). 
Additionally, Burzlaff (1971) observed that crude protein concen- 
tration and in vitro dry matter digestibility of current year tillers, 
collected at 2 week intervals from June through October, were 
consistently higher for sand bluestem than for prairie sandreed or 
little bluestem [Schizuchyrium scoparium (Michx.) Nash]. Over 
years, grazing treatments may have reduced root and rhizome 
biomass in prairie sandreed. Welch (1968) observed that seasonal 
increases in carbohydrate concentration began in prairie sandreed 
roots in mid-June and in rhizomes in mid-July. Most reproductive 
tillers in prairie sandreed originate from buds at the end of rhi- 
zomes (White 1977). Reproductive tillers have a negative effect 
on grazing preference (Northrup 1993). Reductions in rhizome 
biomass may have reduced the percentage of reproductive tillers 
and increased grazing preference for prairie sandreed. White 
(1977) also observed that when soil moisture was deficient during 
the growing season, only a small number of prairie sandreed 
tillers became reproductive. Limited development of reproductive 
tillers under drought conditions in 1989 (Table 3) may have 
resulted in a greater percentage of tillers grazed and greater 
degree of defoliation per clone of prairie sandreed than sand 
bluestem. 

for sand bluestem. Deep, extensive root systems are critical for 
moisture use in sand soils where water infiltration rates are high 
and water holding capacity is low. Prairie sandreed may be a bet- 
ter key species than sand bhrestem. 

Effects of selective herbivory must be considered in the devel- 
opment of grazing strategies. Results of this grazing study corre- 
sponded only in part with the response of prairie sandreed and 
sand bluestem to clipping treatments (Sims et al. 1973, Mu&hey 
et al. 1991, Engel 1993). In addition to selective herbivory, mea- 
surable differences in forage allowance occurred among grazing 
periods at equal stocking rates during June-August because of 
progressive increases in current-year standing crop. 
Consequently, it may be necessary to quantify grazing date by 
stocking rate interactions for June and July before rotational graz- 
ing strategies can be optimized at moderate to heavy seasonal 
stocking rates. 

It has been recommended that livestock movement under rota- 
tional grazing should be directly related to rate of plant growth to 
avoid regrazing tillers during a grazing period (Savory 1988). 
Use of this criterion implies that date of grazing is not significant 
or that negative effects of grazing during critical dates will be 
resolved by progressively altering the sequence of pasture use 
over years. However, unless the number of pastures is large, rapid 
movement of livestock among pastures when plants are growing 
rapidly increases the opportunity for animals to regraze plants 
during successive grazing periods. Annual changes in the order of 
pasture use should be based on an understanding of how date and 
frequency of summer grazing affect Sandhills vegetation. 
Reversing the sequence of pasture use during alternating years 
increases the possibility of measurable reductions in total organic 
reserves for both species in the middle pastures. Shifting the 
sequence of grazing by one pasture each year in a large set of 
pastures may allow prairie sandreed or sand bluestem to be 
grazed at critical times for several consecutive years. Under 
stocking rates similar to this study, summer grazing strategies 
will not be mutually beneficial for prairie sandreed and sand 
bluestem without periodically deferring grazing until mid-August 
or later. 

Dividing seasonal stocking rates equally over multiple grazing 
periods during the growing season was counter productive and 
reduced total organic reserves in both species when the first graz- 
ing period occurred in mid-June. This study supports the conclu- 
sion presented by Taylor et al. (1993) that increased number of 
grazing periods does not promote secondary succession as effec- 
tively as fewer grazing periods with longer deferment and longer 
grazing periods at the same stocking rate. Under environmental 
conditions similar to our study, more than 60 days of deferment 
would be required after grazing in June when the average stock- 
ing rate in June is 2 0.70 AUM ha-r. 

Literature Cited 
Conclusions 

Historically, sand bluestem has been used as a key plant species 
when assessing grazing management on upland range sites in the 
Nebraska Sandhills. However, prairie sandreed was susceptible to 
reductions in organic reserves over a longer period of time than 
sand bluestem. If total organic reserves in this study were directly 
related to root biomass and length, summer grazing has a greater 
potential to reduce herbage production for prairie sandreed than 

Aase, J.K., and J.R. Wig&. 1973. Prairie sandreed (Calamovilfa longi- 
folia): \Vater infiltration and use. J. Range Manage. 26:212-214. 

Albertson, F.W., G.W. Tomanek, and A. Riegel. 1957. Ecology of 
drought cycles and grazing intensity on grasslands of the central Great 
Plains. Ecol. Mono. 27:27-44. 

Brejda, J.J., L.E. Moser, and S.S. Wailer. 1989. Rhizome and tiller 
development of three Nebraska Sandhills warm-season grasses. p. 
211-215. In: T.B. Bragg and J. Stubbendieck (eds.), Proc. Eleventh 
North Amer. Prairie Conf., Lincoln, Nebr. 

JOURNAL OF RANGE MANAGEMENT 49(2), March 1996 115 



Burzlaff, D.F. 1971. Seasonal variations of the in vitro dry-matter 
digestibility of three Sandhill grasses. J. Range Manage. 24~60-63. 

Derner, J.D., R.L. Gillen, F.T. McCollum, and K.W. Tate. 1994. 
Little bluestem tiller defoliation patterns under continuous and rota- 
tional grazing. J. Range Manage. 47:220-22X 

Engel, R.K. 1993. Root and shoot responses of sand bluestem to defolia- 
tion. Ph.D. Diss., Univ. of Wyoming. Laramie, Wyo. 

Gilbert, W.L., L.J. Perry, Jr., and J. Stubbendieck. 1979. Dry matter 
accumulation of four warm season grasses in the Nebraska Sandhills. 
J. Range Manage. 32:52-54. 

Gillen, R.L., F.T. McCollum, and J.E. Brummer. 1990. Tiller defolia- 
tion patterns under short duration grazing in tallgrass prairie. J. Range 
Manage. 43:95-99. 

Great Plains Flora Association. 1986. Atlas of the flora of the Great 
Plains. T.hl. Barkley (ed.). Iowa State Univ. Press, Ames, Iowa. 

Hart, R.H., M.J. Samuel, P.S. Test, and M.A. Smith. 1988. Cattle, 
vegetation, and economic responses to grazing systems and grazing 
pressure. J. Range Manage. 41:282-286. 

Hart RH., S. Clapp, and P.S. Test. 1993. Grazing strategies, stocking 
rates and frequency and intensity of grazing on western wheatgrass and 
blue grama. J. Range Manage. 46~122-126. 

Heitschmidt, R.K., S.L. Dowhower, and J.W. Walker. 1987. 14- vs. 
42- paddock rotational grazing: aboveground biomass dynamics, for- 
age production, and harvest efficiency. J. Range Manage. 40:216-223. 

Hendrickson, J.R. 1992. Developmental morphology of two Nebraska 
Sandhills grasses and its relationship to forage quality. M.S. Thesis, 
Univ. of Nebraska, Lincoln, Nebr. 

Jensen, H.P., R.L. Gillen, and F.T. McCollum. 1990. Effects of 
herbage allowance on defoliation patterns on tall grass prairie. J. 
Range Manage. 43:401-406. 

Lodge, R.W. 1963. Complementary grazing systems for Sandhills of the 
northern Great Plains. J. Range Manage. l&240-244. 

116 

Menke, J.W., and M.J. Trlica. 1983. Effects of single and sequential 
defoliations on the carbohydrate reserves of four range species. J. 
Range Manage. 36:70-74. 

Mullahey, J.J., S.S. Wailer, and L.E. Moser. 1991. Defoliation effects 
on yield and bud and tiller numbers of two Sandhills grasses. J. Range 
Manage. 44~241-245. 

National Oceanic and Atmospheric Administration. 1991. 
Climatological data (Nebraska). Asheville, N.C. 

Northup, B.K. 1993. Utilization of native forages of the Nebraska 
Sandhills by yearling cattle. Ph.D. Diss., Univ. of Nebraska, Lincoln, 
Nebr. 

Owensby, C.E. 1973. Modified step-point system for botanical composi- 
tion and basal cover estimates. J. Range Manage. 26:302-303. 

Perry, L.J., Jr., and L.E. Moser. 1974. Carbohydrate and organic nitro- 
gen concentrations within range grass parts at maturity. J. Range 
Manage. 27:276-278. 

Reece, P.E., R.P. Bode, and S.S. Waller. 1988. Vigor of needleand- 
thread and blue grama after short duration grazing. J. Range Manage. 
41:287-291. 

SAS. 1982. User’s guide: Statistics. SAS Inst., Inc., Gary, N.C. 
Savory, A. 1988. Holistic resource management. Island Press, Covelo, 

Calif. 
Sims, P.L., R.K. Lang’At, and D.N. Hyder. 1973. Developmental mor- 

phology of blue grama and sand bluestem. J. Range Manage. 
26340-344. 

Taylor, C.A., Jr., T.D. Brooks, and N.E. Garza. 1993. Effects of short 
duration and high-intensity, low-frequency grazing systems on forage 
production and composition. J. Range Manage. 46:118-121. 

Welch, T.G. 1968. Carbohydrate reserves of sand reedgrass under differ- 
ent grazing intensities. J. Range Manage. 21:2X-220. 

White, L.M. 1977. Perenniality and development of shoots of 12 forage 
species in Montana. J. Range Manage. 30:107-l 10. 

JOURNAL OF RANGE MANAGEMENT 49(2), March 1996 



-- 

J. Range Manage. 
49:117-120 

Germination and root growth of 4 osmocondi- 
tioned cool-season grasses 

D.M. MUELLER 

Au:hor is Ranae Technician USDA-ARS Rangeland Resources Research Unit, 1701 Center Avenue, Fort Collins, Cola. 
80526 - 

Abstract 

Establishment of grass species used in range reseeding should 
improve if germination time can be decreased. Osmotically con- 
trolling the hydration of seed so that germination processes pro- 
ceed other than radicle emergence (osmoconditioning) can 
decrease germination time of many plant species. Growth cham- 
ber esperiments were conducted to evaluate effects of osmocon- 
ditioning at -1.5, -2.0, and -2.5 hlpa for 4,8,12,16, and 20 days 
on germination and root growth of ‘Flintlock’ western wheat- 
grass (Pascopyrum smithii (Rydb.) A. Li5ve) and ‘Vinall’ Russian 
wildrye (Psathyrostuchys juncea (Fischer) Nevski) and at -2.0, 
-2.5, and -3.0 hWa for 4, 8, 12, 16, and 20 days on ‘Nordan’ 
Crested wheatgrass (Agropyron desertorum (L.) Gaertn.) and 
‘Tegmar’ intermediate wheatgrass (Agropyron intermedium 
(Host) Beauv.). A second study looked at germination time of 
seed from the same species conditioned at osmotic potentials and 
durations producing the shortest time to 50% germination (opti- 
mum conditioning) and air dried for 0, 1, or 7 days. Conditioned 
seed of Russian wildrye and western wheatgrass germinated 2 to 
4 days faster, respectively than untreated seed. Optimum condi- 
tioning of seed from all 4 species produced seedlings with roots 
20 to 67% shorter 4 days after germination than seedlings from 
untreated seed. Conditioned western wheatgrass seed continued 
to germinate faster than untreated seed after being air dried for 
7 days. Slow root growth from conditioned seed may negate any 
benefits derived from rapid germination. 

Key Words: Russian wildrye, western wheatgrass, intermediate 
wheatgrass, crested wheatgrass 

Many grass species have small seed that require a shallow 
planting depth (OS-l.75 cm) for successful establishment (Cook 
et al. 1974). Successful establishment at shallow depths may be a 
problem because the top 2 cm of soil can dry from field capacity 
to wilting point within a single day (Anny and Hudspeth 1960, 
Wiegand 1962, Reginato 1975) which is insufficient time for 
seed germination of many species. If seed germination and subse- 
quent root extension occurs quickly, the probability of seedling 
survival is improved by the increased availability of soil moisture 
at greater depths (McGinnies 1973). 

Mueller and Bowman (1989) reported that pregerminated seed 
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of cool-season grasses established deep roots more rapidly in a 
moist soil than untreated seed. Pregermination may reduce the 
number of days the soil surface would need to remain wet for 
successful seedling establishment. 

Osmoconditioning is a method of controlled hydration that 
allows some germination processes to proceed but prevents radi- 
cle emergence (Bewley and Black 1985). Osmoconditioned seed 
have been shown to germinate and emerge faster than untreated 
seed (Brocklehurst and Dearman 1983; Hardegree and Emmerich 
1992; Hardegree 1994). This process may improve establishment 
of small seeded range grass. 

The purpose of this study was to evaluate the effects of osmo- 
conditioning on germination and initial root growth of 4 cool-sea- 
son grasses and to determine the effect of drying osmocondi- 
tioned seed on germination rate. 

Materials and Methods 

Experiment 1 
Experiment 1 determined the effect of osmoconditioning on 

time to 50% germination, total germination percentage, and root 
growth of 4 cool-season grasses: ‘Nordan’ crested wheatgrass 
(Agropyran desertorum (L.) Gaertn.), ‘Tegmar’ intermediate 
wheatgrass (Agropyron inter-medium (Host) Beauv.), ‘Flintlock 
Western wheatgrass (Pascopyrum smithii (Rydb.) A. Love), and 
‘Vinall’ Russian wildrye (Psathyrostachys juncea (Fischer) 
Nevski). The design of experiment 1 was a 3 x 5 factorial + 1 
with 4 replications. 

Russian wiklrye and western wheatgrass seed were osmocondi- 
tioned with polyethylene glycol 8000 (PEG) at 3 osmotic poten- 
tials (-1.5, -2.0, and -2.5 MPa) for 5 durations (4, 8, 12, 16, or 
20 days) plus a control. Polyethylene glycol is a nontoxic, high- 
molecular-weight compound that does not penetrate plant cell 
walls (Carpita et al. 1979, Tarkow et al. 1966). Captan’ fungicide 
powder was added to the PEG solution (2.5g/liter) to help control 
fungus. 

Preliminary trials showed that osmotic potentials of -1.5 MPa 
did not prevent germination of crested and intermediate wheat- 
grass seed, therefore seed of these species were conditioned at 
potentials of -2.0, -2.5, and -3.0 MPa. One-hundred seed were 
placed on blotter paper and Kimpac’ germination paper soaked 

‘Mention of any trade name is for information only and does not imply endorse- 
ment. 
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with 100 ml of PEG solution inside a germination dish (32.5 x 
33.8 x 7.5cm). Germination dishes were then sealed with plastic 
tape and placed in growth chambers. 

Growth chamber temperature and light settings during condi- 
tioning were: 16 hours dark at 20” C and 8 hours light at 30” C 
for crested wheatgrass, intermediate wheatgrass and Russian 
wildrye (Association of Official Seed Analysts 19Sl). Western 
wheatgrass was conditioned in the dark at temperatures of 15” C 
for 16 hours and 30” C for 8 hours each day. Osmoconditioning 
solutions were mixed to give stated osmotic potentials at 25” C 
(Michel and Kaufmann 1973). Growth chamber temperature 
changes caused a deviation in solution osmotic potentials of 
approximately rtr 0.1 MPa. Osmotic potentials may have been 
slightly more negative than estimated because the equation used 
(Michel and Kaufmann 1973) to formulate the solution did not 
account for molecular exclusion of PEG from the germination 
paper substrate (Hardegree and Emmerich 1990). 

Germination dishes were removed from the growth chamber 
after 4, 8, 12, 16, or 20 days. Seeds were then removed from the 
dishes, rinsed in distilled water, and placed in similar germination 
dishes on blotter and germination paper soaked with 100 ml of 
distilled water. Conditioned and untreated (control) seed were 
placed back in the growth chamber at a 36” angle (Jones and 
Cobb 1963) and germinated under the same temperature and light 
conditions used during osmoconditioning. 

Germinated seed were counted daily the first week and alter- 
nate days thereafter for the study duration (21 days). Untreated 
seed radicle lengths were measured daily for the first 5 days after 
radicle emergence at which time the seedlings had to be taken out 
of the germination dish because of space limitations. Radicle 
lengths were measured daily for 5 days after conditioned seed 
were placed in the germination chamber. Thus, 4 day root growth 
analyses was limited to the optimum conditioning treatments in 
which seeds germinated within 1 day of being switched to dis- 
tilled water. Seed were considered germinated if the radicle was 
showing. Since all germination did not occur the same day, root 
growth rate was calculated from the time of radicle emergence. 
Time to 50% germination of pure live seed (PLS) (Tso& was 
determined by extrapolating between the germination count (Gb) 
the day before (Db) 50% germination occurred and the germina- 
tion count (G,) the day after (D,) 50% germination occurred 
(Ts~,=((G~~~-G~)x(D~-D&G~G~))+D& Fifty percent germi- 
nation of pure live seed (PL.S) equaled 0.5 x percent germination 
of untreated seed. 

Experiment 2 
Experiment 2 was conducted to determine effects of 0, 1, and 7 

days of drying on germination of seeds that were osmotically 
conditioned using optimal conditioning treatments of those 
species evaluated in experiment 1 (-2.0 MPa and 8 days for crest- 
ed and intermediate wheatgrass, -1.5 MPa and 20 days for west- 
em wheatgrass and Russian wildrye). The design was a single 
factor with 4 treatments (control and 3 drying periods) and 4 
replications. Since there were no interactions main effect means 
were used to select optimal conditioning treatments. Conditioned 
seed were rinsed in distilled water, placed on blotter paper, and 
allowed to air dry at room temperature for either 0, 1, or 7 days 
before being put into the growth chamber. A set of untreated seed 
(control) was also included for germination testing. The same 
methodology used in the previous experiment to condition, ger- 
minate, and count the seed was used to evaluate treatments. 

Data Analysis 
Experiment 1 time to 50% germination and total germination 

percentage were analyzed using a 3 x 5 factorial analysis of vari- 
ance excluding the control. Control means were compared with 
other means in the first experiment using error from analysis of 
variance on osmotic potential and treatment duration. Root 
growth in experiment 1 was analyzed using a single factor analy- 
ses of variance with 2 treatments and 4 replications. Experiment 2 
was analyzed using a single factor analysis of variance with 4 
treatments and 4 replications. Control means in the second exper- 
iment were part of the analysis of variance. Duncan’s new multi- 
ple range test was used for mean separation. Significance was 
evaluated at P10.05. 

RESULTS 

Experiment 1 
Western wheatgrass time to 50% germination decreased as 

duration of osmoconditioning treatment increased. All treatment 
durations resulted in a lower time to 50% germination than the 
control (Table 1). Time to 50% germination for Russian wildrye 

Table 1. Effect of osmoconditioning duration on time (days) to 50% ger- 
mination of 4 cool season grasses. 

Days in Solution 
Species Control 4 S 12 16 20 

------------------(days)------------------ 
Created 2.7a’ 2.5a2 2.3a 3.la 2.6a 2.7a 

wheatgrass 
Intermediate 2.0a 2.2a 1.9a 2.la 2.5a 3.3b 

wheatgrass 
Western 5.9d 4.4c 2.4b 2.3b 1.7a 1.6a 

wheatgrass 
Russian wiidrye 3.Sb 4.3b 2.2a 2.3a 2.la 1.7a 
‘Control means compared with other means using error from osmcconditioning study. 
zMeans with same letter within n row are not significantly different (P&05). Results are 
averaged xross osmotic potentials. 

was reduced after the seed had been in solution from S to 20 
days. Time to 50% germination of crested wheatgrass was not 
affected by duration of osmoconditioning treatment. There was 
an increase in time to 50% germination of intermediate wheat- 
grass ?fter seed had been in solution for 20 days. 

Western wheatgrass time to 50% germination was lowered at 
the least negative osmotic potential treatments (Table 2). Time to 
50% germination for Russian wildrye was less at -1.5 MPa than 
at lower osmotic potentials. Western wheatgrass and Russian 
wildrye seed conditioned at -1.5 MPa reached 50% germination 

Table 2. Effect of osmoconditioning water potential (hIPa) on time (days) 
to 50% germination of 4 cool season grasses. 

Water Potential IMPa) 
Species Control -1.5 -2.0 -2.5 3.0 

- - - - - - _ _ _ - - - - - _ (days) _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ 
Crested wheatgrass 2.7a’ 2.3a 2.Sa 2.Sa 
Intermediate wheatgrass 2.Oab 1.7a 2.7b 2.Sb 
Western wheatgrass 5.Sd 1.6a 2.4b 3.4c 
Russian wildrye 3.7b 1.6a 3.2b 2.7b 
‘Control means compared with other means using ermr from osmocoditioning study. 
2Means with same letter within row are not significantly different (P4.05). Results are 
avenged across treatment times. 
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in less than 2 days compared to approximately 6 and 4 days, 
respectively, for untreated seed. Osmotic potential had no effect 
on time to 50% germination of crested wheatgrass. Intermediate 
wheatgrass time to 50% germination was less for seed condi- 
tioned at -2.0 MPa than for seed conditioned at lower osmotic 
potentials. 

Compared to the control, total germination percentage was 
reduced for crested wheatgrass after 8 days in solution, for inter- 
mediate wheatgrass after 12 days in solution, and for Russian 
wildrye after 16 days in solution flable 3). Total germination of 
western wheatgrass was not affected by treatment duration. 

“I CRESTED WHEATGRASS 

DAYS AFTER GERMINATION 

Table 3. Effect of osmoconditioning duration on total germination (%) of 
4 cool season grasses. 

Davs in solution 
Species Control 4 8 12 16 20 

-__---__------ (%) -------_------ 
Crested wheatgrass 87b’ 76ab’ 72a 67a 67a 65a 
wheatgrass 

Intermediate 71b 66ab 67ab 60a 59a 60a 
wbeatgrass 

Western 85a 85a 86a 84a S6a 81a 
wheatgrass 

Russian wildrye 76b 69ab 67ab 67ab 65a 66a 
‘Control means compared with other means using error from osmoconditioning study. 
*hleaus with same letter within a row are not significantly different (pcO.05). Results are 
averaged across osmotic potentials. 

An osmotic potential of -3.0 MPa lowered total germination of 
intermediate wheatgrass (Table 4). Total germination of crested 
wheatgrass, and Russian wildrye was lower than the control at all 
osmotic potentials. Osmotic potential had no effect on total ger- 
mination of western wheatgrass. 

Root lengths of seed that were conditioned at optimum osmotic 
potential and treatment duration were less than the control 4 days 
after germination for western wheatgrass and 2, 3, and 4 days 
after germination for Russian wildrye (Fig. 1). Optimum condi- 
tioning of crested and intermediate wheatgrass seed produced 
root lengths that were lower than the control 3 and 4 days after 
germination. 

Table 4. Effect of osmoconditioning water potential @Pa) on total ger- 
mination of 4 cool season grasses. 

Species Control 
Water Potential (MPa) 

-1.5 -2.0 -2.5 -3.0 

Crested wheatgms S7b’ 70a 
Intermediate wheatgrass 71b 60ab 
Western whea&rass S5a 86a 84a 
Russian wildrye 76b 67a 64a 

73a 
72ab 
84a 
69a 

66a 
56a 

‘Comrol means compared with other means using error from osmcconditioning study. 
2hkans with same letter within a row are not significantly different (p&05). Results am 
avenged across truunent times. 

Esperiment 2 
Intermediate wheatgrass and Russian wildrye seed that were 

not dried or had been air dried at room temperature for 1 day after 
optimum conditioning germinated more rapidly than untreated 
seed (Table 5). Conditioned western wheatgrass seed germinated 
more rapidly than untreated seed after 0, 1, or 7 days of air dry- 

50 
INTERMEDKIE WHEATGFiASS 

E40 ii. 
E30 
: 
2” 
g 10 

0 
1 2 3 4 
DAYS AFTER GERMINATION 

CAI 
1 WESTERN WHEATGRASS I 

DAYS AFIER GERMINATION 

iu 

I 

RUSSIAN WILDRYE 

r40 
!z 
F 30. b 

4 b 

2” b 

g 10. 

0+ > 
1 2 3 4 
DAYS AFTER GERMINATION 

lea CONDfllONED m UNCONDITIONED 1 

Fig. 1. Mean root length (mm) of western wheatgrass and Russian 
wildrye grown from seed osmoconditioned at -1.5 MPa for 20 days 
and crested and intermediate wheatgrass osmoconditioned at -2.0 
MPa for 8 days. 
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Table 5. Effect of drying on time (days) to 50 % germination of 4 cool sea- 
son grasses grown from osmoconditioned seed. 

Davs dried 
Species Treatment Control 0 1 7 

_ _ _ _ _ _ _ _ _ _ (days) _ _ _ _ _ _ _ _ _ _ 
Crested -2.0 MPa, 8 days 3.5a 2.6a’ 2.la 2.3a 
wheatgrass 

Intermediate -2.0 MPa, 8 days 2.Sb 1.5a l.Oa 2.6b 
wheatgrass 

Western -1.5 MPa, 20 days 7.3d 0.9a 1.6b 2.5c 
wheatgrass 

Russian wildrye -1.5 MPa, 20 days 4.lc 0.9a 2.Sb 3.5bc 
‘hicans with same letter within a row are not significantly different (~~0.05) 

ing. Crested wheatgrass seed did not exhibit faster germination 
after optimum conditioning than untreated seed at 0, 1, or 7 days 
of drying. 

Discussion 

Results from experiment 1 generally agree with previous stud- 
ies showing enhanced germination response from osmocondi- 
tioned seed (Heydecker and Coolbear 1977), and detrimental con- 
ditioning effects at low water potentials and long duration treat- 
ments (Hardegree and Emmerich 1992, Gray et al. 1990, Ely and 
Heydecker 1981). Exceptions were the beneficial effects of 
longer treatment times on time to 50% germination of Russian 
wildrye and western wheatgrass. If treatment times had been 
longer than 20 days results may have been different. Loss of 
seedling vigor was beginning to show in both species as indicated 
by slower root growth from osmoconditioned seed than from the 
untreated seed 2 to 4 days after germination. 

Conditioning seed to minimize time to 50% germination 
slowed root growth in all 4 species. Slower root growth brought 
about by conditioning could negate any benefits in establishment 
obtained by more rapid germination, especially for species that 
germinate quickly. Russian wildrye root growth from untreated 
seed would be expected to exceed root growth from conditioned 
seed within 4 days after the conditioned seed had germinated, 
even though the untreated seed germinated 2 days later than the 
conditioned seed. Research on perennial ryegrass (Lolium 
perenne L.) and bell pepper (Cupsicum annum L.) indicates that 
the initial advantage in rapid root growth from conditioned seed 
may not persist. Perennial Iyegrass roots from osmoconditioned 
seed ceased to be longer than those from untreated seed 1 IS 
hours after being placed on germination blotters soaked with dis- 
tilled water (Danneberger et al. 1992). Bell pepper seedlings from 
untreated seeds had higher root weights 14 days after seeding 
than seedlings from osmoconditioned seed (Stoffella et al. 1992). 

Conditioned seed that are dried but still retain rapid germina- 
tion are more practical and convenient for sowing and storage. 
Western wheatgrass was the only species to retain rapid germina- 
tion beyond 1 day of air drying. Drying the seed slowly by con- 
trolling humidity during the process may prolong germination 
rates achieved through conditioning. Rapid drying of imbibed 
seed has been shown to decrease the rate of germination in peren- 
nial ryegrass (Debaene-Gill et al. 1994). However, drying the 
seed slowly would entail additional equipment to control humidi- 
ty- 

Even with osmoconditioning, slow root growth may negate any 
benefits derived from rapid germination. Field studies need to be 
conducted to evaluate the combined effects of slower root growth 
and rapid germination before conditioned seed can be recom- 
mended for revegetation of grasses under dryland conditions. 
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Abstract 

The use of standing dead biomass, during the winter that was 
produced by warm-season grasses in the previous growing season 
by pregnant beef cows may be an alternative to grazing systems 
in the semi-arid Pampean Region of Argentina. This study, con- 
ducted over 2 years, 1990 and 1991, compared the winter forage 
quality produced during the previous growing season for 4 
warm-season grasses; switchgrass (Panicurn virgutum L. cv. 
Pathfinder), kleingrass (Panicurn colorutum L.), tetrachne 
(Tetruchne dregei New) and weeping lovegrass (Erugrostis curvu- 
la (Schrad), Nees cv. Tanganyka). Five harvests of the summer 
growth started after the first frost, and were spaced evenly 
throughout the winter period. Changes in the standing crop of 
dry matter were measured and subsamples of forage were divid- 
ed into leaf and stem fractions. Forage quality analyses included: 
crude protein (CP), in vitro dry matter digestibility @VDMD), 
effective rumen degradability (ED), neutral (NDF) and acid 
(ADF) detergent fiber and lignin. Tetruclzne dregei produced for- 
age with a higher leafxtem ratio and of generally higher quality, 
than the other species, although the differences were not always 
significant. Its CP content was marginally below the maintenance 
requirements of cows. Dry matter yield of tetrachne was lower 
than that of weeping lovegrass, but differences were only signifi- 
cant in 1990. Kleingrass generally was high in quality and dry 
matter yield, although it was the lowest in percentage of leaves of 
the 4 species evaluated. Switchgrass was the least productive; the 
nutritive value of its forage was low, comparable or lower than 
that of weeping lovegrass. The first harvest date was higher in 
nutritive value. Although the nutritive value of leaves and stems 
were not compared statistically, the leaves tended to be higher 
than the stems. Tetruchne dregei, the best of the species evaluated 
in this study, is a very promising warm-season grass, which could 
provide nutritious forage for winter grazing systems in the semi- 
arid Pampean Region of Argentina. 
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The semi-arid Pampean Region is characterized by highly vari- 
able annual and seasonal distribution of rainfall with a generally 
dry winter season (Table I). The growth rate of temperate grasses 
during the winter is near zero with growth restricted to the spring, 
summer and fall seasons. Cool season annuals provide forage of a 
high quality to grazing animals, but production is more expen- 
sive. This disadvantage becomes even more important if the for- 
age is grazed by cattle with relatively low requirements such as 
pregnant dry cows. 

One way to provide an economical winter forage would be to 
use forage produced during the previous growing season, by 
warm-season grasses, as standing forage during the winter (Covas 
1982). This forage would need to retain much of its quality in the 
dormant stage. Until now, in Argentina the only warm-season 
species that has been studied is (Erugrostis cunwla (Schrad), 
Nees cv. Tanganyka) weeping lovegrass. However, its quality as 
deferred forage is low (Rabotnikof et al 1986a). The evaluation of 
native warm-season grasses showed that their deferred forage 
quality was similar to that of weeping lovegrass, but dry matter 
yields were much lower (Rabotnikof et al 1986a, 1986b, Stritzler 
unpublished results). Therefore, a warm-season grass with higher 
mature forage quality than weeping lovegrass, may be useful. 

The aim of this study was to evaluate the amount and quality of 
forage produced by selected warm-season grasses recently intro- 
duced in the semi-arid Pampean Region, and to compare them 
with the widely used weeping lovegrass throughout the winter 
season. 

Materials and Methods 

This study was conducted in 2 years, 1990 and 1991 on the 
Facultad de Agronomfa, Universidad National de La Pampa, 
Santa Rosa, La Pampa, Argentina, Lat: 36” 46’ S; long: 64” 16 
W; 210 m ASL. 
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Table 1. Monthly, Annual (from January to December) and Annual (from October to September next year) rainfall (in mm) for 1989,1990, and 1991 
at the Facultad de Agronomia, Universidad National de La Pampa, Santa Rosa, La Pampa, Argentina. 

AIlllUal Annual 
Year Month $llc Oct. 1989- Oct. 1990- 

JiIIl Feb. Mar. Apr. May. June July Aug. Sept Oct. Nov. Dec. Dec. Sep. 1990 Sep. 1991) 
____---_______--____-----------------------*--- (-) ______________________ * _________________________ * 

1989 40.9 66.1 108.6 1.9 79.3 10.1 59.9 46.7 16.6 36.4 83.9 224.1 774.5 
1990 58.1 98.1 69.2 23.5 70.9 0.0 6.4 0.3 53.4 72.5 70.0 52.1 574.5 724.5 695.5 
1991 182.5 59.0 15.4 21.0 55.2 46.5 17.1 36.7 67.5 52.3 167.9 274.4 995.5 
Long, 
term- 106.5 75.1 101.1 59.5 37.6 14.2 27.1 32.6 60.3 47.5 109.6 115.8 787 784.2 

The 4 warm-season grasses evaluated of were: 
1. Weeping lovegrass (Eragrosris curvula (Schrad) Nees, cv. 

Tanganyka) 
2. Switchgrass (Panicum virgatum L. cv. Pathfinder) 
3. Kleingrass (Panicum coloratum L.) 
4. Tetrachne (Tetrachne dregei Nees) 

Weeping lovegrass was considered as “control”, as it is a well 
known, wide-spread forage species in our Region. 

The 4 species were planted in plots of 4.20 m long by 2.40 m 
wide each, consisting of 4 rows spaced 0.60 m apart; each row 
consisted of 14 plants spaced 0.30 m apart. All the plots were 
planted between 27 March 1989 and 4 April 1989. 

The plots were arranged into a randomized complete block 
design, with 5 harvest dates, spaced at approximately 1 month 
intervals during the winter and 3 replications for each species. 
The whole experiment, therefore, included 60 plots (4 species x 5 
harvest dates x 3 replications). 

The experimental stands of grasses were prepared for study by 
cutting all the plants to a uniform height of about 5 cm at the end 
of the winter season, 1989. During the growing season, weeds 
were controlled manually. 

Harvesting was started after the first frost. Harvesting dates for 
the 2 years of observations were: 

1.20 April 1990.17 April 1991 
2.18 May 1990,16 May 1991 
3.18 June 1990,17 June 1991 
4. 16 July 1990, 15 July 1991 
5.15 August 1990, 15 August 1991 
After the last harvest of the first year, the plots were fertilized 

with 100 Kg N/ha (9 Sept. 1990). 
On each harvest date, 3 plots of each species were clipped at 

about 5 cm from ground level. Total weight was recorded and a 
subsample of each was dried at 65°C for 72 hours, to estimate dry 
matter yields, ground through a 1 mm screen in a Wiley mill and 
stored for laboratory analyses. Another subsample of each plot 
was separated into leaf and stem fractions. Leaves consisted of 
blades, broken off at the sheath, and stems included heads, where 
present. After separation, both fractions were dried at 65°C for 72 
hours, weighed to estimate the percentage of each plant part and 
ground and stored as described above for the whole plant. 

As each harvest date included 12 plots (4 species and 3 replica- 
tions), and 3 subsamples (leaf, stem, and whole plant) from each 
of them were obtained, the laboratory analyses were performed 
on 36 samples from each harvest date. 
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Laboratory Analyses 
Crude protein content (CP) was determined by the semimicro 

Kjeldahl method (N x 6.25); in vitro dry matter digestibility 
(IVDMD) was measured according to the method of Tilley and 
Terry (1963), modified by Alexander and McGowan (1966); neu- 
tral detergent fiber (NDF) and acid detergent fiber (ADFI analy- 
ses were performed as described by Goering and Van Soest 
(1970), and lignin content according to Christian (197 1). 

The samples were also incubated in sacco, in nylon bags, in the 
rumens of three fistulated steers. The bags, made of polyamide 
cloth with a mean pore size of 50 p, were tightly closed with a 
fishing line, and bound to a rubber stopper by a self clinching tie. 
To maintain a relationship of 12.5 mg dry matter/cm’ of bag sur- 
face area, which was about 130 cm* excluding closing area, 1.60 
g of dry matter was included in each bag. The samples were incu- 
bated in the rumens for 72,48,36,24, 16, 12, and 8 hours, and 
withdrawn from the rumens, cleaned under running tap water for 
5 minutes and washed in a washing machine with cold water for 
1 hour. Another set of 3 nylon bags containing samples were 
incubated in distilled water at 38°C for 15 minutes, to determine 
initial washing losses. The cleaned nylon bags were then dried at 
65°C for 12 hours and weighed. 

The effective degradability of forage in the rumen (ED) of each 
sample was calculated as described by McDonald (1981): 

ED=a+b EXP(-(c+k)T) (1) 
c+k 

where: 
ED = effective degradability 

a = initial washing loss 
b = potential degradation 
c = degradation rate 
k = rumen outflow rate (given) 
T = time (in hours) 

Stastical Procedure 
The results for each parameter measured were statistically 

treated, within year and plant part, by analysis of variance. Means 
with significant differences were compared using Tukey’s test 
(Sokal and Rohlf 1979). 

Results and Discussion 

Comparison Between Species 
The amount of mature standing forage over the winter period 

for both years of the study averaged from 5,442 kg/ha for switch- 
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Table 2. Dry matter yield (in kglha) of whole plant, percentage of leaves and leafistem ratio, on dry matter basis, of 4 warm-season grasses (means of 5 
harvest dates). 

Species 

Weeping 
lovegrass 

Switcbgms 

Kleingrass 

W 
matter 

C?MW 
10081” 
3s74b 
8552’ 

1990 

leave5 

61 
47.1= 
30.0’ 
13.2d 

Year Averaee 
1991 

leaf: DW leak Dry lea6 
stem matter leaves stem matter leaves stem 

(kg/ha) (%I (%) 
0.89 101s2= 44.1= 0.79 ‘:i? 45.6 0.84 
0.43 7099= 34.lb 0.52 5442 32.1 0.48 
0.15 8096= 19.F 0.24 8324 16.2 0.20 

Tetrachne 5294b 39.0b 0.64 7252” 43.8” 0.75 6213 41.4 0.71 

Values v&in a column. followed by different letter rue significantly different (RO.05). 

grass to a high of over 10,000 kg/ha for weeping lovegrass. In 
general, weeping lovegrass produced the most forage, kleingrass 
second, tetrachne third and switchgrass the least (Table 2). The 
differences in standing forage over the winter were significant 
(PcO.05) only for the 2 most productive grasses compared to the 
2 other grasses during the first year of the study only. There were 
no significant differences in herbage yields in 1991 even though, 
yields ranged from about 7,100 to over 10,000 kg/ha. 

The average annual, winter and summer temperatures at the 
study site were 15.6,8.4, and 22.7’ C, respectively. 

Total annual rainfall varied from a low 574.5 mm in 1990 to 
995.5 in 1991 (Table 1). This compares to 787 mm of longterm 
annual average rainfall collected at Facultad de Agronomia, 
Universidad National de La Pampa . The difference between the 
2 study years, 1990 and 1991, was considerably less if the rainfall 
is summed over a “crop year” that begins in October and runs 
through September of the following year. Moreover, considering 
a “crop year”, the annual rainfall of 1990 and 1991 were not far 
from the longterm average (Table 1). 

Over both study years, percentage of the leaves ranged from a 
low of 16% for kleingrass to over 40% of the dry matter in leaves 
for weeping lovegrass and tetrachne. There were significant dif- 
ferences in the percent leaves for the 4 grasses studied. In 1990 
these differences were significant between each of these species 
(PcO.05). During 1991 there were no differences in percent 
leaves between weeping lovegrass and tetrachne but there were 
differences between these 2 grasses and switchgrass which had 
34.1% leaves, and kleingrass which had 19.1 % leaves. 

The statistical significance of differences between the forage 

species and the errOr mean squares can be seen in Table 3. 
Z’etrachne dxgei generally had the highest forage quality char- 

acteristics measured in this study. The CP content was highest 
(PcO.05) in tetrachne and lowest in switchgrass for all fractions, 
in both years, although some of the differences were not signifi- 
cant (Tables 3 and 5). 

For all plant fractions, in both years, IVDMD of tetrachne was 
significantIy higher (PcO.05) than that of weeping lovegrass and 
switchgrass. The IVDMD of kleingrass was also higher (PcO.05) 
than the values of weeping lovegrass and switchgrass, for all 
plant fractions in 1991 and for stem and whole plant in 1990. 
Stem digestibility for tetrachne and kleingrass ranged from 50 tc 
55% early in the winter season to between 45 and 50% by the end 
of the winter period. The stem and whole plant fractions effective 
rumen degradability (ED) values were highest for kleingrass and 
tetrachne and lowest for weeping lovegrass. The effective degrad- 
ability (ED) of leaves was highest for switchgrass (PcO.05) and 
lowest for weeping lovegrass. 

The NDF content of leaves was highest in weeping lovegrass 
and lowest in switchgrass and kleingrass (PcO.05). The percent- 
age of NDF of the stem fraction, on the other hand, was higest in 
switchgrass and lowest in kleingrass (PcO.05). The NDF content 
of the whole plant was higher for weeping lovegrass and switch- 
grass than for kleingrass and tetrachne (PcO.05). The percentage 
of ADF was highest for all fractions, in both years, in switchgrass 
(P<O.O5), while tetrachne tended to have the lowest values. 

The lignin content of tetrachne averaged 5.66% across both 
years and was significantly lower than weeping Iovegrass and 
switchgrass (PcO.05). 

The dry matter yield of weeping lovegrass tended to be higher 

Table 3. Error mean squares and statistical significance of differences of quality parameters of forage (whole plant) produced by Weeping Lovegrass 
(JV), Switchgrass (S), Kleingrass (K) and Tetrachne (T). 

1990 
Quality Error Statistical significance of 
Parameter mean differences 

squares W-S W-K W-T S-K S-T 

CP 0.36 ** NS ** ** ** 
In vitro 19.91 NS ** ** ** ** 
DMD 
ED 7.41 ** ** ** ** ** 
NDF 2.32 NS ** NS ** NS 
ADF 1.21 ** ** NS ** ** 
Ligain 0.21 NS ** ** ** *+ 
* :kc.o5 

K-T 
** 

NS 

NS 
NS 
** 
** 

Error 
mean 

squares w-s 

0.03 ** 
11.33 NS 

8.12 NS 
0.92 * 
0.43 ** 
0.38 NS 

1991 
Statistical significance of 

differences 
W-K W-T S-K 
** ** ** 
** ** ** 

** ** ** 
** ** ** 

NS ** ** 
** ** ** 

S-T K-T 
** ** 
** NS 

** NS 
** NS 
** ** 
** ** 

l *:p<o.o1 
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in winter than the other species, but its quality was generally the 
lowest. On the other hand, tetrachne was generally the highest in 
CP, IVDMD and effective degradability and the lowest in NDF, 
ADF and lignin. In addition, tetrachne had a high percentage of 
leaves compared to the other species. 

Kleingrass forage was generally of better quality than weeping 
lovegrass, while dry matter yields were about 2,000 kg/ha less 
(Table 2). The percentage of kleingrass leaves was the lowest of 
the 4 species evaluated. Kleingrass should be considered for for- 
age production during the growing season, as it seems likely that 
its leaf: stem ratio would be better. Switchgrass, was the least 
productive species and its quality was rather low. Switchgrass 
stems were extremely low in quality (see Table 4). Switchgrass 

Table 4. Quality parameters (means of 2 years) of leaves, stems and 
whole plant, produced by weeping lovegrass, switchgrass, kleingrass 
and tetrachne. 

Quality 
parameter’ 

Klein- Tetrachne Plant fraction Weeping Switch- 
lovegrass grass grass 
-------------(Sol------------ 

Crude 
protein 

In vitro 
dry matter 
digestibility 
Effective 
degradability 

Neutral 
detergent 
fiber 
Acid 
detergent 
fiber 

Lignin 

Led 4.4s 3.67. ’ 5.91 
Stem 3.29 1.83 2.91 
Whole plant 3.83 2.41 3.40 
Leaf 48.30 49.00 52.30 
Stem 41.60 40.30 48.40 
Whole plant 44.60 43.30 49.00 

Leaf 43.60 60.50 54.70 
Stem 36.80 36.00 43.60 
Whole plant 39.70 42.10 45.40 

Leaf 76.20 68.30 67.90 
Stem 79.40 83.30 77.70 
Whole plant 78.00 78.50 75.90 

Leaf 40.00 44.20 38.20 
Stem 44.50 49.80 45.90 
Whole plant 42.40 48.00 44.60 

Leaf 5.53 5.12 4.62 
Stem 7.37 7.21 6.93 
Whole plant 6.53 6.51 6.55 

7.03 
4.18 
5.30 

54.40 
47.70 
50.40 

52.10 
41.10 
45.60 

74.10 
78.00 
76.40 

37.20 
42.30 
40.20 

4.66 
6.54 
5.76 

leaves were low in CP content and while the IVDMD of switch- 
grass leaves were low, its effective degradibility (ED) was among 
the highest. These differences could be attributed to its compara- 
tively low cell wall content and, within the cell wall, a higher 
hemicellulose: cellulose ratio (compare NDF and ADF values). 
The comparatively low cell wall percentage implies a relatively 
high cell content, which is highly soluble and degradable in the 
rumen. The high content of hemicellulose in the cell wall might 
have also contributed to the ED of leaves. Stritzler (1988) has 
shown that hemicellulose is digested at a higher rate and extent 
than cellulose. 

Comparison Between Harvest Dates 
Only the samples of the first harvest date were of significantly 

higher quality. Although there was a trend toward lower dry mat- 
ter yields with successive harvest dates, these differences were 
not significant (Table 5). There were no significant differences in 
leaf percentage, and CP content among harvest dates. The 
IVDMD and effective degradability (ED) were not significantly 
different among harvest dates in 1990, but in 1991, harvest dates 
1 and 2 had higher leaf IVDMD than 3,4, and 5 and higher stem 
and whole plant fraction ED. 

Table 5. Dry matter yield in (kg/ha) of whole plant, percentage of leaves 
and Leakstem ratio, on dry matter basis on each harvest date (means 
of the 4 grasses evaluated) over the 2 years. 

Year 
Harvest 1990 1991 
date Dry matter Leaves LeaEstem Dry matter % LeavesLeafzstem 

WW (%) Wha) (%I 
1 so12= 31.6= 0.46 s179= 37.v 0.61 

2 7128” 33R 0.50 S500J 35.6= 0.55 
3 6536= 30.1” 0.43 s11g3 34.1” 0.52 
4 6592a 33.6= 0.51 7425” 33.9= 0.51 
5 6597= 32.ga 0.49 7s95= 35.0= 0.54 

Values within a columa, followed by different letter. are sigaiticaatly different (Pc0.05). 

Stem digestibility for tetrachne and kleingrass range from 50 to 
55 early in the winter season to between 45 and 50% by the end 
of the winter period. The NDF, ADF, and lignin content of 
leaves, stems and whole plant fractions tended to increase with 
harvest date, in both years, but significant differences occurred 
(PcO.05) only between harvest dates 1 vs. 3,4, and 5. 

The partitioning of aboveground biomass between stems and 
leaves has been reported recently (Ugherughe 1986, Coyne and 
Bradford 1986, Dabo et al 1987, Nordkvist et al 1987, McBee 
and Miller 1990). It is well known that the parts of the plant dif- 
fer in quality, and that the nutritive value of leaves is generally 
higher than stems. As the ruminant seldom eats whole plants, 
whole plant analyses underestimate the nutritional value of for- 
ages. Stritzler et al (1986), offered forage of old world blnestem 
(Borhriochlua bladhii), a warm-season grass to ewes, ad libitum; 
the leaf: stem ratio of the offered forage was about 1:4, while the 
ratio was 1: 11 in the refused feed, demonstrating that the animal 
preferentially consumes leaves. In the present study, the quality 
parameters were measured on the leaves, stems and whole plant. 
As expected (Terry and Tilley 1964), the nutritive value of leaves 
was higher than that of stems; these data may help to explain 
unexpected liveweight gain in animals grazing warm-season 
grasses (Reid et al 1988; Mullahey et al 1992), because the chem- 
ical analyses of whole plant samples show a nutritive value only 
enough to maintenance, while, due to selective grazing of leaves, 
the diet consumed by the animals is much higher in quality than 
that measured in the laboratory. 

Numerous experiments have been carried out with weeping 
lovegrass (Femfindez et al 1991), but no information is available 
in the Argentine literature concerning the 2 species of the genus 
Panicum evaluated in this study. This appears to be the first data 
on forage yield and quality produced by Panicum virgatum and 
Panicum coloratum in Argentina. The first study with Tetrachne 
dregei was recently reported (Frasinelli et al 1993). 

The 2 species of the genus Panicum are well known in the 
United States of America, where they are important components 
of the grazing systems of the Southern Great Plains and other 
regions (Anderson and Matches 1983; Sanderson, 1992). 
Kleingrass forage is also being evaluated in other parts of the 
world (Minson 1971; Bansal et al 1986). However, most studies 
were on growing season forage (Jung et al 1990). In these studies 
where comparisons with our data could be made, their results 
agreed with ours and confirmed that they are high yielding 
species (Lugg et al 1987), with a low leaf: stem ratio (Sanderson 
1992) and more nutritive leaves than stems (George and 
Obermann 1989; Mullahey et al 1992). 
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Tetrachne dregei is a native grass of South Africa, where it is 
not an important component of pastures, but only one of the 
many species of the natural grasslands (Covas 1974). To our 
knowledge, no information about this species, except for botani- 
cal description, is available in the literature. 

Conclusions 

Our results confirm earlier information (Rabotnikof et al 1986a, 
1986b), that some warm-season grasses introduced to the semi- 
arid Pampean Region of Argentina may be an alternative to 
weeping lovegrass as standing deferred forage to grazing beef 
cows. The results obtained in this study clearly showed that 
Tetrachne dregei (tetrachne), during the winter, had the highest 
nutritional value of those evaluated. Tetrachne had, generally, the 
highest CP, IVDMD and effective degradibility (ED) content, 
and the lowest content of NDF, ADF, and lignin. In addition, the 
yield and percentage of leaves were good when compared to the 
other species. 

Panicum coloratum (kleingrass) was the second most produc- 
tive and nutritious species, with high dry matter yield and forage 
quality values higher than the standard, Eragrostis curvula cv. 
Tanganyka (weeping lovegrass). Panicum virgatum cv. 
Pathfinder (switchgrass) was generally the least productive 
species in this study and its nutritive value was low. Early winter 
forage was generally of highest quality, forage quality declined 
most rapidly in early winter, thereafter the quality tended to stabi- 
lize in nutritive value. 

In all the species under study, the quality of the leaves was 
much higher than that of stems. Tetrachne had the highest 
leafzstem ratio, and in addition, the nutritive value of both the 
leaves and stems of this warm-season grass tended to be higher 
than the other species studied. The dry matter yield of tetrachne, 
although lower than the yield of weeping lovegrass, was relative- 
ly high. Tetrachne dregei is, therefore, a promising warm-season 
grass, that may provide more nutritious forage during winter for 
grazing systems in the semi-arid Pampean Region of Argentina. 
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Abstract 

Little information is available comparing animal performance 
or stocking stability for different wheat (Triticum aestivum L.) 
cultivars. Wheat is annually planted on 10 million ha in the 
Southern Great Plains. Our objective was to determine the 
effects of wheat cultivars with different forage production poten- 
tials on the seasonal and total productivity of steers. ‘Lancota’ 
and ‘NK Pro 812’ (NK 812) were planted in September 1987 and 
October 1988 at the W.T. Waggoner Ranch in north Texas. 
Hereford steers (Bos tuurus L.), 220 to 233 kg. were grazed from 
November 1987 to May 1988 and December 1988 to April 1989. 
Seasonal and total forage production and disappearance were 
affected (pcO.05) by season and year. Cultivar did not affect for- 
age production and disappearance. Steer average daily gain 
(ADG), gain he&‘, and gain ha-’ were significantly affected by 
year, season, year x season, and cultivar x season interactions. 
Steer gain ha*’ was lower (PcO.10) in year 2 than year 1 for both 
cultivars. Both gain head-’ and gain ha-’ were lower (PcO.10) on 
NK 812 than Lancota in year 2. Season long gain ha-’ followed 
similar trends to gain head”. A season x year interaction 
(PcO.05) occurred because NK 812 matured earlier and was less 
winter hardy than Lancota. Across years steer ADG increased 
with herbage allowance up to 27.3 kg 100 kg BW’ Day-’ and fur- 
ther increases in herbage allowance had limited effect on steer 
ADG. Yearly variation in environmental conditions had greater 
effects on steer performance and forage production than culti- 
var. 

Key Words: Average Daily Gain, stocking stability, small grain 
pastures, herbage allowance 

In the Southern Great Plains, winter wheat (Triticum aestivum 
L.) is annualy sown on about 10 million ha (Christiansen et al. 
1989). Annual changes in the government farm program, market, 
and environmental conditions determine the proportion of wheat 
acreage managed for grain production, combined cattle grazing 
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and grain production, and cattle grazing only (graze-out) 
(Harman et al. 1984). In a given year, 30 to 80% of the wheat 
acreage in the Southern Great Plains is grazed at some time while 
10 to 20% is grazed out. Profitability of wheat production sys- 
tems in the region depends on income derived from both cattle 
and grain production. 

Wheat cultivar development has been directed toward grain 
production (Carver et al. 1991, Winter and Thompson 1990), 
while wheat pasture grazing research has focused on the impacts 
of intensity and timing of defoliation on subsequent grain yields 
(Winter and Thompson 1987, 1990, Winter and Musick 1991, 
Christiansen et al. 1989, Dunphy et al. 1984). Forage production 
characteristics of wheat cultivars (Worrall and Gilmore 1985, 
Carver et al. 1991) have been examined with clipping treatments 
imposed at a predetermined season or regrowth interval. 

Beef cattle research on wheat pasture has focused on bloat 
problems (Bartley et al 1975, Horn and Frost 1982) and the eval- 
uation supplementation and management strategies (Horn et al. 
1981, Mader et al. 1983, Mader and Horn 1986, Anderson and 
Horn 1987). Supplementation strategies to increase stocking den- 
sity have also been evaluated by Cravey et al. 1993 and Horn et 
al. 1995. Conspicuously absent are effects of wheat cultivar 
selection on stocking stability, seasonal patterns of animal perfor- 
mance, and forage production. 

Our objectives were to characterize and elucidate the relation- 
ships between forage growth dynamics and stocker steer perfor- 
mance under graze-out management for 2 wheat cultivars differ- 
ing in forage production potential (Worrall and Gilmore 1985). 

Materials and Methods 

The study area was located in western Wilbarger County. 
Texas (33” 57’ N, 99” 26’ W). Annual precipitation averages 584 
mm and is bimodally distributed in spring and fall (Fig. 1). 
Average maximum daily temperatures range from 36” C in July 
tol1’CinJanuary. 

Soils on the study area were an Abilene clay loam (fine, mixed, 
thermic Pachic Paleustiolls). A 152-ha field was subdivided with 
two-strand electric fence into four 38-ha pastures. Pastures were 
fertilized with 45 kg N ha-’ in August and planted in mid- 
September at 67 kg wheat seed ha-‘. ‘Lancota’ and ‘NK Pro 
Brand 812’ (NK 812) wheat cultivars were selected based on 
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long-term clipping data (Worrall and Gilmore 1985), which indi- 
cated Lancota is a late maturing, standard height cultivar that pro- 
duces 1,070 to 1,780 kg ha-’ more forage than NK 812, an earlier 
maturing, semi-dwarf cultivar. Pastures were sown to the same 
variety in both 1987 and 1988 to reduce stand contamination by 
volunteer plants. In 1988, seed were sown in dry soil and surface 
soil crusted after 152 mm rain in September. Seed germinated but 
failed to emerge and pastures were reseeded on 4 and 5 October. 

Each year, 160 non-implanted, Hereford steers @OS mulus L.) 
were stratified by weight into 4 groups of 40 head. Steers were 
from the same dam and sire groups in both years. Steers were 
preconditioned for 30 to 79 days. Steers were given free choice 
forage sorghum hay and 0.5 kg hb’ day-’ of a 32% crude protein 
supplement during the preconditioning phase. Initial steer 
weights averaged 220 and 233 kg in 1987 and 1988, respectively. 
Steers were individually weighed at approximately 2S-day inter- 
vals. Cattle were weighed at mid-day and without a shrink. In 
1988, initial weights were 13 kg heavier because the precondi- 
tioning period was 34 days longer than in 1987. Across both 
years the incidence of sickness on pasture was less than 2%. 
Grazing commenced on 10 November 1987 and 14 December 
1988. A variable stocking rate method was used to evaluate culti- 
vars. Initial stocking rate in all pastures was 0.95 ha steer-’ in both 
years based on historical stocking rates in the region. In 1987-88, 
stocking rate was increased to 0.59 ha steer-’ in March at jointing 
(Feekes Stage 6) by adding 25 steers to each pastures. In 
19SS-89, no additional steers were used. Grazing in the NK 812 
pastures was terminated on 30 March 1989 when forage biomass 
fell below 267 kg ha-’ as a result of freeze damage. Steers from 
NK 812 treatments were moved to Lancota pastures increasing 
stocking rate to 0.48 ha steer-’ until 13 April 1989. Grazing was 
terminated on 2 May 1988 and 13 April 1989. 

At 14- to 35-day intervals, wheat standing crop, growth, and 
disappearance were estimated clipping wheat herbage in 20 
paired caged and grazed plots (1 x l-m) pasturti’. Forage growth, 
disappearance, and total forage production were calculated via 
positive peak summation of forage biomass (Defosse and 
Bertiller 1991). Herbage allowance was calculated as the kg for- 
age dry matter 100 kg steer body weight” day-’ in each pasture on 
each sample date in both grazing years. We eliminated 4 sam- 
pling dates from average daily gain (ADG) and herbage 
allowance analyses because of snow, ice cover, extreme cold (10 
December 1987 and 26 January 1989) and compensatory gain (10 
and 24 November 1987). 

Data were analyzed using repeated measures analysis of vari- 

ance (SAS 1987). Seasonal analyses of forage production and 
disappearance and animal performance were based on pooling 
sample dates into early (November through mid-January), mid 
(mid-January to mid-March) and late (mid-March through graze- 
out) seasons. Whole plot was year tested by the replicate within 
year interaction. The sub-plot was comprised of cultivar and the 
cultivar x year interaction and was tested by the cultivar x repli- 
cate within year interaction. The sub-sub-plot consisted of sea- 
son, season x year, season x cultivar, and season x year x cultivar 
and was tested by season x cultivar x replicate within year. Mean 
separations were based on a protected Student-Newman-Keuls 
(SNK) test (Zar 1974). Nonlinear regression plateau analyses 
(SAS 1987) were used to examine the relationships between 
herbage allowance and average daily gain (ADG). 

Results and Discussions 

Forage and Animal Production Dynamics 
Forage production and disappearance varied between years and 

seasons (PcO.05) (Table 1). Total forage production of Lancota 
and 812 did not differ within or among years. Total forage pro- 
duction was greater (PcO.05) in 1987-88 than 1988-89. 

A significant (PcO.01) year x season interaction in forage bio- 
mass production resulted from late season declines in production 
in 1988-89 compared to increases in late season production in 
1987-88 (Table 1). Across years and cultivars, forage biomass 
production exceeded forage disappearance in early- and late-sea- 
sons, however, disappearance exceeded production in mid-sea- 
son. In 1988-89, forage disappearance was equal to or greater 
than forage growth, reflecting the adverse effects of freeze dam- 
age and drought (Fig. 1) on late-season forage growth. 

Yearly variation in precipitation and temperature had more 
impact on individual animal performance and gain per ha and for- 
age biomass than wheat cultivar. This agrees with Carver et al. 
(1991) relative to differences in seasonal forage production and 
regrowth of different wheat cultivars. West et al. (1991) also 
reported that growing degree days were correlated with yearly 
patterns of phenological development, forage yield, and forage 
quality of small grains. 

Degree of winter hardiness and maturation rate apparently 
affected seasonal and total stocker cattle production more than 
estimated forage production potential based on clipping. These 
results are not surprising because there has been little selection 
for seasonal or total forage production in wheat breeding pro- 

Table 1. Effect of year x season interaction on forage production and disappearance of two wheat cultivars under grazing in the North Texas Rolling 
Plains. 

Parameter 

Year 
1987-1988 1988-1989 

Season Season 
Early SEM hlid SEM Late SEM Total SEM Earlv SEM Mid SEM Late SEM Total SEM I 

Forage 200Sb’ 183 1073c 44 3502a 157 6577x2 441 1394a 35 1149ab 190 729b 264 2962y 180 
production 

Forage 423c 71 1309b 107 2753a IS3 4545x 29s 410b 45 1157a 115 S94a 162 2462~ 287 
disappearance 

‘a,b,c hkms within a row and year without the same letter differ at P&0.5. 
2x.y Total means within a parameter without the same letter differ at P-3.05. 
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Fig. 1. hfonthly mean and actual precipitation over the course of the study period. Line is 20 year mean precipitation at Vernon, Tes. Bars 
are actual monthly total precipitation at Vernon, Tex. 

grams. Carver et al. (1991) concluded there was sufficient avail- 
able wheat germplasm to select for seasonal and total forage pro- 
duction as an attribute in future cultivar development. 

Observed estimates of forage biomass production are greater 
than those commonly reported for the Southern Great Plains 
(Worrall and Gilmore 1985, Carver et al. 1991). Two probable 
reasons can explain these discrepancies. First, previous research 
utilized mechanical harvest techniques or hand clipping to 2 cm 
heights, whereas we hand harvested to ground level. Second, 
peak summation of positive estimates of standing crop has been 
found to over estimate above-ground net primary production in 
heterogeneous plant communities (Biondini et al. 1991). We 
believe that over estimation would be less in annual small grain 
monocultures than reported by Biodini et al. (1991). 

Animal average daily gain (ADG), gaimhd” and gaiwha-’ var- 
ied as a complex function of year, season, cultivar, season x year, 
and season x cultivar interactions (Table 2). Year and associated 
year interactions were primarily the result of delayed planting in 
the fall 1988, lower precipitation, and low temperatures (-13” C) 
in February 1989 (Fig. 1). The impact was a 60-day reduction in 
length of the 1989 grazing season. 

Average daily gain increased throughout the 198748 grazing 
season (Table 3). During early- and mid-season average daily 
gain (ADG) gain hd”, and gain ha-’ were generally greater than 
during early- and mid-season. Late season increases in steer per- 
formance were associated with rapid growth of wheat at jointing 
(Feekes Stage 6) Early-season 1987-M and mid-season 1988439 
ADG and gain ha-’ from NK 812 tended (PcO.15) to be greater 

Table 2. Repeated measures analysis of variance for the effects of year, cultivar, season, and associated interactions on performance of steers grazing 
different wheat varieties. 

Parameter 
Effect 
Year [Y] 

df 
1 

ADG’ CpHA? m 
F @ F P<F F p<F 

9.13 0.094 965.43 0.001 155.24 0.006 
Rep 0’) 2- -----------------------------------~VholePlotError------------------------------------ 
Cultivar [C] 1 96.58 0.010 3.47 0.204 14.44 0.063 
CSY 1 53.97 0.01s 0.09 0.790 1.54 0.341 
CsRep(Y) 2- -------------------------------------Sub-PIotError------------------------------------ 
sasonts1 2 6.75 0.019 56.35 <O.ool 84.94 43.001 
SSY 2 10.53 0.006 121.14 <0.001 153.91 <a.001 
ssc 2 9.53 0.m 10.57 0.006 16.61 0.001 
SSYSC 2 3.07 0.103 0.55 0.599 2.43 0.150 
sscskepfl) S- -----------------------------------Sub-Sub-P]otE*or----------------------------------- 

‘ADG = Arewge daily gain (kg l hK’ l 6’) 
‘GPHA = Gain ha-’ (kg. ha’ ) 
‘GPHD = Gain hd-’ (kg. hd-I) 
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Table 3. Effects of wheat cultivar, season, and year on steer average daily gains, gain head’, and gain hx’ under grazeout management. 

Parameter Cultivar E=lY 
(534 

Year 
1987-88’ IQSS-SQ 

Season Season 
Mid Late Early Mid Late 

SEM (55d) SEM (62d) SEM (31d) SEM (654 SEM (13 to SEM 
lo 22dj 

Average Daily Gain Lancota 0.62b’ 0.03 0.86b 0.11 1.19ax* 0.03 0.62b 0.08 0.97a 0 l.OOaX 0.03 
(kg hd” d’, NK Pro 812 0.6Sb 0.01 0.86a 0.06 LoOay 0.05 0.70b 0.04 1.07a 0.21 O.lQcy 0.12 
Gain head Lancota 3Sb 2 47b 7 74ax 2 2oc 3 63a.s 0 26bx 1 
(kg hd”) NK Pro 812 41b Cl 4Sb 3 62ay 3 21b 2 70ay 2 3CY 2 
Gain hectare per Lancota 40b 2 44b 7 141ax 5 1sc 3 5sa.. 0 34bx 1 
(kg ha-‘) NK Pro 812 45b cl 45b 4 116ay 16 20b 5 65ay 2 3CY 2 

‘a,b.c Means within a year and row not having the same letter differ at PCO. 10. 
‘x.y Means within a parameter and season not having the same letter differ at PcO.10. 

than from Lancota. Early- to mid-season increases in animal per- 
formance from NK 812 may be attributed to a more erect growth 
habit than Lancota, which improves ease of harvest. Late-season 
performance was greater on Lancota than NK 812, because NK 
812 matures earlier than Lancota. 

Table 4. Year X cultivar interaction effects on steers season-long under 
grazeout management of wheat pasture’. 

Culdvar 
Year Year 

1987-SS SEM lQSS-89 SEM 
Average Daily Lancota 0.x9 0.1 0.89 0.08 
Gain (kg) NK 812 0.85 0.06 0.86 0.15 

Gain hb’ Lancota 158 a2 7 10Sb fig) NK 812 151 a 4 94b 1; 
Gain ha-’ Lancota 22Qa 19 125 bx” 8 
0%) NK 812 208 a 5 QQb 13 

1989 combined to reduce the late grazing season to only 13 days 
and 22 days for NK 812 and Lancota treatments, respectively. 
Corresponding decreases in gain h&l and gain ha-’ occurred in 
both cultivars. In both years late-season gain hd” and gain ha-’ on 
Lancota pastures was greater than on NK 812 pastures. In 
1987-88, gain hb’ and gain ha-’ peaked during late-season graz- 
ing, but in 1988-1989, peak performance and gain occurred dur- 
ing mid-season grazing. 

Season-long average daily gain (ADG) based on days actually 
grazed, was similar for Lancota and NK 812 in both years (Table 
4). In contrast, gain hd-’ was less in 1988-X9 than 1987-88 
(Lancota decreased by 32% and NK 812 decreased by 38%). 
Similarly, gain ha’ in 1988-89 decreased 45% and 52% for 
Lancota and NK 812, respectively. Season-long gain ha” was 
greater (Table 4) on Lancota than on NK 812 pastures reflecting 
the shortened grazing season for 8 12. 

‘In 19SS-89. grazing of NK 812 pastures was terminated 14 days before Jkncota pas- 
tures and NK 812 steers were added to Lancota ~NIES. Gain of NK 812 steers was 
added to Lancota steers for calculations of gain per hectare. 
‘a,b Aleans within a parameter and cultivar not having a common letter differ at PcO. 10. 
3s.y Means within a pammeter and year not having a common letter differ at PcO.10 

Grazing in 1988 commenced on 14 December, 22 days later 
than in 1987. Consequently, early-season gain hd” and gain ha-’ 
in 19SS were lower for both cultivars than in 1987 (Table 3). A 
cultivar x season interaction (pcO.01) was noted for average daily 
gain (ADG) in 1988-89. The ADG of Lancota steers remained 
the same from mid to late season (1 kg h&’ day-‘) while ADG of 
NK 812 steers decreased (0.19 kg hd” day-‘) after a freeze dam- 
aged NK 812. Late winter drought (Fig. 1) and freeze damage in 

Herbage Allowance and Animal Performance 
Herbage allowance across years and cultivars ranged from 4.4 

to 72.4kg DM IOOkg BW” day-‘. Herbage allowance in 1987-88 
ranged from 8.1 to 72.4kg DM IOOkg BW’ day-‘. In 1988-89 
herbage allowance ranged from 4.4 to 65.6kg DM IOOkg BW’ 
Day-‘. Combined across years steer averaged daily grain (ADG) 
responded in a quadratic manner up to a critical value of 27.3kg 
DM 1OOkg BW’ day-’ and plateaued at ADG’s of 1.21kg (Table 
5). Separate analyses by year indicated that the intercepts and 
slopes differed between years (Table 5). In 1987-88 the critical 
value of herbage allowance was 40.lkg DM 1OOkg BW’ day-’ 
and 19kg DM 1OOkg BW’ day-’ in 1988-89. Wheat growth con- 
ditions were markedly different between years. Precipitation was 

Table 5. Relationship of steer average daily gain (kg) to herbage allowance (Kg DM 1OOkg BW’ day”) of wheat across and within years. 

Year n r’ MSE bo’ bl b2 Critical Value2 Platead 

Combined 46 0.4650 0.0411 0.3107 0.0435 -0.0004 27.3 1.20 

1987-88 24 0.4745 0.0301 0.5828** 0.0209** -0.0001 40.1 1.21 

1988-89 22 0.6283 0.0387 -0.2683** 

: b,’ = intercept, bl = slope herbage allowance, b2 = slope of herbage allowance’. 
3 Critical value refers to the level of herbage allowance that average daily gain plateaus. 

0.1019** -0.0013** 19.0 1.18 

Plateau refers to the vlaue of average daily gain attained at the critical point. 
**The asymptotic 95% confidence intervals for bo. bl. and b2 do not overlap between years therefore differ. 
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near average in amount and distribution in 1987-88 and dry and 
cold post-planting in 1988-89 (Fig. 1). Therefore, the relationship 
for combined years is more representative of median years than 
either individual year and accounted for 47% of the variation in 
ADG (Table 5). In contrast, Redmon et al. (1995) reported that 
herbage allowance of 1 cultivar during short-term grazing trials 
accounted for 59% of the variation in estimated ADG utilizing a 
nonlinear plateau model. These authors reported a critical value 
of 23kg DM IOOkg B\-V’ day-’ compared to 27.3 kg DM IOOkg 
BW” day-’ in our study. The decreased predictive capability of 
our model would be expected because we encouraged greater 
range of environmental conditions and cattle and wheat develop- 
mental phases. Furthermore, 2 cultivars of contrasting forage pro- 
duction potential, growth habit and winter hardiness were includ- 
ed in the study. Reported differences in plateau ADG’s of 1.3 to 
1.2 kg between studies are minimal and may reflect environmen- 
tal stress impacts on performance in our experiment. Late season 
relationships between herbage allowance and ADG may be com- 
plicated by the concurrent decline in forage nutritive value with 
advancing maturity of wheat. 
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Abstract 

Tallgrass prairies provide an important source of hay and 
summer forage in eastern Nebraska. A study was conducted in 
1989 and 1990 on 2 late seral tallgrass prairies near Lincoln and 
Virginia, Nebraska to determine if production of selected compo- 
nents of tallgrass prairie communities could be altered by burn- 
ing (not burned, or burned in either early, mid-, or late spring) 
and applying fertilizer (0 and 67-23 kg N-P ha-‘) and atraxine [6- 
chloro-N-ethyl-N’-(l-methylethyl)-1,3,5-triazine-2,4-diamine] (0 
and 2.2 kg a.i. ha-‘). Vegetation was harvested the year treat- 
ments were applied at about 30-day intervals starting in June 
and ending in August. Maximum big bluestem (Andropogon ger- 
ardii var. gerurdii Vitman) accumulated standing crop (AX!) on 
unburned areas and areas burned in mid-spring occurred later 
in 1990 than in 1989. Burning in late spring 1989 maintained big 
bluestem ASC above 1,100 kg ha-’ through July, whereas big 
bluestem ASC declined below 840 kg ha“ in July on areas where 
other bum treatments were applied. In 1990, big bluestem ASC 
exceeded 1,570 kg ha-’ in June on areas burned in early and mid- 
spring and exceeded 1,500 kg ha-’ in July on areas that were not 
burned or burned in mid- or late spring. From July to August 
1990 big bluestem ASC declined below 730 kg ha-’ for all treat- 
ments except the late spring burn treatment where ASC was 
1,340 kg ha-‘. Burning in late spring reduced prairie dropseed 
[Sporobolus heterolepis (A. Gray) A. Gray] and tall dropseed [S. 
usper (Michx.) Kunth.] ASC by at least 67% in June 1990 com- 
pared to areas burned in early and mid-spring. Cool-season grass 
ASC at Virginia declined 86% in June when burned in late 
spring compared to areas that were not burned. Fertilization 
increased big bluestem ASC by about 23 and 29% in June and 
July. Vegetation response to atraxine was variable. Atrazine had 
a negligible effect on big bluestem ASC. Burning late seral tall- 
grass prairie in late spring increased big bluestem ASC later in 
the growing season and decreased cool-season grasses more effec- 
tively than burning earlier in the spring. 
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Introduced cool-season forages and crop residues provide abun- 
dant spring and fall grazing for livestock enterprises in the central 
Great Plains. A need exists for high quality perennial forages dur- 
ing the summer (Krueger and Curtis 1979). This imbalance in 
seasonal forage supply limits the production potential of livestock 
operations. Warm-season grasses of properly managed tallgrass 
prairies can fill this gap in summer forage availability. Common 
warm-season grasses in tallgrass prairies include big bluestem 
(Andropogon gerardii var. gerardii Vitman), indiangrass 
[Sorghastrum nutans (L.) Nash], switchgrass (Panicum virgatum 
L.), little bluestem [Schitachyrium scoparium (Michx.) Nash], 
and sideoats grama [Bouteloua curtipendulu (Michx.) Tom]. In 
the central Great Plains, overgrazing has caused a shift in species 
composition from warm-season grasses to introduced cool-season 
grasses, Kentucky bluegrass (Poa prutensis L.) and smooth 
bromegrass (Bromus inermis Leyss.) (Wailer and Schmidt 1983), 
and to a lesser extent undesirable warm-season grasses, prairie 
dropseed [Sporobolus heterozepis (A. Gray) A. Gray] and tall 
dropseed [S. usper (Michx.) Kunth.]. 

Fire and application of fertilizer and atrazine [6-chloro-N-ethyl- 
N’-(1-methylethyl)-1,3,5-triazine-2,4-diamine] can improve or 
maintain warm-season grass dominance in tallgrass prairies 
(Gillen et al. 1987, Masters et al. 1992). The response of tallgrass 
prairie vegetation to these treatments is influenced by factors 
including successional status (Gillen et al. 1987), date of burning 
(Anderson 1965, Towne and Owensby 1984), and date of fertiliz- 
er application (Rehm et al. 1976). Fire and fertilizer application 
have increased warm-season grass yields in Oklahoma (Graves 
and McMurphy 1969), Kansas (Owensby and Smith 1979), and 
Nebraska (Masters et al. 1992; Mitchell et al. 1994). Atrazine has 
been used to selectively control Kentucky bluegrass and smooth 
bromegrass in established warm-season grass stands (Samson aad 
Moser 1982, Waller and Schmidt 1983). Engle et al. (1990) deter- 
mined that atrazine suppressed prairie threeawn in tallgrass 
prairies. They also found that combining burning with atrazine 
treatment did not improve prairie threeawn control and burning 
within 1 month before atrazine application decreased threeawn 
control. Atrazine applied 6 months after burning in late summer 
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did not increase grass standing crop in Oklahoma tallgrass 
prairies (Engle et al. 1993). 

There is a lack of information on the influence of spring bum- 
ing date or the combined effect of spring burning date, fertilizer, 
and atrazine on the yield of tallgrass prairie vegetation during the 
summer growing season. The objective of this study was to deter- 
mine the effects of burning on different dates in the spring cou- 
pled with fertilizer and atrazine application on seasonal yield dis- 
tribution of various vegetation components in late seral tallgrass 
prairies. 

Materials and Methods 

This study was conducted in 1989 and 1990 on late seral tall- 
grass prairies near Lincoln, Nebr. (Nine-Mile Prairie, University 
of Nebraska Foundation) and Virginia, Nebr. (Dalbey-Halleck 
Farm, University of Nebraska). Soils at Lincoln and Virginia 
were Shelby clay loam (Typic Argiudoll) and Pawnee clay loam 
(Aquic Arguidoll), respectively. The site near Lincoln had not 
been grazed since 1968 and had been burned in mid- to late April 
at 3 yr intervals. The site was also burned by a wildfire on 10 
March 1988. The site near Virginia had been grazed during the 
summer each year since 1961. Livestock were excluded from the 
areas used for this study in 1989 and 1990. Since the early 
1970’s, musk thistle (Carduus nurans L.) has been controlled at 
or adjacent to each site by annual applications of 2,4-D [(2,4- 
dichloro-phenoxy) acetic acid] and dicamba (3,6-dichloro-o- 
anisic acid). 

Big bluestem was the dominant species at both sites (Table 1). 

Table 1. Botanical composition of tallgrass prairies near Lincoln and 
Virginia, Nebraska’. 

Species or 1989 1990 
category Lincoln Virginia Lincoln Virginia 

-------------------(c/o)___________-____--- 
Big bluestem 60 42 62 41 
Indiaograss 16 14 14 15 
Prairie & tall 1 11 0 4 

dropseed 
Other v&am- 

season gmsses 4 6 IS 16 
Cool season 3 22 1 16 
grasses 

Sedges 6 4 1 2 
Forbs 10 1 4 0 
‘Expressed as a percent of total herbaceous vegetation standing crop harvested from 
plots in mid-July of the year indicated. Plots harvested had not been treated with fire, 
fertilizer, or atrzine. 

Switchgrass, indiangrass, little bluestem, and sideoats grama 
were common at both sites. Prairie dropseed and tall dropseed 
were common only at Virginia. Kentucky bluegrass, smooth 
bromegrass, Scribner panicum [Dichanthelium oligosanthes 
(Schult.) Gould var. scribnerianum Nash], and Wilcox panicum 
[Dichanthelium oligosanthes (Schult.) Gould var. wilcoxianum 
(Vasey) Gould and Clark] were common cool-season grasses at 
both sites. 

The experiment was designed as a randomized complete block 
arranged as a split plot with a 2 x 2 factorial arrangement of sub- 
plot treatments and 3 replications per treatment combination. The 
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4 whole plots (12 x 20-m) in each replication were either not 
burned or burned with a headfire on 1 of 3 dates in the spring 
(Table 2). Litter and standing dead biomass were left undisturbed 
on areas that were not burned. Early burns were conducted 
approximately 3 weeks before warm-season grass emergence, 
mid-spring bums at big bluestem emergence, and late bums when 
big bluestem was at the Vz (2 collared leaves) mean growth stage 
(Moore et al. 1991). Fertilizer (0 and 67-23 kg N-P ha”) and 
atrazine (0 and 2.2 kg a.i. ha-‘) were randomly applied to sub- 
plots (6 x 10-m) in all possible combinations within each whole 
plot at each site in 1989. The study was repeated in 1990 at each 
site on areas that had not been grazed or treated in 1989. 
Fertilizer was applied in May with a Gandy fertilizer spreader as 
ammonium nitrate (34-O-O) and triple superphosphate (0-46-O). A 
90% wettable powder atrazine formulation was applied in solu- 
tion at a delivery rate of 190 liters ha-’ in April 1989 and 1990 
with a tractor-mounted, air-pressurized sprayer (Iable 2). 

Table 2. Date of burn, fertilizer, and atrazine treatments at tallgrass 
prairies near Lincoln and Virginia, Nebr. in 1989 and 1990. 

Spring 
treatment’ 

Lincoln Virginia 
1989 1990 19s9 1990 

Early bum 31 March 2 April 5 April 27 March 
Mid bum 19 April 27 April 20 April 24 April 
Late bum 15 May 14 May 16 May 17 May 
Fertilizer 19 May 18 May 17 May IS May 
Atrazine 26 April 16 April 25 April 12 April 

‘Fertilizer applied at rates of 0 and 67-23 kg N-P hi’ and atrazine at rates of 0 and 2.2 
kg a.i. hit. 

Immediately prior to application of each bum treatment, fine 
fuel loads were determined by clipping all herbage to a 2-cm 
stubble height within a 0.25-m’ quadrat randomly located within 
each whole plot. Herbage within each quadrat was separated into 
live and dead components, oven-dried at 60” C, and weighed. At 
Lincoln, the fine fuel load averaged 4,700 kg ha-’ and was com- 
prised of 0, 2, and 15% live plant tissue at time of early, mid-, 
and late spring bum dates, respectively. At Virginia, the fine fuel 
load averaged 4,000 kg ha-’ and was comprised of 0,9, and 28% 
live plant tissue at time of the early, mid-, and late spring bum 
dates, respectively. 

Herbage was sampled 3 times from each site at about 30&y 
intervals beginning in mid-June and ending in August the year of 
treatment application. Vegetation was harvested within two, 0.25 
m* quadrats located within each subplot. Vegetation within each 
quadrat was clipped to a 2-cm stubble height, separated into 
selected categories, oven dried at 60” C, and weighed to deter- 
mine dry matter production. Areas disturbed by previous sam- 
pling activity were avoided during quadrat placement. Vegetation 
was separated into the following categories: big bluestem; indian- 
grass, dropseeds (prairie and tall); other warm-season grasses (lit- 
tle bluestem; switchgrass, and sidegoats grama); cool-season 
grasses; sedges; forbs; and dead vegetation. 

Accumulated standing crop (ASC) was calculated to character- 
ize vegetation productivity throughout the summer. June ASC 
was produced between growth initiation or burning and the June 
harvest. July ASC was produced between the June and July har- 
vests. August ASC was produced between the July and August 
harvests. 

Data were analyzed using the general linear model procedure 



(SAS 1985). Sources of variation were year, site, harvest date, 
bum treatment, fertilizer, and atrazine. Harvest dates were treated 
as repeated-measures in time and analyzed using a split-plot 
design described by Steel and Torrie (1980). Results from analy- 
sis of variance were used to determine the response of prairie 
vegetation accumulated standing crop to treatments over time. 
Treatment means of significant (P10.05) main effects and interac- 
tions were compared using Fisher’s-protected least significant 
difference test at co.05 (Steel and Torrie 1980). 

Results and Discussion 

Total annual precipitation was less than the 50-yr average at 
both sites in 1988, 1989, and 1990. Precipitation in 1989 and 
1990 was 12 and 2% below normal at Lincoln, and 30 and 16% 
below the long-term average at Virginia, respectively (Fig. la and 
b). Seasonal distribution of precipitation differed between 1989 
and 1990 at both sites. In 1989, precipitation was well below the 
long-term average for the entire growing season at Lincoln and 
Virginia. In contrast, precipitation was close to or exceeded the 
long-term average through the growing season in 1990. 

Lincoln 
80 

60 

1999 1989 1990 Average _--- -m-m-- . . . . . . . . . . . . - 

Virginia 

JFMAMJJASOND 

Month 

Fig. 1. Cumulative precipitation at (a) Lincoln and (b) Virginia, 
Nebr. during 1988,1989,1990, and the SO-yr average. 
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Warm-Season Grasses 
Big bluestem accumulated standing crop (ASC) was primarily 

influenced by date of burning and fertilization. The harvest date 
by burning date by year interaction and harvest date by fertiliza- 
tion interaction were significant (P<O.OS), but interactions that 
included atrazine were not significant (p20.20). Date of greatest 
big bluestem ASC varied by year and date of burning (Fig. 2a). 
Big bluestem ASC in June 1989 did not differ significantly 
among bum treatments. In contrast, big bluestem ASC in July 
1989 was greatest on areas burned earlier in late spring and was 
at least 40% greater than areas burned in the spring. In August 
1989, big bluestem ASC became negative for each bum treat- 
ment. These negative values occurred because the rate of growth 
slowed to the point where herbage disappearance exceeded 
herbage accumulation. 

Maximum big bluestem accumulated standing crop (ASC) for 
nonbumed and mid-spring burned areas occurred later in 1990 
than in 1989 (Fig. 2a). Accumulated standing crop on nonbumed 
areas and those burned in mid- and late spring exceeded ASC on 
areas burned in early spring by about 50% in July 1990. By 
August 1990, big bluestem ASC on areas burned in late spring 
was at least 46% greater than ASC on other areas (Fig. 2a). 

Time of maximum big bluestem accumulated standing crop 
(ASC) varied by year, but was successfully manipulated by alter- 
ing date of burning in the spring. Burning in late spring 1989 
maintained big bluestem ASC above 1,100 kg ha+’ through July, 
whereas big bluestem ASC declined to less than 840 kg ha” in 
July on areas where other bum treatments were applied (Fig. 2a). 
In 1990, big bluestem ASC exceeded 1,570 kg ha-’ in June on 
areas burned in early and mid-spring and exceeded 1,500 kg ha-’ 
in July on areas that were not burned or burned in mid- or late 
spring. From July to August 1990 big bluestem ASC declined 
below 730 kg ha” for all treatments except the late spring bum 
treatment where ASC was 1,340 kg ha-‘. The difference in distrib- 
ution of growth in 1989 and 1990 may be explained by the lower 
than average precipitation at Lincoln and Virginia in 1989 as 
compared to precipitation that was close to the average through 
much of the spring and summer of 1990. Increased precipitation 
in 1990 likely sustained big bluestem growth later into the sum- 
mer than during 1989 when less precipitation was received. 

Burning in late spring consistently shifted maximum big 
bluestem accumulted standing crop (ASC) later into the summer 
than the other treatments (Fig. 2a). Although soil water content 
was not measured during the growing season, delaying burning 
until late spring may have conserved soil water for use by big 
bluestem later in the growing season. The plant litter that 
remained on the site until burning in late spring likely protected 
the soil surface from desiccating winds, solar insolation, and 
damage to soil aggregation by raindrop impact (Anderson 1965). 
Another reason for the shift in big bluestem production could 
have been interruption and delay of tiller development caused by 
burning in late spring. 

The positive response of big bluestem to burning has been 
observed by others. Burning substantially increased big bluestem 
production in Illinois (Old 1969), Kansas (Knapp 1985), Missouri 
(Kucera and Ehrenreich 1962), Nebraska (Masters et al. 1992), 
Oklahoma (Svejcar and Browning 19SS), and Wisconsin (Peet et 
al. 1975). Svejcar (1990) indicated that species composition and 
timing of fire strongly influences the response of tallgrass prairie 
vegetation. Generally, burning in late spring benefits big 
bluestem, while adversely affecting grasses and forbs that emerge 
earlier in the spring than big bluestem. 
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Fig. 2. Accumulated standing crop of (a) big bluestem, (b) prairie 
and tall dropseed, and (c) other warm-season grasses harvested in 
June, July, and August following spring burning on 3 dates at tail- 
grass prairies near Lincoln and Virginia, Nebr. in 1989 and 1990. 
Values are averaged across sites and fertilizer and atrazine treat- 
ments. 
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Fertilization increased (PcO.01) big bluestem biomass in June 
and July, but had little effect in August. When compared to non- 
fertilized areas, fertilizer increased big bluestem accumulated 
standing crop (AX) 23 and 29% in June and July, respectively. 
These results are consistent with studies in Oklahoma (Graves 
and McMurphy 1969) and Kansas (Moser and Anderson 1965) 
tallgrass prairies where increases in forage production were 
observed following N fertilization. 

Prairie dropseed and tall dropseed comprised very little of the 
total vegetation at the Lincoln site, but accounted for as much as 
11% of that at the Virginia site (Table 1). Accumulated standing 
crop of the dropseeds in June was reduced (P=O.O3) to 370 kg ha’ 
by late spring burning when compared to areas burned in early 
and mid-spring 1990 at Virginia (Fig. 2b). The caespitose growth 
characteristics of prairie dropseed, the dominant dropseed, made 
it more susceptible to injury by fires in the late spring. The cen- 
ters of the plant bunches were comprised of compact dead tillers 
that were observed to smolder for an extended period of time 
after the passage of the fire front. Increased duration of exposure 
of meristematic tissue to heat probably injured viable tillers and 
suppressed yields in June and July following late spring burning. 
Other caespitose species generally respond negatively to late 
spring burning due to accumulation of litter within the plant 
crown, and are especially susceptible to fire injury when condi- 
tions are dry Uowne and Owensby 1984, Wright 1971). 

Weaver (1954) described the dropseeds as highly drought toler- 
ant species commonly found on upland prairie sites. He noted 
that the quality and palatability of these grasses rapidly declined 
as summer progressed. We observed that prairie and tall dropseed 
were not selected by cattle grazing areas adjacent to the research 
site at Virginia, which suggests that dropseed suppression may be 
a desirable management objective in grazed tallgrass prairies. 

Indiangrass was influenced (P=O.O5) by the combination of 
spring burning date and atrazine application, but responses to 
specific treatments were variable. Mid-spring burning combined 
with atrazine reduced indiangrass accumulated standing crop 
(ASC) in August by 79% compared to mid-spring burning with 
no atrazine (Table 3). Late spring burning combined with atrazine 
increased indiangrass AX in August by nearly g-fold compared 
to late spring burning with no atrazine. 

Accumulated standing crop (AX) of other warm-season grass- 
es was influenced (P=O.Ol) by spring date in 1989 and 1990. 
Other warm-season grass ASC in August 1989 was increased by 

Table 3. Indiangrass accumulated standing crop in June, July, and 
August following spring applications of fire and atrazine to tallgrass 
prairies near Lincoln and Virginia, Nebr. in 1989 and 1990. 

Spring 
burning 

None 

Early 

Mid 

Late 

Atrazine 
(kg a.i. ha”) 

0 
2.2 
0 

2.2 
0 

2.2 
0 

2.2 
J-='(o.os) 

Sampling date’ 
June Jllly August 
----------- figha“) __________ 

200 330 160 
280 440 180 
340 430 380 
430 430 270 
400 200 710 
570 340 150 
210 630 60 
260 340 520 

430 

‘Averaged across sites, years, and fertilizer treatmen!s. 
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burning in mid- and late spring (Fig. 2~). Drought conditions that 
persisted in 1989 may have caused increased senescence that 
resulted in negative AX in August on areas not burned and areas 
burned in early spring. Burning in late spring 1990 increased the 
July ASC of other warm-season grasses to 490 kg ha*’ when com- 
pared to not burning or burning in mid-spring. 

Cool-Season Grasses and Sedges 
The small contribution (13%) of cool-season grasses to stand- 

ing crop at Lincoln reduced our ability to discern treatment 
effects at that site (Table 1). Evaluation of treatment effects on 
this group of species was limited to the site at Virginia where 
cool-season grasses averaged at least 16% of the total plant 
herbage (Table 1). Burning in late spring reduced (PcO.01) cool- 
season grass ASC in June by 86% when compared to non-burned 
areas Fig. 3a). This reduction could have resulted from removal 
of the top growth of the cool-season grasses and damage to the 

Cool-season grasses 
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Fig 3. Accumulated standing crop of (a) cool-season grasses and (b) 

sedges harvested in June, July, and August following spring hurn- 
ing on 3 dates at tallgrass prairies near Lincoln and Virginia, 
Nehr. in 1989 and 1990. Values are averaged across years and fer- 
tilizer and atrazine treatments. 

meristematic tissue at a time that usually coincides with peak pro- 
duction of cool-season grasses (Wailer et al. 1986). Cool-season 
grass accumulated standing crop (ASC) was not affected by fer- 
tilization (P=O.l 1) or atrazine application (P=O.l 1). 

Accumulated standing crop (ASC) of sedge species was greater 
at Lincoln than at Virginia, although sedges were a minor compo- 
nent at both sites (Table 1). Sedge ASC was affected (PcO.01) by 
early and mid-spring burning only in June at Lincoln (Fig. 3b), 
but was not affected by fertilization (P=O.59) or atrazine applica- 
tion (P=O.12). Burning in early or mid-spring increased sedge 
ASC in June by at least 187% compared to areas not burned and 
areas burned in late spring, but had no influence on ASC in July 
or August. Sedge ASC on areas that were not burned or burned in 
late spring was reduced at least 65% when compared to areas 
burned in early and mid-spring. Reduced sedge ASC in the areas 
not burned probably resulted from attenuation of light caused by 
litter accumulation. Burning in early or mid-spring removed litter 
before sedge shoot apices were elevated and susceptible to dam- 
age by the fire. Fire-induced litter removal opened up the canopy, 
which improved the light environment and sedge production. 
Knapp and Seastedt (1986) indicated that the massive amounts of 
plant litter that can accumulate in tallgrass prairies reduce the 
quantity and quality of light reaching emerging plant shoots. 
Reduced sedge ASC following late spring burning may have 
occurred because the apical meristems were elevated and con- 
sumed by the fire. Reduced ASC in July and August reflected the 
increased maturity and senescence of the cool-season sedges. 

Forbs 
Sampling methods used in this study apparently were not suffi- 

ciently sensitive to accurately assess the impact of the various 
treatments on the forb component of the prairie communities. The 
history of application of the broadleaf-specific herbicides, 2,4-D 
and dicamba, to control musk thistle at or near the sites at 
Virginia and Lincoln probably reduced forb abundance and rich- 
ness. 

Conclusions 

Date of spring burning influenced the quantity and distribution 
of tallgrass prairie vegetation production during the summer more 
than fertilizer or atrazine. Burning in late spring increased big 
bluestem accumulated standing crop later in the growing season 
and decreased cool-season grasses, prairie dropseed and tall 
dropseed. Fertilization increased the quantity of big bluestem, but 
vegetation response to fertilizer was more variable than response 
to burning date. Atrazine had negligible or variable effects on 
tallgrass prairie vegetation. Atrazine does not appear to be a use- 
ful tool to improve warm-season grass forage production in late 
seral tallgrass prairies. This is fortunate since atrazine is no 
longer registered for use on rangeland or pastures. 

This study provides evidence that the quantity of big bluestem 
available during the summer can be manipulated by burning on 
different dates in the spring. Increasing the quantity of big 
bluestem present in late summer could have a positive effect on 
performance of livestock grazing tallgrass prairies dominated by 
big bluestem and alleviate seasonal forage imbalances common 
to the central Great Plains. A possible management scenario 
could be to burn tallgrass prairie pastures at different dates during 
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the spring. We suggest that a firm could bum some pastures in 
early spring to increase late spring forage availability, bum other 
pastures in mid-spring to increase mid-summer forage availabili- 
ty, and bum the remaining pastures in late spring to improve for- 
age availability in mid- to late summer. 
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Abstract 

The effect of competition on the postfire recovery of Festuca 
idahoensis Elmer and Agropyron spicatum (Pursh) Scrib & 
Smith, was esamined under natural conditions. Thirty plants of 
each species were exposed to tire applied with a portable instru- 
ment system that allowed precise control of fire temperature and 
duration, so that all plants received statistically similar fire 
severity levels inside the meristematic crown region. Treated 
plants were subjected to different levels of competition by peri- 
odically removing all or part of the aerial biomass around a mon- 
itored bunchgrass plant. Soil water potential, soil temperatures, 
and plant productivity were determined at monthly intervals 
during the growing season for the different competition treat- 
ments. No significant mortality due to fire was observed for 
plants of either species. Although Festuca did show meristematic 
tissue damage after fire, regrowth that occurred within 15 days 
after tire was more rapid than for Agropyron. Only Agropyron 
plants without competition reached prefire productivity levels. 
Soil water potential was significantly more negative in plots with 
competition. Temperatures in the upper lo-cm of the soil profile 
were significantly higher in plots without competition. 
Competition reduced root production and also restricted above- 
ground productivity by approximately 70% for Agropyron and 
115% for Festucu. The capacity of these species to survive fire 
appears to be related more to the micro-environmental condi- 
tions created following fire and to their capacity to compete for 
available soil water, than to the direct effects of fire on plant tis- 
sues. 

Key Words: fire, competition, Agropyron spicatum, Pseudoroegneria 
spicata, Festuca iaizhoensis, soil water potential, soil temperature. 

Fire is a major factor affecting plant community development 
(Daubenmire 1968, Old 1969, Vogl 1974, Noste 1985, Knapp 
1986). In water-limited environments, plant productivity in the 
first growing season after fire is generally reduced relative to pre- 
fire levels (Blaisdell 1953, Conrad and Pot&on 1966, Redmann 
1978). The regrowth of perennial grasses after fire is a function 
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of the direct effects of fire on plant tissues, exposure to a more 
stressful post-fire environment, and plant competition with newly 
established herbaceous and annual grass species during the early 
stages of community development after fire (Daubenmire 1968). 
The relative importance of these factors is unclear, and compari- 
son among different studies is made difficult because quantitative 
measures of fire exposure and environmental parameters for indi- 
vidual plants are generally lacking. 

The disturbance of a plant community by fire generally results 
in a more xeric environment for plant establishment or regrowth. 
The darkened bare soil areas resulting from the removal of vege- 
tation by fire increases the absorption of incident solar radiation 
at the soil surface, which subsequently affects the thermal energy 
balance of the soil (Margaris 19X1, Roy and Arianoutsou- 
Faraggitaki 1985). Plants that establish or regrow shortly after the 
fire are, therefore, exposed to higher soil temperatures and 
increased evapotranspiration rates relative to the undisturbed 
community (Naveh 1975, Arianoutsou and Margaris 1981, 
Raison et al. 1986, Sumrall et al. 1991). 

Competition among plants for soil water in the more xeric post- 
fire environment may be a significant influence on the rate of 
individual plant regeneration, and ultimately on species composi- 
tion and community structure. Species that are sensitive to fire 
injury, but have a high competitive capacity relative to other 
species in the early stages of community development following 
fire, may dominate species that are initially less sensitive to fire, 
but are less effective competitors. Since the influence of competi- 
tion among plants for soil water is a significant influence for 
plant establishment, growth and survival in water-limited envi- 
ronments (e.g., Harris 1967, Nobel 1981, Fonteyn and Mahall 
1981, Robberecht et al. 1983), such interaction among plants in 
the following growing season could be highly significant 
(Redmann 1978). 

The present study, therefore, addressed the effects of interspe- 
cific competition on the postfire regrowth of Festuca idahoensis 
Elmer and Agropyron spicatum (Pursh) Scrib & Smith’. The 
degree of root system overlap among species, root and shoot pro- 
ductivity, and soil water availability in the postfire environment 
were primary considerations for the study of interspecific compe- 
tition. The objectives of this investigation were therefore to deter- 
mine: (1) the direct effects of a similar fire exposure on the sur- 

‘Pseudoroegneria spicata (Pursh) A. L&e subsp. splcata (Barkworth and Dewey 
1985). 
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viva1 of Festuca idahoensis and Agropyron spicatum under natur- 
al conditions, (2) the influence of interspecific competition on the 
regeneration of these species during the early stages of communi- 
ty development following fire, and (3) how the different levels of 
interspecific competition affect the productivity of each species. 

Methods 

Study Site 
This research was conducted at the University of Idaho 

Esperimental Forest, 52 km northeast of Moscow, Ida., on a 
south-facing slope of the East Creek Unit (Basalt Hill, 46” 52’ N, 
116” 47’ W). The vegetation at the study site was composed of 
widely spaced Pinus ponderosa Dougl. trees with an understory 
composed of the bunchgrasses, Festuca idahoensis, Agropyron 
spicatum, and several herbaceous species. The vegetation can be 
classified as a Pseudotsuga menziesii/Physocarpus malvaceus 
habitat type (Daubenmire and Daubenmire 1968). The Carlington 
silt loam soil series of shallow and well drained soils characterize 
the area (Zimmerman 1979, Barker 1981). Winter precipitation 
occurs as snow, and moist spring and fall periods are interrupted 
by a mid-summer drought. The long-term precipitation and tem- 
perature means at the field site were similar to that for the 
Potlatch climatological station, approximately 10 km from the 
study site (Fig. 1). The mid-summer dry period during this study, 
however, was more severe than the average, since no precipita- 
tion occurred between late May and early September. 
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Fig. 1. Climate diagram in the format of Walter and Lieth (1960) for 
Potlatch, Ida. Mean monthly precipitation (broken line) and tem- 
perature (solid line) for 24-year period indicate mesic spring and 
fall periods interrupted by summer drought (stippling). Winter 
precipitation occurs as snow. 

Fire Exposure 
For each species, 30 plants of similar phenology and size, 

determined by basal area, height, and root biomass measure- 
ments, were selected in the study area. After selection, all 
Agropyron and Festuca plants were exposed to fire in early 
spring, before the initiation of significant growth had occurred. 
The fire was applied with a portable flame ring placed around 
individual bunchgrasses. This instrument, described in 
Robberecht and Defosse (1995), had 6 propane gas jets on a 
hexagonal aluminum ring adjustable to various heights. The jet 
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arrangement and the regulated propane gas supply approximated 
the flame geometry of a grass fire. Thermocouples were placed at 
10 cm above the soil surface in the canopy, inside the meristem- 
atic crown region, and at soil depths of 2, 5, and lo-cm beneath 
each plant. The high temperatures expected in the plant canopy 
were measured with high-temperature range shielded thennocou- 
ples (ANSI type K, 0.5 mm diameter). Mean temperature inside 
the crown region was measured with three-junctioned thermocou- 
ples wired in parallel (ANSI type T, 0.5 mm diameter). Single- 
junctioned thermocouples of this same type were used for mea- 
surement of temperatures in the soil beneath each plant. These 
thermocouples were connected to a data acquisition system 
(Campbell Scientific model CR 21X datalogger) for continuous 
(every 10 seconds) temperature measurement during the lo-min 
fire and postfire cooling phases. This instrument allowed for pre- 
cise control over the fire temperature and its duration for individ- 
ual plants. The fire was terminated when temperatures inside the 
crown meristematic region reached approximately 4” C, which 
occurred at about 40 seconds after fire ignition. The data of mean 
crown temperatures achieved during the IO-min fire and postfire 
cooling phases were downloaded to a computer and the integral 
of the time/temperature curve determined for each plant. Analysis 
of variance was used to determine significant differences among 
these integrals for this one-factor experiment. These integrals 
were used as an index of fire exposure, or severity, for each plant. 

Competition Esperiment 
Following fire exposure, all Agropyron and Festuca plants 

were assigned to treatment levels of (1) intact or control, (2) par- 
tial removal of competitors, and (3) full removal of competitors. 
Ten plants of each species were assigned to each treatment level 
in a completely random statistical design. The 2 different levels 
of competition were achieved by partial (half of the aboveground 
green biomass of potential competitors removed) to full (all 
aboveground biomass of potential competitors removed) removal 
of the neighboring potential competitors within a radius of 0.6 m 
of the plant selected for observation. This radius was based on 
preliminary studies of the limits of lateral root distribution deter- 
mined from excavations of the root system of typical adult plants 
of both species grown in the area. Regrowth of competitor plants 
was removed every 15 days during the growing season. 

Postfix-e Plant Response Measurements 
Following fire exposure, measurements of soil water content, 

soil temperature, culm number, and height were made throughout 
the growing season on plots with and without competition. 
Aboveground biomass of individual plants was determined at the 
end of the growing season. Root biomass was estimated for each 
plant from soil cores taken with a 2.5 cm-diameter soil sampler at 
the beginning and end of the growing season. These samples 
were separated according to horizontal distributions of 0 to 5,5 to 
10, and 10 to 25 cm-soil depth. Soil cores were taken at an angle 
of 45” approximately 10 cm from the crown of each Festuca 
plant and at the same angle 15 cm from the crown of each 
Agropyron plant. This allowed sampling of soil volume with the 
greatest root concentration for each bunchgrass species and mini- 
mized the potential root overlap with neighboring plants. Total 
root biomass per core sample and its horizontal distribution, was 
determined for each plant from root samples that were washed 
free of debris and oven dried to constant weight. Culm height and 
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number were determined approximately every 3 weeks. Mean 
soil water content was determined gravimetrically for the 0 to 10 
and 10 to 20 cm soil depth from 8 replications each performed on 
plots with full competition (or controls) and on plots without 
competition. Soil water potential was estimated from these data 
using the filter paper method given by Hamblin (1981). Soil tem- 
perature around plants was measured approximately monthly, 
using an infrared thermometer (Barnes Instatherm, model 14- 
220-1) for surface temperatures and thermocouple sensors for the 
5, 10, and 25-cm soil depths. 

Data Analyses 
Analysis of variance and Fisher’s L.S.D were used to determine 

significant differences in culm number and height, total biomass, 
root biomass, and basal area among competition treatments for 
both species. The Student’s “t” test was used to determine signifi- 
cant differences in soil water potential and soil temperatures 
between plots with full competition (controls) and plots without 
competition. 

Results 

Fire Characteristics 
The fire treatment applied in this study was qualitatively simi- 

lar to that described for natural (Conrad and Poulton 1966) and 
controlled (Robberecht and Defosd 1995) grass fires. The plant 
canopy and the litter within a 0.5 m radius of the treated plants 
were consumed by the fire, resulting in a blackened bare soil area 
surrounding each treated plant. The instrument system used in 
this study allowed complete documentation of the fire exposure 
for each plant. The fire consumed the canopy within 15 seconds 
of the ignition, at which time only flame temperatures at the 
height of the canopy were measured. No substantial increases in 
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Fig. 2. Mean temperature curves for the meristematic crown region 
of Agropyon spicatum and Festuca idahoensis plants during the 
fire and postfire cooling periods. The standard error ranged 
between +S and 10% of the mean. The temperature/time integrals 
calculated from these data represent the fne severity treatment for 
each plant. Fire severity did not significantly (p > 0.01) differ 
among plants of each species. 

subsurface soil temperatures were observed in either the fire or 
postfire phases. Temperatures at the 2-cm soil depth slowly 
increased in the first minutes after fire ignition, with a maximum 
increase of about 4” C near the end of the 10 minute treatment 
period. Temperatures at the 5-cm soil depth increased only 1” C 
toward the end of the monitored period. No rise in temperature at 
the IO-cm soil depth was detected during the monitored time. The 
temperatures experienced inside the meristematic crown region 
were similar for all Agropyron and Festucu plants (Fig. 2). Fire 
severity, the temperature/time integral, did not significantly differ 
(p > 0.01) between species or among treatments within species. 

Soil Water Availability 
The removal of potential competitors significantly increased 

(~~0.01) the soil water available for the monitored plants of 
both species (Fig. 3). Soil water potential, estimated from mea- 
surements of soil water content (Hamblin 1981), was initially 
similar for all plots. During the growing season following fire, 
soil water potential decreased significantly more in the plots with 
a full degree of competition (control group) than in plots without 
competition. The effect of reduced plant competition on soil 
water potential was most pronounced in the 0 to IO-cm soil depth 
during the mid-summer drought period (Fig. 3). 

Soil Temperature Regime 
Monitored plants of each species were exposed to higher soil 

surface temperatures after the fire and removal of neighboring 
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Fig. 3. Soil water potential estimated from soil water content 
(Hamblin 1981) for experimental plots with and without competi- 
tion. Plots with plant competition exhibited significantly more neg- 
ative (p < 0.01) soil water potentials than those without competi- 
tion. Each point represents the mean of eight samples +l standard 
error (vertical line). 

JOURNAL OF RANGE MANAGEMENT 49(2), March 1996 139 



__- -.- - - 

_ 10 _ 25-cm soil depth _ 25-cm soil depth 
.- 
0 No competition 

(no. I 
, 1 N,a coypet,ition, 

I I I 

J J A S 0 J J A S 0 

Competition 
I I I 

J J A S 0 

Month 

Fig. 4. Mid-day soil temperature profiles for plots with and without 
plant competition. Seasonal temperature variation was greatest at 
the soil surface and least at the 25cm soil depth. Each point repre- 
sents the mean of six samples +l standard error (vertical line). 

competitors. The darkened bare soil around these plants exhibited 
surface temperatures from 12 to 15” C higher than soil surface in 
plots from which competitors had not been removed (Fig. 4). 
Temperatures at the 5 and IO-cm soil depths were also signifi- 
cantly increased (p < 0.05) due to the removal of competitors. 
Soil temperatures at the 25-cm soil depth did not statistically dif- 
fer among plots with different levels of competition. 

Mortality and Leaf Damage 
No significant mortality resulted directly from the fire severity 

applied, as evidenced by the death of only one Agropyron plant 
during the experiment. Although some injury to meristematic tis- 
sue was indicated by damage to leaf blade tips observed during 
the initial postfire regrowth of Festuca plants, this effect was 
short-lived and did not inhibit plant regeneration. No such leaf 
damage was observed for Agropyon. Reproductive meristems 
may have been damaged, however, since flowering did not occur 
in either Festuca nor Agropyron by the end of the first growing 
season, while neighboring unburned bunchgrasses of the same 
species flowered. 

Aboveground Plant Response 
Festucu plants exposed to reduced competition from neighbor- 

ing plants showed no significant increases in basal area during the 
growing season after fire. Basal area did significantly (p< 0.01) 
increase for Agropyron in response to the complete removal of 
competitors. Regrowth of new leaf tissue was evident less than 2 
weeks after the fire for Festuca versus 4 weeks for Agropyron 
plants. No significant differences in culm number were observed 
among treatments for either Festuca or Agropyron during this ini- 
tial regrowth period. 

The rate of regrowth for Festuca was greater than for 
Apropyron during spring and early summer when sufficient soil 
water was available (Fig. 5). The increase in plant height after the 
fire was affected by competition in a similar pattern asculm pro- 
duction (Fig. 6), and only Agroppron reached prefire culm 
heights. Culm height for Festuca approached a plateau in early 
summer, nearly 2 months before this occurred for Agropyron. For 
both species, however, the decline in the rate at which culms 
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Fig. 5. Postfire production of new culms for plants exposed to three 
levels of competition. Reduced degree of competition from neigh- 
boring plants significantly increased culm production for both 
species. Each point represents the mean of 10 plants +l standard 
error (vertical line). 

increased in height was delayed and end-season culm height was 
greater for plants that were not exposed to competition. Only 
culm production for Festucu plants not exposed to competition 
significantly increased in response to fall season precipitation. 
Plants of Festuca and Agropyron that were not exposed to com- 
petition exhibited significantly greater (p < 0.01) biomass produc- 
tion than plants exposed to partial or full levels of competition 
from neighboring plants (Fig. 7). 
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Fig. 6. The postfire increase in plant height for plants exposed to 
three levels of competition. Plants without competition from neigh- 
bors were significantly taller @ eO.01) than plants exposed to par- 
tial or full levels of competition. Each point represents the mean of 
10 plants +l standard error. 
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Culm production for both species was less for plants exposed to 
partial competition than to full competition. However, plants of 
Festzrca exposed to the partial level of competition produced 
culms that mere significantly taller than those culms produced in 
response to full competition (Fig. 6). In addition, whole plant 
response measured in end-season biomass did show that the par- 
tial removal of competitors resulted in an intermediate response. 
The lack of difference in aboveground biomass between the par- 
tial and full levels of competition for Agropyron may be 
explained by the deeper root system of this species, thereby 
reducing the overlap with neighboring species. 

Belowground Response 
The concentration of root biomass for the 2 bunchgrass species 

occurred at 2 different regions in the soil profile, with Festuca 
plants having a greater concentration in the upper 10 cm of the 
soil. In early spring, 40% of the root biomass of Festucu plants 
occurred in the first cm of the soil, 28% in the next 5 cm, and 
32% in the 10 to 25-cm soil region. For Agropyron, by contrast, 
21% of the root biomass occurred in the 5-cm soil depth, 31% in 
the following 5-cm depth, and 48% in the 10 to 25-cm zone. At 
the end of the growing season, the pattern of root distribution was 
unchanged for Festuca, whereas that for Agropyron was more 
evenly distributed in the soil; 32% in the first 5 cm, 36% in the 
following 5 cm and 32% in the 10 to 25-cm zone. The different 
levels of competition imposed did not alter the root distribution 
pattern in the soil. However, reduced competition from neighbor- 
ing plants significantly increased total root biomass production in 
both species (Fig. 7). 

Discussion 

Fire Severity 
The concept of fire severity involves the heat flux into the soil 

(MacArthur and Chenney 1966, Rowe 1983, Noste 1985, Ryan 
and Noste 1985). It has been influenced by the degree of organic 
material removed, the extent of soil heating, and the fire duration. 
Although the concept of fire severity is clear, it is difficult to 
measure. The biological and ecological response of plants to fire 
must be linked to quantitative measurements of fire behavior 
(Alexander 1982). In the present study, the change in temperature 
esperienced inside the crown region was integrated over the mon- 
itored IO-min fire and postfire cooling period. This resulted in a 
quantifiable index of fire severity for individual plants that could 
be statistically analyzed for treatment differences. The lccowledge 
that all plants received statistically similar fire exposure on their 
meristematic crown region was essential for separating the effects 
of the different levels of competition on the postfire regeneration 
of these bunchgrass species. 

Soil Temperatures 
Soil Temperature characteristics during the monitored fire and 

postfire cooling periods were similar to those found by Scatter 
(1970), Sumrall et al. (1991), and Robberecht and Defosse (1995) 
for grassland fires. No substantial increase in soil temperature 
was observed during the fire exposure, as evidenced by only a 4” 
C increase at the 2-cm soil depth. In grassland fires, temperatures 
decrease exponentially from the surface into the soil profile 
(Scatter 1970). In such communities soil temperatures tend to 
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Fig. 7. (Top) Aboveground biomass determined at the end of the 
growing season. Plants exposed to competition produced signifi- 
cantly (p < 0.01) less biomass than plants without competition. 
(Bottom) Root biomass before and after fire for the 3 levels of 
plant competition. Plants without competition produced signifi- 
cantly (p < 0.01) more root biomass per soil core than plants with a 
full degree of competition. Prefire root biomass did not significant- 
ly differ among plants of each species. 

return to prefire levels shortly after fire has occurred (Cook 1939, 
Masson 1948, Tothill and Shaw 1968, Scatter 1970). 

The heat flux into the soil is, however, dependent on soil char- 
acteristics such as soil type and water content (Rosenberg et al. 
1983). The results for Agropyron and Fesrucu, as well as those of 
other studies (e.g., Scatter 1970, Raison et al. 1986). indicate that 
the rise in soil temperature caused directly by fire is not of suffi- 
cient magnitude to influence the root system. 

The postfire environmental changes associated with the occur- 
rence of broad-scale grassland fires can significantly affect the 
soil temperature regime on a seasonal basis (Roy and 
Arianoutsou-Faraggitaki 19S5, Sumrall et al. 1991). While soil 
temperature in all plots was initially a function of the increased 
absorption of solar radiation by the darkened soil surface after the 
fire, the periodic removal of potential competitors was the princi- 
pal factor for increased insolation at the soil surface and the high- 
er soil surface temperatures observed on those plots. Although 
increased soil temperature at greater depth could significantly 
affect root and rhizome growth during the postfire growing sea- 
son (Scatter 1970), soil water availability during this period 
appears to be more significant for growth of perennial grasses 
(Redmann 1978). 

Fire and Competition Effects 
Fire in water-limited environments generally reduces the pro- 

ductivity of perennial grasses during the first postfire growing 
season (Blaisdell 1953, Daubenmire 1968, Wright 1974, 
Robberecht and DefossB 1995). Soil water availability during this 
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period, particularly for species (e.g., Festuca iduhoensis) with 
roots concentrated in the upper soil layers, may be critical for 
plant regeneration (Coupland and Johnson 1965, Redmann 1978). 
The decline of soil water availability in mid-summer restricted 
culm production more for Festucu than for Agropyron, so that 
only the latter achieved the prefire number of culms per plant. 
The rapid growth rate of Festucu only after periods of high water 
availability found in this study, and reports that this species has a 
low tolerance to drought stress (Tisdale and Hironaka 1981), sug- 
gest that the reduced culm production during the postfire growing 
season was more a function of soil water availability than direct 
fire damage to meristematic tissues. Agropyron is relatively more 
resistant to water stress (Caldwell et al. 1981) and has a root sys- 
tem that extends deeper into the soil, where the decline in soil 
water occurs later in the summer season. This may account for 
culm production to nearly prefire levels and continued growth in 
culm height throughout the summer drought period for 
Agropyron. The substantial reductions in productivity observed 
suggest that competition for soil water can be a significant factor 
for plant regeneration after fire. These results are in accordance 
with those reported by Melgoza et al. (1990) for a burned semi- 
arid shrub-grass community. They found that after a fire, perenni- 
al plants growing in plots from which competitors had been 
removed, had more soil water available and produced higher bio- 
mass compared to plants growing in intact plots. Furthermore, in 
water-limited environments or in habitats that become more xeric 
after fire, the effect of competition for soil water may be more 
significant than the effects of fire alone (Melgoza et al. 1990). 
The influence of competition is particularly relevant to postfire 
community development since fire-sensitive species that are 
highly competitive during the early stages of community devel- 
opment after fire may become dominant over relatively more fire 
tolerant, but less competitive species. 
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Abstract 

Forage for livestock is always in short supply in the arid zone 
of India. Cenchrzzs cilzizris L. is one of the major forage grasses 
cultivated in this region. We studied its productivity in relation 
to rainfall and nitrogen (N) and phosphorus (P) fertilization in 
the Indian arid zone at Jodhpur during 1983 to 1992. Factorial 
combinations of 4 rates of N (0,20,40, and 60 kg ha-‘) and 3 rates 
of P (0,15, and 30 kg ha-‘) were applied annually. Twenty kg N 
ha-’ was the most effective fertilizer treatment, increasing aver- 
age annual forage yields from 942 to 1,785 kg ha-’ over the lo- 
year study with significant yield increases occurring in 7 of the 
10 years. Yield responses to N rates greater than 20 kg ha-’ 
occurred only during the last 3 years of the study and then only 
at the 60 kg ha-’ rate with either 15 or 30 kg P ha-‘. Yields 
reached maximum levels on both the nonfertiiiied and fertilized 
plots with between 180 and 250 mm of growing-season rainfall. 

Key Words: nitrogen, phosphorus, Indian arid zone, forage pro- 
duction 

The Indian arid region in Northwest India is characterized by 
low and variable rainfall. Arable farming is possible in only 1 of 
every 3 years. Hence, the main economy of this region is depen- 
dent on forage production to support its 23 x lo6 head of live- 
stock. Several studies have shown that available forage supplies 
are inadequate to maintain the livestock population in good con- 
dition and prevent overuse and degradation of the rangeland. 
Shankamarayan et al. (1985) reported that only 44% of the ani- 
mals’ fodder requirements are met during normal-rainfall years 
leaving a deficit of 56%. Ahuja and Mann (1975) estimated a 
fodder deficit of 35% based on the land available for grass pro- 
duction. Shankamarayan and Kalla (1985) estimated the demand 
for the grazing forage in the northwest arid zone of India was 233 
x IO’ kg and the supply was only 172 x 10’ kg. 

Of the 7 major pasture types available in the Indian arid zone, 
C. ciliuris is one of the most important grass types. Known local- 
ly as Anjan, C. ciliaris is a perennial, nutritious, highly preferred 
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grass that performs better in low rainfall-conditions than other 
predominant grasses like Lasiarzzs sindicus Henr. and C. 
setigerzzs Vahl. Because of the large deficit of forage supplies, 
there is considerable need to increase forage production in this 
arid region. The coarse-textured soils of the Indian arid zone are 
very low in organic matter content with subsequent deficiences in 
nitrogen (N) and often other essential plant nutrients. This study 
was conducted to determine the effects of N and phosphorus (P) 
fertilization on the productivity of C. ciliaris with varying annual 
rainfall. 

Methods and Procedure 3 

The study site was located at the Central Arid Zone Research 
Institute in Jodhpur (26” 18’ N, 73” 01’ E, elevation above MSL 
224 m). The average annual rainfall of 360 mm is highly variable 
( coefficient of variation = 60%) and usually occurs within a 75- 
day period (Table 1). Mean annual air temperature is 26.7X The 
normal crop growing period is between July and September and 
is dependent on the southwest monsoon rains. Soils at the experi- 
mental site are loamy sand, mixed hyperthermic Camborthids low 
in organic matter (0.4%) and have a mechanical composition of 
80-90% sand and 8% clay. Field capacity of the soils is between 
0.12 and 0.135 cm3 cme3 and wilting point is behveen 0.055 and 
0.065 cm3 cms3. Bulk density is 1 .I2 to 1.56 g cmm3, and the 
hydraulic conductivity is 15 cm hour”. The soil depth varies 
between 90 and 100 cm. Olsen extractable soil P (12-15 kg ha’ ) 
and soil pH (8.0) values from a nearby experiment (Singh and 
Agganval 1988) would be good estimates of the intial values for 
this experiment. The 12-15 kg P ha-’ test value is considered in 
the medium range. 

Cenchrus ciliaris (c.v. 358) was established on the study site in 
July 1983. The inter- and intra-row spacings were 75 and 25 cm, 
respectively. Fertilizer treatments consisted of 4 levels of N (0, 
20, 40, and 60 kg ha-‘) in combination with 3 levels of P (0, 15, 
and 30 kg ha-‘) for a total of 12 treatments. Plot size was 7.5 m x 
10.0 m. Half of the N and all of the P of each treatment were 
side-dressed in deep bands at the time of seeding. The remaining 
N was top-dressed one month later following good soaking rains. 
Fertilization treatments were repeated annually at the onset of the 
rainy season. Urea and single superphosphate were the N and P 
sources, respectively. Treatments were replicated 3 times in a 
randomized complete block design with a factorial arrangement 

, 
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Table 1. Monthly precipitation Jodhpur, India. 1983-1992. 

Year Jan. Feb. Mar. Apr. May Jun. Jttl. Aug. Sep. Oct. Nov. Dec. Ann. Growing 
Season’ 

19s3 
19s4 
19s5 
19X6 
1987 
19ss 
19s9 
1990 
1991 
1992 
Mean 

-------------------------------------*--------(mm)------- 
1 0 31 3s 32 77 
0 0 4 0 7 45 ifi 

0 0 0 21 41 1 63 12 
0 1 0 0 55 0 142 42 
6 6 5 0 2s 33 1s 14 
5 0 0 0 0 16 106 96 
4 0 5 0 0 12 52 139 
0 36 0 0 31 3 516 180 
0 0 0 11 0 10 75 96 

27 0 4 0 5 4 s5 101 
4 4 2 7 20 12 13s 91 

- - - - - - - - 
!ii 

5 

Fl 
47 
IS 
7s 
11 

196 
46 

- - - - _ - - - - 
33 

0 
9 

10 
0 
0 
0 
1 
0 
0 
5 

_ _ - - - - - - 

: 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-- --_--- - -____ 

x 512 232 409 219 
0 212 152 
0 250 153 
8 11s 70 
0 270 257 
0 230 210 
0 845 775 
1 204 193 
0 422 393 
0 330 256 

‘The growing season depends on nwnso~n rains and usualilly occurs between July and September. 

of treatments. Above-average rainfall resulted in the establish- 
ment of a good stand of grass. 

All of the forage in each plot was harvested annually when the 
grass reached maturity. Yields were recorded on an air-dry basis. 
Percent moisture in air-dry forage in this dry climate is generally 
lower than the lO-12% usually reported for air-dry forage in the 
literature. Analyses of variance were used to evaluate fertilizer 
treatments on an annual basis and over periods of years. 
Statistically significant differences in treatment effects were 
established at Pd.05 

Results and Discussion 

production years analysis (Fig. 2). It seems unreasonable that 
applications of P fertilizer would actually decrease forage yields 
when applied with 20 kg N ha-‘; have no effect at the 40 kg N ha-’ 
rate; and have positive effects at the 0 and 60 kg N ha” rates. 
There is no known explanation for this combination of yield 
responses, especially the yield reductions, unless it is due to a 
lack of homogeneity in the experimental plots. Such a combina- 
tion of responses tended to obscure the role of P in the production 
of C. Ciliaris in this study. However, the response to P at the high 
N rate after several years of high productivity does seem logical 
and to be a true P effect. In a 4-year study reported by 
Wiedenfeld et al. (1985), yield increases on the fertilized plots 

Annual yields of C. Ciliaris varied over a wide range during 
the IO-year study period (Fig. 1). As would be expected, there 
was a significant year by fertilizer treatment interaction due to the 
high variation in growing season rainfall. Because of the treat- 
ment by year interaction, each year’s yield data were analyzed 
separately (Fig. 1). Combining the low- production years-1985, 
1987, and 1989-and the remaining 7 years (high-production 
years) into 2 separate groups for analyses also eliminated the fer- 
tilizer treatment by year interaction and allowed comparison of 
fertilizer treatments averaged over several years (Fig. 2). For the 
3 low-production years, there were no significant yield responses 
to N, P, or N-P combinations. 

Based on the single-year analyses of variance, there was a sig- 
nificant yield response to N in all but 3 years of the IO-year study 
(Fig. 1). There were only 3 years-1990, 1991 and 1992-in 
which N rates greater than 20 kg ha-’ were measureably effective, 
and then only at the 60 kg N ha-’ rate applied with P. Phosphorus 
applied with N significantly enhanced yields only during the last 
3 years of the study suggesting that increased production on the N 
fertilized plots the previous years was depleting the reservoir of 
available soil P. Thus to maintain maximum long-term yield 
responses to N, applications of P may be necessary. Averaged 
over the high production years, there was no significant yield 
response beyond the 20 kg N ha-’ rate (Fig. 2). 

Yield responses to P were inconsistent and difficult to interpret. 
In 7 of the 10 years, P had no measureable effect on yields. 
Significant N by P interactions occurred in 1983, 1991, and 1992 
and were the result of positive yield responses to P at the 0 and 
60 kg N ha-’ rate and negative yield responses to P at the 20 kg N 
ha” rate (Fig. 1). The same interactions were evident in the high- 

Fig. 1. The effect of nitrogen and phosphorus fertilization on forage 
yields of C. ciliaris. Jodhpur, India. 1983-1992. (L.S.D.‘s can be 
used for within year comparisons among all 12 fertilization treat- 
ments.) 
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Fig. 2. The effect of nitrogen and phosphorus fertilization on forage 
yields of C. ciliuti averaged over the three low-production years 
and the seven high-production years. Jodhpur, India. 1983-1992. 

were due primarily to N with some additional response to P only 
at the high N rates during 2 of 4 years. 

There was no significant correlation between yield and grow- 
ing-season rainfall (Fig. 3). No measurable yield increases 
occurred with additions of rainfall above 250 mm. Distribution of 
rainfall during the growing-season also affected plant response, 
thus further affecting the correlation between growing-season or 
annual rainfall and forage yields. 

Forage yields of both the nonfertilized and fertilized plots tend- 
ed to reach maximum levels with between 180 and 250 mm of 
growing season rainfall suggesting that C. Ciliaris reaches its 
genetic productivity potential at these rainfall levels. On a site 
near Kingsville, Tex. with an average annual precipitation of 640 
mm, maximum, single-harvest annual yields of C. Ciliaris on 
plots receiving 156 and 44 or more kg ha*’ N and P, respectively, 
were maximized near 3000 kg ha*’ (Mutz and Drawe 1983), about 
the same as the maximum yields in this study. 

It is significant to note that maximum yield responses to N fer- 
tilization occurred with between 180 and 250 mm of growing- 
season rainfall. For this lo-year study, the growing- season rain- 
fall represented 86% of the total annual rainfall. Using this rela- 
tionship between growing-season and annual rainfall, the long- 
term growing-season rainfall for this location would be 0.86 x 
360 or 3 11 mm. Assuming a variability in growing season rainfall 
similar to that for total annual rainfall, which has a 60% coeffi- 
cient of variation, the standard deviation for growing season rain- 
fall would be IS7 mm. Thus one would expect rainfall adequate 
to masimize yield responses to the 20 kg N ha“ treatment in at 
least 70% of the growing seasons. In this study where the average 
annual rainfall was 330 mm (30 mm below tlte long-term aver- 
age), yield responses to fertilization were maximum or near max- 
imum in 7 of the 10 years. 

In terms of increased forage production and treatment costs, 
annual applications of 20 kg N ha-’ was the most practical fertiliz- 
er treatment (Fig. 2). Over the IO-year study, the average annual 
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Fig. 3. Relationship of forage yields of C. cilzizris to growing season 
rainfall. Jodhpur, India. 1983-1992. 

yield of the 20 kg N ha-r treatment was 843 kg ha-’ more than that 
of the nonfertilized treatment. This translates to a N-use efficien- 
cy of 42 kg of additional forage for every kg of N applied. 
Nitrogen-use efficiency is the units of forage produced per unit of 
N applied and is calculated as the difference in forage production 
between the fertilized (1755 kg ha*’ for 20 kg ha-’ N treatment) 
and the nonfertilized (942 kg ha-‘) plots. For the 7 high- produc- 
tion years, N-use efficiency was 57 units. 

Data from the National Research Council (1970) indicate that a 
normal growing yearling steer should gain 1 kg for every 10.5 kg 
of forage intake. Using this relationship, the 20-kg N ha” treat- 
ment should produce an additional X0 kg of beef ha-’ or 4 kg beef 
kg-’ N. In the northern Great Plains of America, annual applica- 
tions of about 40 kg N ha-’ to native range, crested wheatgrass 
(Apropyron cristatum (L.) Gaertn.) and Russian wildrye (Elymza 
junceus Fishc.) produced 1.0, 1.7 and 2.2 kg beef kg-’ N, respec- 
tively (Wight 1976). Information such as this can be used to help 
make economic evaluations. 

This study shows that C. ciliaris can perform well even at rela- 
tively low levels of rainfall and that annual applications of 20 kg 
N ha-’ will more than double forage yields 7 years out of 10. No 
economic interpretations have been made, but an N-use efficien- 
cy of 42 kg of forage kg-’ of N applied suggests that N fertiliza- 



- .  _ -  
- _ I  

tion may be a viable option for increasing forage production in 
this forage-deficient region. 
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Abstract 

Calden (Prosopis caldenia) seeds not dispersed by animals 
sometimes constitute a considerable number of seeds to the seed 
bank which may contribute to the species’ dissemination. The 
monthly change in the number of viable non-animal dispersed 
seeds was evaluated over a one-year period. We determined the 
percentage germination of seeds and the amount of predation by 
bruchid beetles to learn how these factors iniluence seed longevi- 
ty. Forty eight bags containing 10 fruits were placed in 4 sites 
below calden tree canopies at the time of shedding (March). To 
monitor seed losses we randomly removed 1 bag per site every 
25-35 days during a year. At the time of shedding, fruits con- 
tained 29 seeds, 73 + 5.0% which were viable and 9 + 2.2% 
attacked by bruchids. Viability decreased to 33 + 22.3 % one year 
later. Loss of viability was described by a polynomial quadratic 
& = 70.12 + 0.0238 t-0.0004 t2 (?= 0.62)). Bags with germinated 
seeds were observed beginning in November. Percentage germi- 
nated seed increased 4.8 rf: 3.7% in the last month of sampling. 
Consumption of seeds by bruchids also increased in November, 
but the effect was highly variable. In the last month of sampling 
(March in the following year), 35 + 18.0% of seeds were affected 
by bruchids. A predictive seed longevity model was developed 
considering climatic variables, but data were well described only 
until January (y = 81.50-0.097 time-3.94 precipitation (rr = 
0.66)). Undispersed seeds had a high rate of decay and low ger- 
mination. Longevity was strongly affected by bruchid attack. 

Key Words: seed longevity, bruchid beetles, seed predation, seed 
viability, experimental seed bank. 

Calden (Prosopis cukfeniu) is the primary woody plant in the 
xerophytic savanna woodland in central Argentina. From its pod 
and seed characteristics the species seems to be adapted for ani- 
mal dispersal. The indehiscent fruit of P. culdenia is formed by a 
colored exocarp, a spongy mesocarp that usually is sweet and 
nutritious, and a hard endocarp. At maturity seeds have a hard 
coat that delays germination, moreover they remain inside the 
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cavity in the endocarp until the degradation of the endocarp The 
fruit of calden is palatable to wildlife and domestic livestock; the 
latter have been observed to consume them in large quantities 
(Peinetti et al. 1992). Cattle apparently increased the dissemina- 
tion of calden seeds and consequently the density of this tree 
species has risen in the last century (Koutche and Carmenlich 
1936, INTA 1980). Unconsumed fruit also may contribute to 
species dissemination. Knowledge of the dynamics of uncon- 
sumed seed is important to elucidate dissemination strategies in 
calden. 

Seed loss on the soil surface is generally due to germination, 
removal by predators and attack by micro-organisms (Spitters 
1989). The most important seed predators, in terms of number of 
species and individuals, documented for the genus Prosopis are 
beetles in the family Bruchidae (Kingsolver et al. 1977; Janzen 
1969). This family includes species that are specialized on only a 
few genera, including Prosopis. We evaluated the relative impor- 
tance of predation by bruchids and germination as a cause of loss 
of unconsumed seeds in the soil bank of calden. In addition, we 
related the rate of loss of viable seeds in the soil to climatic con- 
ditions. 

Materials and Methods 

Between March 1990 and March 1991 we studied the 
longevity of calden seeds in an open forest located at Colonia 
Lagos site (64”3O’W, 36”32’S >. During the fruit shedding peri- 
od, in March 1990, we collected 480 calden fruits according to 
the following criteria: (a) a minimum 10 cm length, (b) presence 
of seeds verified by shaking fruit, (c) no more than 2 bruchid 
holes. Fruit selection reduced the scope of the experiment and 
area of extrapolation, but also reduced experimental error due to 
differences in the number of seeds per fruit (including fruit with 
no seeds), and to large differences in bruchid infectation levels. 

Ten fruits were placed in wire bags (12 x 20 cm) of I-mm 
mesh; each bag contained fruits of similar shape and size. In a 1 
ha area fenced to exclude cattle, we established 4 sites under dif- 
ferent trees. Sites were on the north site of trees and under the 
canopy in the area of fruit shedding. We placed 12 bags at each 
site to monitor seed loss. Approximately every 25-35 days 
between March 1990 and March 1991 we randomly removed 1 
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bag per site and stored the seeds at 5°C until they were processed. 
We recorded the following: 1) number of pod segments and 

seeds, 2) number of seeds germinated in situ, 3) number of viable 
seeds, 4) number of unviable seeds, 5) number of seeds con- 
sumed by bruchids. Seeds were separated from the pods and 
checked for germination. To determine viability, seeds were scar- 
ified and placed in a petri dish with distilled water. These seeds 
were rechecked for germination after 12 hours. Any remaining 
ungerminated seeds were cut and treated with 2,3,5 
Triphenyltetrazolium chloride for viability testing. Seeds were 
visually checked for bruchids at the time of scarification and after 
staining. Very small larvae were not detected by this method. 
Seed viability, seed predation, and germinated seed were 
expressed as a percentage of the total pod segment per fruit. 

Daily temperature and precipitation were obtained from the 
agricultural experimental station of the Universidad National de 
La Pampa, 16 km from the study site. Climatological data were 
averaged for each 25-35 day sampling period. A linear multiple 
regression analysis was used to fit the percentage of viable seeds 
as a function of time (day) and weather conditions (temperature 
and precipitation). 

Results 

Fruits longer than 10 cm contained 29 + 0.6 (mean -t S.D.) 

Germinated seeds were observed in periods beginning 

seeds of which 72.X + 5% were viable at the time of fruit shed- 
ding. Viability decreased to approximately 33 f 22.3% one year 
later. The relationship between percent of viable seeds and time 
(t) was not linear even after Probit transformation (Ellis and 
Robert, 1980). Data were best described by the following polyno- 
mial quadratic equation: y = 70.12 + 0.0238 t-O.0004 t? (?= 
0.62) (Fig. 1). The standard deviation increased in later sampling 
dates but the site effect was not significant (p = 0.59). 
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Fig. 1. Seed viability percentage during the period of sampling (each 
value represents a mean of 10 fruits) 
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Fig. 2. Germinated seeds and seed consumed by bruchids during the 
period of sampling (each value represents a mean of 10 fruits). 

October-November (Fig. 2). The average percentage germination 
for this period was 2.4 f. 4.38%. Exact dates of germination could 

Figure 3 shows mean temperature and precipitation values for 

not be determined. However the loss of seeds in the seed bank 
due to germination increased only 4.8 & 3.72% in the last month 
of sampling. A mean of 9.0 + 2.22% of the total seeds per fruit 
were attacked by bruchids at the time of fruit shedding. No 
changes in this value were observed until October-November. 
Beginning with this month, percentage of predated seed increased 
regularly to 35 + 18.0%. However, monthly samples exhibited 
great variance in the degree of predation by bruchids. 

l- 
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Apr May Jun Jul Aug Sep Ott Nov Dee Jan Feb Mar 

Time (months) 

Fig. 3. Precipitation and temperature averaged for each sampling I 
period. / 

148 JOURNAL OF RANGE MANAGEMENT 49(2), March 1996 



each sampling period. Both variables decreased until the late win- 
ter (August). Starting from this point variables increased (but not 
regularly) mainly in the case of precipitation. High rainfall 
occurred in October-November and January-February. In con- 
trast, February-March had low values. A linear multiple regres- 
sion applied to predict viability as a function of time and climatic 
factors over the whole period of sampling showed anomalous 
data in February-March (high residual). An adequate fit was 
obtained when the period of time was reduced to 
January-February (p I 0.0001). The regresion equations were 
selectionated using the stepwise regression technique (Gomez 
and Gomez, 1984). The model selectionated has 2 term time and 
precipitation (y = 81.50-0.097 * time-3.94 * precipitation; rZ = 
0.664) and shows a good fit considering the residuals 

Discussion and Conclusion 

The mean number of seeds per fruit reported by Solbrig and 
Cantino (1975) for 377 fruits of calden was 19.2, with 62.3% of 
the seeds viable and 15.9% of seeds attacked by bruchids. The 
number of seeds per fruit was lower than in our study; viability 
was similar; and the level of infestation by bruchids was almost 
twice as high as in our study. It is possible that our selection of 
fruit overestimated the number of seeds per fruits due to sample 
restrictions, or a high intraspecific variability may exist in the 
number of seeds per fruit (Harper et al. 1970) 

Linear equations for predicting seed longevity in a storage 
environment (Ellis and Robert 1980) do not appear to be ade- 
quate for field conditions since seed losses due to germination 
and predation change the potential seed longevity. If the polyno- 
mial quadratic seed longevity model were valid for a period of 
time longer than a year, calden seed viability in soil would be no 
longer than 2 years. However germination is not as important a 
cause of seed bank depletion as in other species (Murdoch and 
Ellis 1992). Probably, when environmental conditions were ade- 
quate for germination (Pelaez et al. 1992; Peinetti et al. 1993), 
most seeds were non-viable or non-scarified. Temperature proba- 
bly inhibits calden germination during the winter. After October 
when the temperature has risen, moisture would be the main envi- 
ronmental factor determining germination. Mesquite (Prosopis 
glandulosu) seed temperature regulates efficient use of water for 
germination (Scifres and Brock 1971). Spring temperatures are 
high enough for germination, but moisture is usually inadequate 
(Tschirley and Martin 1960). Germination of 35% in pod seg- 
ments of mesquite occurred during the first summer rainy season 
after planting (Glendening and Paulsen 1955). Seed mortality was 
strongly related to bruchid activity. Development of bruchid lar- 
vae is affected by temperature. Howe and Currie (1964) found for 
several species of beetles that the optimum conditions for rapid 
development are around 30” C and between 70 and 80% humidi- 
ty. Moreover adults emerged in a temperature range of 15°C to 
37.5” C. Adult weevils spend the winter either in seeds (as pupae 
or adult) or in litter on the ground, emerging during late spring in 
time for ovipositing on new green pods (Glendening and Paulsen 
1955; Kingsolver 1977). On the other hand bruchids reinfest the 
indehiscent pods of many species of legumes in the field (Janzen 
1969). In P. culdenia reinfection apparently occurs since October 
and causes a great increase in seed mortality. 
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The dynamics and resilience of semi-arid ecosystems, particu- 
lary savannas, can be significantly affected by herbivores, both 
vertebrates and invertebrates (Bucher 1987). However, explana- 
tions of plant distribution and abundance rarely consider the 
importance of herbivores, concentrating instead on physical fac- 
tors, such as climate and soil (McNaughton 1983). Studies of 
seeds dispersed by animals only consider the short term effects of 
ingestion on seed survival and germination rate. Long term 
effects like changes in seed longevity have not been reported. 
Calden seeds not dispersed by animals persist for only a short 
time in the seed bank. It is not known if animal-dispersed seeds 
persist longer. We hypothesize that dipersal favours seed longevi- 
ty. First, when seeds are dispersed by animals such as cattle or 
wildlife, the passage through the intestinal tract may eliminate the 
bruchid population and thus prevent reinfection by bruchids dur- 
ing spring (Miller 1993). Second, as a consequence of consump- 
tion by cattle, P. caldenia seeds are separated from the endocarp 
(Peinetti et al. 1993). Seeds may smell less attractive to the bee- 
tles in this state (Miller 1993). Janzen (1972) found that seeds 
naturally husked by rodents had been found to suffer 77% mortal- 
ity from bruchids. Finally, dispersers carry seeds to an area where 
specialist seed predators are likely to be less numerous (Crawley 
1983). These effects probably are more important than the 
increase in germination observed inmediately after consumption 
(Debussche 1985; Peinetti et al. 1993). 

A predictive model constructed with microclimatic variables 
would probably have a higher regression coefficient than one pro- 
duced from macroclimatic data, but the latter generally are more 
widely available. It is important to note that the precipitation data 
used in our models were means for periods approximately equal 
to a month. Shorter or longer periods could affect the model. 
Although the validity of the predictive equation should be tested 
with other independent data, an improved equation could be con- 
structed taking into account variation in the bruchid infection rate 
at the time of fruit shedding. 
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Abstract 

Research was conducted to determine the effect of clipping 
height on forage yield and quality of 3 wetland meadow plant 
associations. Bluegrass-clover (Pea spp. and Trifolium spp.), 
grass-sedge (Poa spp., Deschampsia caespitosa, and Carex spp.), 
and sedge (Carer spp.) associations were cut to stubble heights of 
5, 10, or 15 cm in 1988, 1989, and 1990. Forage yield, herbage 
residue, crude protein (CP), and acid detergent fiber (ADF) were 
determined for forage harvested in June, July, and August. 
Forage yields of all associations increased as clipping height 
decreased. The majority of total forage produced for all associa- 
tions was harvested in the June clipping. Herbage residue 
exceeded 1.4 Mg ha-’ for all clipping heights, dates, and associa- 
tions. Average CP concentration of the bluegrass-clover, grass- 
sedge, and sedge associations was 12.1, 13.3, and 10.8%, respec- 
tively. The CP concentration of the 2 grass-dominated associa- 
tions increased with decreasing clipping height, but clipping 
height effect on sedge association CP was not consistent across 
the growing season. Clipping date had a greater effect on forage 
CP concentration than did clipping height. Crude protein con- 
centration of all associations increased from the June clipping 
date to the July clipping date and declined in August. Clipping 
height did not significantly affect ADF of the bluegrass-clover or 
grass-sedge associations. Sedge ADF decreased with increasing 
clipping height in the first clipping, but increased with increasing 
clipping height in the second and third clippings. Bluegrass- 
clover ADF increased in a linear fashion from 30.9% at the June 
clipping date to 36.1% at the August clipping date. In contrast, 
both the grass-sedge and sedge associations showed curvilinear 
responses to clipping date, increasing from June to July and then 
declining in August. 

ability in forage production with season atid declining forage 
quality with maturity. Dry matter production peaks in early June 
and declines from July to September. Forage quality of wetland 
meadows in eastern Oregon and wetland species in North Dakota 
declined as the season progressed (Rumburg 1972, Kirby et al. 
1989). 

The amount of forage left after grazing or clipping, i.e. herbage 
residue, greatly affects regrowth. For example, herbage residue 
greater than 1 Mg ha” was required to optimize the regrowth of 
ryegrass (Lolium perenne L.)-white clover (Trifolium repens L.) 
pastures in a short duration grazing system (Milligan 1981). 
Herbage residue values of 0.6 and 0.8 Mg ha-’ produced growth 
rates that were 70 and 85% of the optimal growth rate, respec- 
tively. Currently, there is no information on appropriate herbage 
residue for optimal regrowth of wetland meadow species, which 
is needed to develop grazing systems for this unique environ- 
ment. The objective of this study was to describe the effects of 
defoliation on herbage residue, forage quality, and forage yield of 
3 wetland meadow plant associations. 

Study Area and Methods 

Key Words: sedge, Care& bluegrass, Poa, tufted hairgrass, 
Deschampsia caepitosa. 

Wetland meadows cover over 38,000 ha in the Klamath Basin 
of southern Oregon and northern California, providing summer 
grazing for over 100,000 cattle each year. These meadows are 
extremely variable and productive environments with many dif- 
ferent species and plant associations. Little information exists on 
the productivity, quality, or management of these meadows. 

Animal performance on wetland meadows is hampered by vari- 

Manuscript accepted 6 May 1995. 

Research was conducted on an unfertilized meadow in southern 
Klamath County, Ore., at an altitude of 1,259 m. Nebraska sedge 
(Carex nebraskansis Dew), black sedge (Curex nigricans C.A. 
Mey), baltic rush (Juncus balticus Willd.), tufted hairgrass 
[Deschampsia caespitosa (L.) Beauv.], and Lieburg bluegrass 
(Pea lieburgii L.), are native species found at the site. Introduced 
species present include Kentucky bluegrass (Poa prutensis L.), 
white clover, and meadow foxtail (Alopecurus prutensis L.). The 
meadow is naturally flooded for several weeks in the spring by 
snow melt and runoff and subsequently flood irrigated on a 14- 
day interval throughout the growing season. Average annual pre- 
cipitation for the area is 380 to 460 mm. There is little rainfall in 
the summer months. Total rainfall from June to August was 33, 
16, and 50 mm for 1988, 1989, and 1990, respectively. The frost- 
free season is 50 to 70 days. Frequent spring and fall frosts often 
reduce forage quality and yield. 

The meadow formed on a poorly drained flood plain comprised 
of alluvium and varying amounts of volcanic ash. The soil is a 
fine, mixed Cumulic Cryaguoll with a surface layer about 28 cm 
deep composed of silty clay. The subsoil is composed of silty 
clay loam and extends to a depth of approximately 150 cm. The 
meadow had not been leveled and water distribution by flood ini- 
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gation was not uniform. This resulted in some areas becoming 
drought stressed early in the growing season (July), while other 
areas received more water than was desirable for most grass 
species. 

Grazing management on the meadow was typical of that gener- 
ally used on wetland meadows in the area. Season long continu- 
ous grazing at a set stocking density was employed. Cattle were 
introduced to the meadow in early May and removed in late 
September. A stocking density of approximately 0.3 AU ha-’ was 
maintained on the meadow throughout the grazing season. 

Three plant associations were identified along a moisture gradi- 
ent in the meadow. The bluegrass-cover association occupied the 
driest site and was dominated by both Lieburg and Kentucky 
bluegrass. White clover was also present and comprised about 
20% of the sward biomass when the trial was established. The 
wettest site, referred to as the sedge association, was dominated 
by black sedge with minor amounts of tufted hairgrass and 
Nebraska sedge. An intermediate site, referred to as the grass- 
sedge association, contained both grasses and sedges. Dominant 
species included meadow foxtail, various bluegrass species, and 
black sedge. White clover comprised about 7% of this associa- 
tion. 

A 20 x 60-m exclosure was built in April 1988 to protect plots 
from grazing. Twenty-seven, 1.5 x 6-m plots were permanently 
marked within the exclosure and arranged in a randomized com- 
plete block design with treatments in a split plot. The associations 
described above were main plots and clipping heights of 5, 10, 
and 15 cm were the split plots. Treatments were replicated 3 
times. 

Plots were harvested using a flail harvestor on 15 June, 20 July 
and 24 August in 1988. Harvests were made within 2 days of the 
above dates in 1989 and 1990. Forage yield, crude protein (CP), 
and acid detergent fiber (ADF) were determined in all 3 years. 
Herbage residue was determined by hand clipping the remaining 
herbage to ground level in 1 randomly place 0.25-m’ quadrat in 
each subplot. Herbage samples were dried in a forced air oven at 
50” C for 72 hours. 

Crude protein was determined using Kjeldahl digestion and 
steam distillation as described by Nelson and Sommers (1980) 
and Bremner and Edwards (1965). Acid detergent fiber was 
determined using methods described by Van Soest (1963). All 
percentage data were tested for skewness and kurtosis before 
analysis (Snedecor and Cochran 1980). Significance of main 
effects and interactions were determined by analysis of variance 
with a probability level of 5%. All other data were analyzed as a 
split-split plot in time and split plot in space, with plant associa- 
tion as the main plot, year as the split plot, clipping date as the 
split-split plot, and clipping height as the split-split plot (Steel 
and Torrie, 1980). Because association x treatment interactions 
were evident, data were further analyzed within plant association. 
Data within an association were analyzed as a split-split plot in 
time with clipping height as the main effect, year as the split plot, 
and clipping date as the split-split plot (Steele and Torrie 1980). 
Significant treatment effects were partitioned into orthogonal 
polynomial components, and response surfaces were fitted by 
least squares regression procedures. Polynomials up to quadratic 
terms for both clipping date and clipping height, as well as their 
interaction, were introduced as independent variables in a step- 
wise regression procedure. Only regression coefficients that dif- 
fered significantly from zero (PcO.05) were retained in the model. 
Models with the highest R* were selected as the best fit models. 
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Results and Discussion 

Forage Yield 
The majority of total forage produced for all associations was 

harvested in the June clipping (Fig. 1). Forage yields of the July 
and August clippings were less than half that of June. This was 
due in part to the onset of moisture stress. In addition to moisture 
stress, higher temperatures in mid-summer also depress forage 
production of some cool-season species (Cooper 1979, DePeters 
and Kesler 1985, and Mason and Lachance 1983). Early spring 
growth of pastures consisting of Kentucky bluegrass, orchard 
grass (Dac@ glomerutu, L.), white clover, and smooth brome 
(Bromus inermis, Leyss.) represented almost half the total season 
yield in Pennsylvania (DePeters and Kesler 1985). A similar pat- 
tern of growth was also seen in Canada when initial harvest was 
delayed until mid-June as in this study (Mason and Lachance 
1983). In a 4 cutting study in Montana, the first cutting (1 June) 
yield of Kentucky bluegrass was almost twice that of subsequent 
harvests (Cooper 1979). Although the sedge association was not 
subject to the moisture stress found in the other 2 associations, 
yields also declined as the season progressed. Decline in mid 
summer sedge growth could be due to heat stress as has been 
documented in cool-season grass species (Cooper 1979, DePeters 
and Kesler 1985, and Mason and Lachance 1983). 

Clipping height generally had a smaller influence on forage 
yield than clipping date; however, lowering clipping height did 
increase forage yield in all associations and clipping dates. 
Forage yields of grass-sedge and sedge associations decreased 
linearly (PcO.05) as clipping height increased, while bluegrass 
clover forage yield decreased curvilinearly (PcO.05) (Fig. 1). 
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Fig. 1. Forage yield of 3 wetland meadow plant associations in 
Klamath County, Ore. as affected by clipping date and clipping 
height. Measurement dates are marked with arrows for June, 
July, and August, respectively. 
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Raising the clipping height from 5 to 15 cm reduced total forage 
yields by 63% and 52% for sedge and grass-sedge associations, 
respectively. A similar increase in clipping height reduced forage 
yield of the bluegrass-clover association by an average of 33%. 
Cooper (1956) found that raising clipping height from 5 to 15 cm 
decreased yields of native wetland meadow hay in eastern 
Oregon from 0.15 to 0.70 Mg ha-‘. In a study examining clipping 
height effects on Kentucky bluegrass-white clover pasture, yield 
also increased as clipping height decreased (Robinson et al. 
1952). Clipping heights of 4 and 10 cm did not affect yield of 
meadow foxtail in an alfalfa-meadow foxtail stand (Smith et al. 
1973). Studies examining the effect of clipping height on yield of 
other species suggest between 2.5 and 5 cm as an optimal clip- 
ping height (Reid 1966, Harrington and Binnie 1971). 

Regrowth of the grass-sedge and sedge associations following 
clipping, as reflected in second and third clipping forage yield, 
increased with decreasing clipping height (Fig. 1). This indicates 
that a clipping height of 5 cm was not low enough to impede 
regrowth following clipping in those plant associations. 
Regrowth is generally reduced when herbage residue is below 
minimum levels, although this varies among species (Smetham 
1990). 

Herbage Residue 
Clipping date, clipping height, and their interaction significant- 

ly affected herbage residue of all 3 associations (Table 1). 

Table 1. Analysis of dry matter yield, herbage residue, crude protein, 
and acid detergent fiber of wetland meadow forage in 3 plant associa- 
tions. 

Yield lhle ha? 
df Bluegras.s/clover Grass/sedge Sedge 

Year (iy - 2 
Clipping Date (D) 2 
Clipping Height (H) 2 
YD 4 
YH 4 
DH 4 
YDH S 

Herbage Residue @fg ha-‘) 
Year(Y) 2 
Clipping Date(D) 2 
Clipping Height (H) 2 
YD 4 
YH 4 
DH 4 
YDG 8 

Crude Protein (%) 
Year (Y) 2 
Clipping Date (D) 2 
Clipping Height (H) 2 
YD 4 
YH 4 
DH 4 
YDH S 

Acid Detergent Fiber (%) 
Year(Y) 2 
Clipping Date (II) 2 
Clipping Height 2 
YD 4 
YH 4 
DH 4 
YDH 8 

NS 
** 
** 
NS 
NS 
NS 
NS 

NS 
** 
** 
NS 
NS 
* 
NS 

** 
** 
* 
NS 
NS 
NS 
NS 

** 
** 

NS 
NS 
NS 
NS 
NS 

NS NS 
** ** 
** ** 
** ** 
NS NS 
** ** 
NS NS 

NS 
** 
** 
NS 
NS 
* 
NS 

** 
** 
* 
NS 
NS 
NS 
NS 

** 
* 
NS 
NS 
NS 
NS 
NS 

NS 
** 
** 
NS 
NS 
* 
NS 

** 
** 
NS 
NS 
NS 
* 
NS 

NS 
** 
* 
NS 
NS 
* 
NS 

Differences in herbage residue in response to clipping height 
decreased as the season progressed, possibly as a result of senes- 
cence of older lower leaves (Fig. 2). 

BLUEGRASS-CLOVER 

Residue = -0.2269+0.0089(CD)+0.4426(CH)-0.0019(CDxCH) 

R’= 0.63 

GRASS-SEDGE 

Residue = l&942-0.104(CD)+O.442(CH)-O.O017(CDxCH) 
+0.0003(CD’) 

R’= 0.60 
SEDGE 

Residue = 10.676-0.102(CD)+0.3659(CH)-O.OOU(CDxCH) 
+O.O003(CD’) 

R’= 0.62 

Fig. 2. Herhage residue of three wetland meadow plant associations 
in Klamath County, Ore. as affected by clipping date and clipping 
height. Measurement dates are marked with arrows for June, 
July, and August, respectively. 

**** Significant at 5 and 1% levels of probability, respectively. 
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The 5 cm clipping height resulted in season-long herbage 
residue averages of 1.8, 2.0, and 1.5 Mg ha-’ for the bluegrass- 
clover, grass-sedge, and sedge associations, respectively. This 
exceeded recommended levels of 1,000 kg ha“ for optimizing 
forage production in ryegrass-clover pastures (Smetham 1990). 
Thus, clipping heights lower than 5 cm may be needed to opti- 
mize forage production in these associations. However, factors 
other than forage yield, such as stand vigor and animal perfor- 
mance, must be considered in determining defoliation height. 
Kentucky bluegrass stands lost vigor and stand thinning resulted 
when cut below 2.5 cm (Robinson et al. 1952). Other species 
require a much higher clipping height than Kentucky bluegrass to 
maintain adequate stand vigor. Total annual forage yield of plots 
clipped to a 5 cm clipping height did not decline over the 3 years 
of the study, indicating that stand vigor was not adversely affect- 
ed. Optimal animal performance is obtained at grazing heights or 
herbage residue higher than that required for maximizing forage 
yield, due to herbage residue impacts on forage quality and intake 
(Smetham 1990). Forage intake may be limited by both forage 
availability and forage quality (Thompson and Poppi 1990). The 
relationship of forage intake to herbage residue varies with live- 
stock class and plant species. Forage intake in a short duration 
grazing system, was not limited when herbage residue was above 
1.2 to 1.6 Mg ha-’ (Nichol 1987). All associations in this study 
had herbage residue above this level when cut to a 5 cm clipping 
height. Consideration of clipping height and herbage residue 
effects on forage quality are needed to determine if defolitation to 
a 5 cm stubble would adversely affect forage quality enough to 
decrease forage intake and animal performance. 

Forage Quality 
Both clipping date and clipping height were significant compo- 

nents of crude protein (CP) response surfaces for all 3 associa- 
tions (Table 1). The CP concentration of the bluegrass clover and 
grass-sedge associations increased with decreasing clipping 
height (Fig. 3). Lowering the clipping height increased the pro- 
portion of clover harvested in the 2 grass dominated associations 
(data not presented) and could explain this trend. Lowering clip- 
ping height produced a similar trend in a Kentucky 
bluegrass/white clover pasture (Robinson et al. 1952). In contrast, 
clipping height did not affect CP concentration in the sedge asso- 
ciation in the same manner throughout the growing season (Table 
1). Forage CP concentration of the sedge association decreased 
with decreasing clipping height at the first clipping date, was not 
affected by clipping height at the second clipping date, and 
increased with decreasing clipping height at the third clipping 
date (Fig. 3). Decline in forage CP of the sedge association at the 
first harvest date with decreasing clipping height was probably 
due to the presence of older plant material in the lower sections 
of the sward. Higher forage CP concentration at lower clipping 
heights in late summer may be due to increased regrowth of the 
sedge association with lower clipping height. 

Clipping date had a greater effect on forage crude protein (CP) 
concentration than did clipping height (Fig. 3). Crude protein 
concentration of all associations increased from the first clipping 
date to the second and declined at the third. This does not agree 
with Kirby et al. (1989) who found CP of various wetland species 
to decline linearly with season. Similarly, Mason and Lachance 
(1983) found that CP content of Kentucky bluegrass declined 
curvilinearly as season progressed. Lower CP values in the first 
harvest may be due to the presence of regrowth following the last 
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GRASS-SEDGE 

15 1 1 

11 ’ - Bluegrass-clover 

10 
- - - - - - * Grass-sedft 

5 10 15 

Clipping Height (cm) 
Bluegrass-clover CP I 13.2-0.1 l&H) R2-0.43 
Grass-sedge CP = 14.3.O.i(CH) R2.0.38 

BLUEGRASS-CLOVER 
GRASS-SEDGE 

E ii;,&;;? 

- - - - - - * 
10 

Grass-sedge I 
160 180 200 220 240 

t t t 
Clipping Date (Julian days) 

Bluagrassclover CP - -63.54.759(CD)-O.OOlQ(CD’) R2.0.50 
Gram-sedge CP - -55.04+0.67(CH)-&OO16(CD2) R2-0.55 

SEDGE 

CP= -41.44+O.487(CD)+O.66(CH)-O.OO35(CDxCH)-O.OO1(CD2) 
R2= 0.85 

Fig. 3. Crude protein concentration of three wetland meadow plant 
associations in Klamath County, Ore. as affected by clipping date 
and clipping height. Measurement dates are marked with arrows 
for June, July, and August, respectively. 
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associations responded quite differently to clipping date and clip- 
ping height (Table 1). Clipping height did not significantly affect 

. ADF of the bluegrass-clover or grass-sedge associations, but was 
a significant component of the sedge association ADF response 
surface (Fig. 4). The sedge ADF response to clipping height was 

30 ’ 1 
not consistent across clipping dates (Table 1). Sedge ADF 

1 * 
160 180 200 220 240 

decreased with increasing clipping height in the first clipping, but 

t t t 
increased with increasing clipping height in the second and third 
clippings. This trend is similar to the response of sedge crude 

Clipping Date (Julian days) protein concentration to clipping date and clipping height. 

ADF=18.47+0.07639(CD) R2=0.73 
Bluegrass-clover ADF increased in a linear fashion across clip- 
ping dates, while both the grass-sedge and sedge associations 
showed curvilinear reponses to clipping date. ADF of the grass- 

GRASS-SEDGE sedge association increased from the first clipping date by the 

36 I- . .._..........._...........-............-...---........-.-.--....-...-. 

c I 

thiid clipping date. The sedge association reacted similarly at the 
5 and 10 cm clipping heights. The 15 cm clipping height in the 
sedge association decreased in ADF from the first to the thiid . .._......-.._..............................................-...-..-.-. . _ I 

E 34 
clipping dates (Fig. 4). 

8 
4 32 

Summary and Conclusions 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-....................... 

t- . . .._.-.._...._.........-....-....-.-..-............-.--.-............- 
30 ’ 

1 Highest forage yield, regrowth following clipping, and overall 

1 I I forage quality were obtained at the 5 cm clipping height in all 

160 180 200 220 240 associations. The 5 cm clipping height did not appear to reduce 

t t t 
stand vigor or persistence as indicated by high forage yields in 
the third year of the study. Animal performance in a short dura- 

Cutting Date (Julian days) tion grazing system would also be expected to be highest at the 5 

ADF=1.597+0.309(CD)-0.00073(CD2) R2=0.54 cm clipping height since forage production was greatest at this 
defoliation intensity without decreasing forage quality or avail- 

SEDGE ability. Acid detergent fiber of the sedge association was lower 
than the 2 grass dominated associations, and sedge crude protein 
content was slightly lower than the other 2 associations. 

Season-long average herbage residue at the 5 cm clipping 
height was 1.8, 2.0, and 1.5 Mg ha-’ for the bluegrass-clover, 
grass-sedge, and sedge associations, respectively. It may be pos- 
sible through short duration grazing to control defoliation intensi- 
ty of the diverse plant associations in a wetland meadow. In such 
a system, grazing to a 5 cm stubble height would produce the 
highest forage yield with no decrease in forage quality, forage 
availability, or stand vigor. This would probably result in highest 
animal performance as well; however, validation of this assump- 
tion will require grazing trials in this environment. 

ADF=-1.389+0.4028(CD)-1.7(CH)+O.O069(CDxCH) 
-0.001(CDz)t0.0215(CHz) 

R*= 0.86 

Fig. 4. Acid detergent fiber concentration of three wetland meadow 
pIant associations in Klamath County, Ore. as affected by clipping 
date and clipping height. Measurement dates are marked with 
arrows for June, July, and August, respectively. 

harvest the preceding fall as well as older plant tissue from 
growth in the early spring. Plant growth initiated in April so that 
some plant material from the June harvest was older than in sub- 
sequent harvests. 

The acid detergent fiber (ADF) in harvested herbage of the 3 
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Abstract 

Harvest frequency and burning can affect forage yield of 
monocultures of switchgrass (Panicurn virgutum L.), big bluestem 
(Andropogon gerurdii Vitman), and indiangrass [Sorghastrum 
nutuns (L.) Nash]. Current information is based largely on 
results from mixed stands. A field experiment was established in 
1986, and from 1988 to 1991 treatments were applied with burn- 
ing in hfarch, April, or May plus an unburned control. Growing- 
season yield was measured by harvesting 1 (June), 2 (June and 
July), or 3 (June, July, and August) times with unharvested con- 
trol plots included. End-of-season standing crop from all plots 
was determined after plants became dormant. Treatments were 
applied to the same plots annually and were arranged in a split- 
split plot, randomized complete block design. The main plot was 
species, subplot was burn date, and sub-subplot was harvest fre- 
quency. Burning reduced yields (P<O.Ol), and yields were lowest 
in plots burned in May. Burning reduced yields of indiangrass 
most (57%) and big bluestem least (15%). In 1989, plots harvest- 
ed three times produced yields similar to plots harvested once for 
all species. By 1991, yields of plots harvested 3 times per grow- 
ing-season were reduced (P=O.OS) below those of plots harvested 
once. Yield response of species also varied across the study. 
Growing-season yields in 1991 were 113, 67, and 89% of 1989 
yields for switchgrass, big bluestem, and indiangrass, respective- 
ly. Regardless of burning and harvest frequency combination, 
switchgrass produced as much or more herbage than the other 
species. 

Key Words: Soil moisture, yield, Andropogon gerardii, Panicum 
virgatum, Sorghastrum nutans. 

Switchgrass (Panicum virgatum L.), big bluestem 
(Andropogon gerardii Vitman), and indiangrass [Sorghastrum 
nutans (L.) Nash] are dominant warm-season grasses that are 
important forage resources in the tallgrass prairie region of the 
central United States. Grazing or haying, and fire, are commonly 
applied management practices that may affect the productivity of 
these species. 
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Weaver and Hougen (1939) reported that big bluestem clipped 
6 times per year during the growing-season for 2 years yielded 
40% less herbage than plants clipped only once following dor- 
mancy. Similarly, Anderson and Matches (1983) found that har- 
vesting switchgrass 3 times per year reduced yields 34 to 60% 
during the second year. Ehrenreich and Aikmann (1957) conclud- 
ed that decreased yields with frequent defoliation were a result of 
reduced photosynthetic surface area. 

Previous research on the effects of fire on herbaceous produc- 
tion in the tallgrass prairie has provided contradictory results. 
Some researchers found fire increased productivity in the tall- 
grass prairie (Ehrenreich and Aikrnann 1957, Rice and Parenti 
1978, Knapp 1985, Svejcar and Browning 1988, Mitchell 1992), 
while others found fire reduced or did not affect productivity 
(McMurphy and Anderson 1963, Owensby and Anderson 1967, 
Anderson et al. 1970). Increases in productivity were generally 
found in high precipitation zones when burning occurred after 
several years of little or no forage removal (Ehrenreich and 
Aikmann 1957, Rice and Parenti 1978, Knapp 1985). On such 
sites with accumulated dead biomass, burning may improve the 
environment for growth of warm-season grasses by providing 
warmer soil temperatures, increased light penetration to emerging 
shoots, and reduced allelopathic effects associated with decay of 
dead plants (Hulbert 1984). Burning may not improve the growth 
environment if rainfall is below average, or in zones with less 
precipitation. 

Declines in productivity with burning may also be associated 
with burn date. Anderson (1965) determined that productivity 
was less with 20 March and 10 April bums than 1 May bum. 

Some fire and harvest management effects on the yield of these 
species may be explained by soil water content, since soil water 
availability often limits growth in grasslands (Anderson et al. 
1970, Ogden and Loomis 1972). Further, burning has been shown 
to reduce soil water content (Ehrenreich and Aikmann 1957, 
Anderson 1965, Anderson et al. 1970). 

Most research on warm-season grasses has focused on mixed 
stands, thus interactions among species may mask the effect of 
burning and harvest frequency on individual species and may 
account for some of the different results. This study was conduct- 
ed in pure stands in order to more precisely measure the effect of 
bum date and harvest frequency on forage yield of switchgrass, 
big bluestem, and indiangrass grown in monocultures. 
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Materials and Methods 

The study was conducted at the University of Nebraska, 
Agricultural Research and Development Center near Mead, 
Nebraska (96” 33’ W. long., 41” 11’ N. lat., 315 m elev.), which is 
located near the western edge of what was once the tallgrass 
prairie. The soil is a Sharpsburg silty clay loam (fine montmoril- 
lonitic mesic Typic Argiudoll) derived from loess materials, with 
the A horizon extending to a depth of approximately 35 cm. The 
capability classification is IIe. 

The climate is continental. Long term average precipitation at the 
research site is 68 cm with 50 cm occurring between 1 April and 30 
September. Both 1988 (44.6 cm y?) and 1989 (50.2 cm y?) were 
relatively dry years; precipitation was near normal in 1990 (68.7 cm 
yr-I); and it was above normal in 1991 (81.4 cm yr-‘). Growing-sea- 
son precipitation (March-September) followed a similar pattern 
(37.8,42.3, 58.6, and 68.1 cm yr-’ for 1988, 1989, 1990, and 1991, 
respectively). 

At each harvest, fresh cut herbage was weighed and a 150 g 
subsample collected, dried in a forced air oven at 60’ C for 2 days 
and weighed to determine percent dry matter, which was used to 
calculate herbage dry matter yield. 

Soil water content was measured by installing an aluminum 
access tube to a 1.7 m depth in each non-harvested and twice-har- 
vested sub-subplot of each species. Soil moisture measurement in 
other harvest treatments was omitted. Soil water content was 
measured with a neutron scattering device at 30-cm intervals 
from 30 to 150 cm below the soil surface. Soil water content was 
measured periodically from mid-August until November in 1989. 
In 1990 and 1991, soil water content was periodically measured 
from March to November. 

In 1986, monocultures of ‘Pawnee’ big bluestem, ‘Nebraska 
54’ indiangrass, and ‘Trailblazer’ switchgrass were planted in 5 x 
44-m plots. Three replicates of each species were arranged in a 
randomized complete block design. The area containing all treat- 
ment plots was mowed and herbage removed in August 1987. A 
mixture of 1.1 kg a.i. ha” of atrazine [6-chloro-N-ethyl-N’-Cl- 
methylethyl- 1,3,5-triazine-2,4-diamine] and 1.1 kg a.i. ha-’ of 
alachlor [2-chloro-2’6’-diethyl-N-(methoxymethyl)acetanilide] 
was applied in water in a dilution volume of 260 liters ha-’ during 
late April 1990 and 1991 to maintain stand purity. Herbicides 
were used because weed infestations may have been different for 
species and treatments and therefore may have masked treatment 
effects. 

Each main plot strip was divided into four, 5 x 9-m subplots 
with 1.5-m borders separating the subplots. Three bum treatments 
were applied on randomly selected subplots in mid-March when 
plants were still dormant, in mid-April, with approximately 1 to 5 
cm of new growth, or in mid-May with approximately 15 to 20 
cm of new growth. An unburned subplot was used as a control. 
The same bum treatments were reapplied to the same subplots 
each year. 

Each bum subplot was further divided into four, 1.5 x 5 m sub- 
subplots. Sub-subplots were harvested 1 (July), 2 (June and July), 
or 3 (June, July, and August) times, or not harvested during each 
growing-season. Herbage was harvested and removed from a 1 x 
5 m area in each sub-subplot with each growing-season harvest 
using a flail type forage harvester. The remaining vegetation was 
mowed with a sickle-bar mower and left on the plot for litter 
accumulation and fuel for burning. Plots were harvested to leave 
a stubble height of 18 cm. The same growing-season harvest 
treatments were applied to the same sub-subplots each year. 

In October, after killing freezes caused above ground growth to 
cease, an end-of-season harvest was taken by hand clipping a 30 
x 180 cm area to a height of 18 cm from non-harvested sub-sub- 
plots in 1989, and from all sub-subplots in 1990. At the conclu- 
sion of the study in 1991, all plots were harvested with the forage 
harvester following onset of dormancy in October. No end-of- 
season clipping was taken from harvested plots in 1989. Yield 
from the October harvest was added to the yield from growing- 
season harvests to calculate total annual yield. Since no end-of- 
season clip was taken from harvested plots in 1989, no total 
annual yield could be calculated. 

The study was designed as a split-split plot in time and ana- 
lyzed using both repeated measures analysis and GLM proce- 
dures (SAS 1988). A univariate rather than a multivariate 
approach to repeated measures analysis was used because treat- 
ment-difference variances were determined to be homogeneous 
(Maxwell and Delaney 1990). This is similar to assuming the 
population covariance matrix has a certain form, “sphericity” or 
“circularity” (Huynh and Feldt 1970). Even the most stringent 
test for sphericity, the Greenhouse-Geisser test, (Greenhouse and 
Geisser 1959), indicated no violations of assumptions for vari- 
ances, so univariate analysis of repeated measures was deemed 
appropriate. Univariate repeated measures analysis gives little 
control of the over-year error terms necessary to calculate the 
correct F-tests for the split-split plot design. Because the outcome 
of F-tests was similar between the repeated measures and the 
split-split plot in time analyses, and because the split-split plot in 
time gives greater control of error terms, F values and probabili- 
ties from the split-split plot in time are used for data presented in 
the text. 

Results and Discussion 

Growing-season Yield 
Year by species by bum interactions were significant (P=O.Ol) 

for growing-season yield (Table 1). In 1989, unburned plots pro- 
duced more (P=O.Ol) growing-season yield than burned plots, 
and plots burned in March or April produced more growing-sea- 

Table 1. Growing-season yield of switchgrass, big blue&m, and indian- 
grass at 4 bum dates averaged across 3 growing-season harvest fre- 
quencies in 1989-1991 (year by species by burn date interaction 
PcF=O.Ol; LSDo.os =300 kg ha.‘). 

Species Bum date 
YIXU 

1989 1990 1991 
_____ _____ (kghaw’)-i _______ 

Switchgrass Not burned 3360 3440 
March 2070 2770 
April 1980 2310 
May 1580 1730 

Big bluestem Not burned 3660 2710 
March 2350 2630 
April 2060 2200 
May 1650 1700 

Indiangrass Not burned 3310 2750 
March 1140 1780 
April 1250 1670 
May 670 920 

3840 
2520 
2510 
1330 

1850 
1870 
1610 
1250 
2490 
1170 
1270 

760 
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son yield than May burned plots for each species. This difference 
held true in subsequent years for switchgrass and indiangrass 
except in 1990 when switchgrass burned in March produced more 
growing-season yield than switchgrass burned in April. Not 
burned big bluestem growing-season yield declined relative to 
burned big bluestem yields from 1989 to 1991. Averaged across 
bum treatments in 1991, burning reduced indiangrass growing- 
season yields more (57%; P=O.O9) than big bluestem (15%) or 
switchgrass (50%). 

In 1989, indiangrass and big bluestem harvested 3 times per 
growing-season produced similar yields to plots harvested 1 time 
(Table 2). By 1991, plots harvested 3 times during the growing- 
season yielded less than plots harvested once. These results con- 
cur with those of Weaver and Hougan (1939), Ehrenreich and 
Aikmann (1957), and Anderson and Matches (1983) who found 
frequent harvests decreased productivity of warm-season grasses 
over time. 

Growing-season yields in 1991 were 113,67, and 89% of 1989 
yields for switchgrass, big bluestem and indiangrass, respectively 
(averaged across bum and harvest frequency treatments). The 
reduction in big bluestem yield indicates that although big 
bluestem dominates much of the tallgrass prairie region of the 
Great Plains, environmental conditions do not always favor its 
expansion when planted in monocultures. 

The lower yield of burned plants in this study contradicts 
results of some researchers (Ehrenreich and Aikmann 1957, Rice 
and Parenti 1978, Knapp 1985, Svejcar and Browning 1988). Fire 
may not increase yield on sites without accumulated biomass. 
Anderson et al. (1970) found no increase in yield on annually 
burned Flint Hills tallgrass prairie, and Ehrenreich and Aikmann 
(1957) found no increase in yield with a second consecutive year 
of burning in Iowa prairies. Ehrenreich and Aikmann (1957) con- 
cluded that in Iowa prairies, 4 to 6 years without burning was 
needed to develop sufficient mulch to suppress warm-season 
grass growth. In this study, the relatively young stands in non- 
burned plots may not have accumulated enough mulch to inhibit 
growth. 

Year by species by harvest frequency interactions were also 
significant for growing-season yield (P=O.OS; Table 2). 

Table 2. Growing-season yield of switchgrass, big bluestem, and indian- 
grass for 3 grokng-season harvest frequencies averaged across 4 bum 
dates in 1989-1991 (year by species by harvest frequency interaction 
P<F=O.OS; LSDaos = 450 kg ha”). 

The more erect growth form and earlier emergence of switch- 
grass reproductive tillers (Moser and Vogel 1995) would lead one 
to believe that multiple harvests would be more detrimental to 
switchgrass than to the other species. But, these data show the 
opposite to be true. Tiller density of switchgrass was less than 
that of big bluestem or indiangrass (Cuomo 1992). In addition, 
basal cover tended to be less for switchgrass than for the other 
species (Cuomo 1992). This may have resulted in less interspecif- 
ic competition and more vigorous plants in switchgrass monocul- 
tures. 

Interactions between bum date and harvest frequency were also 
significant (P=O.Ol) for growing-season yield. Plots that were not 
burned, or burned in March (before growth started in the spring) 
had lower growing-season yields with increasing harvest frequen- 
cy (Fig. 1). Yield was not reduced as much by multiple harvests 
on plots burned after plants began growth in spring (April and 
May bums). This response was consistent over years (year by 
bum by harvest frequency interaction P=O.35) and not different 
among species (species by bum by harvest frequency interaction 
P=O.61). Plants harvested once or twice each growing-season 
were growing more vigorously early in spring than plants har- 
vested three times per growing-season (Cuomo 1992) and 
appeared to be injured more by later bums. For example, plots 
harvested twice each growing-season yielded 78,46, 16, and 5% 
more (P=O.Ol) at the June harvest than those harvested 3 times 
for non-burned, March, April, and May burned plots, respectively 
(averaged over species and bum treatments). 

Year 
Species Harvest frequency’ 1989 1990 1991 

_____ _____ figha-‘) _________ 
Switchgrass 1 2310 3040 3060 

2 2210 2250 2320 
3 2220 2410 2210 

Big bluestem 1 2690 2440 2070 
2 2050 2190 1560 
3 2540 2310 1300 

Indiangmss 1 1540 1990 1770 
2 1370 1740 1300 
3 1860 1600 1200 

‘Harvest frequency: 
I = June harvest 
2 = June and July harvests 
3 = June. July, and Auyst harvests 

4sooo - 
- 3,500 

‘; 
.g 3,000 

Switchgrass yield increased or was unchanged for all harvest fre- 
quencies from 1989 to 1991. In addition, switchgmss was more 
tolerant of 3 harvests during a growing-season than the other 
species. Big bluestem yields declined for all harvest frequencies 
from 1990 to 1991. Yields of indiangrass harvested 1 or 2 times 
during the growing-season were similar in 1989 and 1991 but, 
yield of indiangrass harvested 3 times per growing-season 
declined as the study progressed. 

0’ 
Not burned March April May 

Burn Treatment 

Fig. 1. Growing-season yield of 3 warm-season grass species for 4 
bum treatments and 3 harvest frequencies near Mead, Neb. (bum 
date by harvest frequency interaction P<F 0.01; LSD0.05=270). 
Values represent averages from 1989-1991. Bum by harvest fre- 
quency bars with the same letter above them are not significantly 
different. 
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Total Annual Yield 
An end-of-season harvest was taken after frost in 1990 and 

199 1. Total annual yield was growing-season yield plus the end- 
of-season harvest. Species by bum by harvest frequency interac- 
tions were significant (P=O.O3) for total-annual yield (Table 3). 
Not burned switchgrass produced more total annual yield than the 
other species, while big bluestem was least affected by burning. 
Total annual yield of big bluestem that was not burned or harvest- 
ed during the growing-season was 62% of switchgrass (Table 3). 
Big bluestem produced 116% as much total annual yield as 
switchgrass when averaged across the burned plots that were not 
harvested during the growing season. 

Table 3. Total annual dry matter yield’of switchgrass, big bluestem, and 
indiangrass at 4 burn dates and 4 harvest frequencies. Values repre- 
sent averages across 1990 and 1991 (species by bum date by harvest 
frequency interaction P<F=O.O3; LSDO.os= 890 kg ha-‘). 

Bum date Harvest Switch- 
freauenc? crass 

Big 
bluestem 

Indian- 
f!lXS 

I--- _ _ _ _ _ (kg ha-‘) _ _ _ _ _ _ _ _ _ 

Not bumcd 0 95so 5980 5910 
1 5790 3730 4090 
2 5100 3170 3250 
3 3310 2190 2450 

March 0 4710 5500 3610 
1 3970 3530 2100 

2 4420 2970 1820 
3 2600 2170 1310 

April 0 5420 5680 3460 
1 4210 2850 2240 

2 3110 2410 1700 
3 2520 2350 1500 

Mily 0 3300 4350 2170 
1 2350 2930 1450 

2 2200 2190 1260 
3 2510 1470 1070 

‘Includes yield from growing-season harvest and end-of-season harvest. 
‘Hawest frequency: 
0 = No harvest during the growing-season 
1 = June harvest 
2 = June and July harvests 

A significant year by bum date by harvest frequency interaction 
(PcO.01) resulted from the response of these species to the more 
favorable moisture conditions in 1991 (Table 4). Regardless of 
the burning date, burning reduced forage yields in this study. This 
was true even in plots that were not harvested. Compared to 
1990, yield in 1991 was 110,33, 38, and 30% higher in non-har- 
vested plots that were not burned or non-harvested plots that were 
burned in March, April, or May, respectively. In addition, com- 
pared to 1990, total annual yield increased 56% in 1991 on non- 
harvested plots, increased slightly on plots harvested once (4%), 
and declined on plots harvested 2 and 3 times (9 and 19%, 
respectively). Thus, judicious harvest and burning management 
may be necessary to maintain productivity in these species when 
grown in monocultures. 

Spring Growth 
At the June harvest for all species, non-burned plots yielded 

more (P-zO.01) than burned plots and March and April burned 
plots yielded more than May burned plots. Decreased June yields 
in later burned plots may have been, in part, the result of early 
growth being destroyed by burning. Burning in April destroyed 

Table 4. Total annual yield’ for 4 burn uates and 4 harvest frequencies in 
1990 and 1991, averaged over species (year by burn date by harvest 
frequency interaction P<F=O.Ol; LSD,,as = 590). 

Yt%X 
Bum date Harvest frequency’ 1990 1991 

_- -  _ _ _ -(kg ha’)- _ Not burned 0 4,620 9690- 

1 4,210 41870 
2 4,040 3,640 
3 2,760 2,530 

March 0 4,380 5,840 
1 3,420 2,980 

2 3,440 2,700 
3 2,410 1,650 

April 0 4,090 5,620 
1 3,090 3,110 
2 2,410 2,410 
3 2,410 1,860 

May 0 2,850 3,710 
1 2,130 2,360 
2 l,S60 1,900 
3 l,S20 1,550 

:IncIudes yield from growing-season harvest and end-of-season harvest 
Harvest frequency: 
0 = No harvest during the growing-season 
1 = June harvest 
2 = June and July harvests 
3 = June. July. and August harvests 

less new growth than burning in May. By the June harvest, not 
burned plots produced 53% of their total annual yield, plots 
burned in March 44%, plots burned in April 43%, and plots 
burned in May 18%. In contrast, Ehrenreich and Aikmann 
(1957), working in Iowa tallgrass prairies, found burned plots 
produced 43 to 47% of their total biomass by May 30, while non- 
burned plots had produced only 19%. In their study, heavy litter 
accumulation on non-burned areas kept soil temperatures low, 
and early bum dates (winter and early spring) allowed soils to 
warm and plants to grow earlier in the year. 

Although yields were reduced by burning later in the spring in 
this study, canopy regeneration was quicker with later bum dates. 
Later bum dates minimized the length of time the soil surface 
was left without cover. Two weeks following the March, April, 
and May bums, light interception in these plots was 1, 5, and 
22%, respectively (Cuomo 1992). Rate of canopy regeneration 
may be important in areas with high erosion potential or low rain- 
fall. 

Summer Growth 
By July the accumulated yield of plots harvested 2 and 3 times 

each growing season was 19 and 40% less (P=O.Ol), respectively, 
than plots harvested once per growing season. Unburned plots of 
all species yielded more (1,730 kg ha) than plots burned in March 
(1,220 kg ha-‘), April (1,120 kg ha-‘), or May (890 kg ha-‘; 
P<O.Ol; L.S.D. at 0.05 = 336 kg ha”). 

Species by harvest frequency interactions at the July harvest 
(P=O.Ol) resulted from indiangrass producing less regrowth 
between the June and July harvests than the other species. At the 
August harvest, indiangrass also did not yield as much as the 
other species (650, 610, and 440 kg h&’ for switchgrass, big 
bluestem and indiangrass, respectively; P=O.O3; L.S.D. at 0.05 
=120 kg ha-‘), but yields were low for all species. Low yields 
between the July and August harvest, and between the June and 
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July harvest for indiangrass, indicate that removing all herbage to 
IS cm in summer is a severe treatment. 

Soil Water Content 
Species by burn by harvest frequency interactions were not 

detected for soil water content in this study, but species by bum 
interactions were significant through most of the growing season 
(Table 5). Soil water content was lower in big bluestem and 
switchgrass monocultures, when burned in March compared with 
the other bum dates. In indiangrass monocultures, soil water con- 
tent in March and April burned plots was generally less than 
unburned and May burned plots. Visual observation indicated 
that regrowth after burning was slower for indiangrass than for 
the other species, which may account for lower soil water content 
in indiangrass following April burning. 

(PcO.05) for soil water content (Table 6). Where significant dif- 
ferences were detected (through summer in March burned plots, 
in early-spring in not burned plots, and in summer in April 
burned plots), non-harvested plots hdd less soil water than plots 
harvested 2 times (PcO.05). This was probably from more tran- 
spiration as a result of greater productivity on non-harvested plots 
(Tables 3 and 4). 

Reduced soil water content in March burned plots for all 
species, and March and April burned indiangrass plots may have 
been the result of the relatively long time the soil surface was 

No interactions were detected for soil water content during the 
late-summer and fall periods (Table 6), but March burned plots 
had lower (P=O.Ol) soil water content than the other bum treat- 
ments in fall. Plots not harvested had lower soil water content 
(P=O.Ol) during the fall period than plots harvested 2 times each 
growing-season. Differences among species for fall soil water 
content were not significant (P=O.68). 

Table 5. Seasonal volumetric soil water content in plots seeded to switch- Table 6. Seasonal volumetric soil water content for 4 burn treatments 
grass, big bluestem, and indiangrass at 4 burn dates. Values are aver- and 2 harvest frequencies in plots seeded to switchgrass, big bluestem, 
ages across harvest treatments and years. and indiangrass, values represent averages across species and years. 

Six&s Bum 
Early Late Late 
sming spring Summer summer fall 

Switchgrass Not burned 
hlarch 
April 
hIay 

Big bluestem Not burned 
March 
April 
hlay 

Indiangrass Not burned 
March 
April 
hIay 

P<F 
LSDD.05 

brlv sorinc = 1 hlar.-2 Am. 

--- _ - _ - - - _ - _ - - (To) - - - - 
42 44 43 
40 42 40 
42 43 43 
44 45 44 

42 44 44 
3s 40 39 
40 43 42 
41 44 44 

44 46 45 
37 39 3s 
37 43 40 
42 44 44 

0.01 0.01 0.01 
2.1 2.1 2.2 

_ _ - - - - - - 
37 3s 
34 34 
37 3s 
39 40 

37 38 
33 33 
36 36 
37 37 

39 40 
32 33 
33 3s 
3s 3s 

0.01 0.61 
2.6 NS 

Lare $-kng = 3 Apr.31 hliy 
Summer = I June-31 July 
Low sommer = 1 Aug.-l.5 Sept. 
Fall = 16 Sept.4 Nov. 

blackened and left exposed before new growth protected the soil 
surface following burning and to increased transpiration from 
additional growth on March and April compared with May 
burned plots. This additional moisture loss on early burned plots 
may be particularly important during moisture stress periods that 
often occur during late summer. 

Evaporation from the soil and through transpiration appeared to 
have the greater impact on soil water content than infiltration. 
Runoff, and therefore less infiltration on burned plots, might be 
expected with the high intensity convectional storms that are 
common during spring. But, increases in soil water content from 
early-spring to late-spring were similar across all bum date treat- 
ments (1.9, 2.0, 2.8, and 2.2 percentage units for non-burned, 
March, April, and May burned plots, respectively). This implies 
that runoff and infiltration were similar among burned and not 
burned treatments during spring. This is in contrast to Anderson 
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(1965) and Anderson et al. (1970) who attributed part of the 
reduction in soil water content with burning to increased runoff. 

Bum by harvest frequency interactions were also significant 

Season’ 

Harvest Early Late Late 
Bum frequency* spring spring Summer summer Fall 

--------------_ (%) _--_--------- 
Not burned 0 42 44 44 37 3s 

2 44 44 39 40 40 

March 0 37 39 3s 35 32 
2 40 41 41 34 35 

April 0 39 42 41 34 35 
2 41 43 42 37 40 

May 0 43 45 44 3s 3s 
2 42 45 44 3s 39 

PcF 0.01 0.01 0.01 0.22 0.28 
L.S.D. at 0.05 2.0 1.s 1.3 NS NS 

‘Early spring = 1 hIar.-2 Apr. 
Late spring = 3 Apr.-3 1 May 
Summer = 1 June-31 July 
Late summer = 1 Aug.45 Sept. 
Fall = 16 Sept-1 Nov. 
’ Harvest frequency: 
O= No h;west during the growing-season 
2= June and July harvests 

Management Implications 

I 
Switchgrass, big bluestem, and indiangrass are all major com- 

ponents in fire-derived and maintained ecosystems. But, burning 
in consecutive years in this study was detrimental to the produc- 
tivity of these species grown in monocultures. Burning reduced 
indiangrass yields the most and big bluestem yields the least. 
Because annual burning reduced productivity, burning in mono- 
cultures of these species should be used only to meet specific 
management objectives such as litter reduction and manipulating i 
species composition. 

Indiangrass tended to have less regrowth after harvest than the 
other species.Big bluestem yield decreased as the study pro- 
gressed and was not benefitted by any treatment combination, but 
yield of not burned big bluestem declined more than yield of 
burned big bluestem. In this study, switchgrass was most tolerant 
of burning and harvest frequency treatments and may be the most 
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Abstract 

The objective of this study was to evaluate the potential of near 
infrared reflectance spectroscopy (NIRS) for estimating botani- 
cal composition of esophageal extrusa samples. Spectral data 
were collected on 361 samples from fistulated sheep and cattle 
grazing native tallgrass range. Principal components analysis 
was used to identify a subset of 73 samples with spectral dissimi- 
larity. These samples were microhistologically analyzed to deter- 
mine botanical composition and were considered ‘actual’ for 
regression and calibration purposes. Thirty-six species (I2 grass- 
es, 22 forbs, and 2 sedges) were identified in the microhistologi- 
tally analyzed samples. However, most accounted for less than 
5% of the total diet. Additional pure calibration samples were 
obtained by feeding individual species to confined fistulated 
sheep. Initial regression analyses and predictions were made on 
13 major species or species groups. Satisfactory prediction equa- 
tions could only be developed for big bluestem (Andropogon ger- 
ardii Vitman) (9 = 0.61), and the total grasses (3 = 0.79) and 
total forbs (? = 0.79) groups. Addition of spectra from pure sam- 
ples into the calibration set was beneficial. In general, valid pre- 
dictions could not be made for individual species that constituted 
less than 10% of the sample and/or had a low frequency of occur- 
rence in the calibration samples. The NIRS method offered 
acceptable precision and accuracy in the prediction of major 
botanical components and it would be practical and efficient 
because it reduces the number of samples that would have to be 
microhistologically analyzed. 

Key Words: microhistological analysis, double-sampling, diet 
sampling 

Knowledge of the botanical composition of diets of grazing 
livestock is important because of its relevance to range or grazing 
management strategies. This is particularly true in mixed grazing 
approaches where 2 or more classes of livestock may be used. 
The microhistological examination of esophageal extrusa or fecal 
samples has been a useful technique for determining botanical 
composition of diets of grazing livestock. It involves microscopic 
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examination of ground sample material and identification and 
quantification of disconnected plant fragments (Sparks and 
Malechek 1968). The procedure, however, can be tedious, time- 
consuming, and expensive. 

Near infrared reflectance spectroscopy (NIRS) has long been a 
useful tool for rapidly predicting nutritional characteristics of 
feedstuffs and forages (Norris et al. 1976). More recently, NIRS 
technology has been applied to forages for the estimation of plant 
part (leaf) percentages (Hill et al. 1988) and it has also shown 
potential for estimating botanical composition of complex mix- 
tures of hay and fresh forage (Coleman et al. 1985, 1990), and 
grass-legume mixtures (Moore et al. 1990; Shaffer et al. 1990; 
Pitman et al. 1991; Garcia-Criado et al. 1991). 

The objective of this study was to evaluate the potential of 
NIRS for estimating botanical composition of esophageal extrusa 
collected from cattle and sheep grazing native tallgrass range. 

Materials and Methods 

This research was conducted at the USDA-ARS Grazinglands 
Research Laboratory near El Reno, Okla. A total of 361 diet sam- 
ples (191 cattle and 170 sheep) were collected using esophageal- 
fistulated livestock during 1989 and 1990. These samples were 
from 1 phase of a study evaluating mixed grazing of cattle and 
sheep on native tallgrass range. The mixed grazing study had 2 
replications of 5 treatment pastures and an ungrazed control. 
Treatments consisted of varying proportions of cattle and sheep. 
Major perennial grass species present in the pastures included big 
bluestem (Andropogon gerardii Vitman), tall dropseed 
[Sporobolus asper (Michx.) Kunth], prairie dropseed (S. het- 
erolepis Gray), and Scribner’s panicum [Dicanthelium oligosan- 
thes (J.A. Schultes) Gould]. Common annual grasses were cheat- 
grass brome (Bromus tectorrrm L.) and witchgrass (Panicum cap- 
illare L.). Major forb species included western ragweed 
(Ambrosia psilostuchya D.C.), Louisiana sagewort (Artemisia 
ludoviciuna Nutt.), and horseweed [Conyza canadensis (L.) 
Cronq]. 

Esophageal-fistulated livestock used included 12 yearling and 
2-year old steers and 10 wether lambs. These animals grazed in 
the treatment pastures at all times along with intact animals. 
Collections were made in the early morning following an 
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overnight fast. Two animals of each livestock class were random- 
ly selected and grazed in a pasture (1 ha) for 30 to 45 minutes. 
Extrusa was thoroughly mixed in the screened-bottomed collec- 
tion bag, subsampled, and later freeze-dried. Dried samples were 
then ground through a l-mm screen using a cyclone type grinder. 
Collections were made on 4 dates during the summer grazing 
period each of the 2 years. 

Results and Discussion 

An additional group of 26 pure samples (whole-plant) was also 
included. These samples were compiled from hand-clipped sam- 
ples taken from the study pastures and contained only an individ- 
ual species or group (eg. 100% big bluestem or 100% forbs). Ten 
species or species groups from early (Jun.-Jul.) and late 
(Aug.-Sep.) season clippings were represented in these samples. 
Samples were individually fed to esophageal-fistulated sheep 
held in metabolism crates and the extrusa collected, freeze-dried, 
and ground as previously described. 

Near infrared reflectance spectroscopy evaluations were per- 
formed on all samples using a Pacific Scientific’ model 6250 
scanning reflectance monochromator interfaced to a Digital 
Equipment Co.’ Micro VAX II minicomputer. Each sample mix- 
ture was packed into sample cells with a near-infrared transparent 
quartz cover glass and scanned 64 times. Reflected energy (log 
l/R) was measured, averaged over 64 scans, and recorded at 2- 
nm intervals from 1,100 to 2,500 nm. 

Two microcomputer-based algorithms, CENTER and SELECT 
(Infrasoft International, Port Matilda, Penn.), were used to select 
73 samples (42 sheep and 31 cattle) which served as reference 
samples (Shenk and Westerhaus 1991b). CENTER ranks samples 
in a file according to the H-distance (Mahalanobis distance) from 
the average spectrum of the file. SELECT eliminates samples 
with similar spectra. Spectral data were transformed by a first 
derivative math treatment and principal components were calcu- 
lated. Selected samples were subjected to microhistological 
analysis using procedures of Sparks and Malechek (1968) per- 
formed by a commercial laboratory? Percent relative density of 
discerned fragments for a species was calculated from 3 
slides/sample and 20 fields/slide. Microhistologically determined 
composition was considered ‘actual’ for calibration purposes. 
Standard error of calibration (SEC) was calculated to assist in 
selection of the equation that best fit the data. 

Thirty-six species (12 grasses, 22 forbs, and 2 sedges) were 
identified in the 73 microhistologically analyzed samples. 
However, many had a low frequency of occurrence or accounted 
for less than 5% of the total diet. Initial regression analyses and 
predictions were made on 13 major species or species groups. Six 
species or groups (5 forbs and annual grasses) were omitted 
because of unsatisfactory calibration standard errors and 3. 
Subsequent analyses were performed on 7 components which 
included 2 grasses and 2 forbs as well as total grass, other forb, 
and total forb groups. The microhistologically determined com- 
position and frequency of these 7 species or groups are given in 
Table 1. Total grass and forb groups constituted 73.4 and 26.6% 
of the samples, respectively, with big bluestem (59.1%) being the 
most abundant single species. 

Table 1. Frequency of occurrence, mean, and standard error (SE) per- 
cent of each species or group in the microhistologically esamined cali- 
bration set. 

Species Frequency Mean +SE 
All Samoles’ 

Mean &SE 

-_--- 

(; 

-__-- 

---o(%)-4;‘ Big blttestem 
13:2 3:3 Dropseeds 50 

Western ragweed 14 14.3 14.9 
Louisiana sagewott 17 24.4 17.7 
Other forbs - - - 
Total grass - - - 
Total forbs - - - 

‘Mean percent f SE over all samples in dataset (N = 73). 

- - - - - (%) - - - - 

59.1 4.1 
9.1 2.4 
2.7 1.1 
5.7 2.1 
2.5 0.8 

73.4 3.6 
26.6 3.6 

Calibration equations were validated with a group of samples 
(n = 20) from the same set. None of the samples used in calibra- 
tion development were used for validation. Two regression meth- 
ods, PLS (partial least squares) and MSR (modified stepwise 
regression) were evaluated both with and without scatter correc- 
tion (Barnes et al. 1989). Equations were developed using each of 
the above methods and scatter correction combinations on the 
remaining 53 samples. Twenty-six pure samples were added and 
additional equations developed. Predicted values for the valida- 
tion samples were regressed on actual values for evaluation of 
equations using standard error of prediction (SEP), bias (mean 
reference analysis values minus mean NIRS derived values), 
slope, and a simple coefficient of determination (r’) as selection 
criteria. Clark et al. (1995) further define selection criteria statis- 
tics. 

Calibration and validation statistics and regression methods for 
the 7 components are given in Tables 2 and 3. Big bluestem, total 
grasses, and total forbs were the only 3 that had suitable predic- 
tion equations based on our selection criteria. Statistics for the 
other forbs group were marginally acceptable. The remaining 3 
components (dropseeds, ragweed, and sagewort) averaged from 
0.5 to 3.2% in the calibration dataset (Table 2). Standard errors of 
calibration and cross validation were as high or higher than the 
mean percentage of each. Coefficients of variation for these 3 
components were high, ranging between 27 and 48% in the vali- 
dation dataset (Table 3). 

‘Names are necessary to report factually on available datea; however, the USDA 
neither guarantees nor warrants the standard of the product, and the use of the 
name by USDA implies no approval of the product to the exclusion of others that 
also may be suitable. 

‘Composition Analysis Laboratory, 622 112 Duff Drive, Fort Collins, Cola. 
80.524. 

Plots of laboratory-determined vs predicted proportions of total 
grasses, total forbs, and big bluestem show the linear relationship 
for these 3 groups (Pig. 1). Validation dataset slopes were 1.03 
for total grasses and total forbs and 0.98 for big bluestem. 

The most suitable equations for big bluestem, total grasses, and 
total forbs were derived from the partial least squares (PLS) 
regression method. Partial least squares uses all of the spectrum 
while modified stepwise regression (MSR) uses only selected 
wavelengths. Shenk and Westerhaus (1991a) found that a modi- 
fied PALS method had similar or better prediction accuracy than 
MSR across several chemical constituents and populations. Frank 
(1987) also reported a similar finding using a Monte Carlo simu- 
lation. 

Addition of spectra from pure samples into the calibration set 
was beneficial for all components that had suitable equations. 
Use of pure samples resulted in an expanded range, but more 
importantly, provided error-free laboratory samples. It is probable 
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Table 2. Calibration statistics and regression methods for each species or group that resulted in the best prediction equations. 

Speciefifetbod’ N2 Mean SEC? 
-----(%)----- 

R- r- Pure 
square3 SE& square’ Terms’ Sample? 

~~~~~(o/o)~~~-~ 
Big bluestem 
PLS-SC 72 49.7 8.8 0.96 14.5 0.88 11 Yes 

Dropseeds 
PLS-N 46 2.3 0.8 0.92 2.7 0.31 

Western Ragweed 
hlSR-SC 45 0.5 1.2 0.70 2.0 0.17 

Louisiana Sageaort 
PLS-SC 66 3.2 2.6 0.98 4.6 0.93 

Other Forbs 
MSR-N 69 3.8 3.4 0.93 5.2 0.76 

Total Grasses 
PLS-SC 69 67.0 6.8 0.97 8.6 0.96 

Total Forbs 
PLS-SC 69 33.0 6.8 0.97 8.6 0.96 

‘hletbods: 
PLS-SC = Partial least squares - scatter correction. 
PLS-N = Partial least squares - no scatter correction. 
hlSR-SC = hloditied stepwise regression-scatter correction. 
BISR-N = hloditied stepwise regression - no scatter correction. 

‘N = number of samples with outliers excluded. 
‘SEC = standard error of calibration; R2 for calibration. 
‘SECV = standard error of cross validation; r2 for cross validation. 
-“rerms refer to number of principal components with PLS method and number of wavelengths with MSR method. 
%dicates whether or not pure samples (100% of aa individud species or group) were used resulting in equation improvement. 

1 No 

12 No 

12 Yes 

7 Yes 

8 Yes 

8 Yes 

that the largest source of error for calibration came from the Another potential source of variation that could limit usefulness 
microhistological procedure to determine botanical composition. of the prediction equations was sampling date. Our samples were 
Sparks and Malechek (1968) reported an ? of 0.98 for the overall collected from June through September and sampling date could 
relationship between hand-composited mixtures of 8 species and have introduced variation in chemical properties and spectral 
microhistologically determined proportions. Volesky (unpub- absorption (Coleman et al. 1990). These sampling date changes 
lished data) microhistologically analyzed hand-composited sam- may vary by individual component and could occur without 
ples of several species at various proportions and generally found change in botanical composition. Introducing date as a covariate 
moderately strong relationships (0.72 to 0.90 3) between the may reduce some of the variation. Another factor that could alter 
microhistologically determined and actual proportions of major spectral absorption is salivary contamination of the esophageal 
species. However, ? values varied significantly by species and extrusa samples. Saliva will generally increase the ash content 
were often poor when amounts of a component were less than and may alter amounts of other chemical constituents by varying 
10%. degrees (Holechek et al. 1982). 

Table 3. Validation statistics and regression methods for each species or group that resulted in best prediction equations (N=20). 

Specieslhletbod’ Mean SD Residual r- Pure 
Actual Predicted Actual Predicted Bias SE? CV Slope square Samples3 

Big bluestem 
PLS-SC 

Dropseeds 
PLS-N 

Western Ragweed 
MSR-SC 

Louisiana Sagewort 
PLS-SC 

Other Forbs 
MSR-N 

Total Grasses 
PLS-SC 

Total Forbs 
PLS-SC 

----(%o)---- - - - - (70) - _ _ - 

41.1 39.3 34.6 27.4 

13.4 3.6 27.9 4.0 

1.8 3.3 5.3 5.6 

5.6 1.5 19.2 8.2 

13.9 11.6 22.7 12.5 

59.7 67.6 35.8 31.0 

40.3 32.4 35.8 31.0 

1.8 

9.8 

-1.5 

4.1 

2.3 

-7.9 

7.9 

-(%) - 

5.1 12 0.98 0.61 Yes 

4.4 33 5.21 0.55 No 

0.7 39 0.78 0.69 No 

2.1 4s 1.8s 0.64 Yes 

3.8 27 1.2s 0.50 Yes 

3.8 6 1.03 0.79 Yes 

3.8 9 1.03 0.79 Yes 

‘hlethods: 
PLS-SC = Partial least squares-scatter correction. 
PLS-N = Partial least squares - no scatter correction. 
hlSR-SC = hfoditied stipwise regression - scatter correction. 
LISR-N = hloditied stepwise regression - no scatter correction. 

‘SEP = standard error of prediction. 
“Indicates whether or not pure samples (100% of an individual species or group) were used resulting in equation improvements. 
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composition for the validation dataset. 

Conclusions 

In general, valid predictions could not be made for individual 
species or components that averaged less than 10% of the sample 
andfor had a low frequency of occurrence in the calibration sam- 
ples. There are more sources of error in estimating the botanical 
composition of complex esophageal extrusa samples than when 
estimating standard chemical composition. Consequently, NIRS 
was not capable of quantifying botanical composition of minor 
constituents. The NIRS method did, however, offer acceptable 
precision and accuracy when predicting major botanical compo- 
nents. Its use in this type of double-sampling application in a 
closed population would be practical and efficient because of the 
substantial reduction in the number of samples that would have to 
be microhistologically analyzed. 
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Abstract 

Sustaining rangeland ecosystems is as much a social process as 
an ecological one. It requires application of many of the same 
principles as those used in planning for wildlife reserves, but the 
tenets of conservation biology need to be applied to conserve 
social as well as ecological structural elements and processes. For 
some rangelands, a crucial element in a sustainable, culturally 
meaningful, and ecologically rich landscape is ranching, which is 
at once a collection of ecological processes and interactions, and 
an expression of human community. Results of several surveys 
and studies are used to highlight the “culture clashes” that occur 
at the ecological and social edges of landscape elements. 
Unfortunately, differing expectations of what conserved areas 
should be like has hindered the creation of alliances between 
environmentalists and ranchers that might prevent the degrada- 
tion of the landscape by uncontrolled residential and urban 
development. In one California case, successful planning and 
alliance building led to the conservation of ranchlands. Zoning, 
conservation easements, political and financial support for the 
livestock industry, community leadership, and recognition of the 
heritage value of rural lifeways all played a part in this success. 
Similar patterns have been noted in other parts of the West. To 
conserve some of the most productive and biodiverse rangeland 
landscapes, ranching must not just be tolerated as a means to an 
environmental end, but valued and planned for, ecologically, 
socially, and economically. Rangeland professionals have an 
important role to play in the development of sustainable social 
relationships that support sustainable rangelands. 

Key Words: ranching, urbanization, culture, demographic 
change, conservation easements, land-use planning. 

The recent “sustaining rangeland ecosystems” conference in La 
Grande, Ore., challenged range scientists and managers to think 
about the future of western rangelands. The range profession 
arose early in this century when it became apparent that some- 
thing needed to be done to care for American rangelands as they 
were developed economically. In recent decades, we have come 
to recognize the role of the range professional and range science 
in the management of rangelands for an increasingly broad spec- 
trum of uses, including non-commodity values so abundant early 
in the century that the concept of managing for them did not often 
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occur to early range managers. As we look to the next century, 
the range profession is again challenged, this time with the need 
to look at rangeland conservation at the landscape scale. 
Conserving rangeland ecosystems in the future means creating 
long-term alliances and agreements that cross ecological, cultural, 
and property lines. Our science and our skills have much to con- 
tribute to this process, as the range profession and rangelands 
continue to co-evolve. 

Defining and building a sustainable rangeland landscape 
requires application of many of the same principles as those used 
in planning for wildlife reserves, but the tenets of conservation 
biology need to be applied to conserving social as well as ecolog- 
ical structural elements and processes. Implementing these princi- 
ples also calls for the participation and cooperation of the diverse 
social groups that make up a rich, balanced, future landscape. We 
argue that one of the most crucial elements in a sustainable, cul- 
turally meaningful, and ecologically rich rangeland landscape is 
ranching, which is at once a bundle of ecological processes and 
interactions, and an expression of human community. 
Uncontrolled development fragments ranchlands, creating social 
and ecological edges that eventually diminish the rangeland 
ecosystem. Unfortunately, differing expectations of what con- 
served areas should be like has hindered the alliances between 
environmentalists and ranchers that might prove effective in pre- 
venting the degradation of the landscape by uncontrolled residen- 
tial and urban development. In this paper we explain why ranch- 
ing is a key patch in the quilt of tomorrow’s sustainable range- 
land landscape, and we address two major aspects to planning for 
such a landscape: 

1.) Why planning is needed to minimize edge, maximize con- 
nectivity, and protect core areas in both ecological and social 
dimensions; and, 

2.) How differing landscape ideologies can hinder alliances that 
can support, develop, and implement planning. 

We examine a successful land use planning effort to conserve 
rangelands in California and the alliance-building between ranch- 
ers, planners, and environmentalists that made it work. Similar 
methods have been applied in other parts of the West. 

California as Case Study 

Far from being eccentric, we believe California is in several 
ways a harbinger of changes to come. In fact, California has con- 
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tributed vast numbers of citizens to surrounding states in recent 
years (Star-m and Wright 1995) but even without this direct infu- 
sion the trends are familiar: rapid population growth, expanding 
urban areas, proliferating ranchettes, and suburban sprawl. 

Half of California’s 41 million ha is public land. Of the 25 mil- 
lion ha of land generally defined as rangeland and desert in the 
state, 7.5 million ha are owned by ranchers (Forero et al. 1992). 
Private rangelands support the highest densities and diversities of 
wildlife species in the state. Producing more than 10 times the 
forage grown on public rangelands, California’s ranchlands are 
predominantly made up of annual grasslands, oak woodlands, and 
chaparral shrublands. Of these, the annual grasslands and oak 
woodlands provide the vast majority of the forage for livestock 
grazing and are overwhelmingly in private ownership. For exam- 
ple, of the 3 million ha of oak woodland, less than 20% is in pub- 
lic ownership, compared to 76% of the state’s forests and SO% of 
the state’s deserts (Ewing et al. 1988). 

Shortly after the turn of the century, when California’s agricul- 
tural development began in earnest, millions of acres of wood- 
lands and grasslands were converted to crop production. Today 
California ranchlands are mostly in the foothills and coast ranges, 
where steep topography, poor soils, and limited water made crop 
production infeasible. In this wooded refuge, California range 
livestock production has continued relatively unmolested until the 
last decade or two. Recent demographic and technological devel- 
opments are now changing this landscape. 

California’s population is estimated to reach 36 million by the 
turn of the century. Formerly confined to major transportation 
centers like the San Francisco Bay, the Sacramento River, and the 
Los Angeles basin, the urban population of the state is making 
rapid inroads into the foothills and coast ranges in search of less 
costly housing, expansive mansions, or the ranchette lifestyle. 
Some central Sierran foothill towns, once sleepy communities left 
over from the Gold Rush, are now the fastest growing cities in the 
state. Expanding out from the San Francisco Bay, the hills of 
Contra Costa, Alameda, San Mateo, Solano, Mat-in, and Sonoma 
counties are increasingly fragmented by fingers of subdivisions 
and clusters of ranchette developments. 

All this has had tremendous and not yet fully appreciated 
effects on California’s woodlands and grasslands. A statewide 
survey of oak woodland owners in 1985 and 1992 showed that 
the majority of ranches are now less than 5 miles from a subdivi- 
sion, and that the average size of rangeland properties is shrink- 
ing (Unpublished manuscript, Huntsinger et al., Huntsinger and 
Fortmann 1990). The 1992 survey also revealed that more than a 
third of the woodlands had changed hands in 7 years, and approx- 
imately 5% were known to have been subdivided for intense resi- 
dential development during that period (Unpublished manuscript, 
Huntsinger et al.). The pattern of urban expansion seems to be 
that the more level lands are developed first, with croplands close 
to town centers the first to be converted for housing on a large 
scale. As pressure intensifies, however, and as the amenity values 
of oak woodlands become increasingly popular, housing expands 
into the woodlands (Forero et al. 1992). A compilation of data 
from a variety of sources who calculated oak woodland extent 
over the years since 1932 shows what appears to be an increasing 
rate of decline (Fig. 1). Yet a simple assertion that so much 
acreage has been converted is insufficient to gauge the effect: a 
corona of ecological and social impacts extends from each devel- 
oped edge. 

168 

‘\ 
‘0 

2.4 I 

2.2 t 2 t 
1930 1940 1950 196JJ 1970 19so 1990 tcco 

Fig. 1. Estent of Californian oak woodlands, 1932-1992 (Huntsinger, 
unpublished manuscript; Holzman, 1993; Huntsinger and 
Fortmann, 1990; Bolsmger, 1988; Ewing et al. 1988.). 

Ranchlands as Ecological Buffer and Cultural Preserve 

The economic imperatives for preserving rangeland livestock 
production in an urban state are controversial; it is the conserva- 
tion imperatives that are most clearly beyond debate. Land used 
for ranching acts as a buffer between urban areas and wildlands, 
and offers high quality wildlife habitat, watershed, and open 
space. The problems caused by not having a buffer zone of inter- 
mediate use between national or state parks and developed areas 
are well documented and increasing (Huntsinger et al. 1994). 

Environmental interests and public agencies simply do not have 
the money to buy extensive areas of private ranch land for open 
space and wildlife habitat, especially when they are competing 
with development dollars. Basic credos of conservation biology 
tell us that we need large core areas of habitat, and connected 
areas of habitat, to protect larger wildlife species and species with 
special needs, and to permit adequate genetic interchange. 
Extensive land uses like ranching supply such expanses of habi- 
tat. A ranching economy also provides a tax base, and land cared 
for by people not on the government payroll. 

Concepts of connectivity and core for protecting reserve 
ecosystems apply to ranching communities: unless a “critical 
mass” of ranchers remains in an area, the ranching community is 
whittled down by incremental development to the point at which 
it is no longer economically viable, even for determined holdouts 
(Daniels 1991). Ranchers rely on other ranchers and the rural 
community for social as well as economic reasons, for outside 
jobs, informal labor pools, and support services (Smith and 
Martin 1972; Ellickson, 1991). In addition, as with any preserve, 
minimizing the amount of edge between ranchland areas and 
severely different land uses such as subdivision and ranchette 
development is important. 

The Issue of Edge 

Expanding land conversion has direct effect on many western 
ranchers. Across the West, population growth and accompanying 
value shifts bring people with different ways of looking at the 
landscape into frequent contact. The lives of urban and rural 
dwellers are becoming increasingly intertwined, and often tan- 
gled. The physical expression of this entanglement can be found 
at the urban wildland interface. 
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As urban development advances into rangeland, the business 
and cultural practices of ranching are hampered. When ranches 
and suburbia meet, the resulting “clash of cultures” or lifestyles 
makes running a livestock operation more difficult and less prof- 
itable, increasing the likelihood that a rancher will decide to sell 
his land for further development (Hart 1991, Forero et al. 1992, 
Hargrave 1993). 

Ranching at the urban-rangeland interface becomes more diffi- 
cult as a result of marauding dogs, introduction of exotic plants, 
vandalism, trespass, carelessness with gates and fences, and 
increased liability costs (Hart 1991, Forero et al. 1992, Hargrave 
1993). Restrictions on traditional management activities such as 
prescribed burning, or predator, weed, and pest control, may 
develop. In addition, the “impermanence syndrome” may have a 
demoralizing effect: anticipating seemingly inevitable develop- 
ment, ranchers postpone ranch improvements, and perhaps do not 
take good care of their land (Heimlich and Anderson 1987, 
Daniels 1991, Hart 1991). 

New suburban neighbors too may find that their home adjoin- 
ing ranch land is not as idyllic as they would like. Stray livestock 
may cause property and fence damage, and automobile accidents 
(Ellickson 1991). Slow ranch vehicles or livestock may block 
commuter traffic. The unaccustomed smells, noises, and other 
side effects of ranching can be an annoyance. Neighbors may also 
be concerned about the possible threat of pesticide or fertilizer 
residues in soil, air, and water, and water pollution from contami- 
nated run-off. The unexpected demise of a (stray) family pet can 
also be a detraction. 

Pervasive in the relations between ranchers and those subur- 
banites who live adjacent or near to ranch properties is “culture 
clash.” Many of those moving to rural areas from cities simply do 
not understand the ethics or traditions of rural life, and even if 
they did, often do not have the resources to comply. For example, 
views of how to resolve disputes or work with institutions are 
fundamentally different. In a recent survey of ranchers in Tehama 
County, the majority of those surveyed said that if stray stock 
wandered onto their property, they would either round up the ani- 
mals and return them or call the owner and discuss the procedure 
for rounding them up and returning them, rather than call any of 
the agencies or legal entities responsible for animal or livestock 
control (Unpublished manuscript, Huntsinger et al.). The subur- 
banite is used to relying on institutions and officialdom when 
concerned about a legal infraction such as trespassing stock. New 
es-urban residents may not even be able to tell whose stock is 
involved when the animals wander onto the driveway or into the 
back yard. Yet they also do not understand the rancher’s disgust 
when the police or animal services are contacted. Ellickson’s 
(199 1) work in Shasta County, Order Without Larv, documents 
the tendency among ranchers to resolve disputes within their own 
groups through peer pressure and avoidance of outside interven- 
tion. 

Despite conflicts and misunderstandings, these new neighbors 
share some values: both ranchers and urbanites on the edge gen- 
erally share a fondness for natural landscapes. Suburbanites have 
often paid a premium to be at the edge. Ranchers have in many 
instances sacrificed opportunities for easier or more lucrative 
careers to stay in the country and work outside. 

Suburban dwellers often appreciate having a rancher keep an 
eye on the open space, to prevent vandalism and other uncon- 
trolled activities. In much of California, grazing is valued for fire 
control, a great concern at the wildland interface. Such common- 
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alties can help overcome differences. In one notorious California 
case, affluent suburbanites living next to a state park sued when a 
decision was made to remove grazing because they were con- 
cerned about fire hazard (Huntsinger et al. 1994). Anticipatory 
planning that provided a ranchland buffer around the park would 
have improved the park’s ecological potential and prevented a 
long and alienating battle between the park and local residents. 

Land use planning is one way to prevent the urbanization of 
ranchland buffer zones. Unfortunately, ranchers are often uncom- 
fortable with the concept. It is associated with what they perceive 
as an accelerating erosion of property rights. Around half of the 
ranchers in a recent survey of ranchers in Tehama County stated 
that local and statewide land use planning was a serious threat to 
ranching (Unpublished manuscript, Huntsinger et al.). On the 
other hand, the overwhelming majority wanted their ranchlands 
to remain in private ownership used for livestock production, and 
they universally objected to the prospect of residential develop- 
ment on their land when and if sold (Unpublished manuscript, 
Huntsinger et al.). Yet few wanted to see their land designated 
“open space,” owned by a non-profit organization, or fall into the 
hands of a public agency. The rancher generally has a fundamen- 
tal affection for the ranching lifestyle and believes that land 
should be used productively (Unpublished manuscript, 
Huntsinger et al.). Similar to the attitudes discussed in the tres- 
pass situation, in general the rancher also dislikes the involve- 
ment of outsiders, particularly agencies and bureaucracy, in land 
management. 

Finally, land value often is a significant part of a rancher’s 
financial portfolio. One study in the central Sierra showed that 
ranchers in the last decade had a higher return from land appreci- 
ation than livestock production (Hargrave 1993). But this return 
remains unrealized until property is sold, and it follows that a 
rancher can be threatened by land use restrictions and regulations 
that might impinge on the ultimate sale value of the land, whether 
or not the rancher plans to sell the property. Landowners, espe- 
cially those close to retirement, are nervous about losing the right 
to develop their land (Gobster and Dickhut 1988). The ranch’s 
development value may be a rancher’s major equity. In the 
Tehama County survey, about a fifth of the ranchers indicated 
that they considered land appreciation an important motivation to 
retain their land and keep ranching. Just as many, however, indi- 
cated that an important motivation was to encourage their chil- 
dren to continue ranching, and about two-thirds had their land in 
the California Land Conservation (Williamson) Act. The Act pro- 
vides tax relief to landowners who agree to keep their land in 
agricultural production for the next ten years (Forero et al. 1992). 
At the same time, two-thirds of Tehama County ranchers claimed 
that over-regulation was one reason they might throw in the towel 
(Unpublished manuscript, Huntsinger et al.). 

A Problem of Perception? 
Environmentalists and Ranchers 

In general, ranchers and environmentalists are not overjoyed 
with one another. Almost 90% of ranchers in Tehama County felt 
that “environmentalism” was a serious threat to ranching. In a 
1987 survey of ranchers and environmentalists in Malheur 
County, Ore., the 2 groups were diametrically opposed on the 
issues of grazing and “wilderness designation.” Environmentalists 
thought there was simply too much grazing going on in the coun- 
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ty. while ranchers thought too much valuable rangeland was being 
set aside as wilderness (Huntsinger and Heady 1988). On the other 
hand, the great majority of Tehama County ranchers stated that 
“feeling close to the earth” was an important reason they kept on 
ranching. In the statewide surveys of oak woodland landowners, 
the majority of ranchers reported that being “near natural beauty” 
was an important reason why they chose to live and work in the 
woodlands (Huntsinger and Fortmann 1990). 

Ranchers and environmentalists share a common joy in range- 
lands and nature. Why then are they so alienated from one anoth- 
er? We argue that the alienation arises at least partly from differ- 
ent expectations of nature, and that in fact, the differences 
between these groups arise not so much in what they want, but in 
what they see and in how they think about the past. 

In the Malheur study, there were great differences in how 
ranchers, environmentalists, local community members, and 
BLM employees viewed conditions on the same rangelands (Fig. 
2). Ranchers tended to see grazed rangelands as being in good 
shape, no doubt because for them, a rangeland that looks well-uti- 
lized looks good. Environmentalists, on the other hand, expect a 
natural area to look pristine or untouched. This expectation is 
unattainable on land used for livestock production. Because of 
this fundamental value difference, environmentalists have long 
dismissed the ecological values of grazed rangelands. 

SO Environmentalists 

Fig. 2. Perceived degree of environmental damage on Malheur 
County rangelands, 1987 (Huntsinger and Heady, 1988). 

A typical woodland stockpond provides another example of the 
difference in how the 2 groups interpret the landscape. The envi- 
ronmentalist sees the stockyond as a valuable wildlife habitat, a 
refugia being trampled and polluted by cattle. The rancher sees a 
structure built 30 years ago by a forbear for the express purpose 
of watering cows. Both groups are influenced by nostalgia for an 
imagined past. For the rancher, the past was a time when being a 
rancher meant unrestricted freedom to do as one pleased, a time 
when the best in American cultural values were represented by 
the independent, self-sufficient, and honest cowhand. The cow is 
a symbol of the productive use of a harsh land. 

The environmentalist, on the other hand, often sees the cow as 
a symbol of the rapacious defilement of a glorious pristine natural 
wonderland, with human influence nothing but negative since set- 
tlers arrived in the West. In our view, both are nostalgic for 
essentially imaginary past landscapes. Nonetheless, this nostalgia 
pervades interpretation of natural ecosystems. 

Zoning can offer significant protection to agricultural land 
when development pressures are low. Although vulnerable to 
changes in political climate, to the siren call of property taxes 
from large projects, and to legal challenges of taking, zoning can 
reduce development pressure as an interim measure while a more 
permanent land conservation solution is being devised (Atash 
1987, Daniels 1991, Hart 1991). Because it is not contingent on 
landowner consent, zoning can protect large, contiguous areas of 
agricultural land and may serve as a powerful and inexpensive 
method of agricultural land conservation, especially if part of a 
region-wide plan (Daniels 1991). On the other hand, when 
applied without a broad consensus of support, zoning will ulti- 
mately fail as political fortunes wax and wane. 

A less effective tool, primarily intended for promoting agricul- 
tural production but with land conservation potential, is tax relief 
such as the Williamson Act. Although California counties with 
firm zoning regulations and comprehensive planning have had 
success with the Williamson Act (McClaran et al. 1985), value 
tax assessment has proved largely ineffective at the urban-range- 
land boundary because development opportunities are so enticing 
(Atash 1987, Daniels 1991, Forero et al. 1992) and conflicts at 
the urban wildland interface so burdensome. However, Hargrave 
(1993) concluded, at least for El Dorado County, that by reducing 
the cost of ranching, the Williamson Act “more than any other 
factor makes ranching viable and is responsible for keeping the 
county’s rangeland in agriculture.” Tax relief may act to protect 
rangeland ecosystems, open space, and ranching culture, but 
again, only when development pressures are low. 

Property Concepts and Conservation Easements 

Ranchers feel threatened by the public interest in ranch lands. 
Ranchland, with its open, undeveloped character, appears “pub- 
lic” to urban visitors and suburban residents because it is a rich 

For long-term conservation of rangeland ecosystems, the ranch- 
ing community will have to modify some strongly-held beliefs 
about property rights. Most people conceive of their property as 
the actual land they own, the ground upon which they walk. In 
legal terms, however, property is not the physical land but vari- 
ous rights to the land agreed upon by social contract 
(Macpherson, 1978, is a classic treatment of this topic). Each of 
these rights-the mineral rights, the timber rights, the right to 
sell, the right to develop-may be treated and disposed of sepa- 
rately (Atash 1987, Daniels 1991, Wright 1993). Selling or donat- 
ing a conservation easement precludes development in perpetuity 
but leaves other property rights intact. A rancher still owns the 
land and can sell it or continue a livestock operation. 

source of public goods. In recent decades, the public interest in 
extensive private properties is typified by the increasing populari- 
ty and use of the term “open space.” Open space is a term 
designed for private lands that provide public goods and is now 
ubiquitous. The rancher clings to the idea that private property 
implies the right to do as one chooses with one’s land, instead of 
use rights designated through social contract. How can ranchers, 
environmentalists, and suburbanites, each with widely divergent 
views of what the “right” landscape is and how to attain that 
landscape, be brought to the table? Zoning, tax relief, and conser- 
vation easements are all tools that have been proposed for pro- 
tecting the rangeland landscape. 

Zoning and Tax Assessment 
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Conservation easements address rancher concerns about their 
financial stake in the land by providing either income and estate 
tax deductions for the donation of an easement or a potentially 
large percentage of the fee simple price for the sale of an ease- 
ment (Daniels 1991, Wright 1993). Money from a sale can be put 
toward new equipment or stock, ranch improvements, or debt 
payment; estate tax deductions can make it easier for a rancher to 
pass the ranch along to offspring (Daniels 1991). After the sale of 
development rights, property tax is calculated based on the agri- 
cultural value of the land (Wright 1993). 

Evidence suggests that some ranchers are willing to forego the 
full development value of their land in exchange for partial com- 
pensation and the opportunity to preserve the range and continue 
their way of life. Smith and Martin (1972) found that ranchers in 
Arizona resisted selling ranches at market prices far exceeding 
their value as livestock operations for reasons that included “love 
of the land” and “love of rural values.” More recently, Hargrave 
(1993) suggested that ranchers in El Dorado County, Calif., con- 
tinue to ranch in the face of economic hardships and development 
pressure because they enjoy the tradition and the way of life and 
want their children to be able to ranch as well. A 1994 survey of 
Tehama County, Calif., ranchers revealed that approximately 5% 
had their land in conservation easements (Unpublished manu- 
script, Huntsinger et al.). 

The Need for Alliances 

Alliances between groups are key to creating a sustainable 
ranchland landscape. Land use planning and zoning are only 
stop-gap measures. Landscape conservation strategies require 
broad political support and local participation. This includes 
urban-based and local environmentalists who can bring consider- 
able financial and political power to efforts to fund permanent 
conservation easements and development rights swaps, as well as 
the ranchers who actually own and manage the land. 

Environmentalists, suburbanites, and ranchers hold some com- 
mon attitudes towards the land, but they also have cultural differ- 
ences that hinder alliances. Intercultural communications theory 
suggests that differences can be bridged using the “cultural con- 
vergence model” of communication (Simcox and Hodgson 1993). 
Aiming toward a “merging of values and achievement of mutual 
understanding” between 2 cultures, the cultural convergence 
model stresses personal communication and reciprocal accep- 
tance of the “cultural norms, standards, values, and meanings” of 
the other group (Simcox and Hodgson 1993). Generally, one 
“culture” must take the first step in making friendly overtures to 
the other group, and as face-to-face communication increases so 
too should “cultural convergence” and the possibility of alliance- 
building. Simcox and Hodgson highlight the central role that 
social networks play in intercultural communication and the 
effective dissemination of information between cultures. The his- 
tory of Marin County’s rangeland protection efforts has much in 
common with this model, and illustrates the roles of zoning, plan- 
ning, and easements in landscape conservation strategy. 

Conservation of Rangeland in Marin County, California 

Described in John Hart’s Faming on the Edge (1991), Marin 
County ranchers, environmentalists, and planners successfully 
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implemented a permanent rangeland conservation program based 
on compromise, trust, communication, and mutual interest in pro- 
tecting Marin’s rangeland ecosystems, open space, and the ranch- 
ing way of life. 

Immediately north of San Francisco, Marin County today com- 
prises a highly-developed urban corridor to the east and a range- 
land agricultural zone to the west grazed by about 13,000 dairy 
cattle, 9,000 beef cattle, and 11,000 sheep. Marin’s dairies are 
unusual, more ranches than modem dairies, because a major part 
of the feed supply for these small-scale, family operations is nat- 
ural dryland range. The agricultural zone serves as an extensive- 
use buffer between the county’s urban area and Point Reyes 
National Seashore and Golden Gate Recreational Area, providing 
significant open space values and protection to oak woodland and 
grassland ecosystems. In the late 1960s however, urbanization of 
western Marin seemed inevitable. Planners and ranchers alike 
assumed Marin’s faltering ranches would soon be sold and subdi- 
vided, bringing suburbia right up to the borders of the National 
Seashore. In response to this vision of urban sprawl, conserva- 
tion-minded county planners and environmentalists from urban 
Marin pushed through a minimum lot-size zoning ordinance to 
counter the pressure of rapidly escalating land prices by creating 
lots large enough to discourage development. Zoning, however, 
proved only a first and impermanent line of defense. 

Alliances Form 

Initially, nearly all Marin’s ranchers adamantly opposed the 
new zoning ordinance as a gross violation of property rights. An 
important exception was the president of the local Farm Bureau 
who foresaw that if ranching of any kind was to have a future in 
Mar-in, protection of its land base from development was impera- 
tive. In the years following, his advocacy of the zoning ordinance 
and his subsequent role in alliance-building with urban environ- 
mentalists proved instrumental in persuading the ranching com- 
munity that conservation-based planning was in their best inter- 
est. 

Zoning provided temporary protection for Marin’s rangeland. 
By the mid-1970s, it was apparent that, for 3 primary reasons, 
Marin County needed a more lasting solution: 1.) there were 
ample numbers of wealthy buyers willing to purchase large 
parcels for non-agricultural purposes; 2.) the zoning ordinance 
remained ever vulnerable to political changes on the County 
Board of Supervisors; and 3.) if Marin’s dairy industry were to 
fail, alternative profitable uses of the land would be difficult 
under the zoning ordinance, making it likely that “takings” chal- 
lenges would ensue. 

Urban environmentalists realized that if ranching withered, 
open space would inevitably dwindle. If Mar-in was to retain its 
rangeland, a first priority was to sustain the dairy ranches, 
because they are critically dependent on having enough opera- 
tions to support the local creamery. Support took tangible forms, 
including large subsidies for water delivery during drought years 
and for state-mandated runoff control ponds, and political cham- 
pioning in battles with regulatory agencies. Tentative communi- 
cation began between the 2 groups, and after the clear show of 
support, environmentalists, ranchers, and county planners began 
to put their differences aside and form alliances directed toward 
long-term conservation of the agricultural zone. A strategy devel- 
oped for a permanent solution to urban encroachment: the pur- 
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chase of ranch conservation easements by a local land trust, the ecosystems and initiated communication with ranchers; and, 
Marin Agricultural Land Trust (MALT). The substantial funds importantly, were willing to support the ranching industry politi- 
required for easements on these exceptionally valuable lands tally and financially; 
came from a local private foundation called the Buck Trust, the 3.) leaders of the local Farm Bureau and other rancher groups 
California Coastal Conservancy, a state agency, and from a were willing to collaborate with environmentalists and county 
statewide conservation bond issue. planners. Local networks like the Farm Bureau and Cattlemen’s 

Association are essential for disseminating information and per- 

Working Towards Permanence 
suading landowners of the value of conservation-based planning. 
Environmental groups serve a similar function for their con- 
stituency; 

Despite some serious misgivings, many Marin dairy, beef, and 4.) the Marin dairy industry, the infrastructure underpinning 
sheep ranchers have agreed to sell or donate conservation ease- much of the county’s ranching, remained viable; 
ments to MALT. As of January 1995, the Trust holds easements 5.) sources of funding for the purchase of conservation ease- 
on 10,321 ha (Personal communication, MALT). Most within the ments were available. 
Marin ranching community have come to realize that protection 
from development is in their own interest and in the interest of 

It is important to emphasize that zoning, conservation ease- 

the industry as a whole (see also Daniels 1991). Now that wide- 
ments, and other rangeland conservation methods must be devel- 

spread development in the agricultnral zone is stymied, the criti- 
oped within the context of a comprehensive, conservation-based 

cal mass of dairy ranches necessary for *e survival of *e dairy 
regional plan (Atash 1987, Daniels 1990, Daniels 1991, Fulton 

industry seems assured. Land prices are once again within the 
1993). Haphazard checkerboarding of developed land next to pro- 

budgets of ranchers wishing to expand operations or ranchers’ 
tected land is of minor benefit to ecosystem function and wildlife 

kids wishing to enter the family business. With a more secure 
habitat, and exacerbates social conflict. Being voluntary, conser- 

future, ranchers are inclined to invest in long-postponed ranch 
vation easements can result in such checkerboard landscapes if 

improvements. From a cultural perspective, the land and the life 
clumsily planned (Daniels 1991). Zoning to consolidate develop- 

they love will endure. 
ment and a regional plan to direct easement purchase and dona- 

Urban environmentalists in Marin have had to discard some 
tion efforts can prevent such a waste of resources. 

cherished beliefs about the intolerable effects of ranching on 
rangeland ecosystems. Initially, support for agriculture in western Conservation Easements in the Rocky Mountains 
Marin was merely a means to the end of preserving open space in 
the county. With exposure to ranchers and their way of life, many 
environmentalists now support ranching, at least on the family- 

The Rocky Mountain region has also seen rancher-environmen- 

farm scale, as a productive and worthy activity in itself and as 
talist collaboration and notable use of the conservation easement 

generally compatible with environmental and open space goals. A 
(Miller and Wright 1991, Wright 1994). As in California, ram- 

hint of “cultural convergence” may be discerned, as environmen- 
pant suburban development has consumed prime Rocky 

talists come to value ranching culture as an important part of 
Mountain rangeland, especially around Denver and Boulder. 

Marin’s social character. Admiration is not universal; at least one 
Ranchers are concerned at the loss of the land base, rising land 

major environmental group, with mostly non-local membership, 
values, and the heavy tax burdens their children will face when 

continues to view ranching and conservation as incompatible. 
inheriting the family ranch. Ranchers share some concerns of 
environmental groups regarding destruction of wildlife habitat, 
extinction of plant and animal species, and loss of open space. 

Requirements for Success Over the past decade, ranchers have donated or sold conservation 
easements on over 60,700 ha of rangeland in Montana and 

Only minutes from San Francisco, it is possible to come around 
Colorado to local land trusts, protecting the agricultural resource, 
k 

a bend in the highway and see only a bucolic pastoral landscape 
ey range and riparian habitat, and open space (Miller and Wright 

from one horizon to another in western Marin County. Holding 
1991, Wright 1994). Conservation easements appear to have suc- 

together the ranching landscape are well-established networks for 
ceeded where regulatory systems of land use control have often 

communication among committed ranchers, local residents, 
proved ineffective. Miller and Wright (1991) suggest that this is 

rangeland professionals, and environmentalists. The county is 
because the voluntary nature of easements necessitates collabora- 
tion. 

both socially and ecologically well equipped to tackle and resolve 
future water quality and resource management issues. Marin suc- 
ceeded in constructing a sustainable rangeland landscape because 
(Hart 1991): 

Conclusions 

1.) restrictive zoning imposed by urban environmentalists on Can these models work elsewhere? Planning tools like zoning, 
unwilling ranchers halted development, giving alliances time to use value tax assessment, and conservation easements are widely 
form and start work. Without this initial show of urban force, available, although the particulars vary. But collaboration 
subsequent collaboration would have had little rangeland left to between ranchers, environmentalists, and planners is essential to 
conserve. Yet without the additional cooperative alliance build- success-sustainable social relationships are the key to our future 
ing, restrictive zoning would have rapidly broken down; rangeland landscape. Range professionals and scientists have an 

2.) urban environmentalists and county planners jettisoned important role to play by providing and developing good infor- 
ideas about the incompatibility of ranching and open space mation about ecological systems and management options, and 
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by using their communications shills to help groups find a “cul- 
tural convergence.” Information about how management strate- 
gies can solve some rangeland problems can help defuse contro- 
versies fueled by emotion and misunderstanding. When groups 
work together rather than fight each other, when the sharp edges 
of ecological and social conflict are minimized or softened by 
compromise and planning, ranchlands and rangelands have the 
best chance of long-term survival. 

In sum, to conserve many western rangeland landscapes envi- 
ronmentalists will need to give a bit on their expectations of con- 
served areas, while ranchers may have to reconfigure slightly 
their concepts of what it means to own property. Rangeland man- 
agers can help facilitate a meeting of the minds if they recognize 
and understand the legitimacy of each group’s claims. The skills 
needed to facilitate the development of sustainable agreements 
need to be part of today’s range management curriculum. 

Ranching and environmentalist communities should not let 
polarization over land management practices prevent steps to pro- 
tect rangelands from poorly planned development: debates over 
the ecological impacts of grazing on rangelands or the impera- 
tives of wildlife management should not be rendered moot by the 
replacement of grass with cement and riparian areas with cul- 
verts. As Michael Farrow, Program Director of the Department of 
Natural Resources of the Confederated Tribes of the Umatilla 
Indian Reservation said at the recent conference in La Grande: 
“Something has to be done about this urban sprawl. It is wasteful. 
It’s a mistake our children will be paying for, and their children 
after that, and so on for generations.” 
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Abstract 

An inexpensive method of tree felling is needed to precondition 
dense stands of mature junipers &miperus spp.) for the effective 
use of prescribed burning. The purpose of this research was to 
determine draft requirements to fell individual juniper trees at 
different striking heights. These baseline data are necessary to 
design an elevated chaining technique. Sites in Oklahoma with 
single-stemmed Ashe juniper (Juniperus mhei Buchholz) (N=40) 
and Texas with multi-stemmed redberry juniper (hziperus pin- 
ch&ii Sudw.) (N=45) were selected for evaluation. A horizontal 
breaking bar was cabled to au instrumented tractor drawbar for 
draft force determinations. Data from the drawbar loadcell were 
stored in a laptop computer data acquisition system. Maximum 
force to fell junipers was determined at striking heights of 0,0.6, 
0.9, and 1.2 m in Oklahoma and striking heights of 0,0.6, and 0.9 
m in Texas. Force to fell Ashe juniper trees at striking heights of 
0,0.6,0.9, and 1.2 m averaged 149,78,50, and 38 kN, respective- 
ly. Striking trees at 0.9 m compared to 0 m (ground level) 
reduced the felling force by 67% and still uprooted 50% and sev- 
ered 50% at ground level. With redberry junipers, felling force 
at striking heights of 0, 0.6, and 0.9 m averaged 81, 14, and 12 
kN, respectively. At the striking height of 0.6 m, required draft 
was reduced by 84% compared to ground level striking, and 
67% of the trees were severed at ground level and the remainder 
were uprooted. To predict force to fell a given size tree, draft was 
regressed on basal stem diameter in Ashe juniper or total basal 
stem area in redberry juniper. Based on these data, we concluded 
an anchor chain modified for elevated striking heights could sub- 
stantially reduce the tractor drawbar draft for preconditioning 
of dense stands of juniper by chaining. 

Key Words: brush control, mechanical, burning, Juniperus, force 
measurements, data acquisition system, Texas, Oklahoma. 
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Junipers (Juniperus spp.) have encroached upon 10.2 million 
ha of rangeland in Texas and Oklahoma and negatively influ- 
enced land use (SCS 1983, SCS 1988, Engle 1985). This range- 
land is basic to the livestock, wildlife, and recreation industries of 
both states. Herbaceous plant production has been doubled and 
even tripled by juniper removal (Arnold et al. 1964, Steuter and 
Wright 1983). Prescribed burning for control of juniper has been 
validated by Wright and Bailey (1982) in Texas and Rollins 
(1985) in Oklahoma. However, moderate to dense stands of 
juniper must be mechanically treated to release herbage produc- 
tion necessary for successful bums (Rasmussen et al. 1986). The 
mortality achieved by burning is high when trees are less than 1.8 
m in height, but fire is seldom effective when Ashe juniper 
(Juniperus ashei Buchholz) and eastern redcedar (Juniperus vir- 
giniana L.) are over 2.4-m tall (Dalrymple 1969, Martin and 
Crosby 1955, Owensby et al. 1973). Mortality of redberry juniper 
(Juniperus pinchotii Sudw.), a sprouting species, is high (70%) 
when trees are less than l-m tall and the bud zone is still above 
ground (Steuter and Britton 1983). J. Altom (personal communi- 
cation) found that large Ashe and eastern redcedar could be killed 
by fire if the limbs were trimmed and the tree was cut off about 1 
m above ground. Engle et al. (1988) and Engle and Strizke (1991) 
in Oklahoma and M.K. Owens (personal communication) in 
Texas have used paraquat (1 ,l ‘-dimethyl-4,4’-bipyridiniumion) to 
precondition large junipers with varied results when later 
attempting to bum dense stands. The environmental movement 
has changed public opinion concerning the use of chemicals in 
agriculture and their use may be severely restricted (Farrell 
1990). 

Chaining is the felling of trees by an anchor chain pulled 
between large crawler tractors and is normally cost effective 
(Fisher et al. 1973). However, in dense stands of large junipers on 
rocky sites, chaining can be very expensive because of low chain- 
ing productivity. A low cost method of tree felling is needed as a 
pre-treatment for burning. We believe au elevated anchor chain 
could be designed that would reduce draft, and therefore costs, to 
fell juniper trees. The objective of this research was to determine 
draft requirements to fell individual juniper trees and the felling 
efficacy at different striking heights. This information is needed 
for basic design considerations to modify an anchor chain for ele- 
vated chaining. 

Study Sites 

Sites with mature Ashe juniper and scattered eastern redcedar 
in south central Oklahoma near Ardmore, and mature redberry 
juniper in northwest central Texas near Vernon were selected for 
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Breaking Bar and Instrumentation 
The horizontal breaking bar was a reinforced, 20 x lO-cm 

(depth x width) H-beam mounted on wheels so that above ground - 
striking height could be set at 0.6, 0.9, 01 1.2 m (Fig. 1). Two, 8- ..L _^I.,^^ ^.&, Fig. 3 d Arowhor mnnntml 270.kN lnadrdl I*) --.- 

,a 
_ .R ” . “ . . “ “ .  .  . . -  _ .  . . -__ .  _ _ I .____ . . . . , . . ,  W,LU cav,c~ iuached 

) breaking bar. Loadcell is interfaced with a laptop-computer 
ata acquisition system (B). Drawbar height is adjustable. dl 

this study. Trees in Oklahoma were single stemmed with large 
branches, whereas the trees in Texas were multi-stemmed at 
ground level. Soil at the Oklahoma site was a Kid-Rock Outcmp 
Complex (loamy, skeletal, mixed thermic Lithic Haplustoll). Soil 
moisturewas11%atOto15cmand13%at15to30cm(drywt 
basis, N = 5) when the test was conducted in July 1992. At the 
Texas site, soil was a Knoco Complex (clayey, mixed, (calcare- 
ous), thermic, shallow Ustic Toniorthent), and soil moisture was 
10% at 0 to 15 cm and 11% at 15 to 30 cm at the time of the test 
in December 1992. Soil conditions were favorable for commer- 
cial chaining at both locations. 

Fig. 1. Borizontal breaking bar used to fell trees at various strikiig 

In Oklahoma, 10 Ashe juniper trees were selected in July 1992 
for felling at each of 4 shiking heights, 0 (ground level), 0.6.0.9, 
and 1.2 m. At the Texas site, 15 trees were selected in December 
1992 for felling at each striking height of 0, 0.6, and 0.9 m. 
Woody plants were cleared around each tree to simplify sampling 
and movement of the tree-felling apparatus. Each tree was num- 
bered and the crown height, crown width, number of basal stems, 
and stem diameter at ground level were recorded. In Oklahoma 
there were no differences in average Ashe juniper height, width, 
or trunk diameter among striking heights (Table 1). Tree height 

heights. 

Striking Crown heieht Crown width Stem basal di r 
height if SD range i*SD E.“tp i?SD =w 

___...____...._(m) _.....___..... _ (Cm) _ _. 
cl 5.9 50.5 5.2 to 6.1 J.7f1.2 3.4107.0 40*9 23to56 

0.6 5.7 f 0.5 4.9 to 6.4 6.O~L.1 4.4t07.6 42+9 3oto59 
0.9 6.0 f 0.4 5.2 to 6.7 5.s*1.3 4.0t07.6 43;13 28to76 
1.2 5.8 ~0.5 5.0 to 6.4 6.2k1.1 4.6m7.6 41+10 28to61 
‘Measured 8, ground IWC,. 

mm diameter wire cables attached at the outer ends of the 3-m 
long bar were stretched around a selected tree and then attached 
to the tractor’s instrumented drawbar for pulling. For ground 
level (0 m) measurements, an anchor chain was looped around B 
tree and both ends fastened to the instrumented drawbar. A chain 
was used because it better duplicated actual ground level striking 
than the breaking bar would have on the uneven soil/rock WI- 
faces. Drawbar height was adjusted to measure draft, a horizontal 
force. A 270 kN loadcell was attached to the tractor drawbar and 
interfaced with our tractor-mounted, data-acquisition system (Fig. 
2). A laptop computer (Epson, Equity LT-386SX) with a multi- 
function board (National Instruments, PC-LPM-16) provided sig- ranged from 4.9 to 6.7 m, and tnmk diameter ranged from 23 to 

nal conditioning, analog to digital conversion, and data storage in 76 cm. Similarly. in Texas there were no differences in average 

a memory chip with later storage on the hard drive. Custom soft- 
redberty juniper height, width or total stem basal area among 

ware with pull-down menus provided a 1Mx) Hz sampling rate, 
treatments (Table 2). Tree height ranged from 2.8 to 5.6 m; total 

individual data point recording, graphic plotting to view test stem ma ranged from 170 to 2,720 cm’. Trees at each site were 

results, individual fde (test) naming and initialization, data con- sorted by stem size in ascending order by single stem basal diam- 

version to ASCII values, and procedures to calibrate the loadcell 
eter in Oklahoma or sum of the stem basal areas in Texas. Trees 

(Personal communication, C. Kotzabassis). The loadcell and data 
acquisition system were mounted on a 48.5.kW crawler tractor 
(John Deere 450-B). A 104-kW crawler tractor (Caterpillar D-6) 
was cabled (22-mm dia.) to the fmnt of the smaller tractor for 
tandem pulling to achieve approximately 200 kN of total drawbar 
force. 

Treatments and Experimental Design 
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Table 2. Size of redberry juniper trees in the striking height treatments used in the Tesas experiment on force required to fell trees, 

Striking 
height 

0 
0.6 
0.9 

Crown heieht Crown width 
R&SD range B+SD range 

_______________________(m) __-___________________ _ 
4.1+ 0.6 2.8 to 5.0 4.s 2 1.0 2.9 to 7.0 
4.2 + 0.6 2.9 to 5.1 5.1 & 1.0 2.7 to 6.4 
4.4 * 0.s 2.9 lo 5.6 2.7 + 6.4 2.7 to 6.4 

Number of stems 
t*SD range 

--------(no.) _ _ - ---_ 
S&3 4to 15 
522 2 to 9 
552 1 to 10 

Total Stem bagal area’ 
%+SD range 

- - - - - - - _ (cm’) _ _ _ _ _ _ _ _ _ 
1260 640 + 170 to 2720 
12705570 320 to 2260 
1240+630 330 lo 2560 

‘hkmred at ground level. 

were further sorted by the number of striking heights, and trees 
were then randomly selected for a striking height within each 
ascending group. Lower branches were trimmed from each tree 
as a safety precaution for field personnel working around the 
trees. 

simultaneously at a speed of 3 to 5 km/h using 2 tractors with 
direct drive transmissions operating at 50% of manufacturer’s 
rated capacity. 

Following cable attachment of the breaking bar around a tree 
and to the tractor, drawbar force was measured as the bar was 
pulled against the tree. In Oklahoma, tractors were unable to 
exert sufficient force at ground level to fell 2 trees. Forces to fell 
these 2 trees were based on the actual force applied by the trac- 
tors even though the trees were not felled. These 2 trees were 
then felled using the 0.6 striking height resulting in data set of 12 
trees at this height. 

Results and Discussion 

Oklahoma Experiments 
Force to fell Ashe junipers at the O-m striking height was 

greater than all others striking heights, but the force at the 0.9-m 
striking height was not different from that at 0.6 or 1.2 m (Table 
3). The force at 0.6 m was greater than the force at the 1.2-m 

The extent of tree breakage or uprooting was recorded for each 
tree. Uprooting in this study meant that a tree was pulled down to 
a horizontal position with most of the root mass pulled away from 
the soil, even though some roots might still be attached to the soil 
allowing the tree to live. Because trees were being preconditioned 
for a later bum, complete severing of all roots was not necessary. 
Felling efficacy was rated satisfactory when a tree was uprooted, 
uprooted with all roots completely severed, or completely severed 
at ground level. A partly uprooted tree or a tree returned to an 
upright position with stems cracked was rated as unsatisfactory 
felling. 

Table 3. Drawbar force to fell juniper trees in experiments in Oklahoma 
and Tesas. 

Experiment Striking 
heieht 

Force to fell trees’ 

Statistical Analysis 
Data for each tree were transferred to a spreadsheet for statisti- 

cal analysis. During data transfer, variable numbers of sequential 
data points were grouped and averaged to reduce noise (exces- 
sively high and low values) without loss of data. This was neces- 
sary because excessive noise develops when uneven forces are 
applied to the loadcell, e.g., crawler tracks slipping on rocks. In 
Oklahoma, 100 data points were averaged whereas in Texas only 
5 data points were averaged. A data set contained about 15,000 
points before averaging. Maximum force to fell a tree was deter- 
mined from the set of averaged data points. Treatments were 
compared by one-way analysis of variance using individual trees 
as replications and a protected Least Significant Difference 
method of mean separation at P = 0.05. The relationship between 
felling force (dependent variable) and tree size was determined 
by linear regression. Coefficients of determination (I’) were used 
to validate the accuracy of the regression. Regression standard 
error of the estimates were calculated to illustrate the variations 
in force. Efficacy of tree felling was judged satisfactory or unsat- 
isfactory and a chi-square test for equal proportions was used to 
compare the results at different heights. We judged efficacy at the 
highest striking height at each location as the least satisfactory 
treatment, so we used the efficacy at the highest striking height at 
each location as the basis for comparison of efficacy at lower 
striking heights. Estimates of crawler tractor flywheel power for 
elevated chaining were based on drawbar pull to fell 2 trees 

Cm) (kN) 
Ashe juniper (Oklahoma) 0 149 69 a’ + 

0.6 78541 b 
0.9 50+26bc 
1.2 3S+ 16~ 

Redberry juniper (Texas) 0 81+25a 
0.6 13+6b 
0.9 12+6b 

‘% + SD. 
2Gaas within an esprriment followed by the same letter are not different at the 5% 
level. 

striking height. Felling efficacy at the 1.2-m striking height was 
unsatisfactory, which was different (PcO.01) from the satisfactory 
ratings at lower striking heights (Table 4). At the 1.2-m striking 
height, 50% of trees were only partly uprooted and 20% (trunk 
dia. ~35 cm) were returned to an upright position even when the 
main trunk was split (70% unsatisfactory). At the 0.9-m striking 
height, 50% of the trees were uprooted while the other half were 
severed at ground level (100% satisfactory). At the 0.6-m height, 
75% of the trees were uprooted and 25% were severed at ground 
level (100% satisfactory). At the O-m level, all trees were uproot- 
ed and completely pulled out the soil (100% satisfactory), except 
for 2 trees which the tractors were unable to exert sufficient force 
to fell. 

Felling trees at the 0.9-m striking height would reduce draft by 
67% compared to ground level chaining, and uprooting/breaking 
would be high. The 0.9-m height would be preferred for tree 
basal diameters of 2X to over 76 cm because performance was 
unsatisfactory at the 1.2-m striking height when tree basal diame- 
ter was smaller than 40 cm. If trees were predominantly small 
(less than 45 cm basal diameter) and the ground was not very 
rocky, then the 0.6-m height would be more effective than the 
0.9-m height. 
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Draft was positively correlated to stem basal diameter for all 
striking heights (Fig. 3). Coefficients of determination (?) were 
significant at the PsO.05 level for all heights except the 0.6-m 
height, which indicates felling force is dependent on tree size. 
Coefficients of determination were low for the 0.6- and 0.9-m 
heights because of variation in felling forces introduced by rocks 
incorporated in the tree root masses. Felling forces within the 
ground level and 1.2-m striking heights were not affected as 
much by the variation in the amount of rocks in the root masses. 
Soil cavities following uprooting varied widely within similar 
tree sizes, with some soil cavities over a cubic meter in size. 
Predicted force to uproot a 55-cm diameter tree at the 0.9-m strik- 
ing height would be 62 kN while felling the same tree at ground 
level would require nearly a fourfold increase in force to 23 1 kN. 
With the potential for juniper trees having stems over loo-cm in 
basal diameters at this site, the need for elevated striking heights 
is apparent. Considering the poor traction in rocky soil, we esti- 
mate crawler tractors with more than 150 kW of power would be 
necessary for elevated chaining (0.9-m striking height) in trees 
with 60-cm basal diameter stems and at least 200 kW of power if 
trees are larger. 

Tesas Esperiments 
More force was required at the 0 height than at the other 

heights, while there was no difference in the force required to fell 
trees at the 0.6- and 0.9-m striking heights (Table 3). However, at 
the 0.9-m striking height tree felling efficacy was unsatisfactory 
which was significantly different (PcO.01) than the satisfactory 
ratings at lower heights (Table 4). Trees with total stem basal 

Table 4. Eficacv of juniper tree felling Oklahoma and Texas. At each 
location, the highest striking height was compared to lower heights. 

Experiment Striking Satisfactory Unsatisfactory x2 
height df=l 

M-0 
Ashe juniper (Oklahoma) 1.2 3 I -- 

0.9 10 0 1o.s** 
0.6 12 0 12.3** 
0 8 0 9.2** 

Redbeny juniper (Texas) 0.9 6 9 - 
0.6 15 0 12.9** 
0 14 1 9.6** 

**Pco.oi. 

area less than 400 cm’ remained upright when struck at the 0.9-m 
height, and 47% were only partly uprooted (60% unsatisfactory). 
At the 0.6-m striking height, 67% were severed at ground level 
and the remainder were uprooted (100% satisfactory). Striking at 
ground level resulted in 80% of the trees being completely pulled 
out of the soil and the remaining trees being uprooted (93% satis- 
factory), except 1 small tree (stem area = 170 cm*) which was 
partly broken. 

Felling trees at a striking height of 0.6 m would reduce the 
required draft by 84% compared to ground level striking. 
Elevating the striking height in multi-stemmed redberry juniper 
dramatically reduces required draft. However, trees need to be 
larger than 400 cm2 in total stem area (e.g., several stems with 
diameters of 10 cm or larger) or taller than 3 m for elevated strik- 
ing to be effective. 

Draft for tree felling was positively correlated with tree size 

Y = -62.3 + 5.34X 
Sy.x = zk 46 

20 30 40 50 60 70 80 
350 

i 

0.6-m 
300 r*=0.23 
250 
200 
150 l l 

Y = -13.3 + 2.19x 
Sy.x = f 38 

20 36 40 50 60 70 80 

350 0.9-m Y = 6.7 + 1.01X 
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250 
200 
150 
100 - 0 

l 
50 - 0 L 

7-c-e l e 
0 , I I I I I I 
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350 1.2-m 
300 r*=0.52 

Y =-7.3 + 1.11x 

250 sy.x = f 11 

200 
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BASAL STEM DIAMETER (cm) 

Fig. 3. Drawbar draft required to fell Ashe junipers at striking 
heights of 0, 0.6. 0.9 and 1.2 m at the Oklahoma site. Regression 
equations are for draft (Y) in kN on basal stem diameter (X) in cm 
and Sy l x is the standard error of the estimate. Except for the 0.6- 
m striking height, regressions were significant at P10.05. 

expressed as the total of stem basal area (Fig. 4). Coefficients of 
determination (3) were significant (PcO.01) for the 0-, 0.6- and 
0.9-m striking heights, indicating felling force was strongly relat- 
ed to tree size. Predicted felling force for a tree with a stem area 
of 2,200 cm’ (e.g., a tree with 5 stems with diameters of 30, 28, 
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Fig. 4. Drawbar draft required to fell redberry junipers at striking 
heights of 0,0.6 and 0.9 m at the Texas site. Regression equations 
are for draft (I’) in kN on total basal stem area (x3 in cm2 and Sy l 

x is the standard error of the estimate. Regressions were signifi- 
cant at p10.01. 

23, 22, and 10 cm) would be 20 kN at the 0.6-m striking height, 
while ground level striking would require 107 kN, a fivefold 
increase. Crawler tractors with at least 104 kW of power would 
be required for elevated chaining (0.6-m striking height) in multi- 
stemmed redberry junipers with stem basal areas of 2,600 cm* or 
less. 

Conclusions 

Felling Ashe juniper trees 23 to 76 cm in basal diameter (5.2- 
to 6.7-m tall) at a striking height of 0.9 m reduced the average 
drawbar force by 61% compared to ground level striking while 
maintaining a satisfactory efficacy of tree felling. Tree felling at 
1.2-m striking heights was not satisfactory. Predicted force to fell 
a 55-cm diameter tree was 62 kN at a 0.9-m striking height com- 
pared to nearly a fourfold increase of 231 kN for ground level 
striking. 

A striking height of 0.6 m reduced average drawbar force by 
84% when felling redberry junipers 170 to 2,720 cm’ in total 
stem basal area (2.8- to 5.6-m tall) compared to ground level 
striking, and tree felling efficacy was satisfactory. Felling was not 
satisfactory at the 0.9-m striking height. Predicted draft to fell a 
2,200-cm* stem area tree was 20 kN at 0.6 m striking height com- 
pared to a fivefold increase of 107 kN at ground level striking. 

Elevating striking heights above ground level can be used 
effectively for reducing the force required to fell individual 
juniper trees. We believe that an anchor chain could be modified 
to achieve elevated striking heights by attaching a rotating steel 
ball in the center of the chain. This modification would substan- 
tially reduce the drawbar pulling forces required for juniper 
chaining, and subsequently reduce cost, when preconditioning 
junipers for burning. 
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Abstract 

Seedbeds of graze-out wheatland and herbicide-killed wheat 
(Z’titicum aestivum L.) were evaluated as were use of a grass drill 
and the Woodward chaffy grass seeder for Old World bluestem 
(Bothriochloa ischaemum (L.) Keng) establishment. Seedings 
were made in 3 consecutive years in western Oklahoma. Steer 
grazing days on the seedbed treatments, seedling establishment, 
and second year grass herbage production were measured. 
Adequate stands were established in either seedbed. Economics 
favor the graze-out wheat seedbed treatment which produced an 
average of 189 steer grazing days ha-’ year“. Adequate stands 
were established with either the grass drill or the Woodward 
seeder. Denser stands were usually established with the 
Woodward seeder-this was unexpected since it is a broadcast 
seeder. Results with the Woodward seeder are attributed to a 
requirement for very shallow planting of Old World bluestem 
and the protected environment of wheat drill furrows and wheat 
residue. Seedbeds of graze-out wheatland are recommended for 
Old World bluestem establishment in the Southern Plains. 

Key Words: grass planting, chaffy-seeded grasses, warm-season 
grasses, graze-out wheat, Bothriochloa ischaemum. 

Warm-season grasses have traditionally been established in the 
Southern Plains by drilling into sorghum (Sorghum bicolor 
(L.)Moench) stubble(Savage 1939). Disadvantages of this 
methodology are that no return is realized from the land the year 
of grass establishment, and that many farms are now equipped for 
wheat (Triticum aestivum L.) rather than sorghum production. 

A new seeding technique used by some farmers to establish 
Old World bluestems (Bothriochloa ischaemum (L.) Keng) is 
drilling in the spring directly into wheat being used for spring 
pasture (graze-out wheat). The grazed wheatland offers a firm 
seedbed, while the graze-out wheat provides income and some 
site protection the year grass is seeded. Although usually success- 
ful, this technique has been faulted for depleting soil water at the 
time water is needed for grass seed germination and growth 
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a nondiscriminatory basis without regard to race, color, national origin, religion, 
ses. age. marital status, or handicap. 
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(Rollins and Ahring 1987). Also, stand establishment has not 
been sufficiently documented for this technique to be appraised 
as an acceptable practice by conservation agencies. A seeding 
alternative used by some producers is to plant grass into wheat 
residue after wheat has been grazed until early spring and then 
wheat regrowth killed with a herbicide. 

Old World bluestem is the major grass established for intro- 
duced pastures in western Oklahoma and adjacent areas in Texas. 
It is a warm-season grass with chaffy seed. Such seed requires 
special grass drills to meter and place the seed at shallow depths 
(Wiedemann et al. 1979). A lower-cost simplified grass seeder, 
the Woodward chaffy grass seeder, has been recently developed. 
It is a broadcast seeder that feeds chaffy seed through holes in a 
rotating drum (Berg et al. 1992). 

The objectives of this study were to evaluate 2 seedbed treat- 
ments; 1) graze-out wheat, 2) herbicide-killed wheat, and 2 seed- 
ers; 1) grass drill, 2) Woodward chaffy grass seeder for Old 
World bluestem establishment. 

Methods 

This field study was conducted over 4 growing seasons at the 
USDA-ARS Southern Plains Range Research Station near 
Woodward in northwestern Oklahoma. To include year-to-year 
weather variability in seedling establishment, separate sets of 
plots were established in 1991, 1992, and 1993 on Hardeman 
sandy loam (coarse loamy, mixed, thermic Typic Ustochrepts) 
that had been cultivated about 90 years since the native mixed 
grass prairie was plowed. The land was cropped annually to 
sorghum or wheat and was in wheat 3 years prior to study estab- 
lishment. The soil tested adequate in P (29 to 44 mg P kg-‘, 
Mehlich 3 extraction) and K (185 to 215 mg K kg-‘, Mehlich 3 
extraction). Nitrate N tested low (9 to 12 mg N kg-‘, calcium sul- 
fate extraction, Hanlon and Johnson 1983). 

Wheat was drilled in October in 3 to 7 ha fields. No fertilizer N 
was applied to the wheat prior to grass seeding in 1991 because 
of drought conditions. In 1992 and 1993,70 kg N ha-’ as ammo- 
nium nitrate was broadcast on the wheat in February. 

Wheat herbage on the whole field including study areas was 
heavily grazed to a 2- to 4-cm stubble by 300-kg steers in late 
winter or early spring (Table 1). The following treatments were 
then established on each of 5 replications in a randomized-com- 
plete-block design: 

1. graze-out wheat-grass drill 
2. graze-out wheat-Woodward chaf@ grass seeder 
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3. herbicide-killed wheat-grass drill 
4. herbicide-killed wheat-Woodward chaffy grass seeder 
About 1 week after termination of the early grazing, glyphosate 

[N-(phosophonomethyl)glycine] was sprayed at the rate of 0.5 kg 
a.i. ha” to kill wheat on the herbicide treatment. ‘WW- 
Ironmaster’ Old World bluestem was then seeded at 1.7 kg pure 
live seed ha-’ with a grass drill (Tye Company, Lockney, Tex.) or 
with a Woodward chaffy grass seeder (Ag Renewal Inc., 
Weatherford, Okla.). Seeding into the firm seedbed was in rows 
at a right angle to the wheat rows. The grass drill had a row spac- 
ing of 25 cm and was equipped with double disc openers, 1.6-cm 
depth bands and press wheels. The Woodward seeder had a row 
spacing of 25 cm between rows of holes encircling the drum. A 
2-kg drag chain was pulled behind the drum in line with each row 
of holes. Plot width was 10 m for the grass drill and 11 m for the 
Woodward seeder. Plot length was 60 m. 

After seeding grass in March or April (Table I), steers were 
excluded from the herbicide treated plots and were allowed to 
heavily graze the graze-out treatment in common with the 

Table 1. Wheat grazing periods, stocking, and grass seeding dates over 3 
years. 

Parameter 1991 1992 1993 
Early grazing period 22 Feb.-4 Mar. 26 Feb.-9 Mar. 
Steer days ha” 

2-9 Apr. 
56 74 99 

Grass seeding date 14 Mar. 24 Mar. 19 Apr. 
Graze-out period 

Steer days ha.’ 
1-B Apr. 6-27 Apr. 26-30 Apr. 

118 142 79 
Total Steer days ha” 

on graze-out 174 216 178 

remainder of the field. Wheat was grazed out by mid-to-late April 
and steers removed. No attempt was made to measure steer 
weight gain because of the short grazing periods. Steer gain of 
about 1 kg day-’ is normally expected on graze-out wheat in this 
area. 

All plots were sprayed with metsulfuron (2[[[[(4methoxy-6- 
methyl-l,3,5-triazin-2-yl)amino]carbonyl]amino]sulfonyl]ben- 
zoic acid) at the rate of 4 g a.i. ha-’ in late May of all grass seed- 
ing years to control broadleaf annual weeds. 

Density of Old World bluestem seedlings was determined in 
early July after spring seeding and again the following May by 
counting plants rooted within one hundred 0.1-m* quadrats in 
each plot. Quadrat location was determined by randomly stretch- 
ing a tape diagonally across the seeding rows and then placing the 
quadrat at 0.5-m intervals along the tape. 

In April of the second growing season, the standing residue 
was mowed and 70 kg N ha-’ applied to the plots. In early July, a 
sickle bar harvester was used to cut a 20-m’ area within each 
plot, the herbage was weighed, subsampled, subsamples were 
dried at 57” C to a constant weight, and oven-dry herbage pro- 
duction calculated. 

May and June precipitation was favorable for warm-season 
grass establishment during the 3 years grass was seeded (Table 
2). Precipitation was less than normal in April and July of all 
seeding years. 

Data were first statistically analyzed using the combined data 
set over 3 years. The year effect was highly significant for 
seedling density and forage yield. Subsequently, the data from 
each year were analyzed separately. 

Table 2. Spring, early summer, and total precipitation at Woodward, 
Okla. over the 4-year study period. 

Month Total 
Year blar. Apr. May Jun. Jul. for year 

------ ------------_ (mm) ---__-___-__________ 

1991 2s 11 9s 52 25 367 
1992 3s 20 135 104 33 590 
1993 47 10 161 71 21 550 

1994 1.5 110 65 33 63 565 
SO year ave. 40 54 9s 77 57 593 

Results and Discussion 

Old World bluestem seedling densities in July after spring 
seeding ranged from 12 to 46 plants rn-* (Table 3), and from 17 to 
50 plants me2 the following May (Table 4). An acceptable stand is 
5.4 plants mm2 at the end of the first growing season (USDA- 
NRCS, Stillwater, Okla). Weeds were not a problem other than in 
1993 when crabgrass (Digitaria spp.) was thick in localized 
patches covering about one third of the study area. 

Stand density decreased in the 1991 planting from the seedling 
year to the second year; this was apparently because of low pre- 
cipitation in summer and fall of 1991. Stand density remained 
nearly constant in the 1992 planting from the seedling count to 
the second year count. Stand density increased in the 1993 planti- 
ng from the seedling year to the second year, apparently a reflec- 
tion of seedlings initially overlooked within crabgrass patches, or 
possibly, late germinating seeds. 

The year effect was highly significant (PcO.001) for stand den- 
sity (Tables 3, 4). This was because competition from crabgrass 
resulted in fewer Old World bluestem plants established in the 
1993 seeding, and probably because of expected year-to-year 
variability in the amount and timeliness of precipitation. The year 
effect was also highly significant (PcO.001) for herbage produc- 
tion (Table 5) reflecting low yields from the 1991 planting and 
high yields from the 1992 planting. These differences are again 
believed to be primarily caused by year-to-year variability in pre- 
cipitation. 

Seedbeds 
Seedbeds of graze-out wheat or herbicide-killed wheat resulted 

in similar (aO.05) seedling densities (Tables 3,4). Herbage pro- 
duction from the 1991 and 1993 seedings was not affected 
(P>O.O5) by seedbed treatment (Table 5). Herbage production 
was less (PcO.01) on the 1992 graze-out than the herbicide-killed 
wheat seedbed. This may be a reflection of greater soil water 
depletion by the preceding crop of graze-out wheat. The year x 

Table 3. Seedling density in July of spring seeded Old World bluestem as 
affected by seedbed and seeder treatments. 

Year Dlanted 
1991 1992 1993 

- - - - - (seedlings mm2)- _ _ _ _ _ 
Seedbeds 

Graze-out wheat 32a’ 36a 15a 
Herbicide-killed wheat 34a 40a 15a 

Seeders 
Grass drill 29a 31b 12b 
Woodward chaffy grass seeder 37a 46a 17a 

‘Means within yearweedbeds or seeders followed by different letters are significantly 
different at the 0.01 level. 
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Table 4. Density of Old World bluestem in May of the second growing 
season as affected by seedbed and seeder treatments. 

Year olanted 
Treatment 1991 1992 1993 

_ _ _ _ _ (seedlings me’)- _ _ _ _ _ 
Seedbeds 
Graze-out wheat 21a’ 39a 20a 
Herbicide-killed wheat 21a 44a 21a 

Seeders 
Grass drill 19b 32b 17b 
Woodward chaffy grass seeder 22a 50a 24a 

‘Means witbin years, seedbeds or seeders followed by different letters are significantly 
different at the 0.01 level. 

seedbed treatment interaction was significant (P<O.OS) reflecting 
the greater yield on the herbicide treatment than the graze-out 
treatment from the 1992 planting; whereas, yields were similar on 
both seedbed treatments for the 1991 and 1993 plantings. 
Seedbed x seeder interaction was not significant (fiO.05) in any 
seeding year for number of seedlings established or herbage pro- 
duction. 

Total steer days on graze-out wheat averaged 189 days year-l. 
This is less than usually expected in the area and is attributed to a 
deficiency in seasonal precipitation. September through April 
precipitation was 160,210, and 270 mm preceding and during the 
1991, 1992, and 1993 graze-out periods, respectively; the SO-year 
average is 295 mm. September and October 1992 were dry (6 
mm precipitation), delaying wheat emergence and early 1993 
grazing. In all seeding years, graze-out was completed by mid to 
late April and wheat regrowth was nearly nil with dry conditions. 
With more favorable moisture conditions, wheat grazing can con- 
tinue into May. Our observations on other plantings is that wheat 
should be grazed to a 2- to 4-cm stubble by mid May on graze- 
out seedbeds. In this area, wheat usually heads in mid April and 
grain is ripe in early June. Old World bluestem seedlings usually 
emerge in late May. 

A return averaging $25 ha’ year-’ is estimated from the graze- 
out seedbed treatment over this 3-year study. This is based on the 
following assumptions: income = 1 kg steer gain day-’ x 189 steer 
days ha-’ x $0.77 kg-’ steer gain (custom wheat graze-out rate, 
Doye and Kletke 1994) = $145 ha”; minus wheat pasture produc- 
tion costs of $120 ha” (Jobes and Kletke 1994), this does not 
include land or cattle handling costs. The low return is partially a 
reflection of wheat forage production limited by drought in 
March and April 1991, and by late fall wheat emergence in 1992. 
A loss of $81 ha-’ is estimated for the herbicide treatment: income 
= 1 kg steer gain day-’ x 76 steer days ha-’ x $0.77 kg” gain = $59 
ha”; minus wheat pasture production costs of $120 ha-’ and $20 
ha*’ herbicide treatment. 

Table 5. Herbage production by Old World bluestem in July of the sec- 
ond growing season as affected by seedbed and seeder treatments. 

Year alanted 
Treatment 1991 1992 1993 

_ _ _ _ _ (kg ha-‘)- _ _ _ _ _ 
Seedbeds 

Graze-out wheat 2,200a’ 3,930b 2,S60a 
Herbicide-killed wheat 2,120a 4,SlOa 3,060a 

Seeders 
Grass drill 2,120a 4,370a 2,900a 
Woodward chafe grass seeder 2,200a 4,370a 3,030a 

‘Means within years, seedbeds or seeders followed by different letters are significantly 
difierent at the 0.01 level. 

Seeders 
Adequate stands were established using either the grass drill or 

the Woodward seeder (Tables 3,4). However, more plants per 
mete? were usually established with the Woodward seeder which 
is a broadcast seeder. This was unexpected since shallow drilling 
is usually the preferred grass planting method because it enhances 
soil-seed contact and gives some protection against water loss to 
the atmosphere (Young et al. 1987). 

We observed that grass plants were aligned with the shallow 
furrows made with the grass drill. Whereas, grass seeded with the 
Woodward seeder was aligned with the rows of wheat stubble 
which were at a right angle to the direction the seeder was pulled. 
A combination of some soil movement by the drag chains and 
spring rain plus a protected environment (Evans and Young 
1987) in wheat planting furrows and graze-off wheat stubble 
probably resulted in adequate stand establishment using the 
Woodward seeder. The grass drill with 1.6 cm depth bands may 
have placed seed deeper than optimum. Hoof action may also 
cover seed with soil. However, note that stand density was simi- 
lar (Tables 3,4) on the graze-out treatment (heavily grazed after 
grass seeding) as compared to the herbicide-killed wheat treat- 
ment (not grazed after grass seeding). 

Overall, it appears that Old World bluestem should be planted 
very shallow. Also, the relatively high seedling densities estab- 
lished in this study indicate that a lower seeding rate than the rec- 
ommended 2.2 kg pls ha-’ (Rollins and Ahring 1987) may be con- 
sidered where a firm seedbed and an appropriate seeder are used. 
Seedbeds of graze-out wheatland are recommended for Old 
World bluestem establishment in the Southern Plains. 
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Abstract 

Soil organic C, total N, extractable P, and salinity were evalu- 
ated after 12-16 years of protection from grazing in 2 native 
grassland sites which differed in frequency of soil waterlogging 
in the Flooding Pampa of Argentina. We tested the hypothesis 
that flooding regime would affect the impact of grazing on soil 
chemical properties. We sampled soil to lo-cm depth in adjacent 
grazed and ungrazed plots in each site, and assessed the percent- 
age dissimilarity QD) in vegetation composition among pastures. 
Grazing condition significantly interacted with site (P<O.OOl) in 
affecting topsoil C, N, and salinity. Soil C and N were higher in 
grazed grassland (C = 4.8%; N = 0.42%) than in long-term 
exclosure (C = 3.7%; N = 0.35%) for the more frequently flood- 
ed, lowland site, hut did not vary between grassland plots in the 
upland site (C = 3.1%; N = 0.29%). Soil electrical conductivity 
(E.C.) was low in both ungrazed plots (< 2 dS/m), yet in grazed 
condition salinization was higher in the upland (E.C.= 6.85 dS/m) 
than in the lowland site (3.88 dS/m). Soil extractable P did not 
change in any consistent way with grazing treatment. Grazing 
apparently amplified differences in soil chemistry between low- 
land and upland sites, while differences in botanical composition 
between topographical positions were smaller for grazed (PD = 
44 %) than for ungrazed (64 %) grassland. Moreover, contrasting 
responses between sites occurred for various soil parameters, 
whereas compositional differences between grazed and ungrazed 
plots were similar in each site (PD = 65%). Thus, soil-vegetation 
changes in response to grazing appeared to be loosely coupled in 
this rangeland ecosystem. 

Key Words: Argentina, landscape heterogeneity; nutrient cycling, 
plant community dynamics, soil organic matter, topography 

The spatial heterogeneity of organic matter accumulation and 
soil chemical properties in grassland ecosystems is controlled by 
composite physical and biotic factors-including topography, soil 
microclimate, vegetation, and grazing, which change over differ- 
ent time scales (Jenny 1980; Burke 1989). Slowly changing fac- 
tors, e.g. topography, constrain the variation of fast-response 
variables, such as soil water regime and plant composition. Large 
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herbivore grazing affect vegetation structure and composition, 
and hence the substrate and soil environment for microbial 
processes across landscape gradients @eagle et al. 1992). Such 
interactions may be responsible for the varied effect that grazing 
seems to produce on soil carbon and mineral pools in grasslands 
(Milchunas and Lauenroth 1993). 

The Flooding Pampa grasslands in southeastern South America 
(Soriano 1992) comprise a fine-grained mosaic of plant commu- 
nities and soil types, most often associated with subtle differences 
in drainage regime (Batista et al. 1988; Burkart et al. 1990). 
Grazing by domestic livestock exerts strong, well-known influ- 
ences on both structural (Sala et al. 1986; Facelli et al. 1989) and 
functional (Doll 1991; Chaneton et al. 1996) attributes of the nat- 
ural grassland vegetation. In contrast, the role of grazing in shap- 
ing soil properties relevant to net primary production and nutrient 
turnover in pampean grasslands has not been well established, 
i.e., studied for a range of ecological conditions (see Smoliak et 
al. 1972; Marrs et al. 1989; Seagle et al. 1992). 

Previous research in the central Flooding Pampa suggested that 
grazing has no measurable impact on carbon and mineral nutrient 
(IV, P) pools in soils of less frequently flooded, upland grasslands 
(Lavado and Taboada 1985). Conversely, these studies indicated 
that continuous grazing may promote salinization of soil surface 
horizons, in connection with flood-drought cycles (Lavado and 
Taboada 1987, 1988). No attention has been paid to the interac- 
tion of grazing regime with topography in determining soil prop- 
erties. Recurrent flooding is a prominent feature of this ecosys- 
tem (Sierra and Montecinos 1990), and topographic relief con- 
trols the spatial variation in frequency and duration of waterlogg- 
ing events. Inter-site differences in soil drainage and aeration 
over seasonal/annual time scales may affect patterns of organic 
matter accumulation (Jenny 1980; Schimel et al. 1985a) and 
nutrient cycling (Ruess and Seagle 1994), in addition to salt 
movement within the soil (Lavado and Taboada 1987, 1988; 
Alconada et al. 1993). Therefore, grazing impact on grassland 
soil chemistry could vary across landscape positions. 

The objective of this study was to evaluate the interactive influ- 
ence of grazing and topography on selected parameters related to 
soil fertility in a Flooding Pampa rangeland. We hypothesized 
that site differences in soil waterlogging regime would modify 
the effects of livestock grazing on soil chemical properties. Here 
we report changes in soil organic carbon (C), total nitrogen (N), 
extractable phosphorus (P), and salinity, after about 15 years of 
protection from grazing in 2 stands of native grassland located at 
different topographical positions. Differences in plant community 
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composition among pastures were examined as well, to address 
the potential relationship behveen changes in botanical structure 
and edaphic conditions. Total C and N pools, available P, and 
C/nutrient ratios, were all considered soil variables indicative of 
longer-term system responses to management, whereas the 
degree of topsoil salinization would reflect short-term impacts of 
grazing (cf. Burke 19S9). 

Methods 

Study Area 
The study was conducted on a ranch located at the Rio Salado 

basin in the center of the Flooding Pampa (36” 30’S, 58” 3O’W), 
eastern Buenos Aires province, Argentina (Soriano 1992). The 
area has been grazed for cattle production since the turn of the 
century. The climate is temperate subhumid, with mean monthly 
temperatures ranging from 8.2” C in July to 21.8” C in January, 
and a mean annual precipitation of 1,007 mm (1971-1990). The 
landscape is quite flat, with broad sandy ridges and slopes lower 
than 0.1% (Burkart et al. 1990). Dominant soils are loamy and 
slightly acidic at the surface and have a conspicuous B2t horizon 
at 25-50 cm depth. Surface runoff is negligible; water surpluses 
from winter-spring rainfall tend to accumulate in the lowlands 
causing soil waterlogging. In most years winter-spring flooding is 
followed by marked water deficits during the summer (Lavado 
and Taboada 1988; Sierra and Montecinos 1990). High 
watertable levels are usual and, together with the prevalent 
hydrologic regime, determine the halo-hydromorphic nature of 
most soils (Soriano 1992). 

Natural grasslands are subjected to continuous livestock graz- 
ing on extensive paddocks. About half the vegetation cover is 
made up of forb species, which coexist with a diverse mixture of 
grasses and sedges. Protection from grazing dramatically changes 
the grassland structure and botanical composition. Aboveground 
green biomass and litter accumulate in exclosures (Sala et al. 
1981; Hidalgo and CauMp6 1991), while invasive dicots are soon 
replaced by native tall grasses (Sala et al. 1986; Facelli et al. 
1989). Plant communities in the study area have been defined by 
broad surveys and mapped in relation to landscape position and 
soils (Burkart et al. 1990). 

Grassland Sites and Treatments 
We carried out the study on 2 sites which differ in annual soil 

waterlogging regime and dominant plant community. Grassland 
sites were located 6 km from each other at subtly different topo- 
graphical positions, being separated by =20 cm in height. Soils of 
these sites were never plowed, having similar morphology (Al- 
Bl-B2-B3) and particle size distribution, but contrasting salinity 
profiles (Berasategui and Barberis 1982; Batista and LeBn 1992). 
The “upland” soil was classified as Typic Natraquoll, and the 
“lowland” soil corresponds to a Typic Argiaquoll. The lowland 
site is affected almost every year by floods of greater depth and 
duration than those ocuning (less frequently) in the upland site 
(Berasategui and Barberis 1982; Burkart et al. 1990). Electrical 
conductivity may reach 10 dS/m in the upland soil, whereas it 
remains below 4 dS/m in the lowland one. In the nominal grazed 
condition, the upland plant community was characterized by the 
Piptochaetium montevidense (Spreng.) L.R. Parodi, Eclipta bel- 
lidioides (Spreng.) Sch.Bip., Ambrosia tenuifolia Spreng., 
Mentha pulegium L., and Briza subaristata Lam. association. The 
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lowland community was described as a Mentha pulegium L., 
Leontodon taraxacoides (Vill.) Merat, and Paspalidium paludi- 
vagum (Hitchc. et Chase) Parodi plant association (Burkart et al. 
1990). 

In each site, 2 grazing treatments were maintained for the last 
12-16 years in adjacent (paired) 2-ha plots delimited on formerly 
homogeneous prairie: (i) total livestock exclusion, from plots 
fenced in 1976 (upland site) and 1972 (lowland), and (ii) continu- 
ous grazing by cattle, which is the usual managerial practice in 
the system. Current grazing regime started in an undefined past, 
about a century ago; the annual average stocking rate was alike in 
both sites (0.5 cow/ha). These treatments were not replicated. 

Sampling and Data Analysis 
Twenty-five soil cores, 6 cm in diameter, were extracted to IO- 

cm depth from the Al horizon in each of the 4 grassland sites, in 
midsummer 1989. Sampling was regularly done along transects, 
leaving 5 m between contiguous samples in an attempt to avoid 
spatial autocorrelation and reduce interdependence of observa- 
tions (after Lavado et al. 1996). We omitted sampling lOm-wide 
strips each side of the fenceline that separated ungrazed from 
grazed plots in each pasture. Soil samples were air-dried and 
passed through a 2-mm sieve prior to chemical analyses. Total 
organic C content was determined by the Walkley-Black method, 
total N by Kjeldahl digestion, and extractable P (Pi) by the Bray- 
Kurtz method, following procedures described in Page et al. 
(1982). Soil electrical conductivity (E.C.) was measured in satu- 
ration extracts and used to evaluate the degree of topsoil saliniza- 
tion. Bulk density data (core method) were available from 
Taboada and Lavado (1988), who reported almost no significant 
difference between grazed and ungrazed plots over a 33-month 
study; for present estimations, we used a mean bulk density value 
of 1.17. 

Plant community composition was described in each grassland 
plot as part of a long-term study. We measured species’ basal 
cover in early summer by the line interception method, using four 
5-m long transects on each plot. Data shown here are mean plant 
abundances &SD) for 3 consecutive years, including dry and wet 
years with precipitation 32 and 28% below and above the annual 
average, respectively. We calculated the percentage dissimilarity 
(PD) in species composition behveen paired plots at equal topo- 
graphic position, and between plots under similar grazing treat- 
ment (lowland vs. upland), on a per-year basis, using the comple- 
ment of Czekanowski’s similarity index (Greig-Smith 1983, p. 
151). Compositional similarities between plant communities were 
computed as PS = X min (at , bi), where a and b represented rela- 
tive basal cover of species “i” on each site, being PD = PS - 100. 

Patterns in soil conditions were statistically examined by 2-fac- 
tor ANOVA for a split-plot design without replication, with the 
site (topographic position) as main block, and grazing treatments 
assigned to subunits (Steel and Torrie 1980). Cumulative normal 
probability plots were displayed to evaluate data normality. 
Variance homogeneity was examined through the F,,, test 
(Sokal and Rohlf 1969). Accordingly, Pi data were logarithmical- 
ly transformed to correct for heterogeneous variances. Because 
E.C. variances were largely unequal (PcO.001) even after trans- 
formation, we performed an approximate F’ test (Sokal and Rohlf 
1969, p. 372) on log(x+l)-transformed data to address overall dif- 
ferences among plots in this parameter. Differences among pas- 
tures in soil properties were considered significant only when 
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PsO.01, in order to reduce the bias in using the sampling error to 
evaluate treatment effects (see Wester 1992). For soil parameters 
meeting ANOVA assumptions, Fisher’s protected Least 
Significant Difference tests (L.S.D., PeO.01) were used to per- 
form multiple comparisons of means. For soil E.C., selected pair- 
wise comparisons were done by Welch’s modified I test, with df 
adjusted by the Satterthwaite method (Day and Quinn 1989). 
Means are reported in original scales. 

Clearly, our design was pseudoreplicated for unambiguously 
estimating the effects of grazing and topographical position on 
soil conditions (Hurlbert 1984). Therefore, the implied level of 
statistical inference does not go beyond the 2-ha plots used in this 
study (Brown and Waller 1986; Wester 1992). Although design 
restricted the interpretation of results, it should be regarded that 
each exclosure was originally established on a levelled, homoge- 
neous native pasture (R. Lebn, pers. comm.), classified into a 
given plant association according to the phytosociological 
method (Burkart et al. 1990). Also, vegetation and soils within 
and outside these exclosures were occasionally monitored in pre- 
vious works (see Sala et al. 1986; Lavado and Taboada 1985, 
1987; Chaneton et al. 19SS, 1996). Our analysis then assumed 
that grazed and ungrazed plots were identical in both soil and 
vegetation at the outset, and that grazed plots did not follow any 
temporal trend in measured soil properties. 

Results 

Soil Nutrients 
Soil organic C and total N were strongly correlated across all 

patches sampled in the 4 grassland plots (r2=0.90, PcO.001, 
df=98). There was a highly significant interaction effect of graz- 
ing treatment and site on both C and N soil pools (Table 1). 
Topsoil C and N were significantly lower inside the exclosure 
than under continuous grazing in the lowland grassland site 
(Table 2), but did not differ between plots in the upland site. Plots 
located in the lowland site contained higher amounts of C and N 
in soil than their upland counterparts (Table 2). Organic C aver- 
aged 4,350-5,5SO g/m2 in lowland plots, and ~3,600 g/m2 in 
upland plots. Total soil N content ranged from about 328 to 490 
g/m* in these plots. Soil C/N ratios showed a slight, though statis- 
tically consistent (Table l), pattern of variation among plots. 
Most obvious differences were due to the higher C/N ratio of 
grazed, lowland soil (Table 2). 

Extractable soil P was loosely related to organic C across grass- 
land patches sampled within the study plots (?=0.35, PcO.001, 
df=98). At the plot level, we did not find significant differences 

Table 1. Results of split-plot factorial ANOVA (I? ratios) on average con- 
ditions of soil fertility in adjacent (paired) grazed and ungrazed plots, 
located in lowland and upland sites of native grassland. Sources of 
variation are for differences in inherent soil variability between situa- 
tions. d.f.= 1,38 for all variance ratios. 

Organic C 
Total N 
C/N 
EStr. Pi 
clp 

Site 
221.01*** 
157.16*** 

17.49*** 
45.30*** 

0.24"' 

Source of Variation 
Plot 

43.37*** 
14.4-F** 
1s.55*** 

0.29"' 
4.48"s 

Site x Plot 
49.72*** 
33.1s*** 

***PA).ool, 970.01 

in soil Pi between grazing treatments, but average Pi concentra- 
tion consistently increased from the upland to the lowland grass- 
land (Tables 1, 2). In all, measured levels of soil Pi were always 
relatively low (all-samples median = 5.2 mgkg). The C/Pi ratio 
showed no significant change with landscape position or grazing 
treatment, although it tended to be higher in grazed plots (Table 
2). 

Soil Salinity 
Analysis of variance of E.C. patterns indicated that there were 

overall significant differences among plots in soil salinity 
(F=154.09, P<O.OOl, df=3,30). Soil E.C. was remarkably lower 
(PcO.001, Welch’s I) within long-term grazing exclosures, for 
both upland and lowland grassland sites (Table 2). Higher aver- 
age levels of topsoil salinization (PcO.001) under continuous 
grazing were found in the upland (range = 3.7-13.6 dS/m) than in 
the lowland site (2.2-6.3 dS/m) (see Table 2). 

Plant Community Composition 
Prolonged exclusion of cattle dramatically reduced the cool- 

season forb cover (Table 3). Grasses dominated within exclosures 
of both upland and lowland grassland. Warm-season grass 
species strongly dominated plots of lowland grassland, whereas 
cool-season grasses increased 4-fold and became dominant with 
protection from grazing in the upland site (Table 3). Grazed and 
ungrazed plots nevertheless differed in overall plant species com- 
position similarly for upland and lowland sites (mean annual PD 
= 62-68%). Yet, plant communities in exclosures located at dif- 
ferent topographical position showed greater annual dissimilarity 
(mean PD = 63.6%) than their counterparts under continuous 
grazing (PD = 43.8%). 

Discussion 

Soil organic C and total N were highest in lowland, grazed 
grassland (Table 2). Increased organic matter content in down- 
slope positions and swales has been shown in various ecosystems 
(e.g. Schimel et al. 19S5a; Burke 1989), being often attributed to 
the physical transport of materials downward. This process would 
seldom be operative in the study area given the gentle slope and 
flatness of land forms, yet some export of dissolved nutrients 
from upland to lowland sites might occur upon flooding. In addi- 
tion, accumulation of C and mineral nutrients in lowlands would 
reflect landscape differences in local turnover of elements associ- 
ated with varying decomposition rates. Severe anaerobiosis 
induced by prolonged floods reduces the activity of soil microor- 
ganisms (Ponnamperuma 1984), decreasing C outputs through 
microbial respiration from lowland soils (Schimel et al. 1985b). 
Nitrogen pools of frequently waterlogged soils may also reflect 
changes in microbial processes leading to low net mineralization 
rates, as well as increased denitrification (Ponnamperuma 19X4). 
Moreover, there is a potential for higher plant productivity in 
lowland sites, and hence for greater C inputs to soil (Schimel et 
al. 1985a; Milchunas and Lauenroth 1989), but we have no data 
to test this hypothesis in the studied ecosystem. 

The significantly lower amount of C and N measured in the 
lowland soil under exclosure conditions (Table 2) apparently 
reflected a major change in the pattern of element cycling, which 
resulted in large quantities of C and N flowing through the above- 
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Table 2. Soil parameters (mean k SE) in continuously grazed pastures and adjacent esclosures (12-16 year-old) of native Flooding Pampa grassland, 
in sites subjected to contrasting flooding regime. Values are for 25 replicate samples (1Ocm deep), escept for electrical conductivity (E.C., n=16). 
Different letters in a row indicate means are significantly different (PcO.01). Log-transformed SEs are shown for Pi and E.C. 

Organic C (8) 
Total N (%) 
C/N 

Pi OWk) 
c/P; (X lrr‘, 

Lowland site &land site 
Grazed Exclosure Grazed Exclosure 

4.77 + 0.068” 3.72 + O.OSb 3.06 ri: 0.074’ 3.09 + 0.0S3c 

0.42 + 0.006” 0.35 rf: O.OOgb 0.28 + 0.006” 0.30 + 0.00s’ 

11.43~0.121” 10.68 + 0.104b 10.74 + 0.146b 10.39 + o.120b 
7.0 + 0.02” 6.5 + 0.03” 4.4 * o.02b 5.1 + o.02b 
7.1 + 0.25 6.4 + 0.41 7.3 & 0.29 6.5 i: 0.37 

E.C: (dS/m) 3.88 * 0.02gb 1.03 + 0.014’ 6.85 + 0.035” 0.83 + 0.00s’ 

ground vegetation pathway in absence of domestic herbivores 
(Sala et al. 1981; Chaneton et al. 1996). This result agrees with 
those of some authors (Kelting 1954; Smoliak et al. 1972; 
Dormaar et al. 1994), but contrasts with decreases in organic mat- 
ter and/or total N content produced by grazing elsewhere 
(Johnston et al. 1971; Marrs et al. 1989; see for a review, 
Milchunas and Lauenroth 1993). In mesic grasslands, large 
amounts of plant material accumulate onto the soil surface in 
ungrazed areas (Kelting 1954; Knapp and Seastedt 1984), while 
belowground productivity often decreases (e.g. Doll 1991). 
Carbon and nutrients captured by vegetation may then become 
trapped in a thick litter layer that slowly decomposes by the 
action of fungal microflora (Knapp and Seastedt 1984; Holland 
and Coleman 1987). In contrast, a more rapid transfer of elements 
to soil pools is generally promoted under continuous grazing, 
with less nutrient retained in aboveground vegetation (Chaneton 
et al. 1996). 

Previous studies in these grasslands showed that belowground 
decomposition rates were higher within exclosures than in grazed 
plots (Landaburu 1982; Sanchez 1987). Here, C/N and C/Pi ratios 
tended to be higher under grazing, suggesting that soil microbes 
would be more limited by nutrients than by substrate (C) avail- 
ability in that situation (Ruess and McNaughton 1987; Seagle et 
al. 1992), particularly in lowland grasslands (Table 2). In the case 
of Flooding Pampa, soil microbial activity seems to be facilitated 
by the improved aeration (less compaction; Taboada and Lavado 
198s) and higher moisture content of soil under long-term protec- 
tion from grazing (Lavado and Taboada 1987; Sanchez 1987). 

We found contrasting soil responses between lowland and 
upland sites, although changes in whole phytomass structure after 
grazing exclusion are similar in both, as shown by Sala et al. 
(1986). Particular responses may occur because of initial (site) 
differences in soil conditions under sustained grazing. However, 

with cattle exclusion, plant communities at different topographi- 
cal positions exhibited alternative replacement of forbs by dis- 
tinct functional groups of grasses (Table 3). Thus, we speculate 
that differences in C and N turnover between landscape positions 
probably reflect differences in the quality of plant material avail- 
able to decomposers (Seagle at al. 1992). In ungrazed, upland 
sites, the remarkably higher biomass of cool-season (C,) grasses 
(Sala et al. 1981, 1986) might accelerate element cycling through 
a lower C/N ratio of surface litter (Hobbie 1992), precluding sub- 
stantial sequestration of nutrients in aboveground plant compart- 
ments, and changes in soil fertility from grazed to ungrazed situa- 
tions. 

Contrary to patterns observed for C and N pools, soil Pi did not 
change with grazing treatment, which supported previous find- 
ings in this system (Lavado and Taboada 198.5; Chaneton et al. 
1996). A similar result was found in mixed-prairie sites (Smoliak 
et al. 1972), although extractable P was also variously reported to 
decrease or increase with grazing (Johnston et al. 1971; Marrs et 
al. 1989). Present results concurred with the minor impact that 
livestock grazing had on the P budget, compared to that on N 
cycling, in an upland Flooding Pampa grassland (Chaneton et al. 
1996). Higher P returns to soil through animal excreta in grazed 
sites (Ruess and McNaughton 1987) would be compensated by 
enhanced rates of nutrient uptake by vegetation, which together 
determined fast rates of P cycling (Chaneton et al. 1996). 
Nevertheless, Pi levels were rather low in all 4 study plots, sup- 
porting the notion that plant productivity in these rangelands 
would be primarily limited by P supply, as indicated by fertiliza- 
tion experiments (e.g. Ginzo et al. 19S2; Rubio et al. 1995). 

We found consistently higher topsoil salinity levels in grazed 
than in ungrazed grassland plots. Interestingly, soil E.C. was low 
in both exclosures (Table 2). Although such a grazing effect had 
been previously noted in upland Natraquolls (Lavado and 

Table 3. Abundance of plant functional groups in continuously grazed plots and in long-term grazing esclosures in the Flooding Pampa, Argentina, 
shown by their mean (SD) basal live cover in early summer for 3 consecutive years (16-19 Jan. 1989-91). 

Grazed 
Lowland site 

Exclosure Grazed 
Upland site 

Exclosure 

Grasses Warm-season 
Cool-season 

Forbs 
IVarm-season 
Cool-season 

0.8 (0.6) 
10.7 (4.7) 

2.8 (2.6) 
0.9 (0.7) 

1.2 (1.1) 
9.4 (2.5) 

2.0 (1.2) 
0.1 (0.1) 

Sedges (cool-season) 5.2 (5.4) 5.0 (3.0) 2.6 (1.8) 4.5 (0.9) 
Total Basal Cover 38.6 (7.6) 25.7 (4.2) 32.1 (4.1) 34.0 (5.S) 
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Taboada 1987) and in Natraqualfs (Lavado et al. 1992), here it 
was recorded for the first time in a lowland, non-alkaline soil. 
Continuous grazing increases salt content by reducing aerial plant 

\ and litter cover, which lead to higher soil temperatures and evap- 
\ oration rates (Lavado and Taboada 1987). Salinization occurs as 

pulses in late spring and early summer, and is facilitated by a 
shallow and saline water table. Salts move upward from deep 
horizons through the B2t and reach the soil surface in periods of 
high atmospheric demand (Lavado and Taboada 1987, 1988; 
Lavado et al. 1992). Topsoil salinization peaks are followed by 
salt leaching caused by rainfall and soil waterlogging events 
(Lavado and Taboada 1988; Alconada et al. 1993). We observed, 
however, that soil salinity in grazed areas varied substantially 
with landscape position (see Table 2). Less accumulation of solu- 
ble salts (and general lack of halomorphic features) in the low- 
land soil probably resulted from the overriding hydrologic regime 
associated with frequent and prolonged flooding (Berasategui and 
Barberis 1982; Alconada et al. 1993). 

The interactive influence of topography and grazing on topsoil 
C, N, and salinity suggests that there existed considerable land- 
scape heterogeneity in soil responses to management (cf. Schimel 
et al. 1985b). Variation across topographical positions most prob- 
ably reflected the impact of contrasting waterlogging regimes on 
process dynamics at the soil-plant interface. Caution should be 
taken, however, in interpreting differences observed between 
adjacent grassland plots as produced only by grazing exclusion. 
Drawing from knowledge on the initial homogeneity of studied 
pastures, we could confidently assume that differences did not 
occur because of existing spatially correlated patterns in soil 
properties. In fact, Lavado et al. (1996) showed that the spatial 
dependence (semi-variance) of various chemical parameters in 
these soils leveled off at much smaller scales than those inherent 
to present plot comparisons. On the other hand, it is not possible 
to assure that results were not affected by some unrecognized 
trend, e.g., in soil C and N, under continuous grazing (see low- 
land in Table 2). But no directional change was apparent in stock- 
ing rate, pasture composition (B.J. Chaneton, unpubl. data), or 
climate conditions (Sierra and Montecinos 1990) over the last 2 
decades. If plot differences detected in lowland grassland were 
caused by the exclosure treatment, an average of 5 gN rn-* yr“ 
would have been lost from the soil over a 16-yr period, an 
amount that compares reasonably well with the 15 gN m* esti- 
mated for total annual uptake, and =2 g/m* more N located in 
aboveground vegetation inside than outside a 7-yr-old exclosure 
(Chaneton et al. 1996). 

Sustained livestock grazing appeared to amplify intrinsic differ- 
ences in soil nutrient content and salinity between topographical 
positions (Table 1,2), whereas long-term exclusion increased dif- 
ferences in plant species composition (PD) and relative abun- 
dance of functional groups (Table 3) between sites. Sala et al. 
(1986) found similar vegetation patterns using seasonal data from 
nearby 4-year-old exclosures and grazed pastures. Grazing 
reduced the spatial heterogeneity of grassland vegetation through 
the generalized invasion of herbaceous dicots (Table 3) and the 
suppression of bunch grasses (Sala et al. 1986; Facelli et al. 
1989). These findings are summarized in a conceptual model pre- 
sented in Figure 1. We point out that colonization of grazed sites 
by forbs and non-forage grass species may happen independently 
of site-specific changes in soil properties. The model suggests 
that grazing interferes with the control exerted by topography and 
soil on community composition (see also Sala et al. 1986), while 
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Fig. 1. Conceptual model of the interactive effect of grazing on soil 
and vegetation in central Flooding Pampa grasslands. Arrows 
denote the relative strength of direct grazing effects. Solid lines 
show the direct influence of one factor on another; dashed lines 
depict indirect grazing influence on the reIationship between other 
ecosystem components. Signs indicate synergistic (+) or inhibitory 
(-) control on soil/vegetation heterogeneity across the landscape (as 
suggested by data; see text). Feed-backs to grazing omitted for 
simplicity. 

the grazing-topography interaction sinergistically affects soil het- 
erogeneity (Fig. 1). Therefore, vegetation dynamics in response 
to management (Hidalgo and Cauhepe 1991), or natural distur- 
bance (Chaneton et al. 19SS), would be partially decoupled from 
habitat parameters sensible to ecosystem function. 

In an extensive compilation on grazing effects across ecosys- 
tems, Milchunas and Lauenroth (1993) obtained no clear relation- 
ship between the difference in species composition of grazed vs. 
ungrazed sites and the relative impact of grazing on soil organic 
matter (or C) and N pools. They suggest this resulted from the 
different response time of vegetation and soil variables. In this 
study we show that, for a given degree of compositional dissimi- 
larity between grazing treatments (= 6.5%), there were either sig- 
nificant differences (20-28%) or almost no change (l-5%) in soil 
C and N, depending on the landscape position (see also Mat-m et 
al. 1989). We conclude that local site factors (e.g., topography; 
waterlogging regime) affect ecosystem responses to grazing, part- 
ly explaining the lack of consistency in broad-scale response pat- 
terns. 

Literature Cited 

Alconada, M., O.E. Ansin, R.S. Lavado, V.A. Deregibus, G. Rubio, 
and F.H. Gutierrez Boem. 1993. Effect of retention of run-off water 
and grazing on soil and on vegetation of a temperate humid grassland. 
Agri. Water Manage. 23~233-246. 

Batista, W.B. and R.J.C. Leon. 1992. AsociaciBn entre comunidades 
vegetales y algunas propiedades de1 suelo en el centro de la Depresion 
de1 Salado. Ecol. Austral2:47-55. 

Batista, W.B., R.J.C. Leon, and S.B. Perelman. 1988. Las comu- 
nidades vegetales de un pa&al natural de la region de Laprida, Prov. 
de Buenos Aires, Argentina. Phytocoenologia 16:465480. 

Berasategui, L.A. and L.A. Barberis. 1982. Los suelos de las comu- 
nidades vegetales de la region Castelli-Pila. Depresion de1 Salado 
(Pcia. de Buenos Aires). Rev. Fat. Apron., Buenos Aires 3:13-25. 

Brown, M.A. and S.S. Walter. 1986. The impact of experimental design 
on the application of grazing research results-an exposition. J. Range 
Manage. 39:197-199. 

JOURNAL OF RANGE MANAGEMENT 49(2), March 1996 



Burkart, SE., R.J.C. Leon, and C.P. Movia. 1990. Inventario fitosoci- 
oldgico de1 pa&al de la Depresi6n de1 Salado (Pcia. de Buenos Aires) 
en un area representativa de sus principales ambientes. Darwiniana 
30:27-69. 

temperate humid grassland (Argentina), p- 350-358: In: B.L. 
McMichael. and H. Persson (eds). Plant roots and their environment. 
Elsevier Science Pub., Amsterdam. 

Burke, I.C. 1989. Control of nitrogen mineralization in a sagebrush 
steppe landscape. Ecol. 70:1115-l 126. 

Chaneton, E.J., J.hI. Facelli, and R.J.C. Le6n. 1988. Floristic changes 
induced by flooding on grazed and ungrazed lowland grasslands in 
Argentina. J. Range Manage. 41:495-499. 

Chaneton, E.J., J.H. Lemcoff, and R.S. Lavado. 1996. Nitrogen and 
uhosohorus cycling in arazed and ungrazed plots in a temperate subhu- 
mid &assland: in igezina. J. Appl. l&01. (in press). - 

Dav. RW. and G.P. Ouinn. 1989. Comoarisons of treatments after an 
~ . . I  

analysis of variance i’; ecology. Ecol. Mbnogr. 59:433-463. 
Doll, U.hl. 1991. C-14 translocation to the belowground subsystem in a 

Dormaar, J.F., B.W. Adams, and W.D. Willms. 1994. Effect of graz- 
ing and abandoned cultivation on a Stipa-Bouteloua community. J. 
Range Manage. 47:28-32. 

Facelli, J.hl., R.J.C. Leon, and V.A. Deregibus. 1989. Community 
structure in grazed and ungrazed grassland sites in the Flooding 
Pampa, Argentina. Am. Midl. Nat. 121:125-133. 

Giio, H.D., M.B. Collantes, and O.H. Cnso. 1982. Fertilization of a 
native grassland in the ‘Depresion de1 Salado’, Province of Buenos 
Aires: herbage dry matter accumulation and botanical composition. J. 
Range Manage. 35:3542. 

Greig-Smith, P. 1983. Quantitative plant ecology, 3rd. ed. University of 
California Press, Berkeley, Calif. 

Hidalgo, L.G. and M.A. Cauhepe. 1991. Effects of seasonal rest on 
aboveground biomass for a native grassland of the Flooding Pampa, 
Argentina. J. Range Manage. 44~47 l-474. 

Hobbie, SE. 1992. Effects of plant species on nutrient cycling. Trend 
Ecol. Evol. 7:336-339. 

Holland, E.A. and D.C. Coleman. 1987. Litter placement effects on 
microbial and organic matter dynamics in an agroecosystem. Ecology 
68425433. 

Hurlbert, S.H. 1984. Pseudoreplication and the design of ecological 
field experiments. Ecol. Monogr. 54~187-211. 

Jenny, H. 1980. The soil resource. Springer-Verlag, N.Y. 
Johnston, A., J.F. Dormaar, and S. Smoliak. 1971. Long-term grazing 

effect on fescue grassland soils. J. Range Manage. 24: 185-l 88. 
Kelting, R.W. 1954. Effects of moderate grazing on the composititon 

and plant production of a native tall-grass prairie in central Oklahoma. 
Ecol. 35:200-207. 

Knapp, A.K. and T.R. Seastedt. 1984. Detritus accumulation limits 
productivity of tallgrass prairie. Bioscience 36662-668. 

Landaburu, A.C. 1982. Descomposichhr de celulosa en un pastizal nat- 
ural de la DepresiBn de1 Salado. Rev. Fat. Agron., Buenos Aires 
3:51-5X 

Lavado, R.S. and hf.A. Taboada. 1985. Influencia de1 pastoreo sobre 
algunas propiedades qufmicas de un natracuol de la Pampa Deprimida. 
Ciencia de1 Suelo 3:102-108. 

Lavado, R.S. and h1.A. Taboada. 1987. Soil salinization as an effect of 
grazing in a native grassland soil in the Flooding Pampa of Argentina. 
Soil Use Manage. 3:143-148. 

Lavado, R.S., and h1.A. Taboada. 1988. Water, salt and sodium 
dynamics in a natraquoll in Argentina. Catena 15:577-594. 

Lavado, R.S., G. Rubio, and M. Alconada. 1992. Grazing management 
and soil salinization in two pampean natraqualfs. Turrialba 
42~500-508. 

Lavado, R.S., J.O. Sierra, and P.N. Hashimoto. 1996. Impact of graz- 
ing on levels and spatial variability of soil carbon, nitrogen and 
estractable phosphorus in a pampean grassland of Argentina. J. Range 
Manage. (in press) 

hiarrs, R.H., A. Rizand, and A.F. Harrison. 1989. The effects of 
removing sheep grazing on soil chemistry, above-ground nutrient dis- 
tribution, and selected aspects of soil fertility in log-term experiments 
at Moor House National Nature Reserve. J. Appl. sol. 26647-661. 

hfilchunas. D.G.. and W.K. Lauenroth. 1989. Three-dimensional dis- 
tribution’of plant biomass in relation to grazing and topography in the 
shortgrass steppe. Oikos 55:82-86. 

Milchunas, D.G. and W.K. Lauenroth. 1993. Quantitative effects of 
grazing on vegetation and soils over a global range of environments. 
Ecol. Monogr. 63:327-366. 

/ 

Page, A.L., R.H. Miller, and D.R. Keeney (eds). 1982. Methods of soil 
analysis. Part 2. Chemical and microbiological properties. Amer. Sot. 
of Agron., Madison, Wise. 

Ponnampentma, F.N. 1984. Effects of flooding on soils, p. 10-45. In: 
T.T. Kozlowski (ed), Flooding and plant growth. Academic Press, 
N.Y. 

Ruess, R.W., and SW. Seagle. 1994. Landscape patterns in soil micro- 
bial processes in the Serengeti National Park, Tanzania. Ecol. 
75:892-9&l. 

Rubio, G., G. Cosasola, and R.S. Lavado. 1995. Adaptations and bio- 
mass production of two grasses in response to waterlogging and soil 
nutrient enrichment. Oecologia 102:102-105. 

Ruess, R.W. and S.J. McNaughton. 1987. Grazing and the dynamics of 
nutrient and energy regulated microbial processes in the Serengeti 
grasslands. Oikos 49:101-l 10. 

Sala, O.E., V.A. Deregibus, T. Schlichter, and H. Alippe. 1981. 
Productivity dynamics of a native temperate grassland in Argentina. J. 
Range Manage. 34~48-5 1. 

- - 

Sala. O.E.. M. Oesterheld. R.J.C. Le6n. and A. Soriano. 1986. / 
Grazing effects upon plant’community st&ture in subhumid grass- 
lands of Argentina. Vegetatio 67:27-32. 

Sanchez, C.P. 1987. Descomposicidn ftlngica de la celulosa en un pasti- 
zal de la Pampa Deprimida. Ciencia de1 Suelo 5: 135-141. 

Schimel, D., M.A. Stillwell, and R.G. Woodmansee. 1985a. 
Biogeochemistry of C, N, and P in a soil catena of the shortgrass 
steppe. Ecol. 66:276-282 

Schimel, D.S., D.C. Coleman, and K.A. Horton. 1985b. Soil organic 
matter dynamics in paired rangelands and cropland toposequences in 
North Dakota. Geoderma 36201-214. 

Seagle, SW., S.J. McNaughton, and R.W. Ruess. 1992. Simulated 
effects of grazing on soil nitrogen and mineralization in contrasting 
Serengeti grasslands. Ecol. 73:1105-l 123. 

Sierra, E.M. and E.R. Montecinos. 1990. Cronologfa de inundaciones y 
sequfas en la Depresi6n de1 Salado. Rev. Fat. Agron., Buenos Aires 
11:35-45. 

Smoliik, S., J.F. Dormaar, and A. Johnston. 1972. Long-term grazing 
effects on Stipa-Bouteloua prairie soils. J. Range Manage. 25:246-250. 

Sokol, R.R., and F.J. Roblf. 1969. Biometry, 2nd. ed. Freeman Co., 
San Francisco, Calif. 

Soriano, A. 1992. Rio de la Plata grasslands, p. 367-407. In: R.T. 
Coupland (ed), Natural grasslands: introduction and western hemi- 
sphere. Ecosystems of the World 8A. Elsevier, Amsterdam. 

Steel, R.G.D. and J.H. Torrie. 1980. Principles and procedures of statis- 
tics: a biometrical approach, 2nd. ed.. McGraw-Hill, Tokyo 

Taboada. M.A. and R.S. Lavado. 1988. Grazing effects on the bulk 
density’in a natraquoll of the Flooding Pampa OF Argentina. J. Range 
Manage. 41:500-503. 

Wester, D.B. 1992. Viewpoint: replication, randomization, and statistics 
in range research. J. Range Manage. 45:285-290. 

JOURNAL OF RANGE MANAGEMENT 49(2), March 1996 167 



Book Reviews 

Community and the Northwest Logger. By Matthew S. 
Carroll. 1995. Westview Press, Boulder, Colorado. 177 p. 
US$49.95 hardbound. ISBN 0-S133-8818-X. 
Community and the Northwest Logger reports and interprets the 

results of 2 sociological field studies. The first study, conducted 
from 198 1 to 1984, investigated the social organization of loggers 
in a selected study area of northern California and southern 
Oregon. The second study (199 1) assessed the potential social 
impacts of sudden timber harvest reductions designed to protect 
spotted-owl habitat on 3 timber communities in western 
Washington. The narrative ties the studies together in a fascinat- 
ing account of the loggers’ social world, and how that world is 
affected by natural-resource conflicts with environmentalists, 
especially the highly-publicized spotted owl/old growth contro- 
versy. 

The book is accessible even to those with little previous knowl- 
edge of logging thanks to 3 introductory chapters setting the stage 
for the analysis that follows. Chapter 1 covers key economic and 
political events shaping the logging industry in the Pacific 
Northwest, from Progressive-Era conservationism at the turn of 
the century to the severe economic downturn in the early 1980’s, 
and the subsequent spotted-owl controversy over the harvest of 
old-growth forest habitat. Chapter 2 introduces the concept of 
“occupational community” that, more than geography, delineates 
the social organization of loggers. In short, occupation becomes 
the predominant factor in how individuals perceive themselves, 
how they present themselves to others, and how they find com- 
mon ground to form a community. The first part of Chapter 3 
provides a short history of logging in the United States, from the 
time it became a distinct occupation in New England in the early 
1SOO’s to the present circumstances in the Pacific Northwest. The 
second part provides specific background on the spotted-owl tim- 
ber/habitat controversy. 

The nest 3 chapters paint a sociological portrait of loggers. 
Chapter 4 delineates the various jobs involved in converting trees 
to lumber. Despite the considerable variability in these jobs, the 
participants perceive themselves as “having a world in common,” 
and thus constitute a clearly defined occupational group (p. 89). 
Chapter 5 determines that this common world satisfies the criteri- 
on for an occupational community. Loggers perceive themselves 
as a “group set apart from the rest of society,” and look to each 
other for reinforcement of this “socially-constructed reality” (p. 
107). Outside parties, especially environmentalists, are believed 
to have no practical knowledge of the forest, and thus are viewed 
as interlopers whose judgments have no basis in reality. 
Moreover, loggers put a high premium on personal freedom and 
independence, and view nonlogging occupations as too structured 
for them to enjoy these attributes. Thus, they “become angry 
when they perceive that their way of life is threatened” (p. 107). 
Finally, the logging occupational community is predominantly 
male. No female loggers were identified in the author’s field- 
work. 

Chapter 6 considers how loggers find work. This is relevant for 
determining how individuals are recruited into the logging occu- 
pational community, and how adaptable they are in finding other 
forest-products jobs when logging shuts down in a given area. 
The author’s fieldwork demonstrated that logging jobs are 
obtained through the use of informal networks where the key cri- 
terion is a logger’s reputation as a worker. The geographic range 
of these networks was found to be smaller than expected due to 
the strong ties that loggers and their families display to local 
areas. These strong local ties, and the geographic limitations of 
the informal job-searching network, can seriously reduce loggers’ 
ability to find alternative logging jobs when the industry dries up 
in their area. 

Chapter 7 argues that the potential impacts of the spotted owl 
controversy on the logging communities investigated in the sec- 
ond field study have important elements in common with the 
sociological notion of “human disasters.” Such disasters place 
overwhelming stress on a community by limiting or denying the 
members’ abilities to satisfy the expected conditions of life (i.e., 
safety, food, shelter, income, etc.) Common to many human dis- 
aster situations is the “blaming the victim” syndrome. Consistent 
with the human-disaster notion, interviewed loggers believe that 
they are being told by unknowing and uncaring outsiders (i.e., 
politicians, political activists, the media, etc.) that the timber cri- 
sis is of their own making, and that the only solution is to aban- 
don their occupation. The author concludes that the political 
alienation of loggers may prove to be “the longest term negative 
social impact of the forest controversy” (p. 133). 

The final chapter considers the future prospects for 
Northwestern loggers. While the author does not predict the 
inevitable demise of the logging occupational community, he 
does indicate important reasons to be concerned about the welfare 
of its members affected by timber reductions. The changes in the 
political economy calling for long-term reductions in timber har- 
vesting are beyond the loggers’ control and unavoidable. 
Unfortunately, loggers are not very adaptable in adjusting to 
these changes. The strong occupational identity, independence, 
strong local preference, and informal regional job information 
networks characteristic of the logging occupational community 
reduce their ability to find logging jobs in other regions, and their 
willingness to participate in retraining programs leading to other 
occupations. The author recommends approaches to environmen- 
tal protection be found that involve loggers and emphasize con- 
sensus building and cultural sensitivity. He warns that the failure 
to do so might be “deeper and more enduring cultural divisions, 
the potential for political backlash and...the risk of the creation of 
a more or less permanent rural underclass” (p. 154). 

The book performs a valuable service in providing information 
regarding the potential social costs imposed on the logging com- 
munity by reducing timber harvests in favor of wildlife habitat, 
and the reasons why certain remediation policies do not have 
high probabilities of succeeding (e.g., logger retraining pro- 
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grams). I heartily recommend its use, along with information on 
the environmentalists’ side of the story, in both undergraduate 
and graduate resource management classes. 

On the down side, the book sheds little light on how its recom- 
mendations for resolving the spotted owl/old growth controversy 
can be implemented in reality. For example, how can an environ- 
mental protection policy create any kind of consensus with a 
group that views itself apart from the rest of society, looks only to 
other members for reinforcement of its socially-constructed reali- 
ty, and perceives outsiders (i.e., public policy-makers and envi- 
ronmentalists) as interlopers whose opinions have no practical 
value? Also, what good does it do for society to attempt to ease 
the adjustment costs imposed on logging communities responding 
to timber reductions (i.e., to display “cultural sensitivity”) when 
most affected loggers show little willingness to move to other 
areas or participate in retraining programs leading to other occu- 
pations? The book’s failure to respond to, or even ask, these hard 
questions make its recommendations ring somewhat hollow.- 
Ray G. Huffaker, Washington State University, Pullman, 
Washington. 

Nuisances, Hazards and Dangers, Chapter 4, is filled with 
vivid stories of crop and livestock depredations, poisonous snake 
bites, and hunting and fishing accidents. The early history of 
interaction between animals and settlers on the Kansas plains 
was, it seems, full of hazards to both parties. 

Chapter 5 focuses on early concerns about wildlife conserva- 
tion, and later on efforts by the Kansas Department of Wildlife 
and Parks to address these concerns through policy. The chapter 
examines the reasons and values behind the extinction and 
decline of so much of the wildlife of the region. The book is sum- 
marized and the current situation is reviewed in an epilogue. A 
list of references and a general index are included. The book con- 
tains about 2 dozen photographs and illustrations, all in black and 
white. 

Wild Animals and Settlers on the Great Plains. By Eugene 
D. Fleharty. 1995. University of Oklahoma Press, Norman, 
Oklahoma. 316 p. US$27.95 cloth. ISBN 0-8061-2709-O. 
Using escerpts from written accounts from the homestead era, 

Wild Animals and Settlers on the Great Plains will be of spe- 
cial interest to those familiar with the Central Plains region. The 
transitional narrative between the historical excerpts is not espe- 
cially exciting, but the historical excerpts themselves have more 
than enough color to make the book enjoyable reading. Most 
readers should find the book an interesting account of the major 
forces and colorful curiosities involving animals and settlers on 
the Great Plains.-David L. Scarnecchia, Washington State 
University, Pullman, Washington. 

Wild Animals and Settlers of the Great Plains examines, from 
several different angles, the role of the diverse fauna of the cen- 
tral Great Plains in the lives of its early settlers. The book focuses 
on the area and environs of western Kansas, but contains much of 
relevance to the entire Great Plains. Less conspicuous animals, 
such as birds, fish, reptiles, and small mammals, rather than just 
the more familiar ungulates and carnivores, are given special 
attention. 

The book is organized into 5 chapters. In Chapter 1, the history 
and ecology of Kansas are briefly reviewed. Contained here are 
some written impressions by early explorers of the region, and 
historical synopses of its early trails and railroads. In Chapters 2, 
3. and 4, the author essentially plows the same plains ground in 3 
different directions by examining the settlers’ views and accounts 
of wildlife as objects of opportunity, curiosity and danger, respec- 
tively. 
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Chapter 2, Hunting and Fishing for Food, Market and 
Recreation, contains many accounts of game hunters and fisher- 
men. Details of many examples of economic exploitation, includ- 
ing energetic if ephemeral markets in bison bones, slomk pelts, 
and other body parts are likely to appall, amaze, and amuse, 
sometimes simultaneously. Accounts in Chapter 2 describe a 
diversity of species from pronghom to rabbits to bullfrogs being 
hunted for meat, entertainment, or both. The various uses of grey- 
hounds and other hunting dogs are recounted, as are some other 
more or less sporting aids in bagging creatures large and small. 
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Chapter 3, Pleasures and Fascinations, is a pleasurable and 
fascinating collections of personal anecdotes of the early settlers 
focusing mostly on curious activities of smaller animals of the 
region. These accounts, mostly taken from Kansas newspapers, 
are much like soft news pieces of today. These are stories of indi- 
vidual interactions between animals and people-stories of pet 
snakes, captured eagles, elusive horned toads, marauding 
racoons. Although Chapter 3 paints them as objects of pleasure 
and fascination, many of these animals turn up dead as well. 
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