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Range Fertilization in the Northern 

Great Plains 

J. ROSS WIGHT 

Highlight: Nutrient deficiency, primarily nitrogen (N), is a 
major plant growth-limiting factor on northern Great Plains 
rangelands. Applications of 30 to 50 lb N/acre/year have 
commonly doubled forage production with an N-use efficiency 
of about 20 lb dry matter/lb N applied, or in grazing situations 
about 1 lb beef/lb N applied. 

Range fertilization can also increase water-use ‘efficiency 
and improve forage quality and palatability. With applications 
of 50 lb N/acre/year or less, changes in species composition are 
gradual and can largely be controlled by timing of fertilizer 
applications and by season and intensity of grazing. Drastic 
changes in species composition are usually limited to 
applications greater than 15 0 lb N/acre/year. 

The northern Great Plains as described by Lodge (1970) 
covers approximately 400,000 square miles. Its general 
boundaries are the Rocky Mountains from the 
Wyoming-Colorado border north to Edmonton, Alberta, 
Canada, thence southeast to the intersection of the 98th 
meridian and the U.S.-Canadian border, thence south along the 
98th meridian to the 41st parallel, and thence west to the 
Rocky Mountains. Native range accounts for approximately 
70% of the land area and is primarily of the mixed prairie 
types with some tall grass prairie on the eastern extreme and 
some short grass prairie on the southwestern extreme. The 
Chestnut, Brown, and Dark Brown soils comprise the major 
soil groups within the area. 

The northern Great Plains has a climate which is generally 
considered harsh and extreme. Precipitation is irregular and 
often in short supply. In the east, annual precipitation averages 
more than 20 inches and in the north and west, as little as 10 
inches per year. Among-year variation is even greater, 
particularly the seasonal precipitation, which often varies 
100% or more. However, precipitation patterns within the 
northern Great Plains affect the vegetation more than does the 
total amount. About three-fourths of the annual precipitation 
occurs during the 6-month growing season (April through 
September) and about half during May, June, and July. 
Average growing season of the northern Great Plains decreases 
from 160 to 116 days going from south to north. 

Livestock production is a major segment of the economy in 
the northern Great Plains. Lodge (1970) estimated that this 
area supports some 12 million animal units of beef cattle and 
sheep. However, increasing demands for wheat and other 
cultivated crop products have resulted in the conversion of 
large acreages of range to crop land. Thus, to meet the 
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demands for red meat products, more emphasis is being placed 
on better and more intensive management systems. Only 
within the past few years has manipulation of soil fertility 
(fertilization) been considered seriously as a range 
management tool. The purpose of this paper is to summarize, 
in terms of forage and animal responses, range fertilization 
research conducted in the northern Great Plains. 

A Grassland Ecosystem 
A mixed prairie plant community described by Wight and 

Black (unpublished data) is typical of coarse- to 
medium-textured upland range sites in the northern Great 
Plains. Annual precipitation averaged about 13.5 inches, with 
80% received in April-September. The soil with a 
well-developed lime layer beginning at 12 to 18 inches and 
with 80 to 90% of the root material in the upper 12 inches 
indicated a history of limited precipitation. Major forage 
species included western wheatgrass (Agropyron smithii), blue 
grama (Bouteloua gracilis), prairie Junegrass (Koleria cristata), 
needleand thread (Stipa comata), and some upland 
sedges-primarily threadleaf sedge (Carex filifolia) and 
needleleaf sedge (CIzrex eleocharis). Aboveground dry matter 
production averaged 954 lb/acre/year over a 6-year period. 
Root biomass in the top 12 inches of soil profile was 
approximately 18,500 lb/acre, an amount similar to that 
reported by Goetz (1969) at Dickinson, N. Dak., but a little 
less than that reported by Power and Alessi (1971) at Mandan, 
N. Dak. This amount of root material represented 188 and 
13.9 lb/acre of nitrogen (N) and phosphorus (P), respectively. 
Total N and P requirements for this mixed prairie plant 
community was 59 and 4.9 lb/acre/year, respectively, with 12 
and 1.4 lb/acre of N and P, respectively, appearing in 
aboveground biomass. 

Nutrient Cycling 
Because of the large quantity of low N-content root 

material in the soil, large quantities of inorganic N are 
immobilized when N fertilizers are applied. Power (1972) 
estimated that in central North Dakota up to 300 lb N/acre 
may be immobilized by this “N-sink.” To maintain a pool of 
available inorganic N, the “sink” requirements must be 
satisfied. This theory helps to explain the apparent lack of 
response that has been obtained with low-rate applications of 
N on native range as compared with the two- and three-fold 
increases reported in the past decade with N-rates of 100 
lb/acre or more. 

Theoretically, once the soil system has been charged or 
enriched by fertilization, it should through decomposition 
cycle plant nutrients at a much higher level. While research 
results indicate that the nutrient cycling rate is increased by 
fertilization, it does not attain a level that is in balance with 
available water, i.e., not enough N is made available through 
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decomposition for maximum use of available water as 
measured in terms of dry matter production. This condition 
exists primarily in colder climates where photosynthesis is 
more efficient than decomposition. In the northern Great 
Plains, time periods during which soil water and soil 
temperatures are at adequate levels for decomposition can be 
very short. To make maximum use, in terms of forage 
production and a limiting water supply, nutrient enrichment 
or fertilization must be practiced on a continuing basis despite 
the fact that very little N is removed from the ecosystem by 
grazing animals. Whether or not such practices are economical 
depends on several factors, including the kind and degree of 
plant responses and subsequent animal responses. 

Forage Yield 

Plant Responses 

A good review of range fertilization research in the 
northern Great Plains has been published by Rogler and 
Lorenz (1974). From results of published research, it is 
apparent that N deficiencies do limit forage production in the 
northern Great Plains. Nearly every study reported that N 
fertilization increased forage production. Degree of response 
varied among sites with their variation in vegetation and 
prevailing climate and was also a function of fertilizer 
application rates. Single applications of N (50 lb/acre or less) 
have generally resulted in forage increases of less than 100% 
and have shown limited carryover or residual effect. At N 
applications above 100 lb/acre, forage yields have increased 
100 to 200% with a carryover or residual effect which lasts for 
several years, depending upon the application rate. Wight and 
Black (unpublished data) found yield increases of 40 and 80% 
the 6th year after single applications of 100 and 900 lb N/acre, 
respectively. However, applications of about 40 lb N/acre/year 
can be expected to double forage yields. Low-rate applications 
also provide more flexibility to respond to varying climates 
and forage needs and reduce some of the potential hazards 
associated with high-rate applications, like nitrate toxicities 
and undesirable changes in species composition. 

Nitrogen is the major growth-limiting plant nutrient. 
Usually when P was applied alone, there was little or no 
response. However, with high N rates (Wight and Black, 1972) 
or after years of N fertilization (Lorenz and Rogler, 1972) P 
becomes limiting; and there have been significant yield 
responses to P applications with forbs and shrubs responding 
more than grasses. 

In addition to N and P, other plant nutrients like 
potassium, sulfur, and some micronutrients have been 
evaluated as fertilizer materials. Results have not indicated a 
need for these elements. However, if production rates are 
increased through use of N and P, probably other nutrients 
will become limiting. While these nutrients are not now 
measurably limiting growth, plant levels are being reduced to 
the point where they may be limiting animal response. 

Species Composition 

Along with economic considerations, the effects of 
fertilization on species composition is a major consideration. 
Past research results indicated a differential response by 
species to nutrient enrichment, particularly N. Usually, 
cool-season species, particularly western wheatgrass, have 
responded most to N fertilization. Some forage yield increases 
have been due almost entirely to western wheatgrass, a 
rhizomatous species which responds to N by increasing both in 
number and vigor. In one experiment (Wight and Black, 
unpublished data), 300 lb N/acre increased western wheatgrass 
culms from 31 to 138/ft2 and average upstretched leaf length 
from 16 to 27 inches. As cool-season species increase, 
warm-season species decrease, particularly blue grama. With 
rates of 40 and 80 lb N/acre/year for an 8-year period, western 
wheatgrass culms increased an average of 528 and 788%, 
respectively, while blue grama basal cover decreased an average 
of 26 and 44% (Lorenz and Rogler, 1972). This effect can be 
somewhat offset by timing of fertilizer applications; late 
spring or summer applications tend to benefit warm-season 
species more than cool-season species (Rehm et al., 1972). 
However, if application rates are high enough so there is a 
significant carryover, then cool-season species will benefit the 
next spring to the detriment of warm-season grasses. Early 
grazing will also reduce the competitive advantage of 
cool-season species. 

High N applications (usually in excess of 150 lb/acre) may 
have drastic effects on species composition. Sometimes they 
beneficially decrease clubmoss (Selaginella densa) and 
threadleaf sedge and increase desirable perennial grasses. 
Sometimes responses are adverse; weedy species like tansy 
mustard (Descurainia sophia), cheatgrass (Bromus tectorum), 
and Japanese brome (B. japonicus) are greatly stimulated by 
high-rate N applications. These weedy invaders begin growth 
early in the spring and have a priority on available water and 
plant nutrients. Thus, if N is available from fertilization in the 
early spring or carryover from previous application, these 
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species will benefit most and will gain a competitive advantage 
over more desirable perennial species. Fringed sagewort 
(Artemisia pigida), common on nearly all mixed prairie 
rangelands, shows a marked initial response to N-fertilization 
at nearly all rates. The visual appearance of this response has 
caused much concern and has discouraged N fertilization in 
many instances. However, when considered in proportion to 
the other species, fringed sagewort response to N-fertilization 
is not as great as it appears and usually decreases after the first 
year. 

Fertilization used with herbicides has improved range 
condition. Rogler and Lorenz (1974) changed a range from 
poor condition class to excellent in a 3-year period with 
applications of 40 lb N/acre/year plus spraying with 2,4-D and 
without any grazing deferment. Rogler and Lorenz (1957) also 
reported in one study that 2 years of fertilizing a heavily 
grazed range improved range conditions more than did 6 years 
of deferment. 

Most forbs and shrubs can be effectively controlled by 
herbicide applications. Control of the annual bromegrasses, 
cheatgrass and Japanese brome, is difficult; and when these 
species are components of the native range, fertilization could 
be a hazardous practice. However, progress is being made in 
developing effective herbicides for these species. 

Forage Quality 
Forage quality is significantly affected by fertilization. Up 

to two-fold increases in forage N and P contents were reported 
by Black and Wight (1972) with N and P applications of 100 
lb/acre or more. Sometimes, the N content or crude protein is 
higher than that actually needed by a particular class of 
animals. Rogler and Lorenz (1965) found no measurable 
increase in yearling gains per head as a result of grazing 
fertilized grass high in protein and concluded that at least 
during the early part of the year the protein content was 
greater than the minimal requirements. In this study, mid-May 
crude protein content was increased 38 and 47% by 
applications of 40 and 80 lb N/acre/year, respectively. In 
October, crude protein content still averaged 22 and 36% 
higher for the 40 and 80 lb N/acre/year treatments, 
respectively, than for the check plots. Black (1968) working 
on a P deficient glacial till soil reported that N alone reduced P 
content and that a single application of 20 or 40 lb P/acre 
raised the P content of native range from 0.10 to 0.12%. On a 
similar site, Black and Wight (1972) found that 100 lb P/acre 
increased P content of mature grasses to about 0.20%, slightly 
more than the 0.18% recommended by the National Research 
Council (1970) for normal growth of beef cattle. 

Palatability of fertilized range is greatly enhanced by N 
fertilization as evidenced by preferential grazing of fertilized 
plots by nearly all classes of livestock, including wildlife. This 
feature of range fertilization necessitates management systems 
where grazing is restricted to fertilized or nonfertilized pasture 
units. Given free choice the animals will nearly always graze or 
overgraze fertilized areas and ignore nonfertilized areas. 
Fertilizer can also be used to increase animal utilization of 
unpalatable species such as red threeawn (Aristida Zongiseta) 
(Lorenz, personal communication) and porcupine grass (Stipa 
spartea) (Roath and Ryerson, unpublished data). 

Fertilizing introduced species, especially crested wheatgrass 
(Agropyron cristatum), has been more common than 
fertilizing native range. Recommended rates vary with 
precipitation zones, fertilizer costs, and forage values. In areas 
with 15 inches or less annual precipitation, recommended rates 

are usually less than 100 lb N/acre/year with rates of 30 to 60 
lb N/acre/year being most common. Burt et al. (1971) 
reported a formula for calculating residual N for crested 
wheatgrass based on the March through June precipitation for 
the years since the last N application and the longtime March 
through June precipitation average. This calculated residual N 
can then be considered when making an N-rate 
recommendation. 

Introduced species respond well to fertilization. In eastern 
Montana, applications of 20, 40, and 60 lb N/acre/year 
increased forage yields of intermediate wheatgrass (Agropyron 
intermedium) from 2,000 to 2,500, 3,100, and 3,250 
lb/acre/year, respectively, and Russian wildrye (EZymus 
junceus) yields from 2,000 to 2,900, 3,100, and 3,500 
lb/acre/year, respectively, over a 5-year period (Black and 
Reitz, 1969). Crested wheatgrass fertilized with 0, 40, and 80 
lb N/acre/year produced an average hay crop of 1,680,3,040, 
and 3,260 lb/acre/year, respectively, over a 1 O-year period 
(Rogler and Lorenz, 1969). Fertilizing introduced species has 
generally been more productive than fertilizing native range, 
especially in terms of grazeable forage or beef production. 
Lorenz and Rogler (1971) reported that Russian wildrye 
fertilized with 40 lb N/acre/year produced 163 lb 
beef/acre/year compared with 106 lb/acre/year by native range 
under the same fertilizer and grazing treatments. 

In comparing response of native range to introduced 
pastures under fertilization treatments, beef production 
usually increases disproportionately as compared with dry 
matter production. Usually, tame pastures produce a greater 
proportion of grazeable forage than do native ranges. From 
data reported by Rogler and Lorenz (1965 and 1969), native 
range fertilized with 0, 40, and 80 lb N/acre/year produced 
average dry matter yields of 1,978, 2,950, and 3,741 
lb/acre/year, respectively; for a similar period, the same N 
treatments on crested wheatgrass produced 1,740, 2,760, and 
3,120 lb/acre/year, respectively. For these same treatments 
beef yields were 48,90, and 118 lb/acre/year, respectively, for 
the native range and 101, 169, and 176 lb/acre/year, 
respectively, for crested wheatgrass. Crested wheatgrass yield 
determinations in this study were made at l-inch heights 
rather than at ground surface and, therefore, were slightly 
underestimated. 

Animal Responses 
While research has shown that fertilization increases forage 

production and improves forage quality as measured by 
increased crude protein and P content, little work has been 
done to show benefits in terms of livestock production. The 
work reported by Rogler and Lorenz (1974) is probably the 
most complete to date in this area. In one study, they found 
that applying 40 and 80 lb N/acre/year to native range 
increased beef production from 50 to 97 and 125 
lb. beef/acre/year, respectively, over an 11 -year period. 
However, gains per head were not significantly increased by 
fertilization. In other studies, they found that applications of 
40 lb N/acre/year on crested wheatgrass and Russian wildrye 
pastures increased beef production by 68 and 90 lb/acre/year, 
respectively. In Nebraska, Burzlaff and Diagger (1972) 
reported that applications of 30 lb N and 4 lb of P/acre/year 
increased beef gains 12% the first year, 54% the second year, 
and 59% the third year. Choriki et al. (1969) reported that in 
central Montana, an application of 300 lb N/acre increased beef 
production from 24 to 120 lb/acre the first year after 
application. With an additional 100 lb P/acre, yields were 
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increased to 150 lb beef/acre. Residual effects of these 
treatments could be expected to last several years. In a recent 
grazing trial on a mixed prairie range in east-central Montana, 
an application of 150 lb N and 50 lb P/acre increased beef 
production from 20 to 63 lb/acre the first year after treatment 
(Cade, 1974). 

Other important aspects of animal response to range 
fertilization have not yet been evaluated. Animal fertility, calf 
weights, and similar aspects of animal response are likely 
improved by the increased nutrition resulting from fertilized 
range. These factors can have an important influence on 
evaluating fertilization treatments. 

Nitrate Toxicities 
Accumulation of nitrates in ground water and at toxic 

levels in forage under range fertilization has been a concern. 
To date, no incidence of either ground water contamination or 
nitrate toxicity due to fertilization has been reported. Power 
(1970) found no nitrate movement below 3 feet in the soil 
profile after applying up to 360 lb N/acre. Choriki et al. 
(1969) reported that with fertilizer application of up to 600 lb 
N/acre only green needlegrass (Stipa viridula) accumulated 
enough nitrate to be considered toxic and that the levels were 
toxic only in late June. Houston et al. (1973) found that some 
annual forbs accumulated toxic levels of nitrates at N 
application rates of 200 lb/acre or more. Where these forbs are 
a major portion of the animal’s diet, nitrate toxicity could 
certainly occur. 

Nitrogen-Use Efficiency 
N-use efficiency is the units of forage or meat produced per 

unit of N applied and is calculated as the difference in 
production between fertilized and nonfertilized plots divided 
by N-application rate. To compare various N rates over time, N 
rates are expressed in terms of annual N-rate equivalents. For 
example, the efficiency of a single application of 150 lb N/acre 
measured over a 3-year period is about the same as 50 lb/acre 
applied annually for 3 years. Using the data of Houlton 
(1975), N-use efficiencies were calculated for various rates of 
N and total herbage production measured over a 6-year period 
on a mixed prairie upland range site near Havre, Mont. Total N 
applications for the 6-year period included 50, 100, 150,200, 
250, 300, 400, 450, 500, 600,750, and 900 lb N/acre applied 
in one, two, or three applications. In the fall of 1968, seven 
replicated plots were fertilized with ammonium nitrate at the 
rates of 0, 50, 100, 150, 200, 250, and 300 lb N/acre. 
Two-thirds of each plot received the same treatment in 1969, 
and one-third received the same treatment in 1970. The N-use 
efficiency, (Y) was closely related (R2=0.93) to the annual 
rate equivalents (X) by the function Y=AebX, where Az28.9, 
b=O.00905, and e is the base of the natural logarithm (Fig. 1). 
N-use efficiencies calculated with data from eastern Montana 
(Wight, 1975) and central North Dakota (Power and Alessi, 
197 1) followed this same general relationship. 

Frequency of N application (Fig. 1) whether a single 
application or several proportionally smaller ones with the 
same total magnitude had little effect on N-use efficiency. This 
is generally true throughout the northern Great Plains except 
when initial or single applications are insufficient to at least 
partially satisfy the N-sink requirements. This initial 
N-requirement may vary from about 50 to more than 100 lb 
N/acre and increases as precipitation increases and temperature 
gradients decrease. To obtain maximum forage yields rather 

-ONE APPLICATIONil968) 

*TWO APPLICATIONSi a19691 

o THREE APPLICATIONSh968.1969 61970) 

ANNUAL N RATE EQUIVALENTS (lb PER ACRE/ 

Fig. 1. Relationship between N-use efficiency and annual 
equivalents of fertilizer N (From data by Houlton, 1975). 

than efficiency, the initial N-requirements are somewhat 
greater. 

Using the function in Figure 1, N-use efficiencies can be 
calculated for any N rate. For Example, with an annual N-rate 
equivalent of 40 lb/acre, each lb of N will produce an 
additional 20 lb of dry matter. Approximately 75% of the 
total forage production on a normal upland range site is 
composed of grazeable species (Larry M. White, unpublished 
data). Assuming 75% utilization of these species, 56% of the 
additional forage will be consumed which represents about 11 
lb of forage and is only slightly more than the 10.5 lb 
calculated as the amount of forage necessary to produce 1 lb 
of gain on normal-growth yearling steers grazing a blue 
grama-western wheatgrass summer pasture (National Research 
Council, 1970). Or, 1 lb fertilizer N will produce 1 additional 
lb of beef when N is applied at an annual rate equivalent of 40 
lb/acre. This generalization agrees with the results reported by 
Lorenz and Rogler (197 1) where 40 lb N/acre/year produced 
an additional 42 lb beef/acre/year over a 6-year period. Hyder 
et al. (1975) reported that on a short-grass prairie, 20 lb 
N/acre/year produced an additional 22 lb beef/acre/year: 
lower total production than in the mixed prairie but about the 
same N-use efficiency. Thus, in general terms, fertilizer 
applications of 30- to 50-lb N/acre annual rate equivalents on 
upland range sites of mixed prairie will produce an additional 
1 lb beef/lb N applied. 

Introduced species show a N-use efficiency-annual N rate 
equivalent relationship similar to that of native range. Actual 
N-use efficiencies for introduced pastures vary with factors 
like species and stand condition but generally are higher than 
those for native range . In terms of beef production per unit of 
N, the introd uced species have an advantage over native species 
since nearly all of the increased production is grazeab le , 
whereas, in native range there is always a weedy portion that is 
not grazed. Using data from Lorenz and Rogler (197 l), N-use 
efficiencies of 1 .O, 1.7, and 2.2 were calculated for native, 
crested wheatgrass, and Russian wildrye, respectively, 
fertilized with 40 lb N/acre/year. 

Water-Use Efficiency 
Use of fertilizer, particularly N, has significantly increased 

the efficiency with which soil water is used. Because of the 
close relationship between water-use efficiency (WUE) and 
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forage yields, WUE response to fertilization has been as large 
as forage responses. The data of Smika et al. (1965) (Fig. 2) 
graphically demonstrate the relationship between forage 
production and available water as it is affected by N 
fertilization. The data also indicate the importance of 
maintaining an adequate available N level to most efficiently 
use available soil water. 

Not only does fertilization improve WUE, but it also has 
the potential of increasing the amount of precipitation that 
becomes available for plant use (Wight and Black, 1972). The 
stimulated root system of fertilized vegetation extracts more 
water from the profile than nonfertilized vegetation. Thus, 
whenever over-winter precipitation fully recharges the profile, 
fertilized range will have more water available for plant use 
because it will, in effect, be drawing water from a larger, 
soil-water reservoir than nonfertilized range. Also, the 
efficiency of overwinter recharge increases as the soil profile 
becomes drier (Black and Power, 1965). 

Fertilization and Drought 
The question of whether or not N fertilizer aggravates a 

droughty condition is often asked. So far, little evidence has 
been presented to indicate that it does. During 1971, water 
was critically limiting in the northeastern part of Montana and 
experimental plots were not harvested because of lack of 
growth (Ford and Siddoway, unpublished data). The next 
year, 1972, was a good moisture year and yield responses to 
fertilizer treatments indicated no ill-effects from the 
combination of fertilization and drought. In fact, high yields 
indicated almost complete carryover of the unused N fertilizer 
during the drought year. Rapid withdrawal of soil water by 
fertilized vegetation tends to advance maturation and 
senescence dates-particularly in droughty years. This 
shortening effect on the growing season is somewhat offset by 
an earlier “green-up” on fertilized as compared with 
nonfertilized range. 

Fertilizer Materials 
Because range fertilization has generally necessitated a 

broadcast method of application, readily available inorganic 
source materials have been used almost exclusively. For N, 
ammonium nitrate and ammonium sulfate are the common 
sources. Inorganic fertilizers compared in terms of available 

3ooo 
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nutrients have been about equally effective. Some studies have 
included manures which, when applied in adequate quantities, 
have been effective (Heady, 1952; Smoliak, 1965). Benefits 
from manures may not be limited to just nutrient enrichment 
but may also include some beneficial mulch effects and 
improvement of the soil’s physical characteristics. 

Recent research has shown urea is a potentially cheaper and 
more available source of N. Power (1974) reported that at low 
N-rates (less than 100 lb N/acre) broadcast urea was about as 
effective as ammonium nitrate. Power (personal 
communication) has also conducted some research with some 
slow-release N formulations. The potential advantage of such 
fertilizers would be to evenly distribute available N throughout 
the growing season and would benefit warm- as well as 
cool-season species. To date, such fertilizer formulations have 
shown very little promise for semiarid ranges. 

Use of Range Fertilization 
Interest by ranchers in fertilization as a management 

practice has increased considerably in the past few years. In 
1973, a questionnaire was sent to county agricultural 
extension agents of 12 eastern Montana counties and eight 
bordering North and South Dakota counties regarding range 
fertilization practices in their counties. Replies were received 
from four Montana counties, four North Dakota counties, and 
one South Dakota county and represented approximately 7.5 
million acres of native range and 0.5 million acres of 
introduced or tame pastures. Results of the survey indicated 
about 1.2% of the native range and 9.5% of the introduced 
pastures have been fertilized. Most N applications (68% for 
native and 83% for introduced pastures) ranged from 0 to 50 
lb N/acre and were frequently accompanied by small P 
applications. Only 1% of the applications exceeded 150 lb 
N/acre. In response to the question “What percentage of ranch 
operators who had used fertilizer on rangeland would use it 
again?“, the county agents estimated that 70% would on 
native range and 92% would on introduced pastures. In 
general, range was fertilized more in the North and South 
Dakota counties than in Montana counties. The following is 
typical of comments received on the questionnaire: “More and 
more are fertilizing grassland each year, especially the 
domestic grasses. Once a rancher sees the results of the first 
year of fertilizing, he sticks with it. The fellows are very 
cautious about fertilizing native ranges. Those fertilizing 
domestic grasses are applying right around 30 to 40 lb actual 
N.” s 
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One county agent indicated that ranchers were skeptical of 
fertilizing native range because of management requirements. 
This is an often overlooked area of concern. Whole pasture 
units must be fertilized to make efficient use of all range and 
to prevent overgrazing. However, in some specialized 
situations, fertilizing of specific areas of a pasture unit can 
improve livestock distribution. 

Most states and provinces within the northern Great Plains 
have published fertilization recommendations through their 
extension service programs. Unless a legume is involved, 
recommendations are usually limited to N at rates of 30 to 75 
lb/acre/year. Effective P recommendations can be made the 
basis of soil tests. 

Conclusion 
Fig. 2. Effects of available water on native grass forage production 

with different rates of N fertilizer applied annually (Smika et al., Results of past range fertilization research indicate that N 
1965). deficiency is a major limiting factor in forage production in 
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the northern Great Plains. Under proper management, annual 
applications of 30 to 50 lb N/acre or periodic application of 
comparable amounts can increase forage production 50 to 
100% in most areas of the northern Great Plains. In terms of 
N-use efficiency, 30 to 50 lb N/acre will produce 18 to 22 lb 
dry matter/lb N applied or approximately 1 lb beef/lb N 
applied. Higher rates will produce more beef but less 
efficiently. As expected, the biggest forage increases from 
fertilization are obtained on the most productive range sites. 
Introduced pastures are generally more productive than native 
pastures and, for grazeable forage or animal production, have a 
higher potential to respond to fertilization than do native 
pastures. 

The problem regarding fertilization effect on species 
composition has not yet been resolved, nor will it be resolved 
until more fertilization research can be conducted under 
grazing situations for long enough periods to adequately 
determine changes and trends in species composition under 
climatic variations. Range fertilization research is at a point 
where emphasis must be placed on using grazing animals. 
Plant-animal-management interactions under fertilization 
regimes must be studied if research is to meet the needs of the 
livestock industry. 

Whether range fertilization pays is the main question asked 
by ranchers. The economic feasibility of fertilization practices 
cannot be determined by research alone but is subject to the 
fluctuations of prices in the livestock industry and needs of 
individual ranching situations. In the past 3 years, N costs have 
tripled. Research, however, can supply information relative to 
expected yield increases from fertilizer applications and 
recommended application rates. The pound of beef/pound of 
N relationship should be helpful in making effective 
management decisions. 

Where economically feasible, range fertilization can be an 
effective and practical management tool. It offers the 
opportunity to increase forage production to meet the 
increasing forage demands without buying new land with its 
associated overhead expenses, like taxes, fencing, and water 
development. Also, currently, rangeland is difficult, if not 
impossible, to acquire and when available it is not 
economically priced. Increasing forage requirements must be 
produced on existing lands. With the low conversion efficiency 
of beef animals and an ever-increasing world demand for 
protein, farmland used for grain production will not likely be 
converted to grass; the opposite is more likely to happen. 
Thus, range fertilization may become increasingly important as 
a range management tool in the quest for increased levels of 
forage production. 
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Efficiency of Converting Nutrients and 

Cultural Energy in Various Feeding and 

Grazing Systems 
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Highlight: Yearlong total confinement and partial 
confinement feeding were compared to conventional range 
grazing to determine the cultural and digestible energy 
expended to produce a kilocalorie of dressed-carcass meat 
from weaner calves and the protein consumed to produce a 
pound of red-meat protein. The range groups required the least 
amount of cultural energy to produce a kilocalorie of meat 
and the total confined groups required the most. The total 
confined system on a low level of nutrition, where calves were 
weaned early, converted digestible energy most efficiently but 
converted digestible protein least efficiently, whereas range 
groups converted digestible energy least efficiently and 
digestible protein most efficiently. 

During the past 30 years more intensive cropping systems 
have enabled agriculture to double crop production; however, 
use of fossil fuel has increased 2.3 times for each increment of 
food produced. During the past few years, grain has been a 
surplus commodity and, as a result, has been considered cheap 
livestock feed. Feeding high grain rations has increased the 
cultural energy used in the production of meat compared to 
the use of range forage which is produced primarily from solar 
energy. The world no longer has surplus food to feed an 
ever-increasing population, and the expenditure of the finite 
fossil fuels for food production therefore becomes a grave 
concern. 

Cultural energy is the energy included in fossil fuels or 
other sources of energy that supplements solar energy in the 
production of food. This energy comes from labor, 
transportation, and electricity to produce and process foods. 
The energy required to manufacture machinery, fertilizers, and 
pesticides that are used in agriculture is also considered energy 
that subsidizes solar energy in producing plant growth. 

As a result of the concern for the increasing expenditure of 
cultural energy for food production, a study of six feeding and 
grazing systems of beef cattle was analyzed to determine the 
cultural and digestible energy expended to produce a 
kilocalorie of table meat from weaner calves. The study was 
carried out at the Eastern Colorado Experiment Station from 
1971 to 1974. 

Procedures 

In October 1971, 166 mature Hereford cows were divided 
into six groups to test three management systems at the 
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Eastern Colorado Range Research Center. These systems were: 

1. Native Range: 15 acres of rangeland per animal unit for 
12 months. 

2. 
for 7 

3 

a. Thirty cows were rotated on three 150-acre pastures 
at 2-month intervals and supplemented with 1 lb alfalfa 
pellets per head per day from November 1 to May 1. 
b. Same as above with cows receiving a winter 
supplement of 2 lb alfalfa pellets per day. 

Semiconfinement: 10 acres of rangeland per animal unit 
months. 
a. Thirty cows were rotated on three loo-acre pastures 
from May 1 to December 1 and fed in drylot from 
December 1 to May 1 with the nutrient intake regulated 
at 6% lb TDN (total digestible nutrients per day. 
b. Same as above with the drylot nutrient intake 
regulated at 8% lb TDN per day. 

Total Confinement: drylot 12 months. 
a. Twenty-three cows were maintained on 6% lb TDN 
per day except for the period April 15 to July 15, when 
they received 14 lb TDN. Calves had access to creep feed 
until weaned at 90 days of age, after which they were 
bunk fed a growing ration until October 14. 
b. Twenty-three cows were maintained on 8% lb TDN 
per day from October 15 to April 15 and 14 lb TDN 
from April 16 to October 14. Calves were creep fed and 
weaned October 15. 

Cows confined to the drylot were fed sorghum silage, 
alfalfa hay, grain, salt, and mineral. The calves of the cows 
receiving 8lY2 lb TDN per day were creep fed a grain mixture 
for approximately 60 days following birth and were then fed 
silage, hay, and grain with enough soybean oil meal added to 
maintain the crude protein level above 15%. 

Cows in confinement were bred artificially during a 40-day 
period and those in partial confinement and on native range 
were artificially inseminated during a 30-day period. Bulls 
were put with all cows for an additional 20 to 30 days and left 
long enough to make a 60-day breeding season. 

Calculating Cultural Energy in Feeds Used 
All cultural energy charged to feeds used in the trials was 

calculated after the outline used by Pimental et al. (1973) and 
Heichel (1973). The individual crops used as feed and the 
input of cultural energy is shown in Tables 1 and 2. 

It has been estimated that most agriculture machinery has 
about 8,000 kcal of cultural energy invested per pound and 
can be depreciated over an average life of 5 to 8 years (Slesser, 
1973). It was calculated that a 7-ton tractor depreciates over a 
6%-year period to the extent of about 17,300 megacalories per 
year. Farm pickups and trucks have been said to contain 
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Table 1. Average cultural energy (Meal) inputs per acre for the production of the feeds used in the trials presented herein. 

Alfalfa 2 Sorghum silage 2 Dehydrated alfalfa3 Irrig. corn? Dryland wheat 3 Soybean4 

Energy Energy Energy Energy Energy Energy 
Units input Units input Units input Units input units input Units input 

Type of input of input (Meal) of input (M cal) of input (Meal) of input (Meal) of input (Meal) of input (Meal) 

Labor (hours/acre) 7.5 18.7 8.0 20.0 8.0 20.0 10.0 25.0 2.0 5.0 3.0 7.5 
Machinery (hours)’ 1.10 50.0 2.80 126.0 2.5 0 112.5 2.96 133.2 1.67 75.0 1.80 81.0 
Gasoline (gal) 15.0 465.8 23.0 714.3 22.0 683.2 26.0 807.4 18.0 55 9.0 20.0 621.1 
Nitrogen (lb) - - - - - - 90.0 225.0 - - 81.2 203.2 
Phosphorus (lb) 80.0 176.0 - - 200.0 500.0 - - - - - 
Seeds for planting (lb) - - 40.0 20.0 - - 30.0 15.2 40.0 16.0 60.0 30.0 
Irrigation (Meal) - 

11.0 
- - - - - 134.0 - - 

Pesticides (lb/acre) 1.0 - - 1.00 11.0 1.0 11.0 1.0 11.0 05 5J 
Drying (Meal) - - - - - 224.0 - - - - - - 
Electricity (Meal) - - - - - 29.6 - - - - - 
Transportation (miles X lb) 10,500 42.0 19,691 78.8 29,400 117.6 16,800 67.2 5,625 22.5 17,550 70.2 

Total 763.5 959.1 1,697.g 1,418.0 688.5 1,018.5 

‘Depreciation and maintenance. 
2 Produced on the ranch where it was fed. 
3Produced in Colorado but transported to the local market place and thence to the ranch where it was fed. 
4Produced in eastern South Dakota and transported to the ranch where it was fed. 

energy equivalent to 15,000 miles of gasoline or about 1,500 
gal. of gasoline, which totals about (1,500 x 3 1,056) 46,584 
megacalories (Heichel, 1973). Maintenance alone is estimated 
to be about twice the depreciation expenditure of cultural 
energy for farm machinery. Thus for depreciation and 
maintenance of farm machinery in general it was calculated 
that 45 megacalories for each hour of usage was considered 
appropriate for the average piece of large farm machinery over 
a life span of 6.5 years. 

Actual gasoline (gallons used) was estimated on a per hour 
or per acre basis and charged as cultural energy at the rate of 
3 1,056 kilocalories per gallon, whereas diesel fuel was charged 
at the rate of 34,783 kilocalories per gallon. 

Transportation has been calculated in various ways, but in 
the present study, transportation off the farm by commercial 
trucks and to and from the field were combined and charged 
at 4 kcal/lb/mile. Pimental et al. (1973) suggests that 15 
kcal/lb of product will cover transportation to and from the 
field and to the source of sale. Slesser (1973) states that a 
truck can move goods 500 miles for 131 kcal/lb. This 
calculates to be about 3.82 kcal/lb/mile. Pimental et al. (1973) 
estimates transportation of corn yield in New York to be 
about 70,000 kcal/acre or about 4 kcal/lb/mile when sold 
locally or used near the source. This counts gasoline, labor for 
the driver, and depreciation of the energy content of the 
machine. In this study much of the produce was actually used 
at the source of production, 

(1973) states that irrigation for some cereal crop production in 
the drier areas may be as high as 20,000 megacalories per acre. 
Pimental (1973) states that for corn farming where irrigation is 
used the average input in cultural energy for supplementary 
water is about 905.6 megacalories per acre. In many areas of 
the east where corn is raised, only small amounts of irrigation 
water are used, but in the west substantial quantities of 
supplemental water are required for corn production. Since 
irrigation of corn used in this study came from gravity-fed 
water out of the South Platte river and additional labor, 
machinery, and gasoline are included in separate categories, an 
average of only 34 Meal per acre for irrigation of corn was 
used. This would be the cultural energy charged against 
reservoir, channel, and ditch construction. 

An average active man requires from 2,500 to 3,000 
kilocalories per day, and for hard labor about 5,000 
kilocalories. In the present study it was estimated that the 
average farm hand works 8 hours per day and requires at least 
4,000 kilocalories. It was further estimated that for every 
kilocalorie of food consumed 5 kilocalories of cultural energy 
were required to produce, process, and transport it for 
consumption. Actually, from 7 to 10 kilocalories of fossil fuel 
are required to produce 1 kilocalorie of table food, but some 
of the food is raised on the ranch. Therefore, about 2,500 kcal 
(4,000 kcal x 5 + 8) of cultural energy are required per man 
hour of labor on the farm or ranch. 

The cultural energy used in irrigation varies considerably, 
depending upon the type of irrigation. If pump wells are used, 
the cultural energy is estimated to be about triple that 
required for stream or ditch irrigation by gravity feed. Slesser 

Table 2. Average yield and cultural energy per pound produced for the 
feed crops used in the supplements and rations in the six management 
systems. 

The literature (Pimental et al., 1973; and Heichel, 1973) 
and correspondence with chemical companies suggest that 
most pesticides require about 11,000 kilocalories per pound in 
their manufacture, transport, and application in common 
agriculture usage for the control of insects and weeds. If the 
application of the herbicide required 4,000 kilocalories per 
acre, 2 pounds of pesticide could be applied for 18,000 
kilocalories per acre. 

Results 

Crop 

Alfalfa 
Sorgham silage 
Dehydrated alfalfa 
Irrigated corn 
Dryland wheat 
Soybean 

Yield 
(lb/acre) 

6,000 
11,252 
5,600 
4,480 
1,500 
1,560 

Cultural 
energy input 

(k cal/ lb) 

202 
144 
484 
432 
459 
653 

Cow Weights 

Cows in confinement that were wintered on 6% lb TDN 
(Total Digestible Nutrients) lost approximately 4% more body 
weight from December to May than those fed 8% lb TDN. 
Compensatory gains were more rapid during May and June for 
the cattle wintered at the low nutrition level regardless of 
whether they went to grass or were left in drylot and fed 14 lb 
TDN until after breeding. 
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Weaning Weights Cultural Energy for Confinement Feeding 
The heaviest weaning weight of calves, 460 lb, came from 

the drylot cows that received 8% lb TDN per day. This group 
was followed by the total confinement group fed 6% lb TDN 
whose calves were early-weaned and weighed 417 lb. Both 
range groups weaned calves weighing 414 lb and the partial 
confinement group that received the higher nutrition levels 
produced weaner calves weighing 411 lb (Table 3). The total 
confinement cows wintered on 8% lb TDN had a 97.4% calf 
crop at weaning, thus producing 448 lb per breeding cow. The 
early-weaned calves from the confinement cows receiving 6% 
TDN during the winter had a 94.5% calf crop, with an adjusted 
average weaning weight per cow of 394 lb. 

An estimated 90 man hours; 105 machine hours involving 
one 2-ton truck, grinder, mixer, and a tractor loader to clean 
lots; and 525 gal. of gasoline per month were required to feed 
250 head of cattle in confinement. The calculated cultural 
energy in labor and machinery to feed 250 brood cows in 
confinement for 30 days was 21,255 megacalories or about 85 
megacalories per cow month. In like fashion, an additional 34 
megacalories per month of cultural energy in labor and 
machinery were required to creep feed the calf. 

Table 3. Adjusted weaning weight of calves from three management 
systems. 

Management system 

Total confinement 
6.5 lb TDN per day 
8.5 lb TDN per day 

Partial confinement 
6.5 lb TDN per day 
8.5 lb TDN per day 

Range grazed 

Weight of 
Calf calf weaned 

weaning per cow 
weights bred 

(lb) (lb) 

417 394 
460 448 

404 392 
410 396 

The cows in total confinement required 7.26 and 7.53 Meal 
of cultural energy per pound of calf weaned for the 6.5 and 
8.5 lb TDN feed level, respectively; and the semiconfined cows 
produced a pound of weaner calf at an expenditure of 3.98 
and 4.53 Meal of cultural energy for the low and high level of 
feeding, respectively . 

Comparison of Six Feeding Systems 
Animal production for each of the six feeding systems was 

compared on the basis of a 250-cow operation. The 
production year was divided into four seasons depending on 
phase of animal production and availability of range forage: 
October 16 to April 17, April 18 to June 17, June 18 to 
August 17, and August 18 to October 15. 

1 lb alfalfa/day winter supplement’ 
2 lb alfalfa/day winter supplement’ 

’ Fed December 1 to May 1. 

414 393 
414 397 

The average calving date was April 17, the end of the first 
season. The live weight of calves produced at this time was 
calculated as the average birth weight (70 lb) times the number 
of cows (250 head) times the percent calf crop (Table 5). 
During the remaining seasons, live weight depended on daily 
gain and death loss that occurred in the separate systems. 

Cultural Energy for Range Livestock 

The cultural energy for range cows was calculated according 
to the best estimates of management on the experimental 
ranch in eastern Colorado. The operation was based upon a 
250-COW unit where cows are left on the open range yearlong 
and receive only a supplement during the winter from 
December 1 to May 1 (Table 4). Just prior to and during the 
early part of the breeding season, both range groups were fed a 
concentrate supplement for 2 to 3 weeks at the rate of 2 lb per 
day. The cultural energy used in producing feeds and 
transportation was calculated according to the source of the 
feed and for the labor and transportation to obtain and feed it, 
as presented in Table 1. The range cattle required 2.48 and 
2.61 Meal of cultural energy per pound of calf weaned for the 
COWS wintered on 1 and 2 lb of supplement, respectively. 

Since the weaner calves weighed from 410 to 460 lb, a 
dressing percentage of 57.9% was used and the fat content was 
assumed to be 11.2% and the protein was assumed to be 16.6% 
(Schwartz, 1972). Energy in body fat was calculated as having 
9.4 kcal per gram and body protein as having 5.7 kcal per 
gram. 

Digestible Energy/Energy of Meat Produced 
A comparison of the various systems of management 

showed that digestible energy in the feed or forage converted 
to energy in meat of weaner calves was most efficient for the 
low nutrient level of total confinement (Table 5). This is 
believed a result of weaning the calves after 90 days of age and 
feeding them a growing ration. The two range groups produced 
the lowest return of food energy in dressed calf meat per unit 
of digestible energy consumed largely because some of the 
energy was utilized in foraging. In addition the range forage 

Table 4. Average cultural energy input for a 250 cow ranch where alfalfa pellets are fed as a supplement on the range at 1 and 2 lb per day per 
head respectively from December 1 until May 1, and grain is fed for 16 days during beginning of breeding season. Calculated as a yearlong 
operation. 

Input 

Kind 
Labor 
Machinery 
Gasoline 
Transportation 
Supplements 

Alfalfa pellets 
Grain 

Total 

Unit of 
measure 
hours 
hours 
gallons 
ton miles 

pounds 
pounds 

Alfalfa fed 
One lb/day Two lb/day 

Energy Total Energy Total 
Units of per unit energy input Units of per unit energy input 

input 0-0 (Ma0 input @Cal) (M ~1) 
2,737 x 2,500 = 6,842 2,737 x 2,500 = 6,842 
1,744 x 45,000 = 78,480 1,744 x 45,000 = 78,480 
3,959 X 31,056 = 122,951 3,959 x 31,056 = 122,951 
2,639 X 8,000 = 21,114 3,149 x 8,000 = 25,192 

37500 x 290 = 10.875 75,000 x 290 = 21,750 
8,000 x 458 = 3,664 8,000 x 458 = 3,664 

243,926 258,879 
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Table 5. Average nutrients and cultural energy used in producing food energy (gross energy) and protein under three management systems with 
two levels of nutrient intake for each system. 

Item units 

Confinement Partial Range 

6% lb TDN 8% lb TDN 6% lb TDN 8% lb TDN 1 lb Alfa. 2 lb AIfa. 

Number calves by season’ 
1 number 
2 number 
3 number 
4 number 

Dry cows by season’ 
2 number 
3 number 
4 number 

Live weight by season’ 
1 lb 
2 Ib 
3 lb 
4 lb 

Total live weight lb 
Total carcass weight lb 
Avg weaning weight lb 
Digestible energy used Meal 
Digestible protein used lb 
Cultural energy used Meal 
Digestible energy not converted Meal 
Digestible protein not converted lb 
Cultural energy not converted Meal 
D.E. input/G.E. output2 - 
D.P. input/T.P. output3 - 
C.E. input/G.E. output’ - 

235 248 242 242 240 248 
235 248 242 242 240 248 
233 240 242 238 233 233 
233 240 238 238 240 230 

15 2 8 8 10 2 
17 10 8 12 17 17 
17 10 12 12 20 20 

16,450 17,360 16,940 16,940 16,800 17,360 
24,080 27,305 27,235 28,205 29,980 31,820 
27,453 29,289 28,130 28,280 27,005 26,755 
30,477 37,932 25,665 25,666 24,430 23,263 
98,460 111,946 97,971 99,092 98,215 99,197 
55,138 62,690 54,864 55,491 55,000 55,551 

417 460 404 411 414 414 
1,957,086 2,305,243 2,051,178 2,190,328 2,35 3,174 2,508,801 

116,405 119,499 100,692 110,832 95,832 99,666 
715,155 843,166 390,067 448,481 243,926 258,879 

1,907,881 2,249,270 2,002,192 2,140,782 2,304,066 2,459,202 
107,253 109,093 91,585 101,621 86,702 60,444 
665,950 787,193 341,081 398,935 194,8 18 209,280 

39.77 41.18 41.87 44.21 47.93 50.58 
12.72 11.48 11.06 12.03 10.50 10.81 
14.53 15.06 7.96 9.05 4:97 5.22 

1 Seasons are: 1 = April l&June 17; 2 = June 18-August 17; 3 = August 18-October 15; 4 = October 16-April 17. 
2The ratio of digestible energy input to gross energy output in carcass. 
3The ratio of digestible protein input to total protein output in carcass. 
‘The ratio of cultural energy input to gross energy output in carcass. 

during various periods of the spring and summer while the 
plants were growing furnished excessive amounts of digestible 
energy for lactating cows and growing calves, and thus was not 
used efficiently. 

A high protein supplement at the lower level fortified with 
Vitamin A would have been a better method of supplying 
nutrient requirements during the winter, which would have 
used more effectively the digestible energy in the dormant 
range forage compared to alfalfa (Cook and Harris, 1968). 

Digestible Protein/Meat Protein Produced 

approximate cost of 8 to 9 kcal of cultural energy. Total 
confinement required about 15 kcal of cultural energy for 
each kilocalorie of dressed meat or about three times as much 
cultural energy to produce a kilocalorie of edible meat from 
weaner calf production compared to range calf production. 

Optimizing Feeding Systems 

The two range groups produced more edible protein meat 
from weaner calves per unit of digestible protein consumed 
than did other management systems. As can be noted in Table 
5, confined groups where calves were weaned early or creep 
fed were the least efficient systems with respect to protein 
conversion. This suggests that early weaned calves convert 
digestible energy effectively but protein rather poorly. In the 
partially confined groups, it appears that the lower feeding 
level during winter showed a greater rate of protein conversion 
than the higher level of feeding. 

Cultural Energy/Energy of Meat Produced 

The results from the six feeding systems were used to 
determine the most efficient hypothetical combination of 
systems under four different criteria as selected by a computer 
program (Table 5). The first criterion was to maximize feed 
energy conversion, described as the ratio of digestible energy 
going into the animals to gross energy from the dressed 
carcass. The most efficient combination of systems was a low 
level of feeding in total confinement during the winter, a high 
level of feeding in total confinement during the spring and 
summer, and finally grazing the native range from August 18 
until October 15. Under such a system, 39 kcal of digestible 
energy are needed for each kilocalorie of red meat produced. 
This is only slightly better than the total confinement system 
with 6% lb TDN fed daily. 

As would be expected, the yearlong range grazing system 
with a winter supplement required considerably less cultural 
energy than did other systems (Table 5). Range livestock 
production when sold as weaner calves produced about 1 kcal 
of dressed-carcass meat for each 5 kcal of cultural energy 
expended in supplemental feed, machinery, gasoline, and labor 
for a 250~0~ ranching enterprise. Partial confinement, where 
cows were corralled and fed for 5 months during the winter 
and grazed on the range duirng spring and summer, produced a 
kilocalorie of dressed-carcass meat from weaner calves for an 

The second criterion was to optimize the efficient use of 
cultural energy. This criterion was expressed as the ratio of 
cultural energy used to gross energy in the carcass. The most 
efficient system in terms of cultural energy expended was the 
use of range grazing from October 16 to April 17 with animals 
that received 1 lb of alfalfa supplement daily during the 
winter. The animals that had received the higher level of range 
supplement were selected as being most efficient in converting 
cultural energy to red meat during spring (April 18 to June 
17). This efficiency in the use of cultural energy was followed 
by grazing from June 18 to August 17 animals that had been 
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Table 6. Selection from 6 management systems by seasons for optimum use of digestible energy and cultural energy in the production of energy 
in weaner calf meat. Also the selection of management systems for optimum use of digestible protein to produce edible carcass protein along 
with systems by seasons to produce maximum red meat. 

Alternative season’ 
1 
2 

: 
Number of calves by season’ 

1 
2 
3 
4 

Dry cows by season’ 
2 
3 
4 

Live weight by season’ 
1 
2 
3 
4 

Total live weight 
Total carcass weight 
Avg weaning weight 
Digestible energy used 
Digestible protein used 
Cultural energy used 
Digestible energy not knverted 

- Confinement 6% lb TDN Range 1 lb Alfa. Rame 1 lb Alfa. Confinement 8% lb TDN 
- Confinement 8% lb TDN Range 2 Ib Alfa. Corknement 6% lb TDN Range 2 lb Alfa. 
- Confinement 8% lb TDN Partial 8% Ib TDN Confinement 8% Ib TDN Confinement 8% lb TDN 
- Partial 6% lb TDN Partial 6?‘2 lb TDN Partial 6% lb TDN Confinement 8% Ih TDN 

number 235 240 240 248 
number 228 226 238 248 
number 228 226 238 240 
number 228 226 238 240 

number 15 10 10 2 
number 22 24 12 10 
number 22 24 12 10 

lb 16,450 16,800 16,800 17,360 
lb 26,900 31,420 24,220 30,335 
lb 27,810 26,846 28,987 29,289 
lb 24,619 25,142 25,661 37,932 
lb 95,779 99,431 95,668 114,916 
lb 5 3,636 55,681 53,575 64,35 3 
Ib 410 425 398 472 
Meal 1,881,334 2,329,934 2,276,901 2,373,034 
lb 96,5 34 95,071 89,846 119,823 
Meal 635,030 243,377 402,720 743,374 
Meal 1,833,445 2,280,213 2,229,067 2,315,589 

87,630 85,828 80,953 109,141 
587,147 195,655 354,886 685,929 

39.29 46.86 47.60 41.31 
10.84 10.29 10.10 11.22 
13.26 4.91 8.42 12.95 

l Seasons are: 1 = April 1 &June 17; 2 = June 18-August 17; 3 = August 1 &October 15; 4 = October 16-April17. 

Digestible protein not converted Meal 
Cultural energy not converted Meal 
D.E. input/G.E. output’ - 
D.P. input/T-P. output3 - 
C.E. input/G.E. output4 - 

Item Units 
Optimize digestible 

energy efficiency 
Optimize cultural 
energy efficiency 

Optimize digestible 
protein efficiency Maximize red meat carcass 

2The ratio of digestible energy input to gross energy output in carcass. 
3The ratio of digestible protein input to total protein output in carcass. 
4The ratio of cultural energy input to gross energy output in carcass. 

wintered on a high level of nutrition under confinement (8% lb 
TDN). The fourth system for greatest efficiency in use of 
cultural energy consisted of grazing cows that had been 
wintered on the low level of nutrition (6l% lb TDN) and now 
had their calves by their side and grazing on the range with the 
yearlong range cattle. These systems by periods used the least 
amount of total cultural energy and required the lowest 
quantity of kilocalories of cultural energy (4.91) per 
kilocalorie of meat produced. This was only slightly better 
than the low level of supplementing range cows, which 
required 4.97 kcal of cultural energy per kilocalorie of meat in 
the dressed carcass. 

energy. It required 10 lb of digestible protein to produce 1 lb 
of edible protein in a weaner calf carcass by the most efficient 
management systems for utilization of feed protein. Again, 
this was only slightly more efficient than the two range 
groups. 

The third criterion was to maximize the use of digestible 
protein in the feed for the production of protein in the dressed 
carcass. The most efficient use of feed protein in the winter 
resulted from supplementing the range cattle with 1 lb of 
alfalfa. The second period, from April 18 to June 17, shows 
that the total confined cows on the low level of nutrition (6% 
lb TDN) was selected by the computer. During this period, 
however, both total confined groups received 14 lb of total 
digestible nutrients. This selection is understandable because 
the high level of TDN for the group previously fed a low level 
of nutrition would make compensatory responses and 
therefore use digestible protein more efficiently. 

The fourth criterion was to maximize red meat production. 
The high level of nutrients fed during the winter under 
confinement was selected by the computer. This was followed 
during the spring by the grazing animals that had the highest 
level of range supplements during the previous winter. The 
summer and fall management system for greatest red meat 
production was the high level of nutrient intake for total 
confinement, which was 14 lb TDN during these two periods 
prior to weaning. These management systems produced a 
maximum of 472 lb live weight per calf and a total of 114,916 
lb live weaning weight for the 250 breeding cows. 

The feeding systems selected by the computer and 
discussed are hypothetical. Actual experiments are needed to 
determine if the proposed systems actually are more efficient 
than those studied. In some cases the proposed “efficient” 
systems differed only slightly in the selected criteria from the 
systems studied. 

Summary 

During the summer and fall the selection of the Six feeding and grazing systems were analyzed to determine 
management systems for greatest efficiency of protein the cultural and digestible energy expended to produce a 
utilization in the computerized theoretical feeding system was kilocalorie of table meat from weaner calves and the digestible 
the same as for greatest efficiency in the use of digestible protein consumed to produce a pound of red-meat protein. 
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Two groups were run on open range yearlong, with one group 
receiving 1 lb and the other receiving 2 lb of winter 
supplement per day. Two groups were run on open range for 7 
months during spring and summer but confined during fall and 
winter with a low and high level of confined feeding. The third 
system involved two groups which were fed in total 
confinement: group one received 6% lb TDN/day yearlong 
except from April 16 to July 18, when they received 14 lb 
TDN, after which the calves were weaned and fed a growing 
ration; the other group received 8l% lb TDN/day from October 
15 to April 15 and 14 lb/day from April 16 to October 14. 

Digestible energy was converted most efficiently by the 
cows receiving the low level of nutrients in total confinement, 
because the calves were weaned at 90 days of age and fed a 
growing ration. The range groups were least efficient in 
converting digestible energy into gross energy in meat of 
weaner calves, because digestible energy was excessive in spring 
and early summer range forage and was therefore wasted. 

The yearlong range groups required the least amount of 
cultural energy to produce a kilocalorie of table meat and the 
total confinement groups required the most. The 
semiconfinement groups required almost twice as much 
cultural energy and the total confinement groups required 
three times as much cultural energy to produce a kilocalorie of 
dressed carcass meat compared to the range grazing system. 

Digestible protein utilized to produce a pound of protein in 
red meat was highest in the lower feeding level of total 
confinement where calves were weaned early and fed a 
growing ration and most efficient in the lower level of 
supplementation for the range groups. 

A computer program selected the various seasonal feeding 
systems for optimization of conversion of digestible energy, 
cultural energy, and total protein in the feed for hypothetical 
feeding procedures. Also, a hypothetical management system 
was selected from the six feeding systems studied for the 
maximization of total production of carcass meat. 
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REMEMBER.. . 
the 1976 Summer Meeting of the Society for Range Management 
is to be held in the Black Hills of western South Dakota 

DATE.. . 
July 20, 21, 22, 23 

LOCATION.. . 
State Game Lodge in Custer State Park 

TOUR . . . 
l a 1 O,OOO-acre family ranch which runs a commercial cow-calf 

Angus herd 
l a consignment feedlot 
l beautiful Wind Gzve National Park-home of the bison, deer, 

antelope, elk, and prairie dogs 

MORE INFORMATION.. . 
and details in the April issue of RANGEMAN’S JOURNAL 
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Some Effects of Supplemental Grain 

Feeding on Performance of Cows and 

Calves on Range Forage 

R. A. BELLOWS AND 0.0. THOMAS 

Highlight: This study was conducted to determine the effects of supplemental 
grain feeding on reproductive performance of lactating range beef cows. Results 
indicated that feeding 3.86 kg grain either before or during lactation, or before 
and during the breeding season, decreased the fall pregnancy rate in supple- 
mented cows compared to cows on range forage only. The high level of grain 
feeding reduced grazing time and subsequent forage intake and served as a 
substitute for the range forage rather than a supplement. 

A major part of the diet of dams grazing during the early spring period was 
new growth on western wheatgrass. This forage was available in limited amounts 
during this early time period, and the moisture content ranged from 65.3 to 
82.1%, resulting in a low dry matter intake. Lactating dams lost 1.23 kg daily 
during this time period, but daily calf gains at this time averaged 0.71 kilograms. 
Thus, a major part of the nutrients consumed by the dam was being used for 
production of milk, and at least a portion of the milk was being produced at the 
expense of body tissue stores of the dam. 

This work indicates that the period from calving until adequate forage with a 
sufficient dry matter content is available to produce weight gains in the lactating 
dams should be considered a critical nutritional period. These findings indicate 
the need for studies to determine the most satisfactory methods of meeting the 
nutritional requirements of the lactating dam during this period. 

Data from studies conducted in 
feedlots indicate that feed levels 
immediately after calving and during 
the prebreeding and breeding periods 
have marked effects on reproductive 
performance of beef cattle (Wiltbank 
et al., 1962; Bellows, 1966; Dunn et 
al., 1969; review by Thomas, 1973). 
Additional information is needed re- 
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garding the effects of supplemental 
grain feeding on reproductive per- 
formance of lactating beef cows 
grazing range forage during the spring. 

This study was conducted to deter- 
mine reproductive performance of lac- 
tating range beef cows fed a high level 
of grain supplement before and during 
the breeding season. In addition, 
weight gains of the calves suckling the 
cows were evaluated. Moisture content 
of western wheatgrass (Agropyron 
smithii) was determined and related to 
weight changes in the cow and calf. 

Methods 

The study involved 57 Hereford 
cows. Twenty-nine were second calf 
3-year-olds; 28 ranged in age from 4 to 
10 years. All cows were wintered on 
range, and hay was fed in amounts 
ranging from 5.4 to 8.2 kg per head 
daily from December 15 until calving, 
Total winter weight losses from 
December 1 until the precalving weigh- 
ing on March 9 averaged 14.5 kg per 
head for the 3-year-olds and 31.4 kg 
for the older cows. Cows were held in 

dry lots from March 9 until calving. 
The average calving date was April 15. 

All cows were weighed within 12 
hours after calving. Most of the dams 
had regained their appetite at this 
postcalving weighing, thus, this weight 
should not be considered a shrunk 
weight. All calves were weighed, 
branded, eartagged, and dehorned, and 
male calves were castrated with elastra- 
tor bands within 12 hours after birth. 

Cows nursing calves were returned 
to range pasture 3 to 5 days after 
calving, and from then on their diet 
consisted of available range forage. 
Forage in this pasture consisted of new 
growth plus plant residue remaining 
from the previous year. The pasture 
had been grazed during the fall and 
winter immediately preceding this 
study, and estimates indicated that 
approximately 60% of the forage pro- 
duced the previous year had been 
utilized. 

On May 12, which was 35 days 
before the beginning of the breeding 
season, cows were randomly assigned 
within age group to a factorially de- 
signed feeding experiment. Feed 
groups were: (1) range forage with no 
grain supplement (May 12-July 29); 
(2) range forage plus grain supplement 
for 34 days immediately before the 
beginning of the breeding season (May 
12-June 14) but range forage only 
during the 45-day breeding season 
(June 15-July 29); (3) range forage 
only before the breeding season (May 
12-June 14) followed by range forage 
plus grain supplement during breeding 
(June 15-July 29); (4) range forage 
plus grain supplement for 34 days 
before and during the breeding season 
(May 12-July 29). Groups 1, 2, 3, and 
4 contained 16, 14, 14, and 13 cow- 
calf pairs, respectively. 

All cows were pastured together in 
the same range areas throughout the 
study. Cows assigned to a grain supple- 
ment treatment were gathered and 
held in a corral during the daily grain 
feeding period. Gathering was done by 
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experienced herdsmen and created 
only minimal stress for the cows. This 
procedure resulted in supplemented 
cows being corralled for approximate- 
ly 2 hours each day. Cows not re- 
ceiving grain remained on pasture at all 
times. The pelleted grain supplement 
was group fed at the rate of 3.86 kg 
per head daily. Supplement com- 
position was 75% barley, 20% wheat 
millrun, and 5% molasses. This level of 
supplement provided a calculated 
(Nat. Res. Count., 1970) 3.25 kg of 
total digestible nutrients (TDN) per 
head daily. All animals had free access 
to fresh water and a bone meal-salt 
mix (0.33 to 0.67 ratio) throughout 
the study. 

The reproductive organs of all cows 
were palpated rectally at 14-day inter- 
vals throughout the study. Cows and 
calves were weighed May 12, June 15, 
July 29, and August 30. The animals 
were corralled and held off feed and 
water for approximately 12 hours be- 
fore weighing; thus, resulting in a 
shrunk weight. Data collection, except 
for pregnancy information, was ter- 
minated on August 30 since calves 
were weaned and placed on another 
study on that date. 

The 45-day breeding season began 
June 15 and continued until July 29. 
Breeding was by artificial insemination 
utilizing frozen semen and routine 
procedures. Sterile bulls wearing 
marking harnesses were used to detect 
estrus throughout the study. Ovulation 
was confirmed after estrus by pal- 
pation of a corpus luteum in the 
ovary. Uterine involution was con- 
sidered complete when both uterine 
horns were of equal size and of normal 
consistency. 

Western wheatgrass samples were 
obtained at 14-day intervals through- 
out the study for moisture determina- 

tions from native range areas frequent- 
ly grazed by the cows. Western 
wneatgrass was chosen because it was 
the predominant cool-season grass in 
these areas. Fresh samples were 
weighed and placed in an oven for 
drying. After drying and cooling, the 
samples were reweighed and the per- 
centages of moisture and dry matter 
calculated. 

Weight changes of the cows and 
calves, intervals from calving to attain- 
ment of the various reproductive cri- 
teria, services per conception, and for- 
age moisture data were analyzed by 
Student’s t-test or analyses of variance. 
The method of unweighted means was 
used for data with unequal subclass 
numbers. Chi-square procedures were 
used to analyze pregnancy percentage 
data. All statistical procedures were as 
outlined by Steel and Torrie (1960). 

Results and Discussion 

Data were analyzed to determine 
whether cow reproductive responses 
were affected by grain supple- 
mentation, age of cow, or sex of calf. 
The main effects of grain feeding, age 
of cow, and sex of calf were non- 
significant, as were all two- and three- 
way interactions. Calf weight gains 
were not significantly affected by age 
of cow, feed treatment of the dam or 
sex of calf, and all two- and three-way 
interactions were nonsignificant. The 
results of supplemental grain feeding 
are summarized in Tables 1 and 2. 
Since age-of-cow and sex-of-calf ef- 
fects were nonsignificant, these varia- 
bles were ignored in summarizing the 
results for entry into Tables 1 and 2. 

The results indicate that daily 
feeding of 3.86 kg of grain to range 

cows before and during the breeding 
season did not significantly affect 
weight changes of the cow or calf 
growth (Table 1) or the interval from 
calving to uterine involution and first 
estrus (Table 2). The results further 
show that the reproductive per- 
formance of cows receiving range only 
was at or near optimum, as indicated 
by a pregnancy rate of 93.8%. A 
concurrent study’ revealed that forage 
production from perennial grasses dur- 
ing the spring and summer growing 
period of the year of the present study 
exceeded that of all other years during 
a IO-year period. This high forage 
production met the nutrient require- 
ments of the cows, resulting in a high 
pregnancy rate. 

However, the high level of grain 
feeding reduced the October pregnan- 
cy percentage in the supplemented 
group (Table 2). Statistical analyses 
indicated this reduction was not sig- 
nificant (Pz 0.20). However, factors 
causing reduction in pregnancy rates 
ranging from 15.2 to 32.3% (Group 1 
KS Groups 2 and 4, respectively) are of 
major interest to cow-calf producers 
and indicate the need for additional 
work. The reduced pregnancy rate 
resulted from an increase in the num- 
ber of cows failing to conceive when 
bred and from a trend toward an 
increase in services per conception in 
cows that did become pregnant (Table 
2). A seemingly high incidence 
(13.0%) of estrous cycles 7 to 15 days 
in duration was observed during the 

’ Unpublished data, W. R. vHouston, U.S. 
Range Livestock Experiment Station, Miles 
City, Mont. 59301. 

Table 1. Summary of effects of feed treatment on cow and calf weights (kg) and gains (kg/day). 

Feed group’ 
2-Range + grain 

1 -Range only 
3-Range + grain 

Time or prebreeding during breeding 
date of Avg. Avg. Avg. 
weight ADG2 No. weight 

Cow data: 
Post calve 57 431.5 - 
May 12 16 394.2 -1.24 
June 15 16 409.7 0.46 
July 29 16 435.4 0.58 
Aug. 30 16 452.2 0.52 

Calf data: 

Birth 57 34.7 - May 12 16 56.9 0.72 
June 15 16 80.8 0.70 
July 29 16 118.5 0.86 
Aug. 30 16 145.3 0.84 

‘See text for description of treatments. 
2 Average daily gain. 

4-Range + grain pre- 
and during breeding 

Avg. 
No. weight ADG No. weight ADG No. weight ADG 

- - - - - - - - 
14 391.1 -1.35 14 403.2 -0.94 13 389.6 -1.40 
14 425.6 1.01 14 418.5 0.45 13 419.7 0.88 
14 443.1 0.40 14 453.2 0.79 13 443.6 0.54 
14 45 6.2 0.41 14 462.3 0.28 13 455.1 0.35 

- - - - - - - - - 14 53.9 0.64 14 57.5 0.75 13 55.5 0.72 
14 75.7 0.64 14 81.6 0.71 13 76.4 0.61 
14 110.0 0.78 14 113.7 0.73 13 113.6 0.84 
14 141.2 0.98 14 141.5 0.87 13 140.3 0.83 
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Table 2. Summary of effects of feed treatment on cow reproductive performance. 

Cow reproduction data 

1 -Range only 

No. Avg. 

Feed group’ 

4-Range + grain 
2-Range + grain 3-Range + grain pre- and during 

prebreeding during breeding breeding 

No. Avg. No. Avg. No. Avg. 
Interval (days) calving to: 
Uterine involution 16 50.2 14 41.5 14 
First estrus 15 62.5 14 66.6 13 
Pregnancy data: 

No. cows bred2 15 14 
No. pregnant in October 15 11 
Percent pregnant in 

October3 93.8 78.6 
Avg. services per 

conception 1.27 1.36 
* See text for description of treatments. 
“Difference in group numbers due to three cows not exhibiting estrus during breeding season. 
‘X2 = 4.6; P = 0.20. 

46.5 13 42.8 
66.5 12 63.9 

13 12 
10 8 

71.4 61.5 

1.30 1.62 

breeding season. The cause of these 
short cycles is unknown and the in- 
cidence did not appear to be related to 
feed treatment. 

Table 3. Moisture content (%) of western wheatgrass related to weight changes (kg/day) of 
cows at different time periods. 

Rittenhouse et al. (1970) reported 
that high levels of energy supple- 
mentation significantly depressed for- 
age intake in cattle grazing winter 
forage. Neither grazing time nor forage 
intakes were determined in the present 
study, but visual observations of cows 
after the daily grain feeding indicated 
that cows would not return to the 
pasture immediately. After being re- 
leased from the corral, the cows would 
lie down for periods of up to 4 hours 
before starting to graze. This meant 
that the cows did not consume forage 
for periods of up to 6 hours duration, 
and this probably resulted in forage 
intake of the supplemented cows being 
lower than that of cows receiving 
range forage only. Cow weights and 
gains summarized in Table 1 show 
trends for increased weight gains in 
cows receiving grain during the supple- 
ment period; however, these increases 
were not statistically significant. These 
results indicate that the cows were 
using the grain as a substitute for the 
range forage rather than as a supple- 
ment. This is in agreement with the 
work reported by Rittenhouse et al. 
(1970). 

Date grass 
sample 

obtained 

April 2 1 
May 5 
May 19 
June 16 
July 22 

Moisture 
content 

82.1c2 
65.3C 
43.2d 

:;*;:: 

Cow weight data 

No. 
Time period cows’ 

Postcalving to May 12 57 

30 lMay 12 to June 15 

Weight 
change 

per cow3 

-1.23e 

0.46f 

. June 15 to July 29 16 0.58f 

‘Weight changes of cows on range forage only. 
‘Average moisture percentages with different superscripts (c, d) differ at P < .05. 
3Average weight changes with different superscripts (e, f) differ at P < .O 1. 

western wheatgrass which was the pre- 
dominant cool-season grass in these 
areas. The total amount of this forage 
available during this time period was 
limited and the moisture content 
averaged 73.7% (range 65.3 to 82.1%; 
Table 3). This resulted in a low dry 
matter intake and was another factor 
contributing to the -1.23 kg weight 
loss. As the study continued, the cows 
began to gain weight and continued to 
do so throughout the rest of the study. 
This continued weight gain was due 
mainly to an increase in available 
forage containing a higher percentage 
of dry matter (Table 3). 

Forage moisture data and weight 
changes of the cows on forage only 
during the various weigh periods are 
summarized in Table 3. The most 
striking figure is the - 1.23 kg average 
daily weight loss in cows from calving 
until May 12. Houston and Woodward 
(1966) reported an average daily 
weight loss of -0.71 kg in lactating 
cows during the same time period. A 

part of the weight loss noted in the 
present study was due to shrink be- 
cause of the weighing procedures des- 
cribed previously. However, the weight 
loss during the early pasture period in 
both studies represents a sizable loss in 
body condition. A factor contributing 
to this weight loss can be seen by 
studying the calf weight gains during 
the period from birth to May 12 
(Table 1). The average calf gain during 
this period was 0.71 kg per day and 
would have been largely a result of 
intake of milk.2 Thus, even though the 
cows were losing weight, milk produc- 
tion was not significantly reduced. 
This indicates that a major part of the 
nutrients consumed by the dam was 
being used for milk production, and 
the loss in body condition indicates 
that a portion of the milk was being 
produced at the expense of body 
tissue stores of the dam. 

Dams grazing the pasture from 
calving to May 12 showed a definite 
preference for the new growth from 

2 Unpublished data, W. L. Reynolds, Iberia 
Livestock Experiment Station, Jeanerette, 
La. 70544. 

Data reported by Wiltbank et al. 
(1962) and Dunn et al. (1969) indicate 
that weight loss in lactating dams after 
calving has a depressing effect on 
reproductive performance. Postcalving 
weight losses observed in this and cited 
studies involving lactating cows on 
range forage can be traced to a low 
level of available nutrients, partially 
due to the high moisture content of 
the forage consumed during the early 
spring growing period and the nutrient 
demand created by milk production. 
Since this study was conducted during 
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a year of high forage production, the 
cow weight loss from calving until May 
12 did not have a detrimental effect 
on reproduction in cows on range 
forage only. However, the period fol- 
lowing calving could become a critical 
nutritional period in years when sub- 
sequent forage production was not 
ample to produce weight gains prior to 
and during breeding. These findings 
indicate the need for studies to deter- 
mine the most satisfactory and 
economical methods of meeting the 
nutrient requirements of the lactating 
range cow during the early postpartum 
period. 

This work gives further justification 
for development of management sys- 
tems involving improved ranges or 
development of improved pastures 
containing introduced, cool-season for- 
ages for use as supplemental grazing 
sources during this critical nutritional 
period (Lang and Landers, 1960; 

Smoliak, 1968; Moore, 1970; Houston Moore, R. A. 1970. Symposium on pasture 
and Urick, 1972). methods for maximum production in 

beef cattle: Pasture systems for a cow- 
calf operation. J. Anim. Sci. 30: 133-137. 
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Vegetative Response under Various 

Grazing Management Systems 

in the Edwards Plateau of Texas 

PATRICK 0. REARDON AND LEO B. MERRILL 

Highlight: Forage production under five different grazing management 
schemes was compared after 20 years of treatment in the Edwards Plateau region 
of Texas. Results from this study showed that: (1) a more dense ground cover 
does not always result in higher forage production; (2) forage yields and litter 
accumulation were lower on a natural area than under deferred rotation or light 
grazing; (3) greatest amounts of decreaser plants were found in deferred rotation 
pastures; (4) natural areas have limited value in range research since they do not 
respond in comparative patterns; and (5) the 4-pasture deferred rotation system 
produced the most desirable livestock and wildlife habitat for the Edwards 
Plateau region of Texas. 

The influence of grazing by live- has been studied and discussed. Some 
stock and wildlife on native rangelands authorities feel that these areas, where 
and forest lands has received con- particularly all domestic livestock 
siderable attention for many years. grazing is eliminated, will provide a 
Even more recently, the subject of valuable tool for future biological re- 
“wilderness areas” or “natural areas” search and education (Bormann, 1966; 

Brower, 1960; Emlen, 1964; Ripley, 
1965). Other authorities have found 

The authors are assistant professor, 
Texas A&M University Agricultural Re- that “ungrazed areas” do not neces- 
search and Extension Center at Uvalde, and 
professor in charge of the Texas A&M 

sarily respond as favorably as areas 
University Research Station at Sonora. which have been properly managed 

Manuscript received May 16, 1975 (Duvall and Linnartz, 1967; Johnston, 
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1961; Marquiss and Lang, 1969; 
Pearson, 1965). Costello and Turner 
(1951) found that after 30 years of 
complete rest from grazing only a 
small difference in forage composition 
existed and that major forage adjust- 
ments occur rather slowly. 

A livestock and wildlife grazing 
study was initiated on the Texas A&M 
University Agricultural Research 
Station at Sonora, Tex., in 1949. This 
study includes a pasture which has 
been ungrazed by livestock or white- 
tailed deer (Fig. 1) and an area which 
has been grazed only by deer for this 
period. These two areas were included 
for comparison purposes and are con- 
sidered “natural areas.” Other pastures 
include those which are grazed lightly 
(16 animal units (AU)/section or per 
640 acres), moderately grazed pastures 
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Fig. 1. Natural area site after 20 years of deferment from white-tailed deer and livestock grazing. 

(32 AU/section), heavily grazed pas- 
tures (48 AU/section), and four de- 
ferred rotation pastures (32 or 43 
AU/section) (Fig. 2). 

Evaluations of yearly vegetation 
surveys made on the Sonora Research 
Station have shown that the gross 
density or total ground cover on the 
heavily grazed pastures stocked with 
cattle, sheep, and goats might be 
higher than under other systems of 
grazing (Merrill and Reardon, 1966). It 
also appeared that the livestock and 
deer-livestock exclosures might have 

more dry organic matter and more 
climax or decreaser vegetation than 
pastures in the deferred rotation sys- 
tem. Clarification of these observa- 
tions was essential to designing future 
research programs and making recom- 
mendations to landowners. Main- 
tenance of, or improvement toward, 
climax vegetation along with high 
wildlife populations should be a 
desirable goal. Merrill et al. (1957) 
reported that white-tailed deer popu- 
lations remained low with continuous 
heavy livestock grazing and high with a 

4-pasture deferred rotation system. 
This suggests that wildlife, recreation, 
and esthetic values need not be sacri- 
ficed for good livestock management 
and vice versa. Therefore, the objec- 
tives of this study were: (1) to com- 
pare forage yields and litter accumu- 
lation under various grazing and non- 
grazing management schemes; (2) to 
determine some of the limitations of a 
natural area in rangeland research 
studies. 

Study Area and Procedures 
This study was set up to evaluate 

Fig. 2. Four-pasture deferred rotation site after 20 years of treatment. 
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vegetation production on “natural 
areas” as well as areas grazed by 
domestic livestock and wildlife. Five 
different systems of management were 
compared. They were : continuous 
heavy grazing with cattle, sheep, and 
goats at 48 AU/section; continuous 
light grazing with cattle, sheep, and 
goats at 16 AU/section; complete rest 
from livestock and deer grazing (deer- 
livestock exclosure); complete rest 
from livestock with only deer grazing 
(livestock exclosure); and a moderate- 
ly grazed 4-pasture deferred rotation 
system stocked with cattle, sheep, and 
goats. The deferred rotation pastures 
were 0 riginally grazed at 32 
AU/section, but in 1959 the rate was 
increased to 43 AU/section because 
excess plant material was being pro- 
duced. The clipping results from the 
4-pasture rotation pastures were 
averaged and included as one grazing 
system. All stocking rates are based on 
a 12-month calendar year. 

Table 1. Plant yields (lb/acre) under various grazing management systems. 

Pasture treatment 

Type of forage 

Decreaser plants 
Increaser plants 
Litter 
Forbs and weeds 

48 AU/ 
section 

19 c* 
418 c 
477 b 

44 a 

16 AU/ 
section 

220 ab 
814 a 
839 ab 
115 a 

Total 958 c 1988 ab 1795 ab 1422 bc 2195 a 

*Numbers in a row followed by the same letter are not significantly different at the 5% 
level. 

order to remain vigorous and 
productive. 

Forage yields were determined by 
clipping 20 (9.6 ft2) plots in each 
pasture and converting to lb/acre by 
weighing the air-dried materials in 
grams and multiplying by 10. The 
plant materials were divided into four 
groups, which include: decreasers; in- 
creasers and others; forbs and weeds; 
and dry organic matter or litter. 
According to the accepted definition, 
decreaser plants are those which de- 
crease under excessive grazing pres- 
sure. Increasers are plants which in- 
crease when decreasers decrease, until 
they begin to decrease because of 
excessive grazing. Weeds were put into 
a separate group and were not 
classified as to whether they were 
desirable or undesirable. The dry 
organic matter included all dead grass, 
weeds, tree leaves, and manure. No 
tree limbs or twigs were included. 

An analysis of variance on the data 
revealed that there were significant 
differences in decreaser plant produc- 
tion among pastures. A Duncan’s mul- 
tiple range test at the 5% level in- 
dicated that the decreaser plants in the 
rotation, deer-livestock exclosure, and 
light-grazed pastures were not sig- 
nificantly different from each other, 
but all were significantly greater than 
the heavy-grazed pasture. There was 
no significant difference between the 
livestock exclosure and the heavy- 
grazed pasture. 

Forage production was sampled 
during the fall, following 5 years of 
dry weather and following a very dry 
summer in which only 3.8 inches of 
rainfall fell in the preceding 5 months. 
All samples were taken from pastures 
which were being grazed under their 
normal grazing scheme. 

Increaser plants were found to be 
highest in the light-grazed pasture 
(Table 1). This is not surprising since it 
has been grazed on a yearlong basis 
and the lack of some type of defer- 
ment has not allowed the decreaser 
plants to come in as heavily as in the 
4-pasture deferred rotation system. 
This lack of decreaser plants has al- 
lowed the increaser plants to remain 
vigorous and productive. Light grazing 
during the year also failed to remove 
as much forage as the relatively heavy 
use on the rotation pastures. 

Results and Discussion 

The difference in increaser plant 
production among lightly grazed, live- 
stock exclosure, and rotation pastures 
was not significant, but all were sig- 
nificantly greater than the heavy- 
grazed pastures. There was no signifi- 
cant difference between the deer- 
livestock exclosure and the heavy- 
grazed pastures. 

Forage yields are reported in Table The yields from the forbs and 
1. It can be noted that the yield from 
the decreasers was highest in the rota- 

weeds varied little among the five 

tion pastures and lower in the lightly 
grazing systems (Table 1). In can be 
noted, however, that forb and weed 

grazed and in both the exclosure pas- 
tures. This suggests that the deferred 

production was lowest on the heavy- 

rotation system allows the better for- 
grazed pasture. It was observed during 

age plants to become more numerous 
the clipping operation that the forbs 

and more vigorous. Lower yields in 
and weeds present on the heavy-grazed 

both exclosures suggest that decreaser 
pasture were of very low quality or of 

plants need some type of grazing in 
little value as forage. In fact, about 
90% of this material was bitterweed 

Livestock 
exclosure 

173 b 
741 ab 
754 ab 
127 a 

Deer- 4-pasture 
livestock defer& 
exclosure rotation 

- 254 ab 369 a 
517 bc 722 ab 
535 ab 1007 a 
116 a 97 a 
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(Hymenoxys odorata) a poisonous 
plant which causes death losses each 
year in this pasture. The forbs present 
in the rotation pastures were of much 
higher quality and several were actual- 
ly decreaser plants and were included 
as such. The low amount of palatable 
forbs accounts for the fact that there 
were virtually no deer found in the 
heavy-grazed pastures, while there are 
at least 10 AU/section of deer found 
on the rotation pastures (Merrill et al., 
1957). This, of course, means that 
rotation pastures are actually being 
grazed at a higher rate than the heavy- 
grazed pastures, but are still producing 
higher forage yields and much greater 
net profit per acre. 

The dry organic matter or litter was 
found to be highest on the rotation 
pastures (Table 1). The deer-livestock 
exclosure which was not grazed for 20 
years had little more litter than the 
heavy-grazed pasture. There are several 
possible reasons for this. One might be 
that the lack of growth stimulation 
brought about by the absence of 
grazing has caused a relatively un- 
productive or stagnant vegetative 
cover. 

There was a significantly greater 
amount of litter in the rotation pas- 
tures than under heavy continuous 
grazing, but no other treatments 
showed any significant differences. 
However, Table 1 shows that there was 
nearly twice as much litter in the 
rotation pastures as in the areas com- 
pletely deferred for 20 years. 

Table 1 also shows the total organic 
matter, which is actually all four pre- 
viously discussed groups combined 
into one. As can be seen, the rotation 
system has the highest amount of total 
organic matter, and the heavy-grazed 
pasture the lowest. Therefore, the high 
amount of ground cover or grass 
density noted in the heavy- grazed 
pastures (Merrill and Reardon, 1966) 
does not mean that there is more 
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forage being produced but only that 
there is a high percentage of relatively 
low forage-producing grasses, such as 
curly mesquite, red grama, and others. 
This type of vegetation forms a rela- 
tively dense sod but makes little 
growth under heavy use or dry range 
conditions. There was no significant 
difference in total plant material 
between the deer-livestock exclosure 
and the heavy-grazed pastures. 

There are two major conclusions 
which might be drawn from this study, 
one being that an ungrazed or natural 
area has certain limitations which must 
be considered before it is used for 
comparative research studies. Vegeta- 
tion in these areas does not respond 
like areas which are grazed to some 
extent. The specific vegetative asso- 
ciation may actually deteriorate after 
an extended period of deferment. The 
other conclusion is that the use of a 

grazing management system in this 
area, such as the 4-pasture deferred 
rotation system, will allow the de- 
velopment of a highly productive vege- 
tation complex and the maintenance 
and improvement of both the livestock 
and wildlife habitat. 
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Response of Planted South Florida n 

Slash Pine to Simulated Cattle Damage 
RALPH H. HUGHES 

Highlight: Seedling outplants injured to resemble damage 
by cattle the 6th, 18th, or 30th month after planting were 
observed until trees attained sapling size. Simulated browsing 
alone killed few trees, but combinations of damage increased 
losses and aggravated the stunting of trees. With factorial 
corn binations which included varying degrees of defoliation, 
shoot removal, and stem breakage, plots with unclipped trees 
contained 1% to 4 times more basal area at the end of the 
study than trees that were totally defoliated. Without the 
other treatments, less than a full girdle of the stem was not 
de trimen tal. 

Cattle rarely graze pine foliage when other green forage is 
available, but some trampling and browsing damage can always 
be expected if grazing is permitted the first few years after an 
area has been planted or seeded (Cassady et al., 1955). Cattle 
damage seedlings in a variety of ways (Hughes, 1965). They 
may actually eat the needles, new shoots, or buds, and their 
hoofs may girdle, bruise, or break the stem. 

The findings reported here evolved from attempts to isolate 
and measure response to several commonly observed kinds of 
cattle damage. Results are based on survival and growth 

The author was formerly range scientist, Southeastern Forest 
Experiment Station, U.S. Department of Agriculture, Forest Service, 
Lehigh Acres, Florida. The research reported was a cooperative study 
by: the Southeastern Forest Experiment Station, Forest Service, U.S. 
Dep. Agr.; the Babcock Florida Company; and the Florida Division of 
Forestry. 

Manuscript received May 19, 1975. 
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following the hand application of simulated cattle injury to 
individual trees. 

Methods 

Plantations were established at the Caloosa Experimental 
Range near Fort Myers, in southwest Florida, on a site typical 
of the cutover pine flatwoods. Soils were predominately 
Myakka fine sand, heavy substratum, a common flatwoods soil 
with strongly acid fine sand underlain by an organic stained 
pan and clayey substratum. South Florida slash pine (Pinus 
elliottii var. densa Little & Dorman) seedlings were planted at 
a spacing of 5 X 10 ft on disked ridges constructed with a 
tractor and fireplow unit. 

Five trees in a row comprised a treatment plot. Treatments 
consisted of various degrees and combinations of foliage 
removal, shoot removal, stem bending, and girdling, and were 
applied as soon as needles were fully developed, in May or 
June. Measurements on growth and survival were taken 
annually during the dormant winter period, usually in 
November or December. 

The study consisted of 513 plots involving 19 damage 
treatments, 3 years of planting (1963, 1964, and 1965) and 3 
ages of trees (6, 18, and 30 months). For data collection and 
analysis, the three seedling ages were treated as separate tests. 
Treatments were applied only once, in a randomized block 
design, and measurements were continued until trees were 5 to 
8 ft tall. 

Defoliation was accomplished by clipping the ends of the 
needles with shears to remove an ocularly estimated average 
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needle length in percentages as follows: D, = no needles 
clipped; Di = 25%; Dz = 50%;D, = 75%;and D4 = 100%. 

Shoots, referring to an elongating bud or the current 
internode formed when elongation is complete, were removed 
by pinching off the current growth. Treatments were S, = no 
shoots removed and Sr = all shoots removed. 

Bending the stem over at a right angle to simulate stem 
damage by the hoof of a cow was compared with an 
undisturbed stem, as follows: B, = stem not bent and Bi = 
stem bent 90”. 

Girdling was accomplished by removing the bark and 
cambium from the stem in a l-inch band near the groundline. 
A sharp knife was used to cut radially to wood and slip off the 
specified portion. Care was taken to avoid leaving strips of 
inner bark or cambium and to avoid cutting the wood. 
Girdling was applied as a percentage of stem circumference 
removed (G, = no girdle; Gi = 25%; Gz = 50%; G3 = 75%; and 
G4 = 100%). 

There were 19 treatments and combinations, as follows: 

1. D&B, 8. D2S0B1 15. Go 
2. D&B, 9. D2SlBl 16. G1 
3. D,S,Bi 10. D&B0 17. G2 
4. D,SiBi 11. D4S,B, 18. G3 
5. D&B, 12. D4S1Bo 19. G4 
6. D2S,B, 13. D4SoB1 
7. D2S1Bo 14. D4SIBI 

Results were analyzed as three separate experiments: 
treatments 1, 2, 3, . . . 14 having to do with mechanical injury 
combinations; treatments 1, 5, 6, 10, and 11 on defoliation 
alone; and treatments 15, 16, . . . 19 on girdling. Results are 
presented in separate sections which follow under Results and 
Conclusions. 

Seedling mortality hindered establishment and progress of 
the study. Enough trees survived to complete the observations 
on two replications of trees treated at 6 months after planting 
and all three replications for trees treated at 18 or 30 months. 
Unless otherwise indicated, the summaries that follow refer to 
status of trees 6 years after planting. 

Only healthy and fully established seedlings were treated, 
yet survival in final tallies averaged less than 75%. Of 378 plots 
in the study of defoliation, shoot removal, and stem breakage, 

all five trees had died in 19 plots by time of final 
measurement. 

In preparing the data for analysis, measurements on five or 
fewer living trees per plot were averaged for determining 
annual height growth. Total tree basal area per plot based on 
diameter at breast height (dbh) was used as an index for 
comparative productivity. Missing plots were represented by 
zeros, admittedly an introduction of bias favoring plots with 
living trees. More often than not, however, year of planting 
was not a significant variable, and the average measurement of 
the total 15 or fewer living trees representing trees planted in 
1963, 1964, and 1965 was used as the observation for analysis 
of variance. Because of the small number of trees in each 
treatment, mortality of seedlings was analyzed by Chi-square. 
Response to the five defoliation treatments alone was analyzed 
separately by regression. 

Records of annual rainfall helped to explain some of the 
variation in survival and growth from year to year. Amounts 
recorded by the Fort Myers Weather Station for the years of 
planting were 42.90 inches in 1963, 32.83 in 1964, and 50.83 
inches in 1965. 

When not combined with shoot removal or stem breakage, 
total defoliation when applied 6 months after planting 
appeared detrimental, and 50% defoliation applied at 12 
months seemed to improve survival. Average survival for trees 
treated at 6, 18, or 30 months after planting was 67, 66, and 
SS%, respectively. 

Annual Height Growth 

Results and Conclusions 

Defoliation Alone 

Survival 

Losses in growth tended to be recovered as trees grew older. 
By the end of the study, only the trees treated at 6 months 
after planting showed a significant response to defoliation 
(Fig. 1). Growth of these trees declined consistently with 
increasing intensity of defoliation. Precision, however, was not 
nearly as good as desired. 

Coefficients of determination indicated that only 
one-fourth of the variation in growth was associated with 

1 I I I I 
0 25 50 75 100 

DEFOLIATION (PERCENT) 

Fig. 1. Relationship between annual height 
growth of trees and percent defoliation 6 
months after planting. (Trees were 
measured at age 6 years after planting.) l 

= data points. 

Fig. 2. Relationship between basal area of 
trees per plot and percent defoliation at 
age 6 months after planting. (Trees were 
measured at age 6 years after planting.) l 

= data points. 

Fig. 3. Relationship between basal area of 
trees per plot and percent defoliation at 
age 18 months after planting. (Trees were 
measured at age 6 years after planting.) l 

= data points. 
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defoliation. Sensitivity to defoliation usually declined with age Table 2. Basal area (ft2) per plot as influenced by foliage removal (%) 
at time of treatment. (3 X 2 X 2 factorial).’ 

Basal Area Per Plot Age after planting when treated 
Defoliation had a significant effect on basal area when 

applied at 6 or 18 months after planting (Figs. 2 and 3) but 
not when applied at 30 months. Volume per plot declined as 
intensity of defoliation increased. 

Coefficients of determination indicated that l/3 or l/2 of 
the variation in volume was associated with defoliation for 
trees treated at ages 6 or 18 months, but only 6% for trees 
treated at 30 months. 

Defoliation 

0 
50 

100 

- 6 months 18 months 30 months 

0.0267 a 0.0684 a 0.0837 a 
0.0195 a 0.0600 a 0.0772 ab 
0.0065 b 0.0321 b 0.0611 b 

‘Values within a column having the same letters do not differ signifi- 
cantly at the 5% level according to Duncan’s multiple range test. All 
comparisons are made vertically. 

Mechanical Injury Combinations 

Survival 
When combined with shoot removal and stem bending, 

total defoliation was always detrimental (Table 1). When 
applied 6 months after planting, most of the other treatments 
tested which involved 50 or 100% defoliation also were 
harmful. Survival varied considerably among trees treated 18 
or 30 months after planting, and there was no definite trend of 
treatment effects. 

Table 1. Effects of mechanical injury combinations on survival (%). 

Kind of injury Age treated 

Defoliation Shoots Stem (months after planting) 

(%) removed bent 6 18 30 

0 No No 72 
0 Yes No 72 
0 No Yes 65 
0 Yes Yes 60 

50 Yes No 68 
50 No Yes 58* 
50 Yes Yes 48** 

100 Yes No 48** 
100 No Yes 32** 
100 Yes Yes 30” * 

60 
60 
69 

7”; 
60 
51 
53 
47 
20”” 

88 
75* 
65** 
78 
80 
75* 
75* 
80 
62”* 
60** 

* P = .05. 
**p = .Ol. 

Annual Height Growth 
Defoliation continued to limit growth from year to year, 

whereas those trees which survived the initial shock of shoot 
removal or stem breakage generally grew reasonably well 
without obvious stunting. Trees defoliated at 6 months of age 
were not as tall at the end of the first year as prior to 
defoliation midway the same year. By the fifth year after 
treatment, reductions in annual growth compared with no 
defoliation were about 20% for trees with needles clipped to 
half their length at 6 months after planting and 40% with total 
defoliation. Similar reductions were noted for trees treated 18 
months after planting when measured the second, third, and 
fourth year after treatment. Growth data for trees treated 30 
months after planting were inconclusive. 

Basal Area Per Plot 
Total defoliation was detrimental whether applied 6, 18, or 

30 months after planting. Unclipped trees contained 1% to 4 
times more basal area per plot than trees totally defoliated 
(Table 2). With 50% defoliation, volumes averaged with shoot 
removal and stem breakage tended to be between these 
extremes. 

Stem breakage was similarly detrimental to the three ages 
of trees tested. Plots occupied by trees without stem damage 

contained 1 s to twice more basal area thansdamaged trees, as 
indicated by the following tabulation: 

Age of trees at time of treatment 

Stem position 6 months 18 months 30 months 
(ft” ) (ft2 ) (ft2 ) 

Normal-not bent 0.0234 0.0617 0.0821 
Horizontal-bent 90” 0.0117 0.045 3 0.0659 

In no case did shoot removal have a significant effect on 
basal area. 

For trees treated at 30 months, basal area per plot appeared 
related to annual rainfall, with best volume occurring with 
near-normal rainfall in 1965 and least basal area with the least 
rainfall in 1964. 

Girdling 

Survival 
Full girdles were followed by losses of more than ‘//L of trees 

the first year and s or more by the end of the study. Less than 
a full girdle killed very few trees, with survivals about the same 
for 1/4, s, or 3/4 girdles. 

Annual Height Growth 
Full girdles were always detrimental, the sharp decrease in 

annual growth beginning immediately and continuing through 
subsequent annual remeasurements. Annual growth of trees 
with full girdles was usually less than half that of other trees. 
Responses varied little when less than a full girdle was 
inflicted. A s girdle, for example, was generally no better or 
no worse than a % girdle. 

Basal Area Per Plot 
Measurements required to determine basal area were not 

available for this phase of the study. 

Discussion 

Although several treatments were not representative of the 
damage that commonly occurs when cattle graze young 
plantations, response to a specific type and degree of injury in 
terms of survival and eventual growth may be reasonably 
concluded from these studies. The results agree fairly well with 
observations obtained from much field experience on specific 
types of cattle damage and special effort over a period of years 
to obtain evidence of the effects of cattle damage. 

Enough kinds of injury were selected and ages of trees 
treated to provide a balanced experimental design that would 
bridge widely varying intensities of combinations of types of 
injury. Some of the treatments were assumed to be unusually 
severe, as for example, total defoliation and full girdling. 
Bending the stem over at right angles to simulate stem 
breakage by the hoof of a cow is a type of damage which 
occurs most frequently during the first year after planting; 
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hence, this treatment was not representative for trees that 
were treated the second or third year after planting. 

Final measurements were taken the sixth year after planting 
when most trees were 5 to 7 ft tall, base of crown had 
progressed above 4.5 ft, and crown competition had begun. 
Age and size of trees within the plantation were similar to 
those observed by Barber (1964) for evaluation of 
juvenile-mature tree relationships. Other studies have shown 
that growth recovery following injury may extend over a 
period of several years from date of injury (Wickman, 1963). 

It is not known that treatments were applied at the most 
critical time. Applications were completed during the first 
flush of growth in May or June, whereas browsing of needles, 
for example, may occur whenever green feed is scarce. In 
contrast to new growth, however, old needles apparently 
contribute little to overall survival and growth (Dochinger, 
1963). Also, work preliminary to the planning of these studies 
had shown that the development of new growth coincides with 
maximum susceptibility of trees to damage by cattle (S.E. 
Forest Exp. Sta., 1959). 

The problem of recurring damage awaits further study. 
Bruce (1956) observed that two-stage defoliation was generally 
worse than a single 90% clipping. Dimock (1970), on the other 
hand, concluded that with Douglasfir the effects of repeated 
browsing (shoot removal) were minimal, probably because 
fully established seedlings were able to recover quickly from 
damage to terminal shoots. 

In the case of current growth, Bruce (1956) concluded that 
the degree to which seedlings were defoliated had a greater 
effect on growth than the dates when clipping was done. But 
since some trampling and browsing damage can always be 
expected if grazing is permitted, the only sure way to prevent 
damage is to keep cattle and other livestock out of young 
plantations until pines are 6 to 8 ft tall (Cassady et al., 1955). 

In a management situation, recommendations specify one 
or a combination of ways to avoid cattle damage (Halls et al., 
1964): graze the range lightly to moderately, exclude cattle 
from range during fall and winter or year round until trees are 
at least 3 ft tall. In the Caloosa Experimental Range, on range 
prescribed burned preparatory to planting, damage was 
excessive under continuous grazing but negligible on range 
burned 1 year prior to planting (Hilmon et al., 1963). 
Experience indicated that damage could be held to an 
acceptable level by planting on a l-year rough, rather than on 
a fresh burn, and holding the cattle stocking down to 20 to 25 
acres per head. 

Summary 

The findings reported here are based on survival and growth 
of South Florida slash pine seedling outplants following the 
hand application of simulated cattle injury to individual trees. 

Measurements were continued until trees attained sapling size 
following an injury schedule that was applied 6, 18, or 30 
months after planting in three separate years and replicated 
three times. 

Survivals at the close of the study varied from about 80% 
with 50% defoliation to only 20 to 30% for combinations of 
defoliation, shoot removal, and stem bending, and 25% for full 
girdling. Less than a full girdle killed very few trees. 

Annual height growth generally decreased with increasing 
intensity of defoliation alone. Growth was depressed further 
when defoliation was combined with shoot removal and stem 
breakage. Only the full girdle was harmful; growth was about 
half that of trees with less than a full girdle. 

Basal area per plot declined following defoliation 6 or 18 
months after planting and after all treatment dates when 
defoliation was combined with shoot removal and stem 
breakage. Shoot removal did not influence basal area; stem 
breakage was a factor only when applied at 6 months. 

The tendency was toward better subsequent survival and 
growth of trees treated in 1965 than those treated in 1963 or 
1964. Rainfall was 43 inches in 1963, 33 inches in 1964, and 
51 inches in 1965. 

The older trees were generally more resistant to damage 
with age but are susceptible through at least 3 years after 
planting. Combinations of damage increase losses and 
aggravate the stunting of trees. 
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Impact on Associated Vegetation 

of Controlling Tall Larkspur 

E. H. CRONIN 

Highlight: Herbicide treatments that effectively control tall larkspur also 
convert the tall-forb community to a grass-dominated community. The 
composition of the grass community is determined more by the grazing system 
imposed on the treated area than by the herbicide treatments. Early grazing 
reduces mountain brome and increases letterman needlegrass. With protection 
from grazing, the converted grass community can produce abundant high-quality 
forage and watershed cover superior to that of the former larkspur-dominated 
tall-forb community. 

Stagger weed, poison weed, and 
cow poison were names applied to the 
larkspurs by pioneer livestockmen in 
the western states (Chesnut, 1898; 
Chesnut and Wilcox, 1901). Early 
recognition of the poisonous proper- 
ties of larkspur, however, has not 
altered its importance as a cattle killer 
(Cronin, 1971). The economic impact 
on ranchers as well as the increasing 
demand for red meat emphasizes the 
necessity of eliminating this needlessly 
destructive poisoning. 

Cattle losses can be reduced via 
control of tall larkspur (Delphinium 
barbeyi Huth) with herbicides. Recent 
research has demonstrated that tall 
larkspur and duncecap larkspur (0. 
occidentale S. Wats) can be controlled 
with herbicide treatments (Torrel and 
Haas, 1963; Cronin and Nielsen, 1972; 
Cronin, 1974). Reinvasion and re- 
establishment of tall larkspur proceed 
slowly due to the dawdling growth and 
development of the seedlings and 
juvenile stages (Holman, 1973). It 
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appears reasonable and conservative to 
estimate a period of 15 years before 
tall larkspur on effectively controlled 
areas would again reach potentially 
dangerous levels. 

The multiple-use concept in man- 
agement of public lands requires that 
control of larkspur to avert cattle 
losses must not diminish the value of 
the land for other uses. History ade- 
quately forewarns us of the dangers 
and consequences of damaging the 
sub alpine zone (Reynold, 1911; 
Sampson and Weyl, 1918; Ellison, 
1954). Damage may vary from simple 
but undesirable alterations of the 
vegetation up through extensive 
changes affecting both water and 
grazing resources, and finally, monu- 
mental depletion of the vegetation 
that can result in mud and rock 
flooding of the farmlands and com- 
munities in the valleys below the 
watershed (Reynold, 1911). 

The value of the Wasatch Plateau as 
a watershed, in fact, exceeds its value 
for grazing, recreation, or timber pro- 
duction (Ellison, 1954). Proper man- 
agement of grazing should enhance its 
value and productivity as a watershed. 
Other uses should be managed to be 
compatible with maintenance of the 
watershed. 

The purpose of this paper is to 
report changes in the densities of 
associated species following applica- 
tion of herbicides to control tall lark- 
spur. Hopefully, these data will pro- 
vide a basis for evaluating the impact 
of controlling tall larkspur on existing 

uses, as well as future uses, of these 
subalpine grazing lands. 

Materials and Methods 

Data presented and discussed here 
were compiled simultaneously from 
the same experiments as data pre- 
sented earlier on the response of tall 
larkspur to various herbicide treat- 
ments (Cronin and Nielsen, 1972; 
Cronin, 1974). 

Experimental sites were in the sub- 
alpine zone on the Wasatch Plateau in 
central Utah. All of the study plots 
were in the tall-forb communities on 
persistent or late-melting snowdrift 
areas supporting dense stands of tall 
larkspur. 

An ocular point frame was used to 
estimate changes in the vegetation as a 
result of herbicides applied and grazing 
(Cronin and Nielsen, 1972). Ten sam- 
ples of 10 points each (100 points/ 
plot/year), spaced 3 feet apart along 
the axis of the 8- by 33-foot plots, 
were obtained on each plot before 
treatment and annually for 4 or more 
years after treatment. The first species 
or object intercepted by the line of 
sight was recorded for each point. The 
exception was in the 1965 experiment, 
when (20 points/sample) 200 points 
were recorded annually for each plot. 

Data were subjected to analysis of 
variance. 

Herbicide treatments applied in the 
1961 study included the dimethyl- 
amine salt of 2,4,5-T [ 2-(2,4,5-tri- 
chlorophenoxy) acetic acid], the but- 
oxy ethanol ester of 2,4,5-T and the 
butoxy ethanol ester of silvex 
[ 2-(2,4,5-trichlorophenoxy) propionic 
acid] applied at rates of 2, 4, and 8 
lb/acre. Four additional treatments 
consisted of two series of repeated or 
split applications of the ester formu- 
lations of 2,4,5-T or silvex. One re- 
peated or split treatment consisted of 
an application of a 2 lb/acre treatment 
the first summer and a 4 lb/acre 
application for each of the next two 
summers. A total of 14 treatments, 
including untreated checks, were repli- 
cated three times on an area open to 
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grazing and three times on an adjacent 
ungrazed area in an exclosure. 

No split application treatments 
were used in the 1964 study. The 
propylene glycol butyl ether ester of 
2,4,5-T was applied at 4, 8, and 16 
lb/acre. The diethylamine salt of di- 
camba (3,6-dichloro-o-anisic acid), pic- 
loram (4-amino-3,5,6-trichloropicolinic 
acid) and mixtures of 2,4-D [(2,4-di- 
chlorophenoxy) acetic acid] and 
2,4,5-T were applied at rates of 2, 4, 
and 8 lb/acre. 

The 1965 study was designed to 
evaluate various split treatments with 
2,4,5-T, silvex, dicamba, picloram, 
2,4-D and mixtures of 2,4-D and 
2,4,5-T (Table 1). Each treatment and 
the untreated check were replicated 
four times in a stratified block. Plots 
were grazed by cattle. 

Table 1. Treatments applied to the 1965 
study plots. 

Herbicide Rate applied in’ 

applied 1965 1966 1967 

Check-no 
treatment applied 

2,4,5-T 8 0 
2,4,5-T 4 4 : 
2,4,5-T 4 8 0 
2,4,5-T 8 8 0 
2,4,5-T 2 4 4 
2,4,5-T 4 4 4 
2,4,5-T 2 4 8 
Silvex 2 4 4 
2,4-D 8 8 8 
Dicamba 1 1 1 
Dicamba 2 2 2 
Picloram l/4 ‘%a l/4 
Picloram ‘Y2 ‘% 1% 
2,4,5-T plus 2,4-D 2+2 2+2 2+2 
2,4,5-T plus 2,4-D 4+2 4+2 4+2 
’ Rate of herbicide application indicates 
amount (lb/acre) of active ingredient ap- 
plied. 

Results and Discussion 

Generally, herbicide treatments 
richly enhanced grass production and 
drastically reduced forbs without any 
obvious intensification of erosion, al- 
though a temporary increase in per- 
centage of bare ground followed appli- 
cations of the treatments. Gains in 
forage production were enhanced or 
abrogated by grazing practices follow- 
ing application of the herbicide.’ 

Grass 
The effects of herbicide treatments, 

‘Cattle should not be permitted to graze 
treated areas following application of herbi- 
cides until the leaves of larkspur are dry. 
Treated plants may increase in palatability 
following application of the herbicides re- 
sulting in heavier use of the poisonous plant. 

Fig. 1. Percent aerial cover, in 1% increments (horizontal lines), of slender wheatgrass 
(Agropyron trachycaulum) on grazed plots and on plots in an exclosure as influenced by 
various herbicide treatments. The vegetation was sampled prior to treatment in 1961 and 
in 1962, 1963, 1964, and 1967 (L.S.D., 5 = 8.2). 

grazing, and their interactions are best 
illustrated by the data from the 1961 
study. Grasses found on the study 
areas included slender wheatgrass 
(Agropyron trachycaulum), mountain 
brome (Bromus carinatus), meadow 
barley (Hordeum brachyantherum), al- 
pine timothy (Phleum alpinum), arctic 
bluegrass (Poa arctica), subalpine 
needlegrass (Stipa columbiuna), letter- 
man needlegrass (S. Zettermanii), spike 
trisetum (Trisetum spicatum), onion- 
grass (Melica bulbosa), Raynolds sedge 
(Cizrex raynoldsii), and blister sedge 
(Gzrex vernuculk). 

While slender wheatgrass, mountain 
brome, and letterman needlegrass res- 
ponded dramatically to the treat- 
ments, the remaining species of grasses 
and sedges were scarcely affected. The 
aerial cover data for this group of 
miscellaneous species were con- 
solidated for analysis, since none of 
them were evenly distributed over the 
study area. Analyses of variance of the 
consolidated data indicate differences 
due to herbicide applications and to 
grazing were not significant. The con- 
solidated data suggest a trend of in- 
creased production by these miscella- 
neous species, especially on plots 
where tall larkspur and other broadleaf 
species were effectively removed. Data 
from both the 1964 and 1965 studies 
are similar to the data from the 1961 
study. 

Initially on the 1961 study plots, 
slender wheatgrass tended to increase, 
sometimes significantly, following ap- 
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plications of herbicides on both the 
grazed and the ungrazed plots (Fig. 1). 
During the 6 years spanned by this 
study, the largest increases in aerial 
cover of slender wheatgrass occurred 
on the grazed plots. Differences in 
aerial cover between the grazed and 
ungrazed plots were highly significant. 
With the exception of the split treat- 
ments, the aerial cover of slender 
wheatgrass decreased on plots in ex- 
closure, while all herbicide treatments 
on the grazed plots produced an in- 
crease in the aerial cover of slender 
wheatgrass. Although grazing pro- 
duced the most profound effect on the 
study plots, the herbicide treatments 
significantly increased the aerial cover 
of slender wheatgrass, especially the 
split treatments. The interaction be- 
tween the herbicide treatment and the 
grazing was also statistically sig- 
nificant. 

On the 1964 study plots, which 
were all grazed, the slender wheatgrass 
increased only on plots treated with 2 
and 4 lb/acre of picloram and 8 and 16 
lb/acre of 2,4,5-T. The aerial cover 
decreased on the untreated control 
plots and the remaining treated plots. 
The differences between these two 
groups of plots in the 1964 study were 
highly significant. 

Treatments applied in the 1964 
study produced changes in the aerial 
cover of slender wheatgrass similar to 
those recorded for the split treatments 
on the grazed areas in the 1961 study. 
Differences due to treatment in the 
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Fig. 2. Percent aerial cover, in 1% increments (horizontal lines), of mountain brome on 
grazed plots and plots in an exclosure as influenced by various herbicide treatments. The 
vegetation was sampled before treatments were applied in 1961 and in 1962, 1963, 1964, 
and 196 7. Differences between grazed plots and ungrazed plots were highly significant but 
differences between treatments on the ungrazed plots were not significant (L.S.D., 5 = 
8,ss). 

1965 study, however, were not sig- 
nificant . 

The results of these three studies 
indicate that slender wheatgrass re- 
sponds well to early spring grazing. 
The split treatments with 2,4,5-T, 
which were found best for controlling 
tall larkspur (Cronin, 1974), combined 
with grazing also generally produced 
the greatest increases in aerial cover of 
slender wheatgrass. 

Mountain brome’s response to the 
removal of the susceptible broadleaf 
species was quite different on the 
grazed plots and on the ungrazed plots 
(Fig. 2). With protection from grazing 
cattle, the reduced competition fol- 
lowing herbicide applications pro- 
duced a dramatic increase in mountain 
brome. Without protection from 
cattle, the removal of the competing 
broadleaf species only served to ex- 
pose this grass to the grazing cattle, 
and the plants were nearly eradicated. 
Other factors, such as their increased 
succulence and their innate suscepti- 
bility to injury by early grazing, proba- 
bly contributed to their destruction. 
Statistical analyses of these data in- 
dicate that differences between grazed 
and ungrazed plots were highly sig- 
nificant but no differences due to 
herbicide treatment were measured. 

Although both the 1964 study 
plots and the 1965 study plots were 
grazed, the aerial cover of mountain 

204 

brome remained statistically un- 
changed for the period of 5 years 
during which the vegetation on these 
plots was measured. In the 1964 
study, a difference in cover occurred 
due to the excessively high rates of 
picloram applied (4 and 8 lb/acre), 
which temporarily sterilized the plots. 
The split treatments with picloram 
applied in the 1965 study resulted in 
nonsignificant reduction in mountain 
brome cover. 

Letterman needlegrass increased in 
response to herbicide treatments and 
grazing in the 1961 study. Differences 
due to herbicide treatments applied, to 
grazing, and to their interactions were 
highly significant (Fig. 3). The pre- 
treatment cover percentages of letter- 
man needlegrass were significantly 
higher on the grazed plots than on 
plots in the exclosure and may have 
contributed to the highly significant 
differences that developed between 
the grazed and the ungrazed plots. 

Application of split treatments with 
2,4,5-T or silvex to grazed plots re- 
sulted in vegetation dominated by 
letterman needlegrass. The vegetative 
cover on these plots was similar to the 
vegetation described by Ellison (1954) 
resulting from overgrazing by sheep. 

The initial aerial cover of letterman 
needlegrass on both the 1964 and 
1965 plots was relatively low. In 
neither study did the changes in cover 

of letterman needlegrass become sig- 
nificant. Observations of the 1964 
plots indicate that it is the most 
resistant of the grasses to injury from 
high concentrations of picloram. It 
was the first grass to reestablish on 
plots temporarily sterilized by pic- 
loram. 

Forbs 
Herbicides selective against broad- 

leaf species destroyed most forbs on 
treated plots. A few survived and some 
reinvaded the treated plots. Two forbs 
that were destroyed by herbicide treat- 
ments were tall bluebell (Mertensia 
arizonica) and porter ligusticum 
(Ligusticum porteri). 

A preferred forage of almost all 
classes of grazing animals, tall bluebell 
was drastically reduced by pandemic 
overgrazing near the turn of the cen- 
tury (Ellison, 1954). Growing on only 
a few plots in these studies, it was 
readily killed by herbicide treatments. 
Removal of this desirable component 
of the tall-forb community appears to 
be an enduring result due to its slug- 
gish regenerative capacity (Matthews 
and Conrad, 1968). 

Porter ligusticum appears to be a 
palatable forb that is utilized for a 
short period early in the grazing sea- 
son. Its tolerance to herbicide injury 
appears to be slightly less than tall 
larkspur’s. Highly significant reduc- 
tions followed application of herbicide 
treatments, but no changes related to 
grazing were detected. Porter ligusti- 
cum has gradually reestablished itself 
even on plots where it has been 
eradicated. 

Ellison (1954) wrote, “Some forbs 
increase with increasing cattle grazing. 
The most clear-cut examples of those 
that increase are Artemisia discolor 
and Delphinium nelsonii. Others that 
are rather abundant and have similar 
tendency are Geranium richardsonii, 
Agoseris pumila, Gilia pulchella, 
Lupinus alpestris, Solidago ciliosa, 
Taraxacum officinale, and Viola nut- 
tallii. Several of these species are 
ephemeral or are notably abundant on 
accelerated erosion pavement: Del- 
phinium, Agoseris, Gilia, Taraxacum, 
and Viola.” 

Most of these species are present in 
our study plots, but with the ex- 
ception of Artemisia, Taraxacum, 
Lupinus, and Viola they are infre- 
quent. Their cover values varied with 
year but without evidencing a trend. 
Plants listed as exceptions were impor- 
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Fig. 3. Percent aerial cover, in I % increments (horizontal lines), of letterman needlegrass 
on grazed and ungrazed plots as influenced by various herbicide treatments. The 
vegetation was sampled prior to treatment in 1961 and in 1962, 1963, 1964, and 196Z 
Differences due to treatments, to grazirlg, and to their interaction were highly significant 
(LAD.,, = IOS9). 

tant on our plots and trends did 
become evident while the plots were 
studied. 

Artemisia discolor, now generally 
accepted as Michaux sage (Artemisia 
michauxiana) furnishes no forage for 
cattle and aggressively invaded un- 
occupied territory. Applications of 
2,4,5-T or silvex produced severe inju- 
ry to Michaux sage and the split 
application treatments rigorously re- 
duced both its cover and distribution. 
However, the cover of this species 
increased significantly following single 
application treatments with these 
herbicides, especially when early 
grazing followed the treatments. Ap- 
plications of as little as % lb/acre of 
picloram eradicated Michaux sage 

from treated areas. On the other hand, 
application of as much as 8 lb/acre of 
2,4-D favored the spread and domi- 
nance of the sage. 

Even low rates of 2,4,5-T and silvex 
killed silky lupine (Lupinus sericeus) 
growing in the 1961 study plots, how- 
ever, it is already reestablishing itself 
on these plots. This plant furnishes 
little or no forage to grazing cattle and 
eradication of silky lupine would be 
desirable because of its potential dan- 
ger as a poisonous plant. 

Both dandelion (Taraxzcum officin- 
ale) and nuttal viola (Viola nuttallii) 
increased immediately following treat- 
ment unless a second application of 
herbicide was included as part of the 
treatment. These plants tended to 
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maintain their high cover on plots 
treated with 2,4-D or with single ap- 
plications of low rates (2 or 4 lb/acre) 
of 2,4,5-T or silvex. Increases were 
greater on treated plots that were 
grazed than on treated plots in the 
enclosure. 

Alpine aster (Aster foliaceus) , a 
conspicuous species of the pristine 
vegetation usually decreases under 
heavy grazing (Ellison, 1954). But on 
the grazed plots receiving single appli- 
cations of herbicides it tended to 
increase, sometimes manyfold. This 
increase was not significant, probably 
because of the variation between repli- 
cat ions. 

Changes in the composition of the 
vegetation of the 1961 grazed plots, 
indicative of overgrazing, may have 
been due to close proximity of these 
plots to shade, shelter, and water. 
Changes in cover of key species did 
not occur on the 1964 or 1965 study 
plots that were not near water and 
only the 1964 plot was near shade and 
shelter. However, cattle infrequently 
utilized the trees adjacent to the 1964 
plots for shade or shelter. 

Conclusions 

Split application treatments with 
silvex or 2,4,5-T effectively converted 
the tall forb communities, dominated 
by tall larkspur on snowdrift areas, to 
grass communities. However, grazing 
influenced the vegetation, especially 
the grasses, as much as the herbicide 
treatments. While these studies failed 
to address the question of proper 
grazing management during and fol- 
lowing herbicide treatments, they 
demonstrated that early season grazing 
should be avoided following appli- 
cation of treatments. The studies sug- 
gested that proper grazing may en- 
hance forage production of the highly 
palatable grass species. 

The overall degradation caused by 
early season grazing during the season 
of herbicide applications was empha- 
sized by results from the 1961 study. 
Early season grazing tended to sacri- 
fice mountain brome while selectively 
favoring letterman needlegrass. The 
latter is, unfortunately, a grass of low 
palatability and a relatively poor for- 
age producer. Slender wheatgrass was 
the only grass to increase when sub- 
jected to early season grazing. It in- 
creased moderately on grazed plots 
treated with single applications of 
herbicides. 
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Effect of Temperature and Photoperiod 

on Germination and Survival 

of Sand Bluestem 

J. STUBBENDIECK AND WAYNE G. McCULLY 

Highlight: Results obtained from studies with controlled 
environments gave an indication of responses of G-l 773 sand 
bluestem (Andropogon hallii Hack.) germinating caryopses and 
seedlings to several different temperature and pho toperiod 
combinations. Germination was favored by relatively high 
alternating temperatures and was not affected by absence of 
light. Survival of this accession was affected by both 
photoperiod and temperature. Survival was favored by 12-hour 
photoperiods and was inversely related to increasing 
temperature. These data indicate that this accession of sand 
bluestem may respond more favorably to fall seeding than to 
spring seeding. 

Sand bluestem (Andropogon hallii Hack.) is an important 
native range grass on sandylands throughout the Great Plains 
and Southwest United States. It is a tall, palatable, and 
nutritious warm-season grass of tropical origin often used in 
seeding rangeland and abandoned cropland. 

Many research workers have demonstrated the effects of 
light and temperature on seed germination, but little work has 
been done with sand bluestem specifically (Laude, 1956; 
Cracker and Barton, 1957; McGinnies, 1960; Mayer and 
Poljakoff-Maber , 1963; Ellern and Tadmor, 1966; Knipe, 
1967). Investigators have explored also the relationships of 
temperature and photoperiod to plant growth and flowering, 
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but little attention has been given to their effects on seedling 
survival (Garner and Allard, 1920; Benedict, 1940; Mitchell, 
1953a and 1953b; Evans et al., 1964; Cooper and Tainton, 
1968; Stubbendieck and Burzlaff, 1970). 

A study was designed and initiated to determine the effect 
of varying temperature and the presence or absence of light on 
germination of sand bluestem. A second study was conducted 
to determine the effects of varying photoperiod and 
temperature on the survival of sand bluestem seedlings. 

Materials and Methods 

Caryopses of G-l 773l sand bluestem that had been in 
storage for 12 months were separated in a seed blower and the 
heaviest fraction saved. Undamaged caryopses were selected 
after visual examination under a binocular microscope. Cary- 
opses were treated with thiram (tetramethylthiuramdisulfide) 
to control pathogens during germination. 

Petri dishes were used as germination containers. Two 
Whatman No. 3 filter papers were placed on the bottom of 
each Petri dish. Six milliliters of a solution of distilled water 
with the pH adjusted to 6.5 with potassium hydroxide was 
added to each Petri dish (Stubbendieck, 1974). One hundred 
caryopses were placed in each Petri dish. 

Experimental design was a factorial arrangement of a 
randomized complete block with four replications and nine 
treatment combinations of temperature and photoperiod 
(Table 1). Seed containers were placed in a germinator having 
a light intensity of approximately 15,000 lux. A spectrum 
range of 350-800 nm was represented. 

A separate experiment compared light and no light at 
alternating temperatures. Temperature combinations were 35 - 

1 Plant materials collected for potential drought resistance in a 
cooperative program with New Crops Branch, Crops Research Division, 
Agricultural Research Service. 
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Table 1. Percent germination of G-1773 sand bluestem caryopses, Table 2. Percent germination of G-1773 sand bluestem caryopses, 
after 28 days, at varying temperatures and photoperiods. after 28 days, at alternating temperatures with light and no light. 

Treatment combinations 
Temperature Hours of 

ec, light 

Average 
germination 

(%I 

25 
25 
25 
30 
30 
30 
35 
35 

8 45b’ 
12 45 b 
16 48b 
8 48b 

12 48b 
16 47b 
8 58 a 

12 58 a 
35 16 58a 

’ Means followed by different letters were significantly different at the 
0.05 level of probability. 

25, 30 - 20, and 25 - 15°C. The higher temperature was 
programmed for 8 of each 24 hours. Approximately 15,000 
lux of light was applied in conjunction with each higher 
temperature. All other procedures were identical to those for 
the germination at varying temperatures and photoperiods. 

In this experiment, caryopses were considered to have 
germinated when both the root and shoot had attained a 
length of 5 mm. Germinated seedlings were counted weekly 
for 4 weeks. 

A second study determined the effects of temperature and 
photoperiod on survival of G-l 773 sand bluestem seedlings. A 
controlled environment chamber was used in this experiment. 
Nine treatment combinations of constant temperatures (25, 
30, and 35’C) and photoperiods (8, 12, and 16 hours) were 
used. These were the same as used in the germination 
experiment. Relative humidity was maintained at 60% and 
light intensity at a maximum of approximately 45,000 lux 
throughout the experiment. 

Twelve greenhouse flats (45 x 60 x 10 cm) were filled with 
autoclaved washed sand and placed in a controlled environ- 
ment chamber for each treatment combination. Approximate- 
ly 300 thiram-treated G-1773 sand bluestem caryopses were 
planted in each flat at a depth of 1 cm. Sand was kept moist, 
and a nutrient solution was periodically applied. After all 
seedlings emerged, they were thinned to 200 seedlings per flat. 
Living seedlings were counted at weekly intervals for 10 
weeks. 

Experimental design was a completely randomized 3 x 3 
factorial. Each of the three replications consisted of four flats 
containing a total of 800 seedlings. 

Results and Discussion 

Germination of sand bluestem caryopses was influenced by 
temperature, but not by photoperiod (Table 1). Germination 
was significantly higher at 35°C than at 30 or 25. There were 
no significant differences between 28-day germination at 30 
and 25°C. 

Generally, this accession of sand bluestem germinated 
better in alternating than in constant temperatures, especially 
at higher temperature regimes (Tables 1, 2). In the range of 
alternating temperature combinations used, germination in- 
creased as temperature increased. Alternating temperatures 
generally produce higher germination rates than do constant 
temperatures (Ass. Offic. Seed Analysts, 1970). Temperatures 
of approximately 35°C have been shown to favor germination 
of tropical grasses (Evans et al., 1964). 

Some grasses require light for seed germination, but G-1773 
sand bluestem did not (Table 2). Even if a light requirement 
existed, photoperiod may not have been a factor. The light 

Temperatures Germination 
ec> Light (%I 

25-15 no 45 c’ 
25-15 ws 48 c 
30-20 no 65 b 
30-20 yes 64 b 
35-25 no 73a 
35-25 yes 74a 

1 Means followed by different letters were significantly different at the 
0.05 level of probability. 

requirement for germination has been shown to be a phyto- 
chrome response. This requirement can be met by a short 
exposure to red light (Salisbury and Ross, 1969). 

Survival of emerged seedlings is an important factor in 
establishment of grasses. In contrast with germination, survival 
of this accession was affected by both photoperiod and 
temperature (Table 3). The range of percent survival was 
longer at the two higher temperatures than at the low 
temperature. Unfavorable temperature frequently is listed as a 
cause for failure of seedlings to survive, but effect of 
photoperiod on survival has received little attention (Evans et 
al., 1964). G-1773 sand bluestem appears to be adapted to a 
narrow range of photoperiod. 

Table 3. Average seedling survival, 10 weeks after planting, of G-1773 
sand bluestem plants grown under several combinations of tempera- 
ture and photoperiod. 

Treatment combinations 

Temperature Hours of 
eo light 

Survival 
C%) 

25 8 
25 12 

:II C1 

a 
25 16 75 c 
30 8 20 d 
30 12 86b 
30 16 24 d 
35 8 Oe 
35 12 75 c 
35 16 17 d 

1 Means followed by different letters are significantly different at the 
0.05 level of probability. 

These data show survival to be best at the lowest 
temperature used in the experiment (Table 3). Higher tem- 
peratures favor higher rates of respiration and 
photosynthesis (Salisbury and Ross, 1969). It is postulated 
that rates of respiration under conditons of this experiment 
were higher in relation to rates of photosynthesis at 30 and 
35°C. Rates of respiration at higher temperatures apparently 
caused the death of large numbers of seedlings. 

Conclusions 

High temperatures favored germination, but low tem- 
peratures favored survival of this accession of sand bluestem. It 
may not be best adapted to spring seeding and may partially 
explain the high incidence of range seeding failures. If 
moisture is adequate, late summer or early fall seeding may 
maximize establishment of G-1773 sand bluestem. Soil 
temperatures at seeding would be relatively high and would 
promote maximum germination. Decreasing soil temperatures 
in the fall would favor seedling survival. Photoperiod also 
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would be declining in the fall and would be approaching 
optimum. Seeding in spring would subject developing seedlings 
to increasing photoperiods and temperatures which would be 
beyond optimum for survival. 
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Dynamics of the Root System of Blue 

Grama 

JORGE ARES 

Highlight: Field experiments were conducted to determine 
dynamics of the root system of blue grama (Bouteloua gracilis) 
during the 19 73 growing season at the US/IBP Pawnee Site in 
northern Colorado. Differentiation and growth of blue grama 
roots were recorded in field conditions by means of windows 
in excavations. Roots began to grow and differentiate a short 
time before leaf growth was apparent. Desiccation of soil in 
the mid-growing season resulted in death and subsequent 
decomposition of 30% to 60% of the newly formed roots., 
Massive root growth occurred when soil water potential was 
high near the end of the growing season. Roots were separated 
into morphological categories by microscopic analysis of soil 
samples on May 15, near the beginning of the growing season, 
and on August 9, near the end of it. Young nonsuberized 
roots, so important in water absorption, were concentrated in 
regions of the soil profile where soil water potential was high. 
An empirical model of root growth and development in B. 
gracilis is derived from the data. 
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Blue grama (Bouteloua gracilis (H.B.K.) Lag. ex Steud.), a 
dominant, perennial, warm-season grass in the prairie of 
western United States, is a key species on these rangelands 
because of its forage value. The growth of aerial and 
underground plant parts varies with the weather regime in the 
shortgrass prairie, particularly in response to the dynamics of 
soil water during the growing season which changes with 
depletion of stored winter moisture and with thunderstorm 
precipitation that usually occurs in midsummer (Smith, 1972). 
This suggests that the dynamics of the root system is an 
important element in the ecological mechanisms determining 
success of this species. Also, the root system of a perennial 
grass receives an important fraction of the total carbon 
assimilated by the green aboveground tissues (Mooney, 1972). 
Experimental evidence shows blue grama is not an exception 
(Schmer and Knievel, 1972; Singh and Coleman, 1974). These 
studies were undertaken to determine the timing and extent of 
the root growth of this species and its relation to the growth 
of aerial parts of the plant and to environmental factors such 
as soil temperature and soil water potential. This knowledge 
could be profitably used for the rational design of range 
management practices in the shortgrass prairie. 

Met hods 

Observation of Root Growth by Glass Windows 
In the fall of 1972 several excavations of 0.9 m x 0.5 m x 

0.8 m (depth) were dug at the US/IBP Grassland Biome 
Pawnee Site, 12 miles northeast of Nunn, Colo., and 25 miles 
south of Cheyenne, Wyo., in an area where several stands with 
high abundance of blue grama occurred. The soil is a sandy 
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loam of the Ascalon series. The observation surface, inclined 
approximately lo0 from the vertical, resulting in the bottom 
of the pit being slightly wider than the top, was made as 
smooth as possible. A glass plate (91 cm x 102cm) 0.5 cm 
thick was fitted closely to this surface by applying a fine layer 
of sieved soil to the inner surface. The giass was braced against 
the observation surface and covered with a black plastic sheet 
and then a thick plastic foam sheet, which excluded light and 

provided insulation but could be removed for observation. The 
whole excavation was then covered with a sheet of plywood to 
prevent possible damage by rain or snow (Fig. 1). The 
preparation of seven windows in four excavations was finished 
by February 1973. All plants other than B. gracilis on the 
0.60 m x 1.00 m plot adjacent to the window were clipped at 
that time and at regular intervals during the growing season. 

At intervals of I to 16 days during the growing season the 
windows were uncovered at night or before dawn and 
inspected for root growth. When root growth activity was 
detected (April 1973), color photographs were taken at 
intervals of the windows from a distance of 0.4 m using a 
wide-angle lens. The resulting transparencies were projected on 
a white board upon which the roots were drawn and measured 
with a cur~ometer of the type used for map measuring. 

Root Morphology, Development, and Function 
Detailed observations were required to relate changing root 

morphology observed in the root windows to functional 
activity of roots. Thus, a quantitative expression of root 
growth and functional development could be derived for use in 
modeling efforts. It was also important to make an accurate 
estimate of total volume and biomass of root material in order 
to relate these results to studies of grassland productivity. For 
this purpose root volume and biomass were measured in small 
subsamples of 5.cm diameter soil cores taken to a depth of 50 
cm in an almost pure blue grama ward. Three cores were 
taken on both May 15 and August 9 and each was subdivided 
into 5.cm segments. 

Soil water potential was determined for these segments by 
storing each in a viai at 20°C with a disc of filter paper of 
known water potential-retention characteristics (McQueen and 
Miller, 1968). This method provided statistically accurate 
determinations in the 0 to - 5 bar range, with wider confidence 
intervals of lower values of soil water potential. Values 
reported here are averages of three determinations, one from 
each of three different core sections. 

Precise measurement of root segments and morphological 
classification required microscopic dissection (Head, 1971). 
This was performed on each of two small subsamples (“0.5 g 
of ovendry soil) from core sections at 0 to 5 cm, 10 to 15 cm, 
and 40 to 45 cm depths. All identifiable segments of roots 
recovered were measured according to length and diameter and 
classified according to degree of suberization. The categories 
of classification were: (1) juvenile: segments of roots of 
hyaline, translucid appearance with a diameter of < 0.05 mm; 
(2) nonsuberized: segments of roots of white-yellow color 
with a mean diameter of 0.115 to 0.158 mm; and (3) 
suberized: segments of roots of light to dark brown color with 
a mean diameter of 0.148 to 0.202 mm. The diameters of the 
roots diminished as depth increased and, therefore, there was 
no overlap of the above categories within the samples taken at 
the same depth. 

The subcategory, “friable,” was distinguished within each 
major category to describe root material that retained the 
morphological characteristics of a root segment, but 
disintegrated into pieces when touched by a flexible plastic 
needle. This material was assumed to be nonfunctional and 
probably dead. After the root material was separated, each 
subsample was weighed and the soil volume calculated on the 
basis of Van Haveren and Galbraith (1971) estimates of bulk 
density of sandy loam Ascalon soil on a site where no grazing 
by large herbivores had occurred for about 4 to 5 years (1.3 to 
1.4 g/cm3 soil). 

Functional activity of root segments with varying degrees 
of suberization was tested to determine their water 
permeability. The resistance of root tissues to water flow and 
to water transfer at the soil-root interface can directly regulate 
flow of water through the plant (Slatyer, 1967). When 



considering the soil-plant-atmosphere system, differential 
permeability to water diffusion of the cell walls of different 
roots, or different segments of the same root, might decide the 
pathway of water through particular regions of the root 
system. 

Three root segments of nonsuberized and of suberized 
types were selected under the microscope from a soil sample 
of 2100 g, which had been stored in a sealed vial at 5O to 7OC; 
the water potential of the sample was estimated by the 
filter-paper technique (McQueen and Miller, 1968) and found 
to be -0.11 bar immediately before the experimebt. The 
diameter and length of each root segment was measured, and 
the tips sealed by immersion in paraffin. Following initial 
weighing, the root segment was floated in distilled water at a 
temperature of 21.4”C. At approximately S-second intervals 
the root segment was recovered, blotted to remove surface 
water, and weighed. Changes in segment weight were expressed 
per unit surface area and the results for each type of root were 
averaged. 

Measurement of Growth and Expansion of Leaves 
The amount of leaf area (leaf area index) was used as an 

index of leaf growth. At regular intervals during the growing 
season the leaf area index in a plot adjacent to the excavations, 
in which all species but blue grama were periodically clipped, 
was recorded by the inclined point quadrat technique. An 
inclination of 32’ with respect to the horizontal plane was 
used for these determinations (Knight, 1973). The size of the 
sample was selected to obtain a reasonable confidence interval 
(standard error equal to 5% of the mean). 

Results and Discussion 

Root growth was recorded during the period April 22 to 
August 14 in five windows. The total length of new roots by 
depth increment in all windows is shown in Figure 2. Many 
roots were found to shrink, die, and disappear as a 
consequence of decomposition. A record was kept of the 
disappearing roots, and their length is also shown in Figure 2. 
The ratio of length of growing roots to dying roots indicated 
that 30% to 60% of the current year’s roots were replaced 
during the growing season. The mortality of roots decreased at 
the end of the growing season; at this time many roots became 
brown, indicating the progress of suberization. 

Root differentiation and growth started very early in the 
growing season, though at a low intensity, nearly at the same 
time or shortly before any leaf expansion was noticeable. 
Mean maximum air temperature of the 10 days before the 
start of growth was 8°C. Since the amount of aboveground 
green tissue was very low, it can be assumed that early root 
growth occurred at the expense of reserves in the crown 
and/or in older roots of the plant. Maximum root growth, 
however, occurs when leaf expansion is also maximum and soil 
water potential is high. 

The young roots stopped growing when the soil water 
potential reached -40 to -60 bar, and died soon after. Roots 
decomposed most rapidly when the soil water potential was 
again high following rainfall events. The patterns of occurrence 
of mortality and growth during the midgrowing season 
differed from those observed in late season. During the 
growing season, while the plants were in vegetative stages, high 
mortality rates occurred in dry portions of the soil profile 
simultaneously with very low growth rates. At the end of the 
growing season, considerable mortality of deep roots (10 to 
20 cm) occurred even when the soil water potential of that 
level was high and roots were growing in upper layers of the 
soil. This suggests that carbohydrate requirements of 

Fig. 2. Total length of young live and dead roots during the period 
A pril 22 to August 14. Values of length of live roots indicate the total 
length of roots at any given date in five windows. Length of dead and 
decomposed roots was computed by measuring the extension of roots 
which were found at the previous sampling date but not at the 
current sampling date. 
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developing flowers and fruits (Wardlaw, 1965) might reduce 
the amount of carbohydrates available for downward 
translocation, and that the proximal roots have priority for 
carbohydrates over the deeper roots. 

Specific weight and ash content determinations indicate 
that ash content diminishes during the life of a root (Table 1). 
When the root dies, the decomposition of some of the organic 
components probably accounts for an increase in ash content 
on a per unit weight basis. 

Results of computations of root volume, surface, and 
weight are shown in Tables 2 and 3 and Figure 3. The 
functional root biomass became concentrated at the top layers 
of the soil as the growing season proceeded. This is in 
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Table 1. Relationship between volume, dry weight, and ash content of 
different portions of Bouteloua grucilis root biomass. Sample taken 
on May 15. 

Type of root 

Sample Sample Ash 
volume dry weight (% of total 
(mm3) (ms) dry weight) 

Specific 
weight 

(ash free 
basis) 

mglmm3 
Nonsuberized 0.59 0.12 47 0.19 
Suberized nonfriable 8.26 2.75 20 0.33 
Suberized friable 0.92 0.12 54 0.13 

agreement with results reported in Singh and Coleman (1974). 
The values of root biomass/m2 obtained suggest that the 
sampling procedure utilized here resulted in an 
underestimation of the actual value, which could be as much 
as 30% higher (Sims and Singh, 1971). This is probably 
because of either an incorrect estimation of soil bulk density 
or the assumption of a constant distribution of root biomass 
within the depth intervals at which samples were taken. 

Observation of root growth in the windows under field 
conditions indicates that 15 to 25 days are required for a 
juvenile root to attain a diameter of 0.126 mm (nonsuberized 
root). Assuming that growth in diameter follows a sigmoidal 
pattern, it should be possible to reproduce a growth curve for 
roots knowing the average diameter of segments of roots of 
increasing age and the time needed to attain these diameters. 

Analysis of root diameters (Table 4) was used to derive a 
growth curve of a single root showing the periods in which 

Table 2. Total volume, lateral surface, and weight of root material per 
cm3 of soil at different depths as estimated by samples extracted on 
May 15. Confidence intervals correspond to + 2 SE of the mean. 
Weight was estimated by the conversion factors in Table 1. Soil bulk 
density estimates were taken from Van Haveren and Galbraith 
(1971). 

Measurement 
and 

type of root 0.05 m 

Depth 

0.15 m 0.45 m 

Volume ( mm3 
root/cm3 soil 

Juvenile 
Nonsuberized 
Nonsuberized friable 
Suberized 
Suberized friable 

Lateral surface 
(mm’ /cm3 soil 

Juvenile 
Nonsuberized 
Nonsuberized friable 
Suberized 
Suberized friable 

Dry weight (ash free) 
(n&cm3 soil) 

Juvenile 
Nonsuberized 
Nonsuberized friable 
Suberized 
Suberized friable 

Dry weight (ash free) 
(g/m2 cumulative 
to depth indicated) 

Juvenile 
Nonsuberized 
Nonsuberized friable 
Suberized 
Suberized friable 

0.08 + 0.06 
3.12 k-l.80 
1.84+- 1.74 
2.38 + 2.20 
4.85 f 2.30 

4.7 + 2.3 
78.9 f 59.6 
34.9 f 28.0 
40.8 f 30.0 
80.1 +- 42.0 

0.01 
0.59 
0.35 
0.78 
0.63 

0.5 0.5 0.8 
29.5 179.5 224.5 
17.0 26.0 41.0 
39.0 77.0 104.0 
31.5 46.5 105.0 

4.57 + 2.50 
0.5 1 It 0.30 
1.14 f 1.30 
1.12 + 0.74 

88.4 +- 37.4 
12.7 +- 7.4 
31.3 + 32.0 
24.1 + 14.8 

1.50 
0.09 
0.38 
0.15 

0.006 f 0.008 
1.49 It 0.90 
0.27 + 0.20 
0.27 -+ 0.24 
1.50 + 0.81 

0.1 +- 0.6 
41.6 + 21.0 

7.5 f 2.2 
5.6 + 4.1 

22.2 + 18.7 

0.001 
0.15 
0.05 
0.09 
0.20 

MAY I5 AUG. 9 
(mq/cm3soil) (mq/cm3soil) 

I 

I 2 3 

I 

Fig. 3. Composition of the rOot biomass (mgfcm3 soil) as estimated by 
samples taken on May 15 and August 9. J = juvenile roots; NS = 
nonsuberized roots; S = suberized. The dark section of bars indicates 
the amount of friable roots found. See Tables 2 and 3 for confidence 
intervals of estimates. 

Table 3. Total volume, lateral surface, and weight of root material per 
cm3 of soil at different depths as estimated by samples extracted on 
August 9. Data is presented in Table 2. 

Measurement 
and Depth 

type of root 0.05 m 0.15 m 0.45 m 

Volume (mm3 
root/cm3 soil) 

Juvenile 0.02 + 0.01 0.006 f 0.004 0.00 + 0.00 
Juvenile friable 0.001 * 0.001 0.00 + 0.00 0.00 +_ 0.00 
Nonsuberized 11.80 + 3.39 17.12 + 12.49 1.53 + 0.26 
Nonsuberized friable 6.01 + 2.95 0.14 f 0.04 0.53 f 0.39 
Suberized 13.59 + 5.87 0.77 f 0.39 0.05 t 0.04 
Suberized friable 10.97 + 2.48 5.61 f 1.62 0.51 + 0.16 

Lateral surface 
(mm2 /cm3 soil) 

Juvenile 1.93 f 0.84 
Juvenile friable 0.20 f 0.23 
Nonsuberized 167.70 + 23.12 
Nonsuberized friable 60.46 + 18.44 
Suberized 105.41 + 44.41 
Suberizcd friable 101.11 f 19.55 

Dry weight (ash free) 
(mg/cm3 soil) 

Juvenile 0.005 + 0.002 
Juvenile friable 0.0002 * 0.0002 
Nonsuberized 2.24 ?r 0.64 
Nonsuberized 

friable 1.14 + 0.56 
Suberized 3.61 + 1.46 
Suberized friable 1.09 + 0.33 

Dry weight (ash free) 
(g/m” to depth 
indicated) 
Juvenile 0.22 
Juvenile friable 0.01 
Nonsuberized 112.08 
Nonsuberized friable 57.09 
Suberized 180.00 
Suberized friable 54.30 

0.58 + 0.37 0.00 * 0.00 
0.00 + 0.00 0.00 + 0.00 

126.10 f 43.95 35.66 f 4.87 
5.86 +_ 1.76 9.41 f 5.72 

12.70 f 4.73 1.20 f 0.80 
58.89 + 12.36 7.63 f 2.31 

0.001 t 0.008 0.00 f 0.00 
0.00 k 0.00 0.00 f 0.00 
3.25 + 2.37 0.29 2 0.05 

0.03 + 0.01 
0.25 f 0.13 
0.73 f 0.21 

0.34 0.34 
0.01 0.01 

43?.28 524.52 
59.85 90.27 

205.46 210.50 
127.19 146.96 

0.10 + 0.07 
0.02 f 0.01 
0.07 i 0.02 
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Table 4. Mean (X) and standard error (SE) of the estimate of diameter 
(mm) of root sections of different categories and at different depths 
as estimated by a sample obtained on May 15. 

Depth 
0.05 m 0.15 m 0.45 m 

Type of root ji SE % SE k SE 

Juvenile 90.05 - GO.05 - co.01 - 
Nonsuberized 0.13 0.01 0.13 0.01 0.12 <O.Ol 
Nonsuberized friable 0.16 0.01 0.14 0.01 0.11 0.01 
Suberized 0.18 0.02 0.13 0.01 0.14 0.02 
Suberized friable 0.20 0.01 0.16 0.01 0.20 0.01 

major changes in root structure occurred. The equation for 
root growth is: 

Y= 
0.182 

1 + k [e-A X 0.182 X time (days)] 

where 
Y = root diameter (mm) 
0.182 = the asymptote of the sigmoidal curve, the 

maximum observed average diameter of the oldest roots 
k = 3 and A = 0.7 were determined by iteration till a fit to 

the third significant digit was obtained. 
The equation describes a curve showing the rhythm of growth 
of a single root and the times at which suberization of the 
cortical tissues occur (Fig. 4). The estimated growth curve 
indicates that a root may grow and become suberized in 
approximately 2 months. This process did not seem to be 
retarded by unfavorable conditions in the soil, but rather the 
young root was likely to die if soil water potential became too 
low. Observation of color of roots growing in the windows at 
the end of the growing season confirmed that the suberization 
of the root tissues may begin approximately 1 month after the 
root is differentiated. 

Weight change after immersion in water was much greater 
in nonsuberized than in suberized roots (Fig. 5). This indicates 
a major functional role of young nonsuberized roots in the 

I 1  I I I 

0 IO 20 30 40 TIMES~doyd 60 70 80 SO 100 

PHENOLOGY 

J, NSUB, SUB i 

Fig. 4. Derived curve of diameter growth of a single blue grama root. 
Approximate lengths of growth stage identified by degree of 
suberization process indicated below: J = juvenile; NSUB = 
nonsuberized; SUB = suberized. 

120 - 

100 - 

80- 

60- 

- Non-suberized roots 

---- Suberized roots 

-201 1 I I I 1 I I 

0 5 IO I5 20 25 30 35 

TIME (seconds) 
Fig. 5. Changes in weight per unit surface area of sections of roots 

with different degrees of suberization after immersion in distilled 
water. Each point is an average of three values. 

uptake of water by the plant. 
Data on soil water potential ($) and leaf area index (L) 

during the period April 15 to June 12 (Table 5) were analyzed 
to study the relation between these variables. Leaf area index 
during this period depended upon leaf expansion rate and also 
on the curling of leaf blades due to water stress. The linear 
correlation between specific growth rate and the logr o of $ 
(bars) at different depths was calculated. The correlation 
coefficients (r) of the regressions obtained when using $ values 

r 

.5 - 0 + .5 
II II I I II I 

Fig. 6. Correlation coefficients (r) of the linear regressions y =a + bxi, 
where y = specific growth rate of leaves in cm2 l day-’ and xi = 
log, 0 of soil water potential (U) in bars at depths i = -5, -I 0, -1.5, 
-20, -25, -30, -40, and -50 cm High negative values of \k are 
associated with high water stress, which is inversely correlated with 
specific growth rate. Values used to compute the correlation 
coefficients were obtained from April 15 to June 6. Average and SE 
of \k measurements in the layer -I 0 to -20 cm were -0.22 and -0.18, 
respectively. 
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Table 5. Blue grama leaf area index (L) in cm’ leaf/cm2 soil and soil water potential (\k) in bars at different depths during the 1973 growing 
season in the experimental field plots at Pawnee site. Initiation and progress of flowering of blue grama indicated. 

Growth Depth 
factors (cm) 4118 518 s/15 5122 612 

Date 

6/13 6123 II3 7/l 3a 7/26b 8/14c 9/3d 

L * 10 0.07 0.40 0.90 0.68 0.65 0.72 0.64 0.68 - 1.00 
\k ** O-5 -143.00 -5.15 -2.43 -88.12 -891.00 -0.04 -381.00 -688.00 -4.70 -0.06 -16.00 

5-10 -0.12 -0.13 -0.13 -9.62 -62.00 -2.33 -55.00 -514.00 -0.36 -0.02 -7.70 
10-15 -0.13 -0.11 -0.60 -8.36 -50.00 -10.20 -57.00 -264.00 -0.95 -0.05 -13.50 
15-20 -0.19 -0.19 -0.09 -4.76 -33100 -75.20 -73.00 -182.00 -19.20 -0.04 -6.40 
20-25 -42 .OO -2.56 -0.16 -8.15 -26.00 -73.8 0 -74.00 -135.00 -115.00 -0.04 -3.40 
25-30 -150.00 -21.97 -4.25 -6.22 -21.00 -56.50 -69.00 -137.00 -158.00 -0.04 -0.12 
35-40 -185.00 -136.62 -21.97 -30.40 -21 .oo -54.40 -59.00 -110.00 -128.00 -20.00 -24.10 
45-50 -200.00 -174.83 -18.66 -42.69 -46.00 -68.40 -70.00 -122.00 -167.00 -7 6.00 -68.10 

* SE = 0.05 X il. 
** SE= 0.4X \k. 

aBeginning of flowering. 
bFlowering abundant. 
CFlowering and fruits abundant. 
dRipe fruit, 30% dead leaves. 

for each depth are plotted as a function of depth in Figure 6. 
During the period of rapid leaf expansion the highest negative 
correlation with water potential was found at depths of 10 to 
15 cm and 15 to 20 cm. Results of microscopic observations 
showed that a high proportion of the biomass of young 
nonsuberized roots was located in the upper 20 cm of soil at 
that time of the growing season; these young, permeable roots 
were the ones through which soil water was most available to 
the plant. 

Also, the nonsuberized roots occurred in a region of the soil 
where water potential was high, and most of them died and 
disappeared when the soil dried out (Fig. 2 and Table 5). The 
life-span of some growing roots, therefore, was very short and 
many died during the growing season when soil water potential 
became low. The location of nonsuberized roots in the soil 
profile varied during the growing season as a result of both 
fluctuation in soil water potential and morphological changes 
of the root system. At the beginning of the growing season, 
when the top layer of soil was too dry to stimulate or sustain 
root differentiation and growth, they occurred at maximum 
concentration in the subsuperficial 10 to 20 cm region layers 
of the soil. At the mid or latter part of the growing season, 
when the soil water potential was very high even in the surface 
layers, the location of the growing roots was very superficial 
(Fig. 2 and 3 and Table 5). The occurrence of root 
differentiation and growth processes in the upper layer (0 to 
5 cm) of the soil profile was not clearly observable through the 
windows because the top of the soil profile was damaged by 
installation of the glass panels. The roots in the top layer of 
the soil reached the windows only some centimeters below 
ground level. Results of microscopic observations reported in 
Tables 2 and 3, though, confirm that the amount of growing 
roots was high in the 0 to 5 cm depth by the end of the 
growing season and low at deeper levels, despite high soil water 
potential throughout the profile. This suggests that if soil 
water potential is high in a wide region of the profile, the 
differentiation of roots proceeds from the region nearest the 
crown of the plant downward and the growth of the roots 
already differentiated follows the same downward pattern, 
perhaps because translocated photosynthate is more available 
to roots near the crown of the plant. 

differentiated. Functional development parallels the degree of 
suberization, with young nonsuberized roots performing most 
of the water uptake. Foliar growth rate is correlated with root 
development in soil layers with high water content. Late in the 
season root growth is greatest near the crown of the plant. 
This resulted in increased root biomass in upper levels of the 
soil profile as the season progressed. 

Estimates of root biomass derived from microscopic 
analysis of small samples do not compare well with biomass 
estimates made from soil cores. Crowns are excluded by the 
microscopic method, but other reasons for underestimation of 
root biomass by this procedure are discussed. An empirical 
equation is presented which represents a quantitative 
description of root growth in Boutaloua gracilis, assuming 
exponential growth rate. It will be useful in developing models 
of root dynamics and can serve as an hypothesis for future 
experiments. 
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Drought Resistance of Blue Grama as 

Affected by Atrazine and N. Fertilizer 

D. N. HYDER, W. R. HOUSTON, AND J. B. BURWELL 

Highlight: Two consecutive summer droughts in north 
central Colorado caused considerable thinning of blue grama 
(Bouteloua gracilis) stands, and N fertilizer accentuated the 
drought effects. However, atrazine, with or without N 
fertilizer, prevented serious thinning of stands. Consequently, 
investigations were initiated to test the hypotheses that 
atrazine created greater resistance to, or tolerance of, drying in 
crown tissues, Both hypotheses were rejected. It remains to be 
determined whether the combined effects of weed control, 
slower transpiration, and changes in root distribution by 
atrazine treatment may reduce water consumption and, thus, 
protect blue grama from drought. 

This paper validates an unexpected result: namely, atrazine 
(2 -chloro-4-(ethylamino)-6-(isopropylamino)-~-triazine) pro- 
tected blue grama (Bouteloua gracilis (H.B.K.) Lag. ex Steud.) 
from drought. As with all unexpected phenomena, this one 
provokes desire for understanding. How did atrazine protect 
blue grama from drought? 

Atrazine increases the protein concentration of blue grama 
herbage (Houston and van der Sluijs, 1973) and may cause 
sufficient change in chemical composition to increase resis- 
tance to, or tolerance of, tissue desiccation (Darbyshire, 
1974). On the other hand, the effects could be a case of 
reduction in drought severity. Weed control (Houston and van 
der Sluijs, 1973; Houston and Hyder, 1976) reduces the 
intensity of competition and thereby reduces demand for soil 
water. Furthermore, if atrazine reduces transpiration in blue 
grama as in other species (Smith and Buchholtz, 1962, 1964; 
Graham and Buchholtz, 1968; Wills et al., 1963; Coats and 
Foy, 1974), the delay in soil water depletion could reduce 
drought severity. 

Blue grama, the most important native grass on the central 
Great Plains, is a warm-season perennial that requires summer 
precipitation. Fluctuations in stands of blue grama have been 
known for many years, but its specific dependence on summer 
precipitation has only recently been quantified (Hyder et al., 
1975). Dry summers cause tiller death and thinning of blue 
grama, whereas wet summers promote thickening of stands. 
Because N fertilization accentuates the effects of dry summers 
(Hyder et al., 1975), future opportunities for increasing forage 
production by fertilization must be evaluated in terms of 
ecological risk, as well as of economic gain. Treatments for 
increasing drought resistance of blue grama could reduce the 
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ecological risk of natural and induced droughts and provide 
new management alternatives. 

This paper documents the unexpected effect of atrazine in 
protecting blue grama from drought and explores the possibili- 
ty that atrazine may increase tissue resistance or tolerance to 
drying. 

Methods 
A study of the effects of atrazine at 0 and 2.2 kg/ha was 

initiated in 1970 at the Central Plains Experimental Range. 
Each treatment was applied to four 1.4-ha (3.5 acre) pad- 
docks. Atrazine and fertilizer were broadcast annually in 
October 1970-72. The study included four replications of 
treatments, all on Vona fine sandy loam, a Sandy Plains range 
site. In each paddock, the stands were sampled annually in 
June by observing frequency of occurrence of blue grama in 
500 placements of a 5-cm2 quadrat (Hyder et al., 1965 and 
1975). Thus, the effects of each treatment were evaluated by 
2,000 quadrat placements, which provide 0.05 confidence 
limits about mean frequency percentages near + 2%. Frequen- 
cy percentages by treatments for 1971- 73 were adjusted by 
covariance on those for 1970. The adjustments were slight, 
because the stands were very uniform in 1970. 

Precipitation in the summer quarters (June to August) of 
1969- 1972 amounted to 96, 133, 50, and 38% as much as the 
30-year mean (14.8 cm). Thus, consecutive dry summers in 
197 1 and 1972 imposed relatively severe drought. 

Plot experiments were initiated in 1973 to study atrazine- 
fertilizer interaction and improvement of deteriorated blue 
grama. One of those studies, which included atrazine appli- 
cations of 0, 0.6, 1.1, and 2.2 kg/ha in four replications, was 
the source of vegetative material used to study tissue resistance 
and tolerance to drying. 

Perenniality resides in shoot apices, axillary buds, and root 
primordia of blue grama crowns. Therefore, plants were 
collected from each plot in 1973 and clipped of herbage and 
roots to isolate currently active crown tissues, leaving shoot 
apices enclosed in leaf sheaths (Fig. la). 

Each sample of crowns was divided into six subsamples. 
One subsample was oven dried at 1lO’C and ashed at 800°C to 
determine moisture and organic matter percentages. These 
percentages were presumed applicable to the remaining sub- 
samples, which were subjected to drying at 43’C in a partial 
vacuum (fluctuating from 38 to 50 cm of mercury) for 0, 2,4, 
6, or 8 hours. It was assumed that the oven temperature by 
itself was not detrimental, because higher temperatures are 
common in the field. Resistance to desiccation was determined 
by the rate of water loss. 

After being dried for a specified time, the crowns were 
pressed into moist soil. The pots were then covered with thin, 
clear plastic for 1 week of a 2-week growth-performance test 
in the greenhouse. After 2 weeks, the number of shoots, 
leafblade length per shoot, proportion of active shoots 
initiating roots, and root lengths were measured to evaluate 
tolerance to desiccation (Fig. 1 b). 
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Fig. 1. Growth performance of blue grama crowns: (a) individual 
crowns prepared for planting and (b) growth of crowns dried in 
low-temperature vacuum for 8, 6, 4, 2, and 0 hours (front to rear, 
respectively). 

Results and Discussion 

Effects of Treatments on Blue Grama Stands 

Because blue grama stands were sampled in June, the 
effects of summer droughts in 1971 and 1972 were detected 1 
year later. Untreated blue grama decreased from a frequency 
of 85% in 1970 and 1971 to 67% in 1972 and 56% in 1973 
(Fig. 2, top, solid line). All reductions in stands to less than 
60% frequency were considered serious enough to justify 
concern and care in management. At confidence limits of + 2% 
of mean frequency percentages, atrazine alone significantly 
reduced the severity of drought effects on blue grama by 
1973. 

Figure 2 (center) shows changes in blue grama frequency 
with and without atrazine on paddocks fertilized at 22 kg 
N/ha. With N alone, blue grama frequency decreased to 58% in 
1972 and 49% in 1973. Thus, N increased drought severity. At 
that increased level of drought severity, atrazine protected 
blue grama at a significant level in 1971,1972, and 1973. 

The most extreme test was provided by paddocks fertilized 
at 45 kg N/ha (Fig. 2, bottom). With that amount of N alone, 
blue grama frequency decreased from 85% in 1970 to 78,30, 
and 27% in 1971, 1972, and 1973, respectively. By visual 
observation, we rated this loss of blue grama as an ecological 
disaster. Even at this most extreme level of drought severity, 
atrazine completely protected the blue grama, as shown by a 
1973 frequency the same as that on paddocks treated with 
atrazine alone. 
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Fig. 2. Frequency of blue grama treated with atrazine and N fertilizer. 

Resistance of Crowns to Drying 

Mean moisture percentages for blue grama crowns treated 
with atrazine were essentially identical among rates of 
atrazine; however, those treated with atrazine contained 
significantly less (P< 0.01 by single degree of freedom 
analysis) than those from untreated plants (Fig. 3). On the 
other hand, rates of water loss in partial vacuum were not 
significantly different in any manner. Water losses were near 
linear and amounted to about 2.5% per hour of drying. 
Consequently, the hypotheses of greater resistance to drying 
by crowns of plants treated with atrazine is rejected. 

Tolerance of Crowns to Drying 
Growth-performance measurements were correlated with 

percentage of moisture in crowns at time of planting to define 
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Fig. 3. Moisture content of untreated and treated blue grama crowns 

dried in vacuum. 

tolerance to drying. For the number of shoots initiating leaf 
growth (called live shoots) per gram of crown organic matter 
planted, low temperature vacuum drying was detrimental, 
especially when the moisture content of crowns was reduced 
below 25% (Fig. 4). Drying to a moisture content appreciably 
below 10% was lethal to all shoot primordia. However, 
atrazine treatments did not significantly affect the number of 
live shoots obtained. Consequently, the tolerance to drying 
shown in Figure 4 represents an average of all treatments. A 
number of curvilinear functions were evaluated, but all growth 
evaluations were best defined by regression of growth 
parameters on the reciprocal of percentage of moisture in 
crowns at planting. 

In all cases, the capacity for root growth was more sensitive 
and critical than the capacity for shoot growth. Many crowns 
initiated leaves and failed to initiate roots. Of crowns not 
dried, only 27% of live shoots initiated roots in 2 weeks, and 
vacuum drying quickly reduced the capacity for rooting (Fig. 
5). 

if 30-l 
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Fig. 4. Number of blue grama live shoots per gram of crown organic 
matter planted ( f) as a function of the moisture content of crowns at 
planting (Xl. (?= 46.12 - 459X-‘, r = -0.92, SEE = f 4.5 shoots.) 
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Fig. 5. Percentage of live shoots that initiated roots (?I, as p function 
of the moisture content of crowns at planting (X). (Y = 33.6 - 
268X-l) r = -0.64, SEE = k6s.j 

Among the crowns that initiated both shoot and root 
growth, root lengths were not affected significantly by either 
atrazine or drying treatments. Mean root length, not counting 
branches, was 10 cm. The all-or-nothing effects on capacity for 
roots was very striking. Leaf growth by crowns that failed to 
initiate roots was very limited, but crowns that initiated both 
shoots and roots produced very good plants in 2 weeks. 

Hypotheses regarding increased resistance or tolerance of 
blue grama to dehydration of crown tissues by atrazine 
treatment are both rejected. Consequently, it appears that 
atrazine must reduce drought severity by the net effects of 
weed control and/or reduced transpiration, which are the 
subjects of current investigations. 
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Decline of Prairie Dog Towns 

in Southwestern North Dakota 
NORMAN G. BISHOP AND JAMES L. CULBERTSON 

Highlight: Aerial photographs for 1939 to 1972 were examined to evaluate 
the impact of rodent control programs and land use practices on prairie dog 
towns on r? portion of the Little Missouri National Grasslands. Colonies were 
measured for three periods during the 33.year span and showed an 89% decline 
in number and a 93% decline in acreage. Average town sire was nof significantly 
affected during fhe decline and was nor significantly different on federal land 
compared fo privare or sate land. Colonies were largely eliminated on the best 
agricultural bottom lands but appeared to be more penisrent near the 
undisturbed colonies in Theodore Roosevelt Narional Memorial Park. Reported 
sightings indicate that xome black-footed ferrets have probably survived in the 

in improved manngemenr for the two area. The new perspective has resulted 
species. 

Federal legislation protecting en- 
dangered species has resulted in in- 
creasing interest in the welfare of the 
black-tailed prairie dog (Qnomys 
ludovicianus) (Fig. 1). Prairie dog 
towns (Fig. 2) provide habitat for the 
endangered black-footed ferret (Mus- 
t& nigripes) and a close relationship 
exists between the species as reported 
by Henderson et al. (1969), Sheets 
(19701, and Hillma” and Linda 
(1973). The Endangered Species Acts 
approved in 1969 and 1973 provided 
protection for the black-footed ferret 
and incentives for government con- 
servation agencies to initiate en- 
dangered species habitat survey and 
management programs. The new laws 
require wevaluation of the impacts of 
range management programs on en- 
dangered species habitat, especially on 
public lands. 

This paper documents the “umber, 
size, and distribution of prairie dog 
towns on a portion of the Little 
Missouri National Grasslands in North 
Dakota from 1939 to 1972. 

Study Area and Methods 
The administrative boundary of the 

Medora Ranger Disttict, Custer Na- 
tional Forest, defines the study area in 
Slow. Golden Vallev. and Billines 
C&“iy (Fig. 3). Exciuhing Theodore 

fluctuations in prairie dog towns for a 
Roosevelt National Memorial Park, the 
study area covers 1,970 square miles 

large area over a long period of time. and is one of the largest Ranger 

Surveys of the recent distribution 
and statw of prairie dogs and black- 
footed ferrets have bee” conducted by 
state and federal conservation agencies 
over m”st of their range. Within the 
former range of the prairie dog and 
ferret from Texas to Saskatchewan, 
prairie dog towns have generally been 
reduced in size and number largely by 
agricultural practices and poisoning 
(Cheatheam, 1973; Lewis and Hassien, 
1973; Henderson and Little, 1973; 
Lock, 1973; Rose, 1973; Grondahl, 
1973; Scheelhaase, 1973). Few, if any, 
of these surveys have measured the 



Districts in the U.S. Forest Service. 
About 40% is public land on the Little 
Missouri National Grasslands and 60% 
is private and state lands. Much of 
southwestern North Dakota’s sharply 
eroded badlands, intermingled upland 
grasslands, and some surrounding roll- 
ing grasslands are within the study 
area. Conspicuous vegetation are 
mixed prairie of western wheatgrass 
(Agropyron smithii) and blue grama 
(Bouteloua gracilis) on uplands, little 
bluestem (A ndropogon scoparius) on 
hillsides, inland sal tgrass (Distich lis 
stricta) and silver sagebrush (Artemisia 
cana) on stream terraces, and common 
juniper (Juniperus communis) and 
green ash (Fraxinus pennsyluanica) in 
badlands pockets and along water 
courses. 

Many of the aerial photograph 
series available covered only portions 
of the study area or had some photo- 
graphs of poor quality. As a result, 
prairie dog town locations and sizes 
had to be collected from a compilation 
of photographs taken over a short 
period of time rather than by individu- 
al years. A stereoscope and Bausch and 
Lomb magnifier improved detection of 
towns on photographs. Cheatheam 
(1973) found that aerial photograph 
use detected 88-94% of the towns 
actually present in Texas. In western 
North Dakota, detection is reduced by 
the existence of eroded areas that 
obscure colony burrows. Prairie dog 
towns were listed as on private/state 
land or federal land. Towns over- 
lapping property lines were listed for 
the ownership having the most acre- 
age. 

For the 1939-42 period, a portion 
of the measurements were obtained 
from 1939 and 194 1 photographs with 
no field checks available. In 1942 
livestock range mapping done on aerial 
photographs and field checked by U.S. 
Soil Conservation Service personnel 
provided data on Slope County. 

For the 1957-65 period, a 1957 
and a 1965 photograph series were 
used. No field checks were available or 
obtained. 

For the 1970-72 period, a 1970 
and a 1972 photograph series were 
supplemented with data from other 
sources. Personnel of the Division of 
Wildlife Services, Bureau of Sports 
Fisheries and Wildlife, the North 
Dakota Game and Fish Department, 
and the National Park Service as well 
as other ranchers provided current 
information. When all information was 
compiled, field surveys were made to 
determine prairie dog town locations, 
sizes, activity, and burrow densities. 
For small towns, burrow density was 
calculated for the whole town; for 
large towns the calculation was based 
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Fig. 3. 1939-42 prairie dog town distribution in the study area. 

on the burrow count in 0.25 acre bers of prairie dog towns in the 
circular plots. In addition, each prairie 1939- 42 period could have resulted 
dog town was examined for signs of from the extensive rangeland dis- 
ferret activity. Training sessions with turbance which occurred here during 
ferret specialist Conrad Hillman, in 
North and South Dakota prairie dog 

and before the drought of the 1930’s 

towns, made identification of ferret 
(Reid, 1954; Bond, 1945; Fichter, 

sign more reliable. 
1953). For the 33 year period from 

Analysis of variance was used to 1939 to 1972 the overall reduction in 

compare prairie dog town size between the number of towns was 348 or 89%; 
the periods of measurement. An un- and the reduction in total acres was 
paired t-test was used to test for 12,618 or 93%. 
differences between prairie dog town The very large towns of early times 
sizes on private/state land and federal have been eliminated in this century in 
land within each period of measure- the study area. Bailey (1926) men- 
ment (Steel and Torrie, 1960). tioned “exceptionally large colonies” 

Results and Conclusions 
in 1913 in the northern fourth of the 
study area at the mouth of Ash Creek 

Prairie dog town data are shown in and the head of Magpie Creek. He also 
Table 1. The large acreage and num- reported U.S. Ebner’s 1915 observa- 
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Table 1. Prairie Dog town number and acreage in the study area from 1939 to 1972. 

Federal land Private/state land Study area totals 

Measurement No. Total Avg No. Total Avg No. Total Avg 

Number and acreage 
1939-42 185 5,981 32 207 7,634 37 392 13,615 35 
1957-65 36 1,350 38 55 1,656 30 91 3,006 33 
1970-72 23 512 22 21 485 23 44 997 23 

Overall change 
1939-72 (%) 89 93 34 

tions of towns up to 250 acres 
scattered along the Little Missouri 
River in Billings County and a number 
of colonies up to 160 acres along 
Beaver Creek in Golden Valley Coun- 
ty. Colonies over 100 acres in 
1939-42 totaled 32; in 1957-65 there 
were five; and in 1970-72 one re- 
mained. Colonies of 30- 100 acres in 
1939-42 totaled 101; in 1957-65 
there were 27; and in 1970-72 only 
13 such towns were left (Figs. 3 to 5). 
The average town at the beginning of 
the 33-year study period was 35 acres; 
in 1972 the average was 23 acres. 
However, analysis of variance showed 
that average town size was not signifi- 
cantly different for each of the three 
periods measured from 1939 to 1972. 

Burrow densities in the 44 towns 
remaining in 1972 averaged 34 per 
acre. This is about the same as the 
20-40 burrows per acre reported by 
Bailey (1926). 

Analysis of prairie dog town sizes 
on private/state land compared to 
federal lands within each of the three 
periods studied showed no significant 
difference. Apparently, ownership and 
any related management or prairie dog 
control differences have made no dif- 
ference in town sizes. Prairie dogs have 
generally been treated over the years 
as undesirable animals to be eliminated 
by all owners in this predominantly 
agricultural-livestock area. 

In the 1939-42 period, colonies 
were well distributed over the study 
area, especially on the more level lands 
along the Little Missouri River and its 
major tributaries. This distribution was 
reasonably natural based on early re- 
ports by Bailey (1926) and the posi- 
tive correlation between colony loca- 
tion and the medium to fine textured 
soils found along the drainageways 
(Hardy, 1945; Reid, 1954). 

Since the 1939-42 period, how- 
ever, two major changes in the dis- 
tribution of prairie dog towns have 
occurred. First, colonies have been 
largely eliminated along the stream 
courses, probably because these lands 

are some of the best agricultural and 
grazing lands in the study area. They 
are cultivated for hay crops in the 
summer and used as cattle grazing and 
wintering areas in the cold months. 

Second, in the 1939-42 period 203 
colonies were generally well distrib- 
uted over Billings County. By 1972, 

17 of the 25 colonies remaining in the 
county were within 3 miles of the 
boundary of Theodore Roosevelt 
National Memorial Park. Prairie dogs 
emigrating from some of the park’s 
many colonies may have established, 
helped to maintain, or repopulated 
many of the Billings County colonies 
found within 3 miles in 1972. Else- 
where in the study area there have 
been no protected populations to sup- 
plement or re-establish towns affected 
by control activities or shooting, and 
the number of towns has declined 
steadily. For National Park lands in 
the Dakotas, which have had healthy, 
thriving populations since the 1940’s, 
Lovaas (1973) reported that old town 
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Fig. 4. 1957-65 prairie dog town distribution in the study area. 
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Fig. 5. 19 70- 72 prain’e dog town distribution in the study area. 

sites outside the Parks are especially 
attractive to immigrant prairie dogs. 

Prairie dog control in western 
North Dakota began as early as 1915 
by the U.S. Bureau of Biological Sur- 
vey (Bailey, 1926). Grondahl (1973) 
reported records of 41,107 acres of 
prairie dog towns poisoned between 
1954 and 1972 by U.S. agents and 
private landowners in North Dakota, 
mostly west of the Missouri River. 
Such treatments and land use changes 
have apparently been very effective in 
reducing prairie dog towns in the 
study area. 

No signs or sightings of black- 
footed ferrets were obtained on any of 
the 44 towns briefly examined in the 
field in 1972. However, Grondahl 
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(1973) reported 25 sightings of ferrets 
in North Dakota for the 1910-1973 
period. Eight of these were in the 
study area since 19 10 and three of 
these since 1967. Recent reported 
sightings are frequent, and indicate 
that ferrets are still resident in the 
area. Enlightened management for this 
species habitat has already begun as a 
result of placing the remaining prairie 
dog colonies in the perspective of the 
past 33 years. 
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Vegetation Changes Induced by Prairie 

Dogs on Shortgrass Range 

CHARLES D. BONHAM AND ALTON LERWICK 

Highlight: This study documented some effects of prairie 
dogs on a shortgrass type of the Central Plains Experimental 
Range approximately 35 miles northeast of Fort Collins, 
Colo., and an adjacent area. Prairie dogs changed the plant 
species composition of the two sites studied, but these changes 
were not all detrimental. Species diversity was greater and 
some plant species used by livestock were more abundant 
inside than outside the prairie dog towns. 

The black-tailed prairie dog (anomys Zudovicianus) is 
characteristically an inhabitant of the mixed-grass prairie 
region of the United States. It originally inhabited an area 
extending from southern Canada to Mexico, bounded on the 
west by the Rocky Mountains and on the east by the tall-grass 
prairie. The prairie dog population on the western prairies 
during the 1870’s was estimated to be five billion. Their 
barking and comic antics were a curiosity to early western 
travelers. However, as the prairies were settled and domestic 
livestock populations increased, prairie dogs became a 
destructive rangeland pest rather than an interesting curiosity. 
Widespread extermination campaigns were conducted because 
of both real and imagined damage to rangelands. These 
campaigns were so successful that prairie dogs apparently now 
number only a small fraction of what they did a century ago. 

Koford (1958) found that during the winter prairie dogs 
fed mostly on available green plants, roots, and basal parts of 
buffalograss (Buchloe dactyloides). Green grasses and forbs, 
particularly Russian thistle (Salsola kali), scarlet globemallow 
(Sphaeralcea coccinea), and firetieed summercypress (Kochia 
scoparia), were favored for consumption during the spring and 
summer. Scarlet globemallow, bases of grasses, and seeds were 
preferred in the fall. Koford (1958) considered western 
wheatgrass (Agropyron smithii), blue grama (Bouteloua 
gracilis), buffalograss, and Russian thistle to be the most 
important prairie dog foods. Kelso (1939) found that prairie 
dog stomach niaterial contained western wheatgrass, sixweeks 
fescue (VuZpia octoflora), Russian thistle, plains pricklypear 
(Opuntia polyacantha), and saltbush (Atriplex spp.). 

Koford (1958) reported that prairie dogs affected the 
forage crop directly by removing part of it each year and 
indirectly through long-term influence on certain plant species. 
The seed crop of plants such as Russian thistle, western 
wheatgrass, and blue grama, was decreased through early 
spring clipping by the animals. However, such clipping 
apparently did not have a significant detrimental effect on 
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plants that were capable of reproducing by rhizomes and 
stolons. Hence, the grazing and clipping action of prairie dogs 
resulted in a selective favoring of plants such as buffalograss. 
Prairie dog clipping was observed to decrease the proportions 
of annual grasses and forbs and to increase perennial grasses. 
Furthermore, it was noted that tall perennial plants were 
affected more than were shorter ones, because a greater 
proportion of photosynthetic tissue was lost through clipping. 
Therefore, prairie dog grazing pressure appeared to favor an 
increase in blue grama and buffalograss and a decrease in 
western wheatgrass. Koford (1958) then suggested that 
western wheatgrass was the first major grass to disappear from 
a prairie dog town in a mixed-grass prairie, but that the 
increase in forbs could have been caused by factors other than 
prairie dogs. 

Two questions must be asked concerning prairie dogs and 
rangelands. First, are prairie dogs really destructive rangeland 
pests? Second, if so, then to what extent do they alter 
botanical composition ? In an attempt to answer these 
questions, the vegetation of two areas where prairie dogs were 
present was compared to the vegetation of adjacent areas not 
occupied by prairie dogs. Both areas have been grazed by 
cattle for many years. The vegetation of the area is a native 
shortgrass type dominated by blue grama. Buffalograss, 
western wheatgrass, Indian ricegrass (Oryzopsis hymenoides), 
and needleandthread (Stipa comata) are major grass associates 
and the most common forbs are scarlet globemallow, tansyleaf 
aster (Aster tanacetifolius), stickseed (Lappula spp.), and 
woolly plantain (Plan tag0 patagonica). 

The dominant vegetation of the two study sites was typical 
of that of the general area. Blue grama, buffalograss, needleleaf 
sedge (Gzrex eleocharis), and scarlet globemallow are the most 
common species on both sites. The most abundant forbs are 
tansyleaf aster, little stickseed (Gyptantha minima), bluebur 
stickseed (Lappula redowskii), woolly plantain, prairie 
pepperweed (Lepidium densiflorum), and bigbract verbena 
(Verbena bracteata). 

Methods 
Vegetation characteristics were studied in two prairie dog 

towns and in adjacent areas outside each town. One site was 
located 2 miles north of Nunn, Cola., and the other site was 
located on the Central Plains Experimental Range (CPER) 2 
miles north of the Nunn site. Data were collected on 
vegetation, soil, and prairie dog diet characteristics during the 
summer of 1973. 

Line transects located 10 m apart crossed each town and 
extended into adjacent areas. Quadrats, 20 x 50 cm, placed at 
5-m intervals along these transects, were used to obtain the 
total ground cover for each species. Fifteen transects were 
used at the Nunn site and ten at the CPER site. A total of 583 
quadrats were sampled at each of four dates for the Nunn site; 
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402 quadrats were sampled at the CPER site. Vegetation cover 
estimates were obtained in early May, late June, mid-August, 
and mid-September of 1973. Cover estimates for individual 
species were made according to Daubenmire’s cover classes 
(Daubenmire, 1970) as follows: 1 = 1 to 5%; 2 = 6 to 25%; 3 = 
26 to 50%; 4 = 51 to 75%; 5 = 76 to 95%;and 6 = 96 to 100% 
for each quadrat. Each quadrat estimate for each species was 
converted to its mid-class value for statistical analyses. A test 
for statistical significance was based on a probability value of 
0.05. 

Fresh fecal samples from prairie dogs were collected from 
around burrow openings at each vegetation sampling date. A 
microscopic technique (Dusi, 1949; Storr, 1968; Todd and 
Hansen, 1971; Hansen et al., 1973) was used to identify plant 
fragments found in the fecal samples. This information was 
used to interpret vegetation characteristics. 

Soil texture varied within the towns. Sandy loam soils were 
common, with an occasional loamy sand occurring at the edges 
of the towns. A sandy clay loam was the most common 
texture found in the center of the towns, where runoff water 
from adjacent slopes accumulated. 

Results and Discussion 

Frequent snows during the winter of 1973 provided soil 
water conditions favorable for plant growth in early May. 
However, precipitation during May and June was below 
normal and the vegetation was in a state of drought-induced 

dormancy by the end of June. This dry, hot period was 
followed by a cool, wet period during July and August. 

Several annual plant species were in the soft seed stage, and 
the warm-season perennial grasses initiated growth during May. 
Some perennial grass species were in drought-induced 
dormancy in June, and some of the annual species had set 
seed. The favorable weather conditions during July and August 
induced germination and growth of annual species, while 
perennial grasses broke dormancy and completed their 
reproductive cycle. 

Number of Plant Species 
Significantly fewer annual than perennial species occurred 

on both sites (Table l), and there were more annuals on the 
Nunn site (21) than there were on the CPER site (5). The 
number of perennials occurring on the Nunn site (43) was 
significantly greater than the number occurring on the CPER 
site (23). The total number of species occurring within the 
prairie dog towns was greater than in the adjacent areas. Since 
sampling alone caused variations in number of perennial 
species enumerated on sampling dates, no attempt was made 
to determine significant differences in number of annual or 
perennial species occurring between sampling dates. 

Perennial species were more numerous inside the CPER 
town than outside it. It appears that activities of prairie dogs 
not only promote an increase in the total number of species 

Table 1. Number of annual, perennial, and total number of species present in prairie dog towns (In) and adjacent areas (Out), 1973. 

Nunn site CPER site 

May June Plant ~ ~ ~ _ ~ --__- ~ ~ ~ ~ Aug. Sept. Total May June Aug. Sept. Total 

groups In Out In Out In Out In Out In Out In Out In Out In Out In Out In out 
Annual 

species 14 13 17 16 20 13 20 13 25 21 9 2 4 0 7 2 5 2 19 5 
Perennial 

species 21 21 29 28 26 24 27 27 44 43 22 15 15 11 21 16 21 15 29 23 
Total 

species 35 34 46 44 45 37 47 40 69 64 31 17 19 II 28 18 26 I7 48 28 

Table 2. Average percent cover provided by the major species on Nunn prairie dog site, 1973.’ The dash indicates < .Ol percent cover. 

May June August September 
Species In out In out In out In out 

Grass or grass-like 
Blue grama 9.6 18.0 9.5 15.6 13.2 21.1 16.3 21.9 
Buffalograss 3.1 1.4 3.5 1.3 6.5 1.8 7.7 1.3 
Needleleaf sedge 0.9 1.0 0.8 1.0 0.8 0.8 0.8 0.7 
Red threeawn 0.3 0.2 0.2 0.2 0.6 0.6 0.8 0.5 
Sand dropseed 0.0 0.0 0.1 0.1 0.2 0.2 0.5 0.2 
Sixweeks fescue 5.6 1.4 1.7 0.3 0.1 0.1 0.1 0.1 

Forbs 
Bigbract verbena 0.1 0.0 0.2 0.0 0.5 - 0.5 - 
Bluebur stickseed 0.4 0.1 0.3 0.1 0.0 0.0 0.0 0.0 
Little stickseed 0.8 0.3 0.7 0.2 - - 0.1 0.0 
Mountain springparsley 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 
Prairie eveningprimrose 0.8 0.3 0.2 - 0.0 0.0 - 0.0 
Prairie fameflower 0.0 0.0 0.2 0.1 0.6 0.3 0.3 
Prairie pepperweed 0.3 0.3 0.3 0.3 0.1 1.0 - o”*:, 
Ridgeseed spurge 0.0 - 0.0 0.0 0.7 0.3 0.5 0:3 
Scarlet globemallow 0.8 0.8 1.1 0.8 1.1 0.7 1.2 0.7 
Starlily 0.6 0.6 - - 0.0 0.0 0.0 0.0 
Stemless springparsley 0.2 0.6 0.0 0.0 0.0 0.0 0.0 0.0 
Tansyleaf aster 0.9 0.3 0.9 0.3 1.6 0.3 1.0 0.3 
Woolly plantain 2.4 2.2 2.0 1.3 0.5 0.3 0.6 0.4 

Shrubs 
Broom snakeweed 0.1 0.9 0.3 0.7 0.3 0.9 0.2 1.0 
Spreading wildbuckwheat 0.1 0.1 0.2 0.2 0.2 0.4 0.2 0.3 

’ In = in prairie dog town; Out = in adjacent area. 
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Table 3. Average percent cover provided by the major species on CPER prairie dog site, 1973.’ 

Species 

Grass or grass-like 
Blue grama 
Common buffalograss 
Needleleaf sedge 

Forbs 
Scarlet globemallow 

May June August September 

In out In out In out In out 

13.4 20.1 16.5 22.3 16.4 24.0 15.8 24.0 
9.5 6.7 8.5 6.2 10.5 6.0 10.1 5.1 
3.4 3.3 2.4 1.9 2.3 1.8 1.8 1.6 

1.3 1.3 1.3 1.4 1.2 1.3 1.4 1.6 

1 In = in prairie dog town; Out = in adjacent area. 

found within the town, but also that they increase the number 
of both perennial and annual species. This observation 
supports a general conclusion of Koford (1958) that prairie 
dog grazing favors a heterogeneous vegetation mixture in the 
general vicinity of the town. 

Ground Cover of Species 

Species cover data are reported only for major species 
occurring on the two study sites (Tables 2 and 3). Blue grama 
had the highest cover value of all species and was significantly 
greater outside than it was inside the towns (Figs. 1 and 2). 
Blue grama cover did not decline inside the towns as the 
growing season progressed. However, this species was grazed 
by prairie dogs as indicated by the dietary data. The removal 
rate did not exceed the growth rate of blue grama, which 
suggests that prairie dogs do not exert a selective grazing 
pressure against it. 

The cover of buffalograss was consistently greater inside the 
towns than outside them for all dates for both study sites 

- in 
--- out 

(Figs. 1 and 2). Its cover inside the town at the Nunn site 
increased significantly from 3% in May to 8% in September. 
On the other hand, the change in cover of this species outside 
this town was not significant during the growing season. The 
decrease in cover of buffalograss inside the CPER town from 
the May sampling period throughout the remainder of the 
season was not significant. Moreover, the difference in cover of 
this species between the inside and the outside of the latter 
town was significant during June only (Fig. 2). 

Soil differences within the Nunn site undoubtedly 
accounted for some of the differences in buffalograss cover on 
that site. That is, buffalograss probably would have a greater 
cover value in the center of the town without the presence of 
prairie dogs because of different soil characteristics and the 
accumulation of run-off water. 

Sixweeks fescue was abundant at the Nunn site, and its 
cover value was significantly greater inside the town than 
outside it during May. The occurrence of this species may have 
been greater because of prairie dog activities. Yet, the species 

- in 
--- out 

25 
t 

blue grama 

buffalograss 
- --------- - 

May June Aug. Sept. June Aug. Sept. 

Fig. 1. Percent ground cover of blue grama and buffalograss on the Fig. 2. Percent ground cover of blue grama and buffalograss on the 
Nunn prairie dog study site, 1973. (in = in the prairie dog town; out = CPER prairie dog study site, 1973. (in = in the prairie dog town; out 
in adjacent area.) = in adjacent area.) 
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did occur in the greatest amount in the depression area toward 
the center of this town, which collected run-off water. The 
species was rare on the CPER site both in and out of the town. 
Although sixweeks fescue was abundant in the general vicinity 
of the CPER site, the difference between study sites for this 
species was significant. 

Two other grasses were common on the Nunn site but 
contributed little to the total ground cover of vegetation. Red 
threeawn (Aristida longiseta) and sand dropseed (Sporobolus 
cryptandrus) were not significantly different between the two 
sites nor between areas inside versus outside the towns. Lack 
of significant difference indicates that these species are not 
necessarily encouraged to increase by prairie dog activities. 

Cover values for needleleaf sedge within and between sites 
were similar. This species has been reported to be resistant to 
cattle grazing (Hermann, 1970) and apparently is also resistant 
to prairie dog grazing (Tables 2 and 3). 

Forbs on the Nunn site were classified into two groups: 
those that occurred on the disturbed areas around the prairie 
dog burrows and those that were more common on the 
overflow area. Forbs in the former category included tansyleaf 
aster, woolly plantain, bluebur stickseed, and little stickseed, 
while the latter category included bigbract verbena, prairie 
coneflower (Ratibida spp.), and prairie dogweed (Dyssodia 
papposa). Other forbs such as scarlet globemallow were found 
distributed throughout the area. 

Annual forbs were noted to have greater cover values inside 
the town than outside. Woolly plantain had the greatest cover 
of any forb on the Nunn site, and its distribution was centered 
around the burrow openings. The cover of this species was 
consistently higher inside the town and increased as the season 
progressed (Table 2). This difference may have been caused by 
the absence of soil disturbance outside the town, since its 
optimum establishment seemed to have been on the mounds. 

Tansyleaf aster’s average cover value was approximately 
three times greater inside the Nunn town than outside it. This 
species was also more abundant in disturbed areas, such as 
burrows, than was woolly plantain, although the former had 
less cover than did the latter species. 

Other annual forbs that had significantly greater cover 
values inside the town than in the adjacent area at the Nunn 
site included bluebur stickseed, little stickseed, ridgeseed 
spurge (Euphorbziz glyptosperma), and prairie eveningprimrose 
(Oenothera albicaulis). Bigbract verbena was a mat-forming, 
perennial species which may have been favored by the lack of 

prairie dog grazing. Stemless springparsley (omopterus 
acaulis), an early perennial forb, apparently was not resistant 
to prairie dog grazing pressure. A number of visual 
observations confirmed that prairie dogs dug up the large root 
of the species during early spring months for food and it was 
further observed that its cover outside the town was three 
times greater than inside the Nunn town. 

Scarlet globemallow did not appear to be adversely affected 
by prairie dog activities. On the Nunn site there was no 
difference in its cover values outside versus inside the town 
during any part of the growing season. Furthermore, it was the 
only abundant forb on the CPER site. Its cover values for both 
sites remained much the same in and out of the towns during 
the growing season which suggested that scarlet globemallow 
was not detrimentally affected by prairie dog grazing or other 
activities such as burrowing. 

Two shrubby species, slenderbrush wildbuckwheat 
(Eriogonum microthecum) and broom snakeweed (Gutierrezia 
sarothrae) had greater cover values outside the town. Prairie 
dogs had continuously clipped these species because the shrub 
probably interferred with their vision. As a result, selective 
pressure by prairie dogs has been exerted against these species 
for years, as previously reported by Koford (1958). 

Prairie Dog Food Preference 

That prairie dogs have a strong food preference for grass 
was evident from the dietary data (Table 4). Needleleaf sedge 
was included with the grasses. Prairie dogs increased their 
consumption of grass during June and decreased it during 
September. Cover and frequency of the grasses increased 
during this period. These results suggest that declining 
availability apparently was not the cause for a decrease in grass 
consumption. However, maturation of the grasses, with an 
associated increase in availability of forbs, may have 
contributed to the September trend away from the use of grass 
by the prairie dogs. In addition, a change in palatability of the 
species available may have occurred. 

The major grasses and sedge consumed by prairie dogs were 
blue grama, sand dropseed, and needleleaf sedge. Blue grama 
contributed to the sharp increase noted in grass consumption 
by prairie dogs in June while the intake of blue grama 
decreased considerably during September. During this latter 
period, blue grama consumption was replaced by an increased 
consumption of sand dropseed on the Nunn site and scarlet 
globemallow on the CPER site. During September, sand 

Table 4. Percent relative density of species occurring in prairie dog diets on the Nunn and CPER sites. 

May June August 

Nunn CPER Nunn CPER Nunn CPER 
Species site site site site site site 

Grass or grass-like 
Red threeawn 0.0 0.0 0.0 0.0 0.0 0.2 
Blue grama 25.3 19.5 33.9 22.7 33.4 55.4 
Buffalograss 0.0 0.0 0.0 14.4 0.0 0.0 
Needleleaf sedge 30.7 64.3 1.9 14.4 8.8 14.6 
Sand dropseed 10.4 4.2 13.3 48.1 40.7 13.6 
Sixweeks fescue 15.3 0.3 34.8 0.0 0.6 5.9 

Forbs 
Little stickseed 3.6 0.0 0.0 0.0 0.4 0.0 
Woolly plantain 74:; 01 

5:5 
1.2 0.0 2.3 0.0 

Scarlet globemallow 0.8 0.2 3.5 9.1 
Shrubs 

Fringed sagewort 0.0 5.4 0.0 0.2 0.0 0.2 
Seed 0.3 0.0 5.8 0.0 8.0 0.2 

September 

Nunn CPER 
site site 

0.0 0.0 
8.0 32.8 
0.1 0.0 

26.0 33.7 
60.0 7.9 
0.7 0.0 

0.3 0.0 
0.4 0.0 
0.6 24.1 

0.4 0.0 
3.6 0.2 
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dropseed made up nearly 60% of the prairie dogs’ diet, while 
blue grama made up less than 10%. 

Needleleaf sedge was an important constituent in the diet 
during May when it accounted for as much as 64% on the 
CPER site. During June this species became dry and coarse 
textured, which probably affected its palatability. Sixweeks 
fescue made up 34% of prairie dogs’ diet during June. The 
heavy use of this species was probably a factor in the 
decreased consumption of other grasses during this particular 
month. 

It was suggested in the earlier discussion of blue grama 
cover that prairie dog grazing may be responsible for the slight 
leveling off of the peak in cover inside the CPER town during 
August. The dietary data support that conclusion since the 
cover of blue grama was the greatest during August when the 
heaviest use of the species by prairie dogs occurred. 

Buffalograss was only a minor component in the overall 
diet of prairie dogs. This species was a significant portion of 
their diet (14%) on the CPER site during June only. This was 
contrasted to the Nunn site where prairie dogs grazed sixweeks 
fescue heavily and ignored buffalograss during June. This may 
suggest then that prairie dogs graze buffalograss when other 
species are either not available or not palatable. Buffalograss 
then is apparently favored by prairie dog grazing pressure 
against some of its competitors, while remaining essentially 
free from grazing pressure. Therefore, a continued increase of 
buffalograss in these prairie dog towns is expected. 

Scarlet globemallow was the most abundant forb found in 
prairie dog diets on both sites. Prairie dogs increased their 
consumption of scarlet globemallow on the CPER site in 
September, when it made up 24% of their diet. Woolly 
plantain and little stickseed were the only annual forbs that 
made up a noticeable portion of the diet on the Nunn site. 
Other very common species such as tansyleaf aster, bluebur 
stickseed, ridgeseed spurge, and prairie eveningprimrose were 
apparently not consumed by prairie dogs. Therefore, the 
establishment and maintenance of populations of these species 
are apparently favored by prairie dog activities, including a 
lack of grazing pressure against them. 

Summary 

The number of plant species present was greater in prairie 
dog towns than in adjacent areas of this study. However, the 
presence of prairie dogs did not necessarily cause a large-scale 

invasion of annual species. Other environmental conditions 
also influenced the change in species composition. 

Prairie dogs exerted selective pressure against blue grama 
and favored buffalograss through selective grazing. Moreover, 
needleleaf sedge, sixweeks fescue, and scarlet globemallow 
apparently are resistant to prairie dog grazing although these 
species were abundant in fecal samples. A decrease in the 
grass-forb ratio was observed in the towns, especially when a 
number of annual species were present. Many annual forbs, 
including tansyleaf aster, little stickseed, bluebur stickseed, 
and prairie eveningprimrose, were common on the burrow 
mounds but were not preferred foods of prairie dogs. Prairie 
dogs do alter individual species patterns within their towns by 
providing opportunities for the establishment of more species, 
both annual and perennial. Since both perennial grasses and 
forbs that have increased as a result of prairie dog activities are 
useful as livestock forage, it cannot be said that prairie dogs 
are always destructive to rangelands. Instead, prairie dogs do 
alter plant species composition to some extent and in doing so 
encourage an increase in plants which are more tolerant to 
their grazing. 
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POSITION ANNOUNCEMENT 

Assistant or associate professorship in range and wildlife manage- 
ment will be open in mid-August at Texas Tech University, Lubbock. 
The 9-month position is 50% teaching and 50% research. Applications 
are due May 30, 1976. Contact Donald F. Burzlafi Chairman, Range 
and Wildlife Management Dept., P.O. Box 4169, Texas Tech University, 
Lubbock 79409. 

Problem with AridShrublands Binding 

Because of improper gluing, the binding 
has loosened on some copies of Arid Shrub- 
lands: Proceedings of the Third Workshop of 
the United States/Australia Rangelands 
Panel. Defective books sent to the Society 
for Range Management, 2120 South Birch 
St., Denver, Colo. 80222, will be replaced by 
an adequately bound copy. 
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Mourning Dove Nesting onTobosa Grass- 

Mesquite Rangeland Sprayed 

with Herbicides and Burned 

EDWARD C. SOUTIERE AND ERIC G. BOLEN 

Highlight: A 2-year study of the effects herbicide spraying, and particularly, 
prescribed burning might have on mourning dove (Zenaida macroura) nesting 
ecology in rangelands infested with mesquite revealed that the loss of trees as 
nesting sites was compensated by the occurrence of gound nesting. Newly 
burned areas fostered better utilization (i.e., higher nesting densities) than did 
older burns except under drought conditions. Ground nests did not suffer from 
excessive predation, and differences in the productivity of ground nests probably 
were related to nesting density rather than to the apparent suitability of the site. 
Ground nests were more successful than tree nests. 

The mourning dove is a major game 
bird throughout the Southwest; its 
importance in this region is nowhere 
greater than in Texas, where past 
estimates of the annual harvest have 
reached four million birds (Wight, 
1961). By 1969, however, call-count 
surveys in the Central Management 
Unit, which includes Texas, were at an 
11 -year low (Ruos, 1970). 

Suggestions for the cause of this 
alarming trend are varied, but large 
scale habitat changes are probably 
among the factors involved (Kiel, 
1969). The Dove Advisory Committee 
at its meeting of June 24, 1969, 
accordingly called for programs lead- 
ing to the preservation and im- 
provement of dove nesting habitat. As 
brush infestations and the efforts to 
control brush have resulted in exten- 
sive habitat changes in much of Texas, 
the impact of these conditions seemed 
relevant to dove populations nesting in 
Texas. For example, the Soil Conserva- 
tion Service reported that in 1953 
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there were 88 million acres inhabited 
by woody species in Texas, of which 
30-35 million acres have been treated. 
Mesquite (Pvosopis spp.) is the most 
serious problem to grazing manage- 
ment, as it alone occupies over 56 
million acres (Smith and Rechenthin, 
1964). 

In addition to the attempts to 
control mesquite, research and man- 
agement efforts are simultaneously 
being directed toward the management 
of rangeland grasses with the use of 
fire (Wright, 1972). 

Several studies have shown that 

mesquite is important to mourning 
dove nesting ecology (e.g., Jackson, 
1940; Clark, 1969); hence, efforts to 
control mesquite might conflict with 
mourning dove management in Texas. 
This study was initiated in April, 
1970, and continued through August, 
1971, to investigate the nesting ecolo- 
gy of mourning doves on tobosa grass- 
mesquite rangeland treated with herbi- 
cide and/or prescribed burning. 

We are indebted to W. J. Waldrip of 
the Renderbrook-Spade Ranch for 
providing the research area and living 
quarters, and also to T. C. Moore for 
access to his property. H. A. Wright 
planned and conducted the prescribed 
burns for this project. K. R. Kattner 
and R. R. George ably assisted with 
portions of the field work. 

Study Area 

The study was conducted 13 miles 

Table 1. Mesquite density (no./acre) by diameter class, Mitchell County, Tex., 1970-71. 
Total mourning dove nestings are shown in parenthesis for each diameter class. 

Diameter classa 

Treatment 3-5 inch 6-8 inch 9+ inch 

Sprayed 1965 
Not burnedb 

1970 54.0 (5) 16.6 (17) 3.9 (17) 
1971 58.0 (4) 15.1 (7) 8.1 (4) 

Burned 1969 
Before 57.1 13.8 3.8 
After 30.7 (4) 5.0 (3) 1.3 (2) 

Burned 1970 
Before 45.0 2.5 1.0 
After 29.4 (5) 1.9 (6) 0.5 (1) 

Burned 1971 
Before 87.5 11.9 3.8 
After 42.5 (1) 7.5 (1) 2.8 (2) 

Not sprayed 
Burned 196gc 111.0 (16) 11.0 (14) 1.7 (4) 

aIncludes all mesquite regardless of crown condition. 
bSix 5-acre plots in the Sprayed-65 and Not Burned area in 1970 were later burned in 1971. 
CMesquite larger than 2 inches diameter were not damaged by fire. 
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south of Colorado City, Mitchell 
County, Tex., on the Renderbrook- 
Spade Ranch. The ranch is located in 
the southwestern edge of the Rolling 
Plains ecological area described by 
Thomas (Gould, 1969). Extensive 
brush control measures have been un- 
dertaken on the ranch. Large areas 
were chained, aerially sprayed with 
herbicide, and/or burned. Areas of 
similar untreated tobosa grass- 
mesquite rangeland were limited to 
small isolated clumps. 

The study area is characterized by 
nearly level clayey soils. The principal 
plant species were mesquite (Prosopis 
glandulosa var. glandulosa), tobosa 
grass (Hilaria mutica) and buffalograss 
(Buchloe dactyloides). The mesquite 
occurred in various growth forms, 
shrub-like to large trees. 
Treatment Area Descriptions 

Sprayed 196.5-Unburned 
A 7,000-acre area was aerially 

sprayed in 1965. The mesquite in this 
treatment was generally large in diam- 
eter (Table 1). A few isolated trees 
appeared undamaged, and by 1970 
many mesquite had made extensive 
regrowth from the root collar and/or 
trunk. 

At the time of the study, the 
tobosa grass and other grasses provided 
about 11% of the basal area cover. The 
tobosa grass stood 7 to 14 inches tall. 
Litter cover was highest in this treat- 
ment (61%) and the amount of bare 
soil the lowest (26%). 

Sprayed 1965-Burned 
Portions of the area sprayed in 

1965 were burned in March of 1969, 
1970, and 1971, following the pre- 
scribed burning techniques of Wright 
(1972). “Hot” head-fires were applied 
to areas of 2,000, 1,000, and 
400-acres, respectively. This permitted 
the examination of mourning dove 
nesting on burned areas of three age 
classes: (1) current year’s burn, (2) 
1 -year-old burn, and (3) 2-year-old 
burn. The density of top-killed and 

sprouting mesquite waS reduced by the 
fire (Table 1); foliage cover was limit- 
ed to root collar and trunk sprouts. 

The effect burning had on ground 
cover depended on the amount of 
precipitation which preceded and fol- 
lowed the fire (Wright, 1972). General- 
ly, the percentage of basal area cover 
provided by tobosa regrowth and litter 
was lowest the year of the fire and 
increased each year after the fire 
(Table 2). Moisture conditions were 
good in 1969 and fair in 1970. The 
1971 nesting season began with 
drought conditions in most of the 
Southwest. At this time tobosa grass 
stood 12- 14 inches tall in the 2-year- 
old burn and 6- 8 inches in the l-year- 
old burn. Prior to June 1, tobosa grass 
in the 1971 burn (current year burn 
was 0- 1 inches tall. Rains on May 
28- 29 subsequently increased the 
height of tobosa grass in the 1971 
burn to 3- 5 inches. 

Unsprayed-Burned 19 69 
Added to the study in 1971, this 

area supported tree-sized live crown 
mesquite (Table 1). This treatment 
consisted of a “cool” fire in April 
1969, after green-up had started. The 
fire top-killed only the shrub-like mes- 
quite with basal diameters of less than 
2 inches. The tobosa grass stood 5-8 
inches tall in 1971. 

Method for Monitoring 
Dove Populations 

Eight S-acre plots were randomly 
established in each of the treatment 
types. Four of the plots of each 
treatment type were intensively 
searched for dove nests each week, 
with the other four plots searched on 
alternate weeks. Nest searches began 
the first week of April and continued 
through the last week of August. 
Searches were conducted by two indi- 
viduals on foot. Active nests were 
examined at least once each week. A 
complete description and history was 
maintained for each nest found. 

Table 2. Basal area ground cover (%), tobosa grass-mesquite rangeland, Mitchell County, 
Tex., 1971. 

Cover 
Not sprayed Sprayed 1965 

burned 1969 Not burned Burn 1969 Burn 1970 Burn 1971 

Tobosa 5.5 
Other grass 2.8 
Forbs 0.2 
Opuntia 0.4 
Mesquite 0.3 
Fallen branch 0.9 
Litter 33.7 
Bare soil 56.2 

8.6 13.7 9.5 4.4 
2.3 1.7 3.3 0.4 
1.0 *a 1.2 1.6 

+a 0.1 0.5 *a 
0.1 0.7 0.5 0.3 
1.2 1.2 1.6 2.4 

61.0 45.0 28.8 19.8 
25.8 37.6 54.6 71.1 
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Results and Discussion 

Nesting Density 
The prescribed burning of 

mesquite-tobosa grass rangeland previ- 
ously sprayed caused a decrease in the 
occurrence of tree nesting by mourn- 
ing doves and an increase in ground 
nesting. On rangeland not previously 
sprayed, the “cool” burn, which did 
not damage the mesquite overstory, 
apparently had no effect on nesting 
activity; all the doves nested in the 
mesquite trees. 

A “hot” prescribed fire on sprayed 
rangeland affected tree-nesting doves 
by reducing the availability of nesting 
sites. Mourning doves showed a prefer- 
ence for nesting in the large diameter 
mesquite, apparently in response to 
the better support provided by the 
larger branches and forks (Table 1). 

This study was conducted in part 
on the same area studied by Britton 
and Wright (1971). They were able to 
burndown 14 to 89% of the mesquite 
previously top-killed by herbicide. 
They found that the percentage of 
burndown increased as the size of the 
mesquite increased. Burndown was 
highest for the 5inch or larger diame- 
ter class and lowest for the 2-inch 
diameter class. Thus burning reduced 
the availability of upright dead mes- 
quite trees for nest sites. 

Breeding-pair density, as measured 
by the maximum number of nests 
simultaneously active, was lower on 
the Sprayed 1965~Unburned area than 
in the Unsprayed-Burned 1969 area, 
where the mesquite had live crowns. 
There were fewer nesting attempts in 
the sprayed mesquite, but the decrease 
in tree nesting was partially compen- 
sated for by increased ground-nesting 
activities (Table 3). 

Burning the previously sprayed 
rangeland had a definite and positive 
effect on mourning dove ground- 
nesting density (Table 3). However, 
this effect decreased each successive 
year after the burn as the cover of 
vegetation and litter increased, ap- 
proaching the pre-burn condition. The 
breeding pair densities for ground- 
nesting mourning doves were highest 
in the current year’s burn, progressive- 
ly lower in the older burns, and lowest 
in the unburned areas. 

The study area was gripped by 
drought in 1971. The current year’s 
burn remained essentially bare soil 
covered with some ash and fallen trees 
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Table 3. Mourning dove nesting densities on treated mesquite-tobosa grass rangeland, Mitchell County, Tex., 1970 and 1971. 

1970 1971 

Breeding pairs/acres Nestings/acre Breeding pairs/acres Nestings/acre 

Treatment Ground Tree Total Ground Tree Ground Tree Total Ground Tree 

Sprayed 1965 

Not burned .057 .314 .371 .230 .800 .075 .075 .150 ,150 .275 

Burned 
Year of burn .175 .075 .250 .550 .150 .275 .050 .325 .475 ,100 
1 after burn year .150 .025 .175 .430 .050 .175 .025 .200 .575 .025 
2 after burn years .125 .025 .150 .425 .025 

Not sprayed 
2 years after burn 0 .225 .225 0 .825 

aBased on maximum number of nests simultaneously active; estimated to be 16% below true number of pairs nesting on an area. 

Table 4. Mourning dove nesting success on sprayed and/or burned tobosa grass-mesquite rangeland, Mitchell County, Tex., 1970-71. 

1970 1971 Total 

Ground Tree Ground Tree Ground Tree 

Total Percent Total Percent Total Percent Total Percent Total Per cent Total Percent 
Treatment nests of total nests of total nests of total nests of total nests of total nests of total 

Sprayed 1965 
Not burned 11 45 39 23 6 50 15 7 17 47 54 18 
Burned 

Year of burn 37 27 10 10 26 19 4 25 63 24 14 14 
1 year after burn 28 21 7 29 39 18 2 0 67 19 9 22 
2 after burn years 23 17 2 0 23 17 2 0 

Not sprayed 
2 after burn years 0 - 34 12 0 - 34 12 

Total/average 76 28 56 21 94 20 57 11 170 23 113 16 

from the time of the burn in March 
until the first weeks of June. Heavy 
rains the last days of May stimulated a 
rapid regrowth of tobosa grass. Except 
for a single successful ground-nesting 
in late April, among the branches of a 
fallen mesquite, the 1971 burn area 
was not used by ground-nesting 
mourning doves until June 9 when, 
apparently in response to the tobosa 
regrowth, mourning doves began nest- 
ing on the area. The breeding pair 
density then quickly exceeded that on 
the other areas (Table 3). 

Apparently in response to the 
drought, tree-nesting activity declined 
in 1971, but ground-nesting activity 
remained stable or increased over 1970 
levels (Table 3). 

Ground-nesting densities in our 
study compare with a density of 0.15 
ground-nesting pairs per acre of suit- 
able habitat on North Carolina islands 
(Hon, 1956) and exceed the 0.025 
pairs per acre found in northeastern 
Oklahoma (Downing, 1959). Jackson 
(1940), in 1939, a drought year, found 
34 tree nests in 640 acres of mesquite 
pasture in the Texas Rolling Plains. 
The maximum number of nests found 
in any one month was 16. If these 
were indeed the efforts of 16 different 
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pairs, the breeding pair density was 
0.025 pairs per acre. The drought 
ended the following year and nesting 
activity increased; however, Jackson 
ended his study in May before compa- 
rable data were collected. Clark (1969) 
reported a peak tree nest density of 
one active nest per 4.8 acres (0.208/ 
acre) for a mesquite-huisache habitat 
in the South Texas Plains. 
Nesting Success 

Ground-nesting mourning doves 
were more successful at fledging young 
than were tree-nesting doves (Table 4); 
23% of the 170 ground-nesting at- 
tempts were successful, compared to 
16% of the 113 nestings in trees. 
Downing (1959) reported a 29% 
ground-nesting success for doves in 

Oklahoma. Mourning dove studies in 
the Southwest have shown great vari- 
ability in tree-nesting success, ranging 
from 15% (Dobson, 1955) to 62% 
(Swank, 1955). Such variation of nest- 
ing success likely reflects the great 
differences between weather patterns 
and predator populations. 

Predation accounted for the majori- 
ty of the nest losses (Tables 5 and 6). 
The western coachwhip (Masticophis 
Jlagellum testaceus) was common and 
probably was a major predator on 
both tree and ground nests. Other 
predators common to the study area 
were the rattlesnake (Crotalus a. 
atrox), striped skunk (Mephitis meph- 
itis), raccoon (Procyon Zotor), ground 
squirrel (CiteZZus sp.) and wood-rat 

Table 5. Fates (percent of total nestings) of mourning dove ground nestings on sprayed 
and/or burned tobosa grass-mesquite rangeland, Mitchell County, Tex., 1970-71. 

Fates 

Treatment 

Sprayed 19 65 
Not burned 
Burned 

Year of burn 
1 after burn year 
2 after burn years 

No. Predation Hail 
nestings (%I (%I 

17 35 0 

63 62 3 
67 58 9 
23 61 4 

Abandoned Successful 
(%I (%I 

18 47 

11 24 
13 19 
17 17 
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Table 6. Fates (percent of total nesting) of mourning dove tree nestings on sprayed and/or 
burned tobosa grass-mesquite rangeland, Mitchell County, Tex., 1970-71. 

Fates 

Wind 
No. Predation and hail Abandoned Successful 

Treatment nestings (%) (%I (%I (%I 

Not sprayed 
2 years after burn 34 65 17 6 12 

Sprayed 1965 
Not burned 54 61 7 14 
Burned 25 64 16 4 

Table 7. Average ground cover (5%) around successful and unsuccessful ground nests, 
Mitchell County, Tex., 1971. 

Area 

Height of 
tobosa 

(inches 

Average ground cover’ 

Successful Unsuccessful 
nests nests 

Sprayed 1965 
Not burned 7-14 27 35 

Burned 
Year of burn 3-5 
1 after burn year 6-8 
2 after burn years 12-14 

‘Ocular estimate of cover around (1.2 ft radius) nests. 

26 17 
23 28 
43 25 

(Neotoma sp.). Additionally, several 
tree nests were destroyed by avian 
predators. 

Severe storms are common in the 
Texas Rolling Plains, particularly dur- 
ing April and May. High winds des- 
troyed several tree nests in 1970 but 
ground nests were secure from wind. 
However, in 1971, a late May storm 
with high winds, flooding rains, and 
hail destroyed 92% of the 12 then- 
active dove tree nests and 88% of the 8 
ground nests. 

Abandonment was the cause of nest 
failure for 18% of the ground nestings 
and 9% of the tree nestings. About 
half of these losses can definitely be 
attributed to the activities of our 
investigations. 

The success of ground nestings in 
the unburned area was higher than in 
the burned areas (Table 3). Young 
fledged from 47% of the ground nest- 
ings in the unburned area as compared 
to 21% in the burned treatments. 
Ground-nesting success was higher in 
the current year’s burn than in the 
older burns. 

There was no consistent relation- 
ship between ground-nesting cover and 
nesting success (Table 7). Nesting suc- 
cess instead appeared more closely 
related to nesting density (Figure 1). 
Ocular estimates of cover around 
ground nests (1.2 ft radius) ranged 
from 14 to 48% for successful nests 
and 8 to 5 1% for unsuccessful nests. 
The presence of pricklypear, mesquite 

sprouts, or fallen branches beside the 
nest (Fig. 2) likewise was not con- 
sistently related to nesting success 
(Table 8). 

Productivity per acre generally 
paralleled nesting density. Young 
fledged per acre was highest from 
ground nests in the new burn, lower in 
the older burns and lowest in the 
unburned area (Table 10). In 1971 
nesting did not begin in the current 
year’s burn until heavy rains stimu- 
lated grass regrowth in early June. 
Thus, while the 1971 burn supported 
the highest breeding pair density, the 
late start resulted in fewer nesting 
attempts. 

Doves that used tree-nesting sites A rotation system of burning pro- 
with some foliage cover, whether in a viding both new and old burns for 
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sprayed or unsprayed mesquite, were 
more successful than doves using sites 
lacking foliage (Table 9). 

Productivity 

Prescribed burning of previously 
sprayed tobosa grass-mesquite range- 
land reduced overall mourning dove 
productivity per acre in 1970, when 
precipitation was near normal and 
tree-nesting densities were highest 
(Table 10). Drought apparently re- 
duced tree-nesting activity in 1971 
whereas ground-nesting activity re- 
mained stable or increased. As a result, 
more doves fledged per acre from the 
burned areas. 

a 1970 
0 1971 

.2 .3 .4 .5 .6 
Nests / Acre 

Fig. 1. Relationship of ground-nest 
significant (P < .Ol). 

success with nest density. Correlation is highly 
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Table 8. Success of mourning dove ground nestE located beside vertical cover other tbnn 
tobosa, i.e., pricklypear pads, mesquite spmut~., or fallen mesquite branches. 

Nesting 
SeaSOn 

1970 
1971 
Total 

Nests beside Nests l.l&ing 
vertical COWI vertical cove* 

Percent Pe*Ce”t 
Number successful Number sUCCessf”l 

59 23.7 17 41.2 
70 24.3 24 8.3 

129 24.0 41 21.9 

dove nesting would likely permit a 
stable level of mourning dove produc- 
tion. Good grazing management as 
well as the enhancement of dove “est- 
ing requires that burning be postponed 
when drought conditions exist or 
threaten. 

Nesting Sites 
Mourning doves nested in dead, 

sprouting top-killed, and live-crown 
mesquite. The likelihood of mesquite 
serving as a nest site increased as the 
tree’s basal diameter increased. 
Thirty-one percent of the tree nests 
were in mesquite with a basal diameter 
of 3-5 inches, 42% in the 6-8 diame- 
ter class, and 27% in the 9 inch or 
larger diameter class. The high use of 
the larger trees is in sharp contrast 
with the lower density of the larger 
trees (Table 1). Selection by doves of 
the larger size mesquite may be a 
response to the increased support pro- 
vided by the larger branches and forks. 

Support, not cover, appeared to be 
the primary prerequisite of a tree for a 
nest site. Even those nests associated 
with foliage fostered the impression of 
being exposed. Mesquite foliage is 
lacey, open, and concentrated at the 
outer edges of the tree. Thirty-one 
percent of the 35 nestings in live- 
crown mesquite had some foliage 
cover associated with the “est. How- 
ever, the preferred nest sites-large 
forks, crotches, and branches-were 
usually lower on the tree and not 
located within foliage. 

Basal and trunk sprouts on the 
sprayed mesquite often grew up and 
around the lower, large forks and 
crotches, providing some cover for 
nests located there. Doves also used 
clumps of trunk sprouts as nest sites. 
Doves using the sprouting top-killed 
mesquite placed 62% of 40 nestings in 
sites having some foliage cow. 

Ground nests were found only in 
areas sprayed or sprayed and burned. 
In no case was ground nesting due 

Table 9. Success (“umber) of mourning dove “es@ in relationship to mesquite CIOW” condition and the presence of foliage cover “ear the 
nests, Mitchell County, Tex., 1970-71. 

and not burned 2 21 5 14 1 7 1 2 1 0 
Sprayed 1965 

and burned 3 12 1 4 0 5 0 0 0 0 
Not sprayed 

and burned 1969 0 0 0 1 0 2 3 5 1 22 



Table 10. Mourning dove productivity on treated tobosa grass-mesquite rangeland, Mitchell 
County, Tex., 1970-71. 

1970 1971 

Nestlings fledged Nestlings fledged 

Treatment and No. Per nesting Per No. Per nesting Per 
nest location nests attempt acre nests attempt acre 

Unsprayed 
2 years after burn 

tree 34 .212 .175 
Sprayed 1965 

Unburned 
tree 39 .487 .389 15 .133 .037 
ground 11 1.125 .25 9 6 1 .ooo .150 

Year of burn 
tree 10 .200 -050 4 .500 .050 
ground 37 .459 .425 26 .346 .225 

1 year after burn 
tree 7 .428 .075 2 0 0 
ground 28 .321 .225 39 .333 .325 

2 years after burn 
tree 2 0 0 
ground 23 .308 .200 

alone to the absence of mesquite. 
Ground nests were never more than 
200 ft, and usually less than 100 ft, 
from a tree (Fig. 2, upper). Cowan 
(1952) noted a similar situation in 
California, where doves ground nested 
in cotton fields even though adequate 
nesting sites were available in willow 
groves. 

All the ground nests were in a?soci- 
ation with tobosa grass. “Monotypic” 
areas of buffalograss, annual broom- 
weed (Gutierrezia dracunculoides) or 
common sunflower (Helian thus annua) 
were not used as ground-nesting cover. 
Unburned patches within burn areas 
were not used by ground-nesting 
doves. 

Ground nests were usually located 
beside pricklypear (Opun tia engel- 
mannii), mesquite sprouts or fallen 
mesquite branches (Fig. 2, lower). 
Such vertical cover was beside 75% of 
all ground nests but was most impor- 
tant for nests located in the current 
year’s burn (89%), progressively less 
important in the older burns (76 and 
61%), and least important in the un- 
burned area (41 o/o). An ocular estimate 
of total cover around the ground nests 
(1.2 ft radius) averaged 25% and 

ranged from a low of 8% to a high of 
51%. Cover height ranged from 1 inch 
for some fallen branches and tobosa 
grass to 3 ft for some mesquite 
sprouts. Usually, tall dense vegetation 
was avoided. Overhead cover was only 
rarely present. 

Ground-nesting mourning doves 
seem to prefer open cover with large 
amounts of bare soil and little litter. 
Reports of mourning dove ground 
nests in grain stubble (Downing, 
1959); Hanson and Kossack, 1963) 
and cotton fields (Jackson, 1940; 
Cowan, 1952) also suggest this prefer- 
ence. Burning increased the attractive- 
ness of an area to ground-nesting doves 
by opening up the cover and reducing 
the litter. 

The availability of choice nest 
material is important in determining 
the territorial boundaries of mourning 
doves (Goforth and Basket& 1971). 
Moreover, mourning doves prefer to 
collect their nest materials from areas 
with sparse cover (Swank, 1955). Thus 
burning, while reducing the total 
amount of available litter, added to 
the suitability of the habitat by in- 
creasing the amount of open space 

where doves might collect nest 
materials. 
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An Inventory of Arthropods from 

Three Rangeland Sites 

in Central Montana 

GEORGE B. HEWITT AND WAYNE H. BURLESON 

Highlight: Three rangeland sites (mountain, foothill, and plains) in central 
Montana were surveyed for arthropods to determine their abundance and 
potential impact upon the vegetation. A vacuum quick trap (sampling method) 
showed that seven orders of arthropods were important on the basis of 
abundance and/or above-ground biomass: Acarina (mites); Thysanoptera 
(thrips); Collembola (springtails); Orthoptera (grasshoppers); Hemiptera (true 
bugs); Homoptera (leafhoppers and plant lice); and Hymenoptera (ants). The 
grasshoppers, true bugs, leafhoppers, and thrips consume parts of the plants and 
thus directly affect forage production. Springtails, mites (Oribatidae), and ants 
vary greatly in their habits and may affect forage production indirectly by 
breaking down organic matter in the soil or by affecting population densities of 
other insect species. 

The abundance, distribution, and 
impact of arthropods on northern 
shortgrass rangeland are little known, 
though many workers have surveyed a 
certain group of insect fauna of prai- 
ries or a particular unit of vegetation 
(Whelan, 1927, 1936; Hendrickson, 
1933; Wilbur and Sabrosky, 1936; 
Walkdens, 1943; Blocker et al., 1972). 
Also, workers (Allen, 1871; Adams, 
1915; Hayes, 1927; Shackleford, 
1929; Hendrickson, 1928,1930, 1931; 
and Stoner et al., 1962) have sampled 
prairie insects in the central and south- 
ern rangeland areas of the United 
States. Since insects presumably affect 
plants directly, by consuming the vege- 
tation, or indirectly, by transmitting 
diseases, influencing reproduction 
through pollination, or destroying 
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seeds, we surveyed the above-ground 
arthropods on three major areas of 
northern rangeland-mountain, foot- 
hill, and plains (Fig. 1). Our purpose 
was to determine population densities 
and biomass and potential impact on 
the vegetation present. 

Methods and Procedures 

The mountain rangeland sampling 
area at an elevation of 8,000 ft (15 
miles northeast of Bozeman, Mont.) is 
a subalpine meadow within a lodge- 
pole pine-alpine fir forest. It contains a 
mixture of grasses, forbs, and sedges 
with Idaho fescue (Festuca idahoensis 
Elmer) dominant. Other grasses pres- 
ent include timber danthonia (Dan- 
thonia intermedia Vasey), bottlebrush 
squirreltail [Sitanion hystrix (Nutt.) J. 
G. Smith], mountain brome (Bromus 
carinatus Hook. and Am.), bearded 
wheatgrass [Agropyron subsecundum 
(Link) Hitchc.] , alpine timothy 
(Phleum alpinum L.), and prairie June- 
grass [Koeleria cristata (L.) Pers. ] . The 
following forbs were also present on 
the study site: common yarrow 
(Achilles millefolium L.), Oregon flea- 
bane [ Erigeron speciosus (Lindl.) 
DC. 1, gaillardia (GaiEZardia arista ta 
Pursh.), silvery lupine (Lupinus argen- 
teus Pursh.), and white pointloco 
(Oxy tropis sericea Nutt.). The soil 

varies from sandy loam to rocky. 
The foothill sampling area, at 5,700 

ft (35 miles north of Big Timber, 
Mont.) is a flat bench near the base of 
the Crazy Mountains. This area re- 
ceives more precipitation and produces 
more forage than the plains grassland 
area. This site also contains a mixture 
of grasses, forbs, and sedges, but the 
forbs predominate and the grasses are 
mainly fescues and wheatgrasses. The 
main fescue is Idaho fescue and the 
main wheatgrasses are western wheat- 
grass (Agropyron smithii Rydb.) and 
bluebunch wheatgrass [A. spicatum 
(Pursh.) Scribn. and Smith]. Other 
grasses present were prairie Junegrass, 
needleand thread (S tipa coma ta Trin. 
and Rupr.), and plains reedgrass 
[ Calamagrostis mon tanensis (Scribn.) 
Scribn.]. Many species of forbs were 
recorded, but two species were the 
most abundant; silky lupine (Lupinus 
sericeus Pursh.) and cudweed sagewort 
(Artemisia Zudoviciana Nutt.). The 
half-shrub fringed sagewort (A. frigida 
Willd.) and dense clubmoss (Selaginella 
densa Rydb.) were also abundant. The 
alluvial soil is gravelly loam. 

The plains sampling area at 3,000 ft 
(22 miles north of Roundup, Mont.), 
receives less precipitation than the 
other two sites and is typical short- 
grass rangeland. Needleandthread is 
the dominant grass species but western 
wheatgrass, blue grama [Bouteloua 
gracilis (H.B.K.) Lag ex. Steud.] and 
prairie Junegrass are also abundant. 
Two shrubs occur throughout the 
area: silver sagebrush (A. cana Nutt.) 
and fringed sagewort. Only one forb 
was abundant, American vetch (Vicia 
americana Muhl.). The soil is heavy 
and varies from gravelly to clay. 

All sites were grazed by cattle: the 
mountain site lightly during July and 
August, the foothill site moderately 
during the winter and early spring, and 
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the plains site moderately June 
through August. 

Arthropods were collected on alter- 
nate weeks at all three sites. At each 
collection, 10 random samples were 
taken, except that 20 samples were 
taken on each date in 1972 at the 
mountain site. The mountain site was 
sampled six times from June 26 to 
September 6) in both years, and the 
foothill and plains sites were sampled 
10 times in 1972 and 11 times in 1973 
(from May to October). 

Samples were collected with a 
‘/rm2 cage attached to a 4.9-m boom 
that was mounted on a 3.wheeled 
motorcycle. The cage was released 
from a height of 2.4 m while the 
motorcycle was moving along a tran- 
sect line. The transect lines were 
randomized before sampling began and 
the cage was dropped every lo-20 
meters at random. Arthropods trapped 
in the cage were vacuumed into a net 
placed in a 20.3 cm-diameter vacuum 
hose and were transferred from the net 

into Berlese funnels that were installed 
in a van truck. A portable generator 
provided the power to heat the ele- 
ments in the Berlese funnels and the 
lights used to attract the arthropods. 
The procedure allowed us to make a 
rapid (4 hours) and nearly complete 
extraction (95%) of the arthropods 
from the surface soil and plant litter. 
Adults of the most abundant arthro- 
pods were separated to species (except 
mites, thrips, springtails, and grass- 
hoppers) in the laboratory, dried at 
60°C, and weighed. The other arthro- 
pods were separated to order or group 
(aphids, mites, spiders, and immature 
forms). These groups were not 
weighed. 

Results and Discussion 

Population densities and biomasses 
of species that were considered im- 
portant because of abundance are 
listed in Table 1. The density of other 
arthropods is reported in Table 2 
where they are listed by order or 
group. Adult and late-instar nymphal 
grasshoppers were the heaviest arthro- 
pods collected, but the biomass was 
not determined since the quick trap 
did not quantitatively sample mobile 
arthropods (adult grasshoppers). Some 
specimens of other mobile groups such 
as Hymenoptera and Diptera also 
probably escaped while the cage was 
being dropped. 

Leafhoppers and ant species were 
the most abundant insects on the basis 
of the densities (avg no./m”) listed in 
Table 1. Of the 14 species of leaf- 
hoppers listed, five were recorded 
from all three sites. Aceratagallia fus- 
coscripta (Fig. Z)., was abundant on all 
three sites and was collected on every 



Table 1. Density and biomass of selected (abundant) adult insect species collected with a vacuum quick trap on three rangeland sites (MT = 
mountain, FH = foothill, and PL = plains) in central Montana, 1972-1973. 

Order, family, 
and species 

Avg Avg biomass 
Density (no./m’ ) 

individual 
weight (mglm’ )’ 

MT FH PL (mg)’ MT FH PL 
Coleoptera 

Carabidae 
Metabletus americanus Dejean 

Anthicidae 
Notoxus calcaratus Horn 
Anthicus spp. 

Pedilidae 
Pedilus collaris Say 

Tenebrionidae 
Blapstinus spp. 

Curculionidae 
Otcorhynchus ovatus (L.) 

Diptera 
Ephydridae 

Philygria debilis Loew 
Anthomyiidae 

Hylemya cinerella (Fallen) 
Trixoscelididae 

Trixoscelis fumipennis Melander 
Hemiptera (Heteroptera) 

Miridae 
Chlamydatus associatus (Uhler) 
Stenodema vicinum (Provancher) 
Ceratocapsus spp. 
Labops hesperius Uhler 
Labops brooksi Slater 

Nabidae 
Nabis americoferus Carayon 

Lygaeidae 
Nysius tenellus Barber 
Geocoris bullatus (Say) 
Kolonetrus plenus (Distant) 
Emblethis vicarius Horvath 

Hemiptera (Homoptera) 
Membracidae 

Campylenchia curvata (F.) 
Cicadellidae 

Aceratagallia fuscoscripta Oman 
Hardya den tata (Osborn and Ball) 
Diplocolenus configuratus (Uhler) 
Cuerna alpina Oman and Beamer 
Hebecephalus truncatus Beamer and 

Tuthill 
Sorhoanus debilis (Uhler) 
Dikraneura carneola (Stal) 
Commellus sexvittatus (Van Duzee) 
Gzbrulus labeculus (DeLong) 
Endrh inimica (Say) 
Frigartus frtgidus (Ball) 
Chlorotettix unicolor (Fitch) 
Orocastus spp. 

Psyllidae 
Alphakzra artemistite Foerster 
A. veazei Patch 

Cercopidae 
Philaronti bilinea ta (Say) 

Hymenoptera 
Formicidae 

Tapinoma sessile (Say) 
Formica lasioides Emery 
F. obscuripes Fore1 
Myrmica americana Weber 
Leptothorax rugatulus Emery 
Lasius crypticus Wilson 

0.44 1.97 0.02 0.36 0.16 0.71 0.01 

0 0 .22 .49 0 0 .ll 
.18 .13 0 .26 .05 .03 0 

0 .46 0 1.54 0 .71 0 

0 .Ol .18 2.48 0 .02 .45 

0 .61 .02 2.69 0 1.64 .05 

SO 1.47 .90 .ll .06 .16 .lO 

.Ol .18 0 .92 .Ol .17 0 

0 .43 .52 .27 0 .12 .14 

.02 1.12 .25 .28 .Ol .31 .07 

.46 .13 .Ol 1.74 .80 .23 .02 
0 .75 .13 .34 0 .26 .04 
5.98 0 0 .77 4.60 0 0 
0 .14 0 .77 0 .ll 0 

.36 .44 .03 1.82 .66 .80 .05 

1.12 1.45 1.14 .89 1.00 1.29 1.01 
.03 4.96 .42 .73 .02 3.62 .31 
.Ol .43 0 .41 .Ol .18 0 
.Ol 57 .Ol 2.32 .02 1.32 .02 

0 .22 0 2.68 0 .59 0 

8.00 28.04 4.21 .41 3.28 11.50 1.73 
0 1.74 .05 .29 0 .50 .Ol 

.66 .44 .08 .87 .57 .38 .07 
0 .lO .ll 1.98 0 .20 .22 

.lO .93 .04 .27 .03 .25 .Ol 

.60 3.13 0 .62 .37 1.94 0 

.22 .30 0 .19 .04 .06 0 
0 1.89 0 1.06 0 2.00 0 
1.18 7.81 .56 .44 .52 3.44 .25 

.03 4.76 0 .68 .02 3.24 0 
0 1.06 .07 1.13 0 1.20 .08 
0 .30 0 2.62 0 .79 0 

.16 6.07 1.31 .32 .05 1.94 .42 

0 1.58 6.10 .08 0 .13 .49 
.38 .40 .05 .19 .07 .09 .Ol 

0 

.70 
5.09 

.03 
4.74 

.70 

.19 

.65 -15 3.27 0 2.13 .49 

42.49 3.94 .15 .ll 6.37 .59 
2.23 .30 .35 1.78 .78 .ll 

.47 .02 2.03 .06 .95 .04 
2.36 1.51 .89 4.22 2.10 1.34 

.47 1.98 .03 .02 .Ol .06 

.53 1.30 .20 .04 .ll .26 
’ At least seven specimens (range 7-50) of each species were weighed to obtain mean weights. 
‘Avg biomass/m2 is obtained by multiplying the avg individual dry weight times the avg no./m2. 
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Table 2. Mean densities of other arthropods (order or group) collected with the vacuum quick trap from three types of rangeland in 
Montana, 1972-73.’ 

Density (no./m’) 

Order or group 
A carina 
Aphidae 
Araneida 
Coleoptera 
Collembola 
Diptera 
Hemiptera 
Hemiptera 
Homoptera 
Homoptera 
Hymenoptera 
Lepidoptera 
Misc. larvae2 
Orthoptera 
Orthoptera 
Thysanoptera 
Trichootera 

Common name 
Mites 
Aphids 
Spiders 
Beetles 
Springtails 
Flies 
Bugs 
Bugs 
Leafhoppers, etc. 
Leafhoppers, etc. 
Ants, wasps, bees 
Moths and butterflies 

Grasshoppers and crickets 
Grasshoppers and crickets 
Thrips 
Caddisflies 

Stage of development 
Nymphs and adults 
Nymphs and adults 
Nymphs and adults 
Adults 
Nymphs and adults 
Adults 
Adults 
Nymphs 
Adults 
Nymphs 
Adults 
Adults 

Adults 
Nymphs 
Nymphs and adults 
Adults 

Mountain Foothill Plains 

63.47 41.99 27.36 
-12 13.27 2.19 

3.18 2.06 1.60 
3.66 3.28 1.12 
8.17 14.93 3.48 
1.09 2.71 1.25 
3.43 2.70 .83 
7.31 23.20 3.20 
6.63 8.82 3.12 

42.7 3 176.32 21.57 
6.02 10.14 1.12 
1.12 3.15 .36 
7.52 4.19 1.39 

.30 .58 1.04 
2.29 .82 4.48 

51.20 15.98 1.62 
.lO 0 0 

’ During a 2-year period (1972-1973), a total of 105 m2 was sampled at the foothill and plain sites and 90 m2 was sampled at the mountain 
site. 

2 Coleoptera, Diptera, Lepidoptera, etc. 

sampling date during both years. The 
seasonal density of adults of this 
species is shown in Figure 3: the 
pattern was in general similar at all 
three sites, but the increase in density 
occurred later at the mountain site due 
to the shorter, later growing season at 
that altitude. This same leafhopper 
species was found to be abundant in 
two crested wheatgrass pastures in 
Montana (Hewitt and Burleson, 1975). 

Six ant species were collected at all 
three sites (Table 1). Tapinoma senile 
was the most abundant ant species on 
the foothill and plains sites, and was 
collected on every sampling date dur- 
ing both years at the foothill site. 

At the mountain site, the black 
grassbug, Labops hesperius, (Hemip- 
tera) which is economically important 
on rangeland grasses was collected. 
Lubops hesperius, reported as injurious 
by Todd and Kamm (1974), Knowlton 
and Roberts (1975), and Pepper et al. 
(1953), was the second most abundant 
insect species collected at that site. 
Adults first appeared in early July and 
had disappeared by the middle of 
August. 

In general, of the arthropods col- 
lected average arthropod biomass per 
square meter correlated positively with 
density (Table 1) since four species 
were both the most abundant and had 
the greatest biomass on the mountain 
site : Aceratagallia fuscoscripta (leaf- 
hopper), Labops hesperius (true bug), 
Myrmica americana (ant), and Formica 
lasioides (ant). On the foothill site, the 
four most abundant species were: 
Tapinoma sessile, A. fuscoscripta, and 

&brulus labeculus (leafhoppers) and 
Orocastus spp. (leafhopper); the first 
two also had the greatest biomass. On 
the plain site, the four most abundant 
species were A. fuscoscripta and T. 
sessile plus Apholara artemisiae (jump- 
ing plant lice) and Leptothorax ruga- 
tulus (ant).. Aceratagallkz fuscoscripta 
(Fig. 2) had the greatest biomass. 
biomass. 

Of the groups of arthropods shown 
in Table 2, four were generally the 
most abundant on all three sites: 
Acarina (mites), T hysanoptera 
(thrips), Collembola (springtails), and 

420= MT FH 

360* 

300 

240 

18a 

immature Homoptera (mostly Acera- 
tagallia fuscoscripta). Representative 
drawings of these four groups are 
shown in Figure 4. The species within 
these groups were not determined. 

The average density of arthropods 
(based on the totals collected on each 
site) was greatest on the foothill site: 
(447.35 specimens/m2 versus 
240.33/m2 on the mountain site, and 
101.36/m2 on the plains site). The 
seasonal pattern of density on all three 
sites is shown in Figure 5. During both 
years, density was always highest in 
the spring and fall and lowest during 

IAY ‘JUNE ‘JULY ‘AUG ‘SEP 

PL 

________1g72 

- 1973 

Fig. 3. Seasonal density of Aceratagallia fuscoscripta adults during a 2-year period 
I9 72-19 73 at three rangeland sites in central Montana. MT = mountain, FH = foothill, PL 
= plains.) 
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b d 
ig. 4. Representatives of the four most abundant groups of arthropods: A. Mite 
(Oribatidae); B. Thrips (Thripidae); C Springtail (Entomobrytdae); D. Immature 
leafhopper (Cicadellidae). 
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Fig. 5. Seasonal abundance of the total arthropods sampled at all three sites during a 2-year 
period 1972-1973 in central Montana. (MT = mountain, FH = foothill, PL = plains.) 

the warmer months of summer. Also, 
an abrupt decrease in density occurred 
in September during at least 1 year at 
all three sites. We believe this decrease 
would have appeared in both years if 
sampling had been extended later into 
the fall. Arthropods were generally 
more abundant at all three sites in 
1973 than in 1972. 

On the basis of abundance and 
biomass, seven orders of arthropods 
can be considered to have the greatest 
potential influence on northern range- 
land vegetation: Acarina (mites), 
Thysanoptera (thrips), Collembola 
(springtails), Orthoptera (grasshoppers 
and crickets), Hemiptera (true bugs), 
Homoptera (leafhoppers and plant 
lice), and Hymenoptera (ants). Four of 
these groups affect forage production 
directly: grasshoppers consume above- 
ground plant forage or convert it to 
litter; thrips feed on flowers and 
leaves; and Homoptera and Hemiptera 
cause necrosis by removing sap from 
the leaves. Also, many species of leaf- 
hoppers are vectors of plant diseases; 
for example, the leafhopper, Endria 
inimica, which was abundant on the 
foothill site, was listed by Slykhuis 
(1953) as the vector of striate mosaic 
of wheat in the United States. Two 
species of Hemiptera, Geocoris bul- 
&us, which was important in terms of 
biomass on the foothill site, and Nabis 
americoferus, are predators of small 
insects. Most of the springtails and 
mites (Oribatidae) are scavengers and 
increase soil fertility by breaking down 
organic matter. A few species of 
springtails are phytophagous. The ants 
vary considerably in habits; for ex- 
ample, the genus Lash contains 
species that feed largely on honeydew 
(an excretion from aphids), the genus 
Formica includes species that raid the 
nests of other species of Formica and 
carry off pupae, which are eaten or 
reared, and the genus Myrmica in- 
cludes species that feed on seeds or 
fungi or that are parasitic. The last 
three groups mentioned (springtails, 
mites, and ants) only indirectly affect 
plant growth. However, some ants are 
seed feeders and can affect plant suc- 
cession and abundance. 
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Row Spacings of Russian Wildrye for Fall 

Pasture in Southern Saskatchewan 

M. R. KILCHER, D. H. HEINRICHS, AND R. W. LODGE 

Highlight: In southern Saskatchewan fall grazing resources 
become acutely short because little growth of grass occurs 
after early July. Russian wildrye {Elymus junceus) cures better 
than most other grasses and is therefore best for late fall 
pasture. Over a P-year period cattle were grazed on stands of 
Russian wildrye that had been seeded in rows spaced 20, 40, 
or 60 cm apart. Two stocking rates were used. The animals 
were weighed periodically and were removed when losses in 
weight occurred. Up to 5 weeks of grazing were obtained 
where rows were 60 cm apart and when stocked at one animal 
on each .43 ha, compared to as low as 3 weeks where rows 
were only 20 cm apart and stocked at one animal on each .32 
ha. Values for crude protein, digestibility, crude fibre and 
ether extract are given. 

The Canadian sector of the Northern Great Plains Region of 
North America is cold and semiarid. Swift Current, Sask., is 
located in about the center of this Canadian sector. The 
average annual precipitation is 360 mm, of which 167 falls in 
May, June, and July. About 70% of the seasonal growth of 
perennial grasses occurs by the end of June (Lodge et al., 
1971) causing a critical pasture shortage in the fall. This must 
be alleviated by a management system that provides adequate 
amounts of “fairly nutritive cured” grass during the fall. 

Russian wildrye (Elymus junceus) is drought tolerant and 
cures well in the field (Lawrence, 1966). It is well adapted to 
the region as a pasture grass and excels other grasses in 

Authors are, respectively, forage agronomist and forage crops 
section head, Research Station, Research Branch, Agriculture Canada, 
Swift Current, Saskatchewan, S9H 3X2; chief of Land Use, (P.F.R.A.), 
DREE, Regina, Saskatchewan. 

Manuscript received May 1, 1975. 
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nutritional qualities in the fall (Heinrichs and Carson, 1955; 
Lawrence and Troelsen, 1964) (Fig. 1). 

The effect of plant density on production has been studied 
but mostly when the grass was harvested for seed. The present 
study was undertaken to determine the best row spacings for 
Russian wildrye as a fall pasture. 

Average annual precipitation during the 9-year period of 
this study was 316 mm, compared to the 89-year average of 
360 mm. 

Materials and Methods 

In October 1964 a 2-replicate test of Russian wildrye was 
seeded in rows spaced 20, 40, and 60 cm apart on clay loam 

Fig. 1. Cattle grazing widely spaced rows of Russian wildrye in early 
winter at Swift Current, Sask. 
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Table 1. Dry matter yields (kg/ha) at commencement of grazing in late September. 

Row spacings 
and grazing 

g-year 
intensity’ 1966 annual 1967 1968 1969 1970 1971 

1972 1973 1974 mean 

20cmM 1365 1210 1010 663 705 437 20 cmH 630 370 1444 471 910 762 791 
667 765 400 40cmM 630 480 1309 578 1367 740 1240 
867 1070 406 880 40cmH 1108 610 656 848 933 1000 
953 955 423 790 60cmM 525 2014 565 2053 796 2333 

1309 1815 730 60 cmH 1610 655 1152 1523 15 1247 19 1250 
1178 1560 618 1140 595 

Mean 
1111 

1460 1272 
1136 

1211 940 1145 502 947 539 756 . 
’ M denotes medium heavy grazing; H denotes heavy grazing. 

brown soil. The row spacings constituted the main paddocks, 
which were 2.3 ha in size. Each main paddock was divided into 
subpaddocks of 1.0 and 1.3 ha to provide two intensity rates 
of stocking, herein referred to as medium heavy and heavy, 
respectively. 

The 12 paddocks were fenced and provided with water, and 
a T-shaped spaced slab fence was erected in the middle of each 
to provide shelter from cold winds. 

Commencing in 1966, three head of yearling cattle were 
put on each paddock on or about October 1 each year for 9 
consecutive years. This equates to .33 and .43 ha for each 
animal for the two stocking rates used. The average weight of 
yearlings was about 380 kg. Each animal was weighed when 
put into the pasture and at 12- to 14-day intervals thereafter. 
They were taken off the paddocks when weight gains ceased or 
when a decline was measured. Real differences in length of 
grazing season were determined by subjecting the 
measurements to Duncan’s multiple range test procedure. 

Dry matter grass yields were determined each year at 
commencement of fall grazing in late September. 

During 7 of 9 years, evaluation of grass quality was 
obtained by determining crude fibre (CF), crude protein (CP), 
ether extract (EE), and organic matter digestibility (OMD) by 
an in vitro technique. 

Results 

Dry Matter Yields 

From 1966-74 yields ranged from an overall average of 502 
kg/ha in 1971 to 1,460 in 1966 (Table 1). The 9-year average 
for intert-ow spacings were 751, 864, and 1,328 kg/ha for the 
20-, 40-, and 60-cm spacings, respectively (Fig. 2). It should be 
noted that these differences in yields were not uniform in 

Fig. 2. Mid-sui 
..--_z._-_ 
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ssian wildrye showing 20.cm rc 
“.‘_l_C 

quantity from one spacing to another. Yields from the 40-cm 
spaced stands were only 15% greater than those from the 
20-cm stands, while those from the 60-cm stands were 77% 
greater (Table 2). 

Table 2. Percent increase in yield by row spacings on basis of 20 cm = 
100%. 

Grazing 
intensity 20 cm 40 cm 60 cm 

M 100 122 199 
H 100 108 154 
Overall mean 100 115 177 

Feed Quality 

Neither row spacings nor intensity of use contributed to 
important differences in nutritional quality of the forage 
despite there being more seed culms in the wider row stands 
(Table 3). 

Table 3. Nutritional quality of grass at two stages. 

Row spacing Late Sept. samples 

and grazing Range of dyear 
intensity’ values mean 

Crude protein (%) 
20 M 5.2 to 7.0 6.2 

H 5.0 to 7.5 6.2 

40 M 5.3 to 7.0 5.9 
H 4.9 to 6.7 5.8 

60 M 5.1 to 6.6 5.9 
H 5.4 to 6.8 6.2 

Organic matter 
digestibility (%) 

20 M 45.6 to 54.0 50.4 
H 46.4 to 57.2 52.3 

40 M 44.2 to 54.7 49.8 
H 46.1 to 57.1 51.4 

60 M 45.4 to 55.7 50.3 
H 46.3 to 56.6 51.9 

Crude fibre (%) 
20 M 30.0 to 33.7 31.4 

H 30.5 to 33.4 31.4 

40 M 27.3 to 34.2 31.3 
H 30.6 to 34.2 31.8 

60 M 30.7 to 35.2 32.6 
H 30.0 to 35.0 32.0 

Ether extract (%) 
20 M 4.0 to 6.4 4.9 

H 3.7 to 6.1 5.0 

40 M 3.9 to 6.2 4.8 
H 3.4 to 6.2 4.8 

60 M 3.5 to 6.1 4.9 
H 3.7 to 6.2 4.7 

’ M denotes medium heavy grazing; H denotes heavy grazing. 
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Table 4. Final cattle weight gains or losses (kg). 

Row spacings 
and grazing intensity’ 1966 1967 1968 

20 M 20 40 30 
H -7 34 21 

40 M 32 46 27 
H 15 35 26 

60 M 27 37 40 
H 40 31 14 

Year mean 21.2 37.2 26.3 

g-year 
Average of 6 animals annual 

1969 1970 1971 1972 1973 1974 mean 

4 -5 -38 -29 23 42 9.0 
7 10 -34 -48 -14 46 1.7 

-16 -1 -42 -24 1 59 9.1 
-16 -20 -14 -53 -21 44 -0.4 

-11 1 -50 -29 17 48 8.9 
-14 -22 -48 -35 -1 37 1.3 

-9.0 -6.2 -37.7 -31.8 .8 46.0 

1 M denotes medium heavy grazing; H denotes heavy grazing. 

Grazing Period 

The treatments did not cause as great a difference in 
carrying capacity as the dry matter yields tend to indicate 
(Fig. 3 and Table 1). The 20-cm spaced stands provided from 
23 to 25 days of grazing on the average, compared to 33 to 37 
days provided by the 60-cm spaced stands. Differences due to 
stocking rates within spacing treatments were greater for the 
40- and 60-cm spaced stands than within the 20-cm spaced 
stands. 

Cattle Weights 

Throughout the experiment both gains and losses were 
recorded for the cattle on each treatment (Table 4). The net 
result was a small 9-year average annual weight gain for all of 
the medium heavy grazed pastures and a loss or near loss on all 
heavily grazed pastures. What it really amounted to was a 
maintenance of weight through the grazing period. Perhaps of 
more interest is the pattern of gain and loss within the grazing 
period that contributed to the maintenance level outcome. 
The average animal gain during the first grazing period up to 
first weighings was usually in excess of 1 kg per day (Table 5). 

Table 5. Distribution of average weight gain or loss (kg) per animal at 
successive 2-week weighings through grazing period. 

g-year average of 6 animals 

First Second 
weighing weighing Last 

Row spacings (after 2 (after 4 weighing Overall 
and grazing weeks weeks (at g-year 
intensity’ grazing) grazing) termination) mean 

20 M 23.1 5.9 -20.0 9.0 
H 17.0 -0.3 -15.0 1.7 

40 M 31.0 14.1 -36.0 9.1 
H 33.1 0.7 -33.4 -0.4 

60 M 30.0 6.2 -23.3 8.9 
H 31.4 5.0 -35.1 1.3 

Overall avg 
weighing means 
(gains or losses) 27.6 5.3 -27.1 

’ M denotes medium heavy grazing; H denotes heavy grazing. 

60 cm - Medium heavy 
b_---__-f 7 ~~ys-----~ a 

60 cm - Heavy 
k--_ -f 5 Days----c( b 

40 cm - Medium heavy 
t __--__ -*7 Days----- i 

40 cm - Heavy 
p---_--_f 7 D~ys-------( 

20 cm - Medium heavy 
t------f 6 Days---+ 

bc 

C 

C 

20 cm - Heavy 
+-----f 5 Days---_ C 

1”“1”“1”“1”“~““~““~~““““““‘J 
Sept. 30 Oct. 5 IO 15 20 25 30 Nov. 4 9 14 

Grazing Period 
Fig. 3. Mean length of fall grazing period showing a variation during the 9-year period as affected by row spacings and stocking rate. 
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But, during the next 10 to 14 days the gains were small or 
absent. During the last period of use all cattle lost weight to 
the approximate weight level at which they went into the 
grazing test. 

Discussion 

Lack of a better association between dry matter yield and 
grazing time as influenced by row spacing can be attributed to 
stemminess. Although individual plants have larger crowns and 
hence more leaves when grown in more widely spaced rows, 
they have proportionately more seed culms than do plants 
growing in rows which are more closely spaced. Cattle will not 
normally eat stems of Russian wildrye and will only take them 
after all available leaves have been grazed. By this time the 
cattle are obtaining insufficient feed for maintenance, and 
weight losses occur rather suddenly. Additionally, the weather 
became increasingly colder about the time that all leaf material 
was consumed so that maintenance requirements were 
increasing while feed supply was decreasing. 

Although the intensity of use treatments were designated as 
medium heavy and heavy, they were in fact both considerably 
heavier than those a producer would most likely employ. 
Snowfall through November and most often -into 
mid-December is usually low enough to permit grazing. If the 
stocking rate was adjusted to .75 ha per animal instead of the 
.32 and .43 used in this trial, the fall-winter grazing period 
could well extend to 2 months instead of the 5 weeks 
maximum obtained. This, in fact, is currently being obtained 
by stockmen in this area. 
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Establishment, Production, and Protein 

Content of Four Grasses in South Texas 

D. B. POLK, JR., C. J. SCIFRES, AND J. L. MUTZ 

Highlight: Old World bluestem and Selection 75 Kleingrass 
established stands more rapidly and produced more topgrowth 
the year of seeding than did Bell Rhodesgrass or green 
sprangletop at three locations in South Texas. Based on crude 
protein content of foliage at maturity, the grasses ranked 
Selection 75 Kleingrass > Bell R hodesgrass, green sprangletop 
> Old World bluestem. Old World bluestem foliage contained 
only slightly more than 6% crude protein at maturity. 
However, crude protein content of Old World bluestem, Bell 
R hodesgrass, and green sprangle top decreased only slightly 
from maturity to dormancy. Selection 75 Kleingrass crude 
protein levels in foliage dropped from about 13% at maturity 
to less than 9% during dormancy. 

The South Texas Plains consists of over 8 million hectares, 
most of which is utilized as grazing lands (Gould, 1969). The 
area is characterized by growing seasons of longer than 300 
days, an average rainfall of 75 to 90 cm, and droughty 
summers. Topography is level to gently rolling and soils are 
highly variable. Vegetation of the South Texas Plains is 
characterized by heavy stands of mixed brush (Prosopis- 
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Acacia). Effective range improvement practices, especially 
brush control and revegetation, are required for conversion of 
this “brush country” to highly productive range. 

Following disturbance from practices such as mechanical 
brush control, natural revegetation through secondary succes- 
sion is usually too slow to provide the early competitiveness 
necessary to preclude reinvasion by brush species. Native 
grasses ordinarily return to cleared rangeland in 2 to 4 years 
depending upon rainfall and intensity of grazing use (Carter, 
1958). Seeds of many native grass species are unavailable 
commercially. Some introduced grasses such as buffelgrass 
(Cenchrus ciliaris L.) and Bermudagrass (Cynodon dactylon 
(L.) Pers.) have proven superior to resident species in forage 
production and quality. Therefore, artificial revegetation using 
adapted introduced grasses with an available seed source is 
frequently the most economical alternative for the landowner. 
However, lack of cold-tolerant strains of buffelgrass limit its 
use in the northernmost portions of the South Texas Plains; 
and recent increases in cost of nitrogen fertilizer have reduced 
the advantage of Bermudagrass as pasture. 

A limited number of species which do not require intensive 
management are available for artificial revegetation in South 
Texas. Before seeding expenses are incurred, adaptability and 
productivity of the species must be evaluated. Green sprangle- 
top is a short-lived bunchgrass used as a filler-grass for range 
seeding mixtures. A native, it is apparently well adapted to a 
wide variety of soil and climatic conditions. Results from 
grazing trials indicate that Kleingrass offers promise for 
producing good gains in a normal growing season and for 
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winter grazing of cattle in South Texas (Holt and Conrad, 
1967). Bell Rhodesgrass is a vigorous, upright perennial 
developed specifically for South Texas (Anonymous, 1966). 
Old World bluestem (‘PMT-587’) is an introduced, warm- 
season bunchgrass which, although not yet released com- 
mercially, has been studied since the 1960’s by the Soil 
Conservation Service. It is apparently adapted to many areas in 
Texas and has shown promise as a forage species in field 
studies.’ 

The objectives of this study were to compare the establish- 
ment success, production, and protein content of the intro- 
duced species, Kleingrass (Panicurn coloratum L. cv. “Selec- 
tion 75”), Rhodesgrass (Chloris gayanu Kunth. cv. “Bell”) and 
Old World Bluestem composite (Dicanthium sp.), and green 
sprangletop (Leptochloa dubia (H.B.K.) Nees), a native species 
in South Texas. Variables studied for comparison of the four 
grasses included (1) emergence and seedling development as 
influenced by various soil types; (2) oven-dry forage produc- 
tion on three range sites; and (3) the crude protein content of 
the first-year plants. 

Materials and Methods 

Site Descriptions 
Seedling emergence and development of the grasses were 

evaluated during 1973 in South Texas on a Sarita fine sandy 
loam and a Lomalta clay loam site near San Perlita in Willacy 
County. Two experiments were established, one in 1973 and 
the other in 1974, on a Lakeland loamy fine sandy site on the 
Texas A&M University Range Research Area near College 
Station. 

The Sarita fine sandy loam is classified as a deep sand range 
site. It is level to gently sloping with drainage primarily 
through the soil profile. Soils are deep with neutral, pale- 
brown, fine, sand surfaces and mottled, sandy clay subsoils. 
The fine sand surface ranges from 50 to 200 cm deep and 
averages about 100 cm. Potential vegetation should probably 
be open grassland or a honey mesquite (Prosopis glandulosa 
Torr. var. glandulosa) Savannah characterized by mid- and 
tall-grasses. At the time of this study, the site supported a 
heavy brush cover dominated by honey mesquite, spiny 
hackberry (Celtis pallida Torr.), huisache (Acacia farnesiana 
(L.) Willd.), lime pricklyash (Zanthoxylum fagara (L.) Sarg.), 
and pricklypear (Opuntia sp.). 

The Lomalta clay loam was classified as a salty prairie range 
site. This site occurs on low flat areas near the coast and 
usually ranges from 1 to 3 m above sea level. Soils vary from 
sandy loam to clay and are usually underlain with a slowly 
permeable clay subsoil. Soil salinity is variable but may create 
problems on some of the heavier-textured soils. Potential 
vegetation is probably open grassland dominated by gulf 
cordgrass (Spartina spartinae (Trin.) Merr.) with considerable 
amounts of seacoast bluestem (Schizachyrium scoparium 
(Michx.) Nash var. littoralis (Nash) Gould) in localized areas 
especially at the higher elevations. The area now supports a 
heavy brush canopy of species previously mentioned for the 
deep sand range site. 

The Lakeland loamy fine sand is a deep or moderately deep 
soil with a dense claypan. This site near College Station was 
used to represent the northern extremity of the South Texas 
area. The sandy loam topsoil ranges from 15 to 30 cm deep. 
The surface soil takes in water readily but the tight clay 
subsoils are slowly permeable and restrict air movement and 
root growth. The slow permeability and shallow topsoil cause 

’ Personal communication with Arnold Davis, regional plant materials 
specialist, Southern Regional Technical Service, Center, Ft. Worth, 
Tex., and D. B. Polk, Sr., state resource conservationist, U.S. Dep. Agr., 
and Soil Conserv. Serv., Temple, Tex. 

the site to be wet in winter, slow to warm up in summer, and 
droughty during the growing season. These soils are often 
referred to as “claypan” soils. The climax plant community is 
a post oak (Quercus stellata Wang.)-blackjack oak (Quercus 
marilandica Muenchh.) Savannah. Grasses such as little blue- 
stem (Schizachyrium scoparium Michx.), yellow Indiangrass 
(Sorghastrum nutans (L.) Nash), and brownseed paspalum 
(Paspalum plicatulum Michx.) dominate the herbaceous layer. 

Plot Establishment 
Bell Rhodesgrass and green sprangletop seeds were pur- 

chased from a commercial source near Uvalde in the Rio 
Grande Plains. Selection 75 Kleingrass and Old World bluestem 
were obtained from the Soil Conservation Service Plant 
Materials Center at Knox City, Texas. At each location during 
1973, plots consisted of three rows about 5 m long and 53 cm 
apart. Plots were arranged in a randomized complete block 
design with two replications. Seedbeds were prepared by 
lightly discing or with a small garden tiller. Caryopses were 
hand-planted on May 15 near College Station and June 10, 
1973, near San Perlita at a rate of 105 live caryopses/m of 
row. Plots were fenced to preclude grazing by domestic 
animals. 

The number of seedlings emerged, average number of leaves 
per plant, and average height of 20 randomly selected plants of 
each species were recorded at monthly intervals near San 
Perlita and at weekly intervals near College Station for the first 
4 months after planting. Seedling emergence was recorded 
from 0.3 m of the center of the middle row of each plot. 
Height (with uppermost leaves extended) change per unit time 
(cm/day) was utilized to develop comparative growth rates for 
the grasses. 

Topgrowth from the entire plots near College Station was 
clipped to a S-cm stubble height at 4- and 8-months after 
planting, oven dried, and weighed. Topgrowth production 
from plantings near San Perlita was estimated by clipping 
50 cm in the center of the middle row in each plot 4 months 
after planting. Entire plots were harvested from each location 
in August, 1974. 

Green tissue was sampled at maturity and at 4 and 8 
months after planting near College Station for analysis of 
crude protein content. Fresh tissue was separated into leaves 
and culms immediately following harvest, placed in plastic 
bags, and frozen. The samples were analyzed by the Texas 
A&M University Agricultural Analytical Service using the 
Kjeldahl procedure (Ass. Offic. Agr. Chem., 1960) for nitrogen 
determination. Leaf:stem ratios of the grasses were determined 
using fresh weights to allow comparison of crude protein 
contents. 

On May 6, 1974, each species was seeded in 5.5 by 15 m 
plots in rows 25 cm apart. A “Nesbit”2 drill was used to plant 
the caryopses at 0.6 to 1.2 cm deep. The drill was calibrated 
but due to differential characteristics of the seeds, seeding 
rates [kg P.L.S. (pure live seed)/ha] varied with 2.25 for Bell 
Rhodesgrass, 2.21 for green sprangletop, 2.50 for Old World 
bluestem, and 3.02 for Selection 75 Kleingrass. Plots were 
arranged in a randomized complete design with three replica- 
tions. Stand counts in six, 0.25-m2 subsamples per plot were 
made on December 4, 1974. Percentage emergence was based 
on initial seeding rate, and analysis of covariance was used to 
adjust yield based on density due to the differential seeding 
rates. 

Results and Discussion 

Seedling Emergence 
Old World bluestem was the most successful species relative 

2Mention of a tradename does not necessarily imply endorsement by 
the Texas Agricultural Experiment Station of any proprietory product 
over others used for the same purpose. 
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Table 1. Average seedling emergence (%) 30 days after planting four 
selected grasses from soils of three range sites in the early summer of 
1973 in South Texas.a 

Soilb 

Species 
Lakeland 

If.9 
Sarita 

fsl 
Lomalta 

cl Aw 
Old World bluestem 
Selection 75 Kleingrass 
Bell Rhodesgrass 
Green sprangletop 

Average 

92 r 14t 29 t 45 x 
63 s 23t 14t 33 x 

3t 3t ou 2Y 
27 t lu ou 9Y 

46 a lob llb 

aMeans followed by the same letter are not significantly different at the 
90% level. 

At maturity, 70 days after planting in 1973, Bell Rhodes- 
grass had reached a mean height of 57 cm near College Station. 
Near San Perlita, Bell Rhodesgrass matured 85 days after 
planting, approximately the same time as Kleingrass. Green 
sprangletop reached maturity in 85 days at both locations in 
1973. 

blfs = loamy fine sand, fsl = fine sandy loam, and cl = clay loam. 

to seedling establishment in 1973 (Table 1). However, percent- 
age emergence varied considerably among sites, from 14% on 
the Sarita fine sandy loam to 92% on the Lakeland loamy fine 
sand. Since the same seed lot and seedbed preparation 
techniques were used at all locations during 1973, the 
differences probably reflect site characteristics and planting 
date. Earlier plantings near College Station probably allowed 
maximum benefit of early moisture and milder temperatures. 
About 21 cm of rainfall was received on plots near College 
Station within 30 days after planting whereas only 2 cm was 
received near San Perlita. Near College Station, average high air 
temperature was about 23°C the month following seeding 
whereas it exceeded 28°C near San Perlita. 

All species produced caryopses within 80 days after 
clipping to a 5-cm stubble height at 120 days after planting 
(September) in 1973 near College Station. The grasses initiated 
new growth at about the same time in late February, 1974. 

Topgrowth Production 

Mean emergence of Selection 75 Kleingrass, 33%, was not 
significantly different from that of Old World bluestem in 
1973 (Table 1). Only on the Lakeland loamy fine sand site was 
Kleingrass emergence less than that of Old World bluestem. 
Selection 75 Kleingrass was the most successful species, based 
on seedling emergence in 1974 on the Lakeland loamy fine 
sand. Over 80% of the Kleingrass seedlings emerged by 85 days 
after planting as compared to 64% for Old World bluestem. 

Four months after planting in 1973, Old World bluestem 
produced the most topgrowth of the grasses studied regardless 
of location (Table 2). It was best adapted to the Lakeland 
loamy fine sand. Old World bluestem did not produce 
significantly more herbage than Selection 75 Kleingrass on the 
Sarita fine sandy loam and Lomalta clay loam sites near San 
Perlita. Near College Station, in the 1973 seedling year, Old 
World bluestem exceeded the second most productive species, 
Kleingrass, by 0.3 kg/m of row. Old World bluestem was the 
most productive species in 1974 near College Station, yielding 
6,160 kg/ha in December after seeding in May. 

Table 2. Topgrowth production (kg/m of row) 4 months after planting 
four species of grass in rows 53 cm apart on three rante sites in 1973 
in South Texas.a 

Soilc 

Bell Rhodesgrass and green sprangletop were the least 
successful species regardless of site or year of study. Seedling 
emergence of Bell Rhodesgrass averaged only about 2% in 
1973 and was not significantly different from green sprangle- 
top (Table 1). Although over 30% of the Bell Rhodesgrass live 
seeds emerged in 1974 on the same site, Selection 75 
Kleingrass and Old World bluestem were more successful. 

Species 

Old World bluestem 
Selection 75 Kleingrass 
Bell Rhodesgrass 
Green sprangletop 

Average 

Lakeland Sarita Lomalta 
lf S fsl cl Avg 

.52 a .16 b .13 b .26 x 

.22 b .08 b .09 b .13 y 

.17 b .Ol c Tb c .06 z 

.09 b Tb c Tb c .03 2 

.27 m .06 n .05 n .13 

Emergence of all grasses averaged 35% higher on the 
Lakeland loamy fine sand than on sites near San Perlita in 
1973 (Table 1). There were no differences within species in 
percentage seedling emergence on the Lakeland loamy fine 
sand between evaluations at 30 and 60 days after planting. 
Therefore, late seedling emergence or seedling mortality was 
not a factor in evaluation of early seedling establishment. 
However, production estimates the year after seeding (1974) 
indicated that fall emergence of Bell Rhodesgrass and green 
sprangletop occurred (Table 3). 

Growth and Development 

aMeans followed by the same letter are not significantly different 

b?ztta)fe amounts. Green sprangletop and Bell Rhodesgrass were not 
encountered in the samples but were noted in other portions of the 
plot. 

clfs = loamy fine sand, fsl = fine sandy loam, and cl = clay loam. 

Selection 75 Kleingrass was the most rapidly growing of the 
species studied near College Station during 1973. Kleingrass 
was mature (caryopses fully developed) about 70 days after 
planting with an average height of about 63 cm. Near San 
Perlita, Selection 75 Kleingrass was mature about 85 days after 
planting. 

Selection 75 Kleingrass was the second most productive 
species based on mean yields across study sites in 1973 (Table 
2) and near College Station in 1974. Only on the Lakeland 
loamy fine sand were differences in yields between Selection 
75 Kleingrass, Bell Rhodesgrass, and green sprangletop not 
significant. Yields in 1974 for Selection 75 Klein&ass were 
2,400 kg/ha, significantly less than that previously mentioned 
for Old World bluestem. On the Sarita fine sandy loam and 
Lomalta clay loam sites in 1973, Selection 75 Kleingrass 
produced 0.08 to 0.09 kg/m topgrowth, whereas green 
sprangletop and Bell Rhodesgrass did not establish successful 
stands (Table 2). 

Old World bluestem matured more slowly than the other Green sprangletop stands were so sparse on the Sarita fine 
species. It was not mature until 115 days after planting near sandy loam and Lomalta clay loam sites that it was not present 
College Station and 95 days after planting near San Perlita in in the center row samples the fall after seeding in 1973 (Table 
1973. This might be advantageous for extending grazing into 2). However, trace amounts were recorded since it was noted 

the fall period when other species are mature. Old World 
bluestem reached an average height of 96 cm at maturity in 
1973 near College Station. The stems appeared rather coarse as 
compared to the other grasses. Old World bluestem might be 
benefited by topgrowth removal the seedling year to reduce 
coarseness and promote leafiness. 
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in other portions of the plots. Also, green sprangletop 
produced less than 50 kg/ha topgrowth from 1974 plantings 
near College Station. Bell Rhodesgrass did not establish a stand 
on the Lomalta clay loam site in 1973 (Table 2). On the 
Lakeland loamy fine sand site, Bell Rhodesgrass exhibited 
extreme variation between replications and averaged 0.17 
kg/m of row. Bell Rhodesgrass seeded in May, 1974, yielded 
3,160 kg/ha topgrowth in December, which reflected better 
stands than those developed during 1973. Yield from 1974 
plantings was no different from that of Selection 75 Kleingrass 
but less than that of Old World bluestem. 

Near College Station, the grasses produced more forage 
during the summer (May to September) than during the fall 
(October to January) of 1973. However, forage production 
differed less among species during October to January than 
during early part of establishment, from May to September. 
Old World bluestem, Selection 75 Kleingrass and Bell Rhodes- 
grass produced from 0.05 to 0.06 kg/m of row during the 
period from October to January, 1973. Green sprangletop 
yielded only about 0.02 kg/m during the same period. Bell 
Rhodesgrass was the only species which yielded the same 
amount of topgrowth during October to January as during 
May to September. 

The year after seeding in 1973, highest average topgrowth 
production occurred on the Lakeland loamy fine sand (Table 
3). As it did during the seedling year, Old World bluestem 
produced more herbage than the other grasses the year after 
seeding. Bell Rhodesgrass and green sprangletop developed 
poor stands on the sites near San Perlita and stands were sparse 
near College Station in 1974 after seeding in 1973. 

Table 3. Topgrowth production (kg/m of row) in July, 1974, after 
seeding 4 species of grasses in rows 53 cm apart in late spring and 
early summer of 1973 at three locations in Texas.a 

soilc 
Lakeland Sarita Lomalta 

Species KS fsl cl Avg 
Old World bluestem 0.73 d 0.55 c 0.55 c 0.50 r 
Selection 75 Kleingrass 0.64 cd 0.02 a 0.16 ab 0.27 s 
Bell Rhodegrass 0.24 b 0.02 a 0.01 a 0.09 c 
Green sprangletop 0.13 ab Tb a Tb a 0.05 t 

Average 0.44 x 0.15 y 0.10 y 
aMeans followed by the same letter are not significant at the 90% level. 
bT = trace amounts, less than 0.01 kg/m. 
clfs = loamy fine sand, fsl = fine sandy loam, and cl = clay loam. 

Crude Protein 

Crude protein content was determined only during the 
seedling year from 1973 plantings. Mature Selection 75 
Kleingrass foliage contained higher levels of crude protein than 
other species studied (Fig. 1). Foliage of Bell Rhodesgrass and 
green sprangletop contained less crude protein than Selection 
75 Kleingrass but almost twice the amount of that in mature 
foliage of Old World bluestem. As expected, mature culms of 
all species contained less crude protein than did the foliage. 
Both culms and foliage of Old World bluestem contained less 
crude protein than did those of the other species. Culms of 
green sprangletop were higher in crude protein than those of 
other species, improving overall forage value. 
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Fig. 1. Crude protein content (%) of leaves and stems of Old World 
bluestem (OWB), Selection 75 Kleingrass (S75K), Bell Rhodesgrass 
(BR), and green sprangletop (GS) at maturity the year of seeding a 
Lakeland loamy fine sand near College Station, Tex. 

Crude protein levels of Old World bluestem, Bell Rhodes- 
grass, and green sprangletop plants from dormant samples 
collected in January were about the same as at maturity. 
However, protein content of Selection 75 Kleingrass dropped 
to less than 9%, due to weathering from September to 
January. 

Generally, it is expected that the greater the degree of 
leafiness, the greater the percentage of crude protein in grasses. 
Old World bluestem and Bell Rhodesgrass exhibited the lowest 
1eaf:stem ratio and crude protein content in September, while 
Kleingrass and green sprangletop contained the highest amount 
of crude protein and the highest 1eaf:stem ratio. Although the 
other grasses contained about the same amount of crude 
protein, Bell Rhodesgrass had the highest 1eaf:stem ratio 
relative to crude protein content. 
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Factors Involved in the Decline of Annual 

Ryegrass Seeded on Burned Brushlands 

in California 

VASILIOS PAPANASTASIS 

Highlight : The effect of amount of mulch, nitrogen 
fertilizer, <nd clipping frequency was studied on herbage and 
seed production of annual ryegrass /Lolium multiflorum Lam.) 
seeded on a burned brushland in California. The experiment 
was continued for 2 years but, in the second year, actual 
grazing by meadow mice {Microtus californicus) was 
substituted for the clipping treatment. Available nitrogen in 
the soil was found deficient in both years but the deficiency 
was more pronounced in the relatively dry year. Meadow mice 
reduced herbage and seed yields significantly in the second 
year. It is concluded that the decline of annual ryegrass in 
burned brushlands is associated with a corresponding decline 
through immobilization of available soil nitrogen released by 
brush burning. 

Annual ryegrass (Lolium multijlorum Lam.) is extensively 
used for emergency revegetation of burned brushlands in 
California. Its easy establishment, vigorous seedlings, and 
prolific root system, as well as its cheap and abundant seed, 
makes it a good choice for seeding burned brushlands where 
protection of the bare soil from erosion is urgently needed. 
Although it provides a satisfactory foliage cover in the first or 
second growing season, it declines in abundance thereafter to 
drop out partially or completely in a period of 3 to 5 years 
after the seeding (Anonymous, 1957 through 1971; McKell et 
al., 1965; Papanastasis, 1973). 

Several factors seem to be involved in this decline of annual 
ryegrass. McKell et al. (1969) found that ryegrass mulch 

Brushland soils of California were found to be deficient in 
nitrogen and phosphorus (Vlamis et al., 1954, 1959). 
However, brush burning releases a measurable amount of 
available nitrogen, phosphorus, and sulfur to the soil (Vlamis 
and Gowans, 1961). Apparently the nitrogen declines rather 
rapidly since Vlamis et al. (1955) found that a 2-year-old burn 
contained less available nitrogen than a 1 -year-old burn. 

Grazing by livestock is not normally practiced in areas 
burned and seeded for soil protection, and there is no evidence 
that early spring grazing by deer can be much of a problem. 
However, annual ryegrass is a preferred food for the small 
rodents. Batzli and Pitelka (1971) found that meadow mice 
(Microtus californicus) preferred annual ryegrass to several 
other annual grasses within the California annual type. 
Moreover, Cook (1959) recorded a sizeable population of 
small rodents invading a burned brushland from adjacent areas 
in California. 

The objective of this research was to study the effect of 
amount of mulch, nitrogen fertilizer, clipping frequency, and 
meadow mice on herbage and seed production of annual 
ryegrass over a 2-year period and to relate this effect to the 
problem of annual ryegrass decline on burned brushlands. 

The study area was located near Berkeley, Calif. The 
vegetation was made up mainly of coyote brush (Baccharis 
pilularis) which was burned by a wildfire in September, 1970. 
Immediately after the fire the area was seeded by helicopter 
with 22 kg/ha of annual ryegrass. 

retards the establishment and growth of other species but they Materials and Methods 
could not explain whether that was a mechanical or chemical 
effect. Based mainly on laboratory experiments. Naqvi (1969) 

Prolific growth of annual ryegrass in the first growing 

attributed this interference primarily to chemical inhibition, 
season resulted in a thick layer of dead organic matter (mulch) 

implying also the possibility of self-interference of annual 
in the summer of 1971. At that time a split-plot factorial 

ryegrass itself. However, Bowmer and McCully (1968) failed to 
experimental design (Hicks, 1964) was established on the 
burned and seeded brushland. 

The whole plots were amount of mulch (0, 3,000, and find any active inhibitors in annual ryegrass plants in the field. 
Soil fertility is another factor. Annual ryegrass requires 6,000 kg/ha) and nitrogen fertilizer (0, 56, and 112 kg/ha); the 

fertile sites and it responds readily to nitrogenous fertilizers split plots were clipping frequency set up at three levels: no 
(Hunt, 1962; Jones et al., 1970). It also responds to clipping (0), clipping once (l), and clipping twice (2). The 
phosphorus applications when the phosphorus level in the soil resulting 27 combinations (plots)-2 x 2 meters squared-were 

is low (Lawas and Goodman, 1970). Moreover, nitrogen randomly replicated three times over an area of about l/5 

fertilizer is recommended for increased seed production hectare on a northwest facing slope. 

(Evans, 19 60). 
The experiment was continued for 2 years. In the second 

year, however, a rodent control treatment was substituted for 
the clipping treatment. Rodents were either normally present 

At the time of the research, the author was graduate student at the or completely excluded (Fig. 1). The two rodent treatments 
Department of Forestry and Conservation, University of California, 
Berkeley. At present he is at the North Greece Forest Research Center, 

were applied on the plots clipped once and twice respectively, 
Vasilika. Thessaloniki. Greece. which were found with no significant differences in the first 

Ma&script received May 29, 1975. year (see below); the unclipped plots were ignored. This 
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reduced the treatment combinations to 18, replicated three 
times (Total 54 plots). 

To save time and cost in building the fences, the total plots 
were reduced by half (27) by means of the fractional 
replication technique (Hicks, 1964). The fraction used gave 
the main effects of the three factors and the location 
(replication) treatment clear of the first order interactions; 
besides, the first order interactions among the three factors 
were independent; but the ones with the location effect were 
dependent and were assumed to be zero to make possible the 
analysis of variance (Hicks, 1964; Hahn and Shapiro, 1966). 

In both years, the mulch treatments were applied at the end 
of the summer. Different amounts of the dead ryegrass 
vegetation were removed by clipping or added on the plots 
until the desired levels were achieved. A field scale was used to 
check the weights. 

Nitrogen was applied in both years as urea before the fall 
rains. A basic application of 560 kg/ha superphosphate 
fertilizer was given to all plots within the nitrogen treatment. 

Plots were clipped both early, at the end of February just 
before initiation of the rapid spring growth, and late, at the 
end of March before the flowering growth stage. Treatment 1 
consisted of only the late clipping; treatment 2 involved 
clipping both early and late. Clipping was done to a height of 
3-4 cm. 

The mice exclosures were built with 8-mm wire mesh sunk 
25-30 cm into the soil. The fences extended 55 cm above the 
ground surface and had 15 cm wide flanges bent outwards 
(Fig. 1) 

Herbage and seed production were measured at the end of 
the reason by taking two quadrats of 929 square centimeters 
each (one square foot) per plot. Seeds were separated from the 
stalks by rubbing and putting them through a clipper cleaner. 

Impact of small rodents on the plots in the first year was 
minimized by systematic snap-trapping and poisoning. This 
was continued for pocket gophers the second year. Mice, 
however, were not removed in the second year (except from 
within the excIosures) and their population was measured four 
items during the year using the capture-release method. Mice 
were trapped with Sherman live traps, marked by clipping 
their toes, and the population size estimated by the 
Petersen-Lincoln Index (Hayne, 1949). 

Results 

The results of the various treatments on herbage and seed 
production are given in Figures 2-S for both 1972 and 1973. 
The data were subjected to analysis of variance. Before 
running the experiment, contrasts were decided upon between 
the first and second and between the second and third levels of 
mulch, N fertilizer, and clipping frequency. These ww tested 
with the F-statistic. All hypotheses were tested at the 0.05 
level of significance (Hicks, 1964). 

First Year (1972) 

Mulch up to 3,000 kg/ha did not significantly reduce 
herbage and seed yields. However, 6,000 kg/ha of mulch 
significantly reduced herbage production compared to the zero 
and middle levels, and reduced seed production compared to 
the zero level. 

Nitrogen fertilizer increased herbage production 
significantly. A 57% increase was obtained by adding 56 kg/ha, 
and a 106% increase was obtained by adding 112 kg/ha. The 
effects on seed production were similar, i.e., 50 and 100% 
increase respectively. 

Clipping during the rapid growth period (end of March) 
reduced significantly both herbage (55%) and seed yield 
(28%); no significant differences were found between clippings 
once and twice. 

Interactions between mulch and N fertilizer, mulch and 
clipping were found to be significant for the herbage but not 
for the seed yields (Fig. 2 and 3). 

Second Year (1973) 
Mulch had no significant effect on herbage and seed yield 

this year. 
Nitrogen fertilizer increased herbage production 

significantly but it did not make any difference whether 56 or 



Fig. 4. Herbage production in tons/hectare under three levels of 
fertilization and mulching and two rodent treatments in I9 73. 

112 kg/ha of it were applied. Fertilization had no effect on 
seed yields. 

Herbage production was found to be 18% and seed yield 
67% higher in the rodent exclosures than where mice had full 
access to the vegetation. 

Finally, interactions between any two of the 
factors-mulch, N fertilizer, and rodents-were found 
insignificant for both herbage and seed production (Fig. 4 and 
5). 

The population of mice on this study site was 300 
individuals/ha in November; of those, 220 were meadow mice 
and the remaining harvest mice (Reithrodontomis megalotis). 
In January, the total population declined to 253 mice/ha; of 
those 200 were meadow mice and the rest harvest mice. In 
March, the total population was further decreased to the level 
of 153 mice/ha, including 120 meadow mice. Finally in May, 
the harvest mice disappeared, but the meadow mice increased 
to 420/ha. 

Discussion 

The effect of the factors studied on annual ryegrass was not 
consistent in the 2 years. This is apparently due to different 
amounts of rainfall in the 2 years; for the months September 
to May, the rainfall was 311 mm in the first year and 939 in 
the second. Since the normal precipitation on the area for 
these months is about 500 mm (Papanastasis, 1973), the first 
year was considerably drier than the second. 

The favorability in rainfall of the year 1973 raised its 
herbage yield to 7.4 tons/ha (exclosed, unmulched, and 
unfertilized plots-Fig. 4) as compared to 4.8 tons/ha of the 
year 1972 (unclipped, unmulched, and unfertilized plots-Fig. 
2). However, both years had lower yields than 1971, the year 
which followed the fire and seeding; in that year, herbage 
production was 10.0 tons/ha and rainfall about normal 
(575 mm) (Papanastasis, 1973). These data show that there 
was a decline in herbage production with time, which would 
have, apparently, been linear if precipitation had remained the 
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Rodents 

Fig. 5. Seed production in tons/hectare in 1973 (treatments as in 
F&ue 4). 

same in the years 1972 and 1973. 
The linear response of herbage and seed yields to nitrogen 

fertilizer in the first year indicates that there was a nitrogen 
deficiency in the soil. A deficiency was also present in the 
second year, but it was not so pronounced, perhaps because 
improved soil moisture might have led to a higher 
mineralization rate of some of the organic nitrogen (Black, 
1968). If soil moisture had remained the same, one would 
expect the soils to be more deficient in nitrogen the second 
year than in the first because the available nitrogen released by 
brush burning declines with time (Vlamis et al., 1955 ; Vlamis 
and Gowans, 1961). 

The lack of any different effect of the top rate of nitrogen 
fertilizer on herbage compared with the middle one in the 
second year can be attributed to losses by leaching in the 
beginning of the season before the plants had grown enough to 
take all the extra nitrogen of the top rate. 

Mulch is well known for its ameliorating effects. It 
stabilizes soil temperature and soil moisture. The latter can be 
increased through control of the infiltration rate, evaporation, 
and runoff. Most investigators agree that herbage yield is 
favored by mulch up to a point but that excessive mulch 
accumulation decreases both herbage yield and the number 
and size of seed stalks (Weaver and Rowland, 1952; Tomanek, 
1969). Heady (1956) found that herbage yields in the 
California annual type increased with up to 2,690 kg/ha of 
mulch. 

The upper point in my study was beyond the 6,000 kg/ha 
in the second year, since no significant effect of mulch was 
found on herbage and seed yields. However, the upper point 
was apparently somewhere between 3,000 and 6,000 kg/ha the 
first year of the study. 

The depressing effect of 6,000 kg/ha of mulch in the first 
year suggests that it created unfavorable conditions to plants, 
possibly by intercepting the limited precipitation and thus 
restricting the amount of available moisture and uptake of 
nutrients from the soil. However, nitrogen fertilizer 
counteracted the mulch effect (significant interaction); 
apparently the greater amount of organic matter in the soil 
under low rainfall created conditions favorable for the 
immobilization of the mineral nitrogen (Black, 1968). This 



shows again the importance of soil nitrogen for the growth of 
annual ryegrass and questions the inhibitory effects of its dead 
material as supported by other investigators (McKell et al., 
1969; Nagvi, 1969). 

Clipping during the fast growth of annual ryegrass reduced 
herbage and seed production, possibly by damaging the 
elevated shoot apex of most plants and preventing regrowth. 
However, Figures 2 and 3 indicate that fertilization with 
nitrogen tended to counteract the depressing effects of 
clipping and that was pronounced on the mulched plots. 
Therefore, one would expect higher rates of nitrogen and 
mulch to reach the production level of the unclipped plots. 
This suggests that lack of sufficient nitrogen is the most 
plausible explanation for the failure of the clipped plants to 
recover. 

Grazing is not so severe as clipping. In the second year, 
however, grazing by mice reduced significantly both herbage 
and seed yields. It follows that the extent of the effect of mice 
on annual ryegrass depends on their population size; the higher 
their population the greater their grazing impact. On the other 
hand, since mice dispersion depends on cover and food 
provided by annual ryegrass, a good growth of the latter is a 
prerequisite for the growth of the former (Papanastasis, 1973). 

Of the two mouse species recorded, meadow mouse is 
primarily a grass eater, while the harvest mouse is mainly a 
seed eater (Cook, 1959; Batzli and Pitelka, 1971). Therefore, 
the reduction of herbage in this study was attributed to the 
grazing effect of meadow mice, which constituted, also, the 
bulk of the total population. 

The exclosure data are confounded with the micro-habitat 
effect of fences. Heady (1957) studied the effect of cages on 
yields in the California annual type; he found that the growth 
was significantly higher inside the fences in the winter, but the 
differences disappeared in the spring. The cages used in this 
study had six-fold denser mesh than those used by Heady but 
they had open tops. Therefore the evidence is that the fences 
did not affect the growth of annual ryegrass. 

It is evident from this study that plots with more herbage 
have higher seed yields, suggesting the importance of a good 
growth of annual ryegrass for a high seed production. High 
seed yield results in establishment of good stands of annual 
ryegrass in burns (Papanastasis, 1973). 

Conclusions 

Annual ryegrass has a high demand of soil nitrogen to grow. 
This nitrogen is available in burned brushlands in the year(s) 
following the fire because it is released in the brush burning 
process. However, in the later years most of this nitrogen is 
immobilized by the accumulation of ryegrass mulch, thus 
depriving the new crops of annual ryegrass of sufficient soil 
nitrogen. Therefore, the decline in abundance with time of 
annual ryegrass in burned brushlands in California is associated 
with a corresponding decline through immobilization of 
available soil nitrogen released by brush burning. 

Meadow mice can hasten the deterioration of annual 

ryegrass stands through grazing, but the extent of their impact 
depends on the size of their population. 
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Plant Survival in the Arid Southwest 

30 Years after Seeding 

B. IRA JUDD AND LARRY W. JUDD 

Highlight: Adaptability and survival of range plantings ore important IO those 
interested in artificial seeding of rangelands. An analysis of exoric plantings 
made in 1945 in the semidesert shrub, chopoval, semidesert grassland, and 
pinyon-juniper in the Tonto National Forest, Arizona, show that, of 48 species 
planted, 13 appear to be abie fo survive for at least 20 years and should be 
candidates for restoring depleted rangelands and seven survived for a 30.year 
period. No species survived for the 30 years in the semidesert shrub and 
pinyon-juniper rypes. Boer and Lehmann lovegrasses. blue panicgrass, sand 
dropseed, and menodora survived in the chaparral and crested wheatgrass and 
weeping lovegross in the grassland 

Revegetation of depleted range- 
lands was an early subject for research. 
Griffiths (1907) concluded that re- 
seeding on an economic basis is appli- 
cable only to those areas where mois- 
ture is adequate. Sampson (1913) and 
Glendening (1937a, 1937b, 1938) 
stressed the importance of soil treat- 
ment, covering seed, and protecting 
seeded areas with mulch until plants 
are established. This paper reports 
results of survival of 41 species of 
grasses and grasslike plants, and 7 
species of shrubs that were seeded in 
the arid Southwest 30 years ago. 

Sites, Plantings, and Results 

Four planting sites were located in 
four vegetation types (semidesert 
shrub, chaparral, semidesert grassland, 
and pinyon-juniper) on the Tonto Na- 
tional Forest in Arizona. These types 
were selected because they constitute 
a major portion of the forest acreage 
and represent difficult management 
situations because of low rainfail. 

Semidesert Shrub 
This site is occupied principally by 

mesquite (Prosopis juiifzora (Swartz) 
D.C.), catclaw acacia (Acocin greggii A. 
Gray), paloverde (Cerdidium spp.), 
and spiny hackberry (Celtis pallida 
Torr.). In the early spring there is 
usually a dense ground cover of woolly 

Indianwheat (Plantogo purshi Roem. 
and Shult.) with some annual grasses. 
Elevation is approximately 2,100 feet. 
Annual precipitation varies from 8 to 
25 inches with an average of about 16 
inches. This site represents an extreme 
environment to seed because of low 
temperatures, high temperatures and 
evaporation rates, and surface-sealing 
of soils. 

In 1945 plantings were made in a 
semidesert shrub site using the follow- 
ing methods: (1) disking, broadcast 
seeding, cultipacking, and mulching 
with native brush; (2) d&king, broad- 

cast seeding, and cultipacking; (3) 
disking, broadcast seeding, and har- 
rowing; (4) broadcast seeding and disk- 
ing; (5) broadcast seeding and harrow- 
ing; and (6) broadcast seeding without 
site preparation. In 1946 half of the 
1945 seedings were replanted and an 
additional 21 range species were 
planted in mulched rows. All plantings 
were made in June. 

By September 1945 Boer and 
Lehman lovegrasses’, bush muhly, 
and hooded windmillgrass had e- 
merged in plots which were disked and 
cultipacked (Table 1). Plains bristle- 
grass and Rothrock grama had e- 
merged in row plantings. In 1946 the 
only plants surviving were under the 
brush mulch. Several plots protected 
from grazing had approximately four 
times the plant density and double the 
plant height of those in grazed plots. 

In 1941 the two lovegrasses main- 



Table 1. Survival of species planted in four vegetation types. 

Sites’ planted Species survival 
in 1945 1965 1975 

Common name Scientific name 1 2 3 4 1 2 3 4 1 2 3 4 

Grasses and grasslike plants 
Crested wheatgrass 
Intermediate wheatgrass 
Western wheatgrass 
Pubescent wheatgrass 
Cane bluestem 
Turkestan bluestem 
Little bluestem 
Curly mitchellgrass 
Sideoats grama 
Black grama 
Slender grama 
Blue grama 
Hairy grama 
Rothrock grama 
Smooth brome 
Indian sandbar 
Hooded windmillgrass 
Uruguay chloris 
Bicolor lovegrass 
Boer lovegrass 
Weeping lovegrass 

Plains lovegrass 
Lehmann lovegrass 
Wilman lovegrass 
Sand lovegrass 
Tanglehead 
Curlymesquite 
Wolftail 
Bush muhly 
Deergrass 
S milogr ass 
Blue panicgrass 
Vinemesquite 
Sand paspalum 
Buffelgrass 
Plains bristlegrass 
Sand dropseed 
White tridens 
Rough tridens 
Slim tridens 
Arizona cottontop 

Shrubs 
Fourwing &bush 
Spiny saltbush 
Showy menodora 
Rough menodora 
Broom menodora 
Australian sheepb ush 
Antelope bitterbrush 

Agropyron desertorium (Fisch.) Schult 
A. intermedium (Host) Beauv. 
A. smithii Rydb. 
A. trichophorum (Link) Richt. 
Andropogon barbinodis Lag. 
A. ischaemum L. 
A. scoparius Michx. 
Astrebla Zappacaa (Lindl.) Domin. 
Bouteloua curtipendula (Michx.) Torr. 
B. eriopoda Torr. 
B. filiformis (Fourn.) Griffiths 
B. gracilis (H.B.K.) Lag. 
B. hirsuta Lag. 
B. rothrockii Vasey 
Bromus inermis Leyss. 
Cenchrus bijlorus Roxb. 
Chloris cue& ta B isch. 
C. berroi Arech. 
Eragrostis bicolor Nees 
E. chloromelas Steud. 
E. curvula (Schrad.) Nees 
E. echinochloidea Stapf. 
E. intermedia Hitchc. 
E. lehmanniana Nees 
E. superba Peyr. 
E. trichodes (Nutt.) Wood 
Heteropogon contortus (L.) Beauv. 
Hilark belangeri (Steud.) Nash 
Lycurus phleoides H.B.K. 
Muhlenbergia porteri Scribn. 
M. rigens (Benth.) Hitchc. 
Oryzopsis miliacea (L.) Benth. and Hook 
Panicum antidotale Retz. 
P. obtusum H.B.K. 
Paspalum stramineum Nash 
Pennisetum ciltire (L.) Link 
Setaria macrostachya H.B.K. 
Sporobolus cryptandrus (Torr.) A. Gray 
Tridens albescens (Vasey) Woot. and Standl. 
T. elongatus (Buckl.) Nash 
T. muticus (Torr.) Nash 
Trichachne californica (Benth.) Chase 

Atriplex canescens (Pursh) Nutt. 
A. confertifolk (Torr. and Frem.) S. Wats. 
Menodora longifora A. Gray 
M. scabra A. Gray 
M. scoparia Engelm. 
Pent.& incana (Thumb.) 0. Kunfze 
Purshia tridentata (Pursh) D C. 

X 

x x x x x X 

x x 
x x x X 

x x 
x x 

x x X 
x x X 

x x 
x x 

x x x 
X X X 

x x 
x x 

x x 
x x 

x x 
x x 
x x 
x x 
x x x x X 

x x x x x x 
x x 

x x 
x x x x x X 

X 

x x 
x x 

X 

x x 
X X 

x x 
x x 

X X X 
x x 

x x 
x x 
X 

x x X X 

x x x x x 
X X 

x x x 
X 

x x x x 
x x 
x x 
x x X X 

x x 
x x 

x x 

’ Sites planted were: 1 = semidesert shrub; 2 = chaparral; 3 = semidesert grassland; and 4 = pinyon-juniper. 

tained good stands while bush muhly 
and hooded windmillgrass had poor 
stands. Lehmann lovegrass, and plains 
bristlegrass were surviving in the row 
plantings. By 1949 survival was con- 
fined mostly to mulched plots and to 
Lehmann lovegrass, Boer lovegrass, 
bush muhly, and hooded windmill- 
grass. Hooded windmillgrass and plains 
bristlegrass did not survive after 1954. 
The two lovegrasses and bush muhly 
survived until sometime between 1962 
and 1965. 
Chaparral 

This site is about 50 miles north of 

Phoenix, Ariz. It is covered principally 
with scrub liveoak (Quercus turbinella 
Greene) and broom snakeweed 
(Gutierrezia sarothrae (Pursh) B&t. 
and Rusby), with a scattering of Utah 
Juniper (Juniperus osteosperma (Torr.) 
Little), pricklypear (Opun tia spp.), 
and curlymesquite (Hilaria belangeri 
(Steud.) Nash). The elevation is near 
3,5 00 feet. Average annual precipita- 
tion is about 18 inches. 

The area was so rocky that plots 
were first seeded and then harrowed. 
Harrowing destroyed from 5 to 10% of 
the broom snakeweed but little dam- 
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age occurred to other shrubs. All the 
seeding was completed in August. By 
1949, under juniper slash, there were 
good stands of Boer and Lehmann 
lovegrass and white tridens. Since that 
time there have appeared, inter- 
mittently, plants of blue panicgrass, 
crested wheatgrass, and slender grama. 
By 1965 the surviving species were 
Boer lovegrass with only scattered 
plants of sand dropseed, blue panic- 
grass, Lehmann lovegrass, white tri- 
dens, and rough menodora. All of 
these species, except white tridens, 
were surviving in 1975. 
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This site is a formerly cultivated 
and severely eroded area approxi- 
mately 10 miles north of Young, Ariz. 
There were existing patches of sod of 
western wheatgrass, blue grama, and 
sideoats grama. The approximate ele- 
vation is 5,100 feet. Annual precipi- 
tation is 21 inches. Treatments were: 
(1) disking, broadcast seeding, and 
mulching; (2) disking, broadcast seed- 
ing, and cultipacking; and (3) broad- 
cast seeding without seedbed 
preparation. 

There was no plant emergence by 
the fall of 1945. By 1946 there were 
fair stands of Lehman” lovegraw 

weeping lovegrass, and crested wheat- 
grass, and a scattering of western 
wheatgrass and blue grama. In 1947 
only crested and western wheatgrass 
had good stands, both with and with- 
out mulching, on the plots prepared 
by disking. Row plantings in 1946 had 
intermediate and pubescent wheatgrass 
that looked promising. Plants under 
the mulch were more vigorous. In 
1950 tridens began to appear on the 
mulched areas. 

Gradually, all species except tri- 
dens, weeping lovegrass, and crested 
wheatgrass disappeared. By 1965 
crested wheatgrass was the most abun- 
dant. There were a few plants of 

weeping lovegrass surviving. Those 
plots reseeded to western wheatgrass 
maintained a heavier stand than those 
seeded naturally. All plantings made 
without seedbed preparation failed. 
Crested wheatgrass and weeping love- 
grass were still surviving in 1975. 

Pinyon-juniper 
This site is located 5 miles south- 

east of Pine, Arizona. It has a rather 
dense overstory of juniper and a thick 
ground cover of broom snakeweed. 
There was a remnant of sod composed 
principally of sideoats grama and blue 
grama. The elevation is approximately 
5.000 feet. The average annual precipi- 
tation is 21 inches. 

One planting area at the site had 
four treatments: (1) diskine. broadcast 
seeding, and cultipacking; (2) disking, 
broadcast seeding, cultipacking, and 
mulching with native brush; and (3) 
broadcast fertilizing, d&king, and 
broadcast seeding. A second area had: 
(I) juniper removal, disking, broadcast 
seeding, and mulching; (2) juniper 
removal, and broadcast seeding; and 
(3) no site preparation with broadcast 
seeding. D&king killed from 25 to 40% 
of the broom snakeweed. 

In September 1945 crested wheat- 
grass and western wheatgrass were 
growing well. The species on strip 
plots were flourishing, particularly 
under the slash and row plantings had 
emerged. By 1947 the survival was 
confined primarily to mulch. Turkes- 
tan bluestem and little bluestem were 
prominent. intermediate and pubes- 
cent wheatgrasses, smooth brome, 
plains and sand lovegrass, and wolftail 
had established good stands but stands 
of black and hairy grama, smilograss, 
snd vinemesquite were only fair. Tan- 
#head was established but it was a 
poor stand. 

In 1949 there was an excellent 
stand of Turk&an bluestem under the 
mulch and a good stand without litter. 
Under mulch the stand of weeping 
lovegrass was good to excellent; that 
of white tridens, good; and crested and 
western wheatgrasses, fair. For row 
plantings there were good stands of 
m&mediate and pubescent wheat- 
grasses, plains and sand lovegrasses, 
with fair stands of crested wheatgrass 
and vinemesquite. 

By 1954, under mulch, stands of 
Turkestan bluestem, weeping love- 
grass, deergrass, and crested and west- 
ern wheatgrasses were good to excel- 
lent. Only Turk&an bluestem was in a 
good stand without mulch. On some 
plots good stands of crested and west- 
ern wheatgrasses became established 
under mulching, both with and with- 
out cultivation. Thus mulching may 
partially compensate for poor seedbed 



preparation. 
In 1961 and 1965 the outstanding 

species were Turkestan bluestem, 
weeping lovegrass, and western wheat- 
grass. Crested wheatgrass was disap- 
pearing. Turkestan bluestem was vigor- 
ously spreading in 1965. No species 
was present in 1975. 

Management Implications 

After 30 years only six species of 
grass and one species of shrub re- 
mained out of the original plantings. 
The chaparral planting site was the 
vegetation type where the most species 
survived (Figs. 1 and 2). Good stands 
of Boer and Lehmann lovegrass and 
menodora are established. Observa- 
tions indicate that menodora has in- 
creased in density from the original 
planting. Scattered plants of sand 
dropseed were present and occasional 

plants of blue panicgrass. White tridens 
survived until 1970. Over the years 
these last two species seem to dis- 
appear some seasons but make period- 
ic comebacks. Perhaps this was due to 
moisture relations. 

Of the 48 species planted, 13 
(Table 1, 1965) appear to be able to 
survive for at least 20 years. These 
species should be good candidates for 
restoring depleted rangelands in the 
Southwest, the species used depending 
on the site. Two wheatgrasses, Turkes- 
tan bluestem, three lovegrasses, and 
rough menodora did well where 
planted, particularly with site prepara- 
tion and mulching. 

By sites, species surviving which 
survived the full 30 years are crested 
wheatgrass and weeping lovegrass in 
the grassland, and Boer and Lehmann 

lovegrasses, blue panicgrass, sand drop- 
seed, and menodora in the chaparral. 
No species survived in the semidesert 
shrub and pinyon-juniper sites. 
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Semiarid Rangeland Treatment 

and Surface Runoff 
JOHN M. TROMBLE 

Highlight: Effects of pitting and rootplowing on surface 
runoff were determined on a desert shrub range in 
southeastern Arizona, and the time-dependent changes in the 
soil surface characteristics resulting from these practices were 
studied. Additional detention storage was provided by 
increased roughness in microtopography, thereby decreasing 
surface runoff when compared to the control. Rock and gravel 
were negatively correlated with surface runoff. Combining the 
two parameters showed a significant reduction in surface 
runoff. Increases in runoff were associated with exposed soil. 
Crown cover significantly reduced runoff. Litter was not 
significant in the reduction of runoff. Regulation of surface 
runoff is important for on-site rangeland improvements as well 
as reducing sediment yields. 

In arid and semiarid regions, rainfall is insufficient and 
distribution uncertain for maintaining vegetation that 
adequately protects the soil. Ranchers often try to convert the 
sparse vegetation, often not suited for grazing, to a more 
desirable plant species. To manage these critical rangelands for 
maximum productivity, it is important to know which factors 
control water yield. 

Many factors affect soil water yield, like storm intensity, 
watershed size, and soil surface characteristics. Rowe and 
Reimann (1961) also listed as important factors soil depth and 
water storage capacity, rainfall amount and distribution, and 
the type of vegetation, before and after site conversion. 

The author is research hydrologist, Agricultural Research Service, 
U.S. Department of Agriculture, Jornada Experimental Range, Las 
Cruces, New Mexico 88001. 

Manuscript received April 9, 1975. 
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Soil surface conditions are important in the infiltration 
ratio because of vegetation sparsity (Duley and Kelly, 1939; 
Horton, 1940; Dixon, 1966; and Kincaid and Williams, 1966). 
Simple correlations between infiltration rates during the 
second 30-minute period of l-hour infiltration runs showed 
that the soil structure of the first horizon was highly 
correlated with water intake. Texture of the second horizon 
was second in importance, followed by the nature of the 
boundary of the first horizon (Rauzi and Fly, 1968). 

Kincaid et al. (1964) indicated a strong relationship 
between infiltration and plot cover, with most cover variation 
associated with differences in crown spread of shrubs and 
half-shrubs. Rauzi and Fly (1968) found the amount of 
vegetation, both old and new, had the greatest general 
correlation with water intake rate for midcontinental 
rangelands. 

Schreiber and Kincaid (1967) reported that average runoff 
for any location year increased as precipitation volume 
increased, decreased as vegetation crown cover increased, and 
increased as antecedent soil moisture increased. Kincaid and 
Williams (1966), after brush clearing, pitting, and grass-seeding 
runoff plots, found little correlation between these treatments 
and surface runoff. However, as the amounts of crown cover 
increased, runoff significantly decreased. 

Dortignac and Hickey (1963) reported on approximately 
30,000 acres on the Rio Puerto drainage in New Mexico 
treated by ripping and seeding to grass and browse species. 
Surface runoff was reduced 97 and 83% the first and third 
years after treatment. Erosion was also reduced, amounting to 
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86 and 30% for the first and third years after the ripping 
operation. 

Branson et al. (1966) tested seven different mechanical 
treatments. The two most effective were contour furrowing at 
3. and S-foot intervals and broadbase furrowing consisting of 
low dikes about 1.5 feet in height. 

In southern Arizona, Brown and Evenon (1952) deter- 
mined the longevity of contour furrows to be about 15 years, 
with grass production 2.5 times greater on the treated than on 
adjacent untreated areas 10 years after treatments. However, 
treatment effects on runoff were not determined. 

On-site forage productivity of semiarid, shrub-covered 
watersheds can sometimes be increased when they are 
converted to grass. Pitting and rootplowing with seeding are 
two methods used in southwestern United States to improve 
semiarid rangeland. Both methods disturb the soil surface, 
enhance water storage, and provide seedbed preparation. 
Hydrologic information concerning the effects of rangeland 
conversion treatments on surface runoff is lacking. Therefore, 
the purpose of this study was to evaluate the effects of 
rootplowing and pitting treatments on surface runoff and 
study the time-dependent changes in the soil surface 
characteristics resulting from these practices. 

ARIZONA 

Study Area 

The experimental site (Fig. 1) is within the Walnut Gulch 
Experimental Watershed, a 150.km’ rangeland watershed on 
which the Agricultural Research Service is conducting 
hydrologic research. 

Vegetation on the experimental site was mainly shrubs; 
whitethorn (Acacia constricta var. vernicoso L. Benson), 

creosotebush (Larrea tridentata (D.C.) Coville), tarbush 
(Flourensia cernua D. C.), and other scattered shrub species. 
Grasses, which were sparse, consisted of black grama 
(Bouteloua eriopoda (Tar.) Torr.), bush muhly (Muhlenbergia 
porteri Scribn.), and fluffgrass (Tridens pulchellus (H.B.K.) 
Hitchc.). 

The soils are a Rillito-Karro gravelly loam, consisting of 
deep, well-drained medium and moderately coarse-textured 
gravelly soils formed in calcareous old alluvium. They are 
found on gently to strongly sloping sides and tops of hills 
formed by the dissection of old valley plains and alluvial fans 
(Gelderman, 1970). 

Approximately 60% (Kincaid and Williams, 1966) of the 
36.07~cm annual precipitation and 95% of the surface runoff 
comes from summer convective thunderstorms. 

Methods 
Rootplowing and pitting treatments were imposed in the 

summer of 1968 on a 32.ha site. Rootplowing was 
accomplished by pulling a blade behind a tractor and severing 
the brush roots about 30 cm below the soil surface (Fig. 2). A 
rangeland disk with a portion of each disk cut off was used for 
pitting. The completed pits were about 70 cm long and 10 to 
15 cm deep (Fig. 3). The rootplowed area was seeded to a 
mixture of equal parts of Lehmann lovegrass (Erogrosfis 
lehmanniana Nees), and Boer lovegrass (Emgrostis ch2oromelas 
Steud.). 

Twelve 1.83. by 3.66-m plots were established in equal 



numbers in the winter of 1969 on the three range 
treatments-rootplow, pit, and control, and were measured in 
1970, 1971, and 1972. Plot locations were selected for 
uniformity in aspect, slope, and soils. Each treatment was 
replicated four times with each plot bordered by a partially 
buried metal frame along two sides and the upper end. A metal 
trough across the lower end of each plot collected runoff after 
each storm and transported it into two 208.liter barrels. 
Rainfall was measured with a recording rain gage located at the 
site and also with a volumetric rain gage located near the 
center of each group of four plots. 

Soil surface characteristics and plant cover were measured 
with a microrelief meter (Fig. 4) each June for the 3-year 
study period, as described by Kincaid and Williams (1966). 
Characteristics recorded were: (a) microtopography (surface 

roughness), (b) erosion pavement (divided into two size 
fractions, gravel (2 mm to 1 cm) and rock (larger than 1 cm) 
(c) exposed soil, (d) litter, (e) crown cover, and (f) basal area 

Microtopography, soil surface, and vegetation characteris 
tics were determined from 253 point measurements on each 
plot. Surface roughness as determined at the pin-soil surface 
intersection using the microrelief meter is reported as the 
variance from a plane parallel to the soil surface. 

Results and Discussion 

After combining data for all treatments and all years, a 
regression analysis (Table 1) was used to examine effects of 
plot surface variables on runoff after treatment. Total crown 
cover (Fig. 5) significantly reduced runoff (r value = 0.80). 
Total crown cover correlated significantly with litter, but litter 
was not correlated significantly with reduction in runoff. 
Garcia and Pax (1967) reported that in Arizona chaparral 
more abundant litter cover increased infiltration capacity and 
reduced soil erosion. 

3 

As expected, runoff was significantly correlated with 
percent bare soil at the 1% level. Rock and gravel were 
negatively correlated with runoff at the 1 to 5% levels, 
respectively. When the two parameters were combined (Fig. 6) 
and tested for significance, they were highly significant and 
negatively correlated with runoff. 

The percentage averaged total plant basal area and grass 
basal area for the 12 plots were 3.03 and 2.06. These 
parameters were not correlated with runoff. 

Since the semiarid rangeland is sparsely covered with 
vegetation, its influence on runoff may be minimal. Harold 

Table 1. Correlations of runoff vs plot surface characteristics I .\ 
Characteristic F-* Equation 

Crown COYer -0.80 y = 4.064~ + 2.96 
Litter -0.29 y = -0.027x + 1.76 
Soil 0.92 y= 0.014x - 0.62 
Gravel -0.64 y = -0.086x + 3.75 
Rock -0.69 y = -0.071x + 2.25 
Rock + grave, -0.93 y = -0.070x + 4.52 

*r must be ,632 for significance at .05 level. 



(1951) reported that in tests on sparsely covered desert 
grassland range, effects of soil texture overshadowed those of 
cover. Kincaid et al. (1964) reported that the best correlation 
was obtained when the time to infiltrate the first 0.5 inch was 
compared with the sum of litter, erosion pavement, basal area 
of grasses, and overstory of shrubs and half-shrubs. 

To evaluate the effectiveness of the treatments in altering 
the volume of runoff with time, differences among treatment 
means for each year were tested for significance with Duncan’s 
multiple range test. This test suggested that runoff volume was 
related to the length of time after treatment. 

Surface roughness of the control plots remained relatively 
constant for the study period while the roughness of the pitted 
and rootplowed plots decreased (Table 2). However, surface 
roughness of the rootplowed and the pitted plots was still 
greater than the control and provided additional detention 
storage as compared with the control plots. Smoothing of the 
soil surface with time was very apparent on both the rootplow 
and pitting treatments. 

Table 2. Variance* as an indicator of plot surface roughness. 

Date 

Treatments 1970 1971 1972 

Control 60 68 67 
Pit 92 93 75 
Rootplow 129 107 102 

*Variance from a plane parallel to the plot surface obtained from 253 
point measurements per plot. 

Comparison of treatment vs runoff for all study years using 
the Snedecor (1956) “t” test indicated that pitting 
significantly reduced runoff as compared with the control 
treatment. No significant difference was manifested between 
pitting and rootplowing or between rootplowing and the 
control treatment. Although these treatments were compared 
by the “t” test, caution should be exercised in interpreting 
results since the rootplowed plots were grazed much more 
heavily than other plots in 1971 and 1972. Observations of the 
area and support data (Fig. 7) showed a corresponding increase 
in runoff from the rootplowed treatment during this grazing 
period as compared with the pitted treatment. Crown cover on 
the rootplowed plots was reduced from 23 to 9%. Possibly 
surface runoff from the rootplow treatment would have been 
significantly reduced if the area had not been overgrazed. 

Range renovation can leave treated portions of watersheds 
largely denuded of vegetation until replacement vegetation is 
established. During this vulnerable period, annual forbs may 
give the soil surface minimal protection. Decreased vegetation 
cover greatly reduces rainfall interception and generally 
reduces water infiltration. Vegetation cover between the 
rootplow (17.5%), pitted (30.9%), and control (41.7%) area 
were noticeably different. This cover may have broken up the 
raindrops, reduced raindrop impact energy on the soil surface, 
and thus prevented soil surface sealing on the pitted and 
control plots as compared with the sparsely vegetated 
rootplowed plots. 

Plant cover was less on the pitted than on the control plots 
because of plant thinning by the eccentric disk. Although 
rootplowed plots initially had less cover than the other two 
treatments, crown cover increased tenfold with an associated 
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Fig. 7. Accumulated rainfall versus accumulated runoff from storms of 
greater than 1.2 7 cm of precipitation for 1970, I9 71, and 1972. 

increase in basal area from 1970 to 1972. This increase was 
attributable to grass establishment. 

Conclusions 

Erosion pavement (rock + gravel) and crown cover were 
significantly and negatively correlated with surface runoff. 
Litter was not significantly correlated with reduced runoff. 

Surface roughness of the rootplowed and pitted plots 
provided detention storage for average-size storms. Conserva- 
tion treatments decreased surface runoff as compared with 
nontreated areas. The pitting treatment significantly decreased 
runoff as compared with the control. The rootplow treatment 
had the lowest water yield of all treatments for 1970 and 
197 1; however, in 1972 overgrazing increased runoff. When 
vegetative cover was reduced by heavy grazing or immediately 
after rangeland conversion, rainfall interception by vegetation 
was reduced. This increase in raindrop impact energy 
contributed to sealing of the soil surface. 
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Mineral Composition of Three Perennial Grasses in a 
Shrub-Steppe Community in South-Central Washington 

DANIEL W. URESK AND JOHN F. CLINE 

Highlight: &sick bluegrass, Thurber needlegrass, and bluebunch 
wheatgrass tissues, live and standing dead, were chemically analyzed in 
pastures with and without a history of cattle grazing. Two years of 
spring grazing by cattle did not affect the mineral composition of these 
grasses. Live herbage was generally richer in minerals than standing dead 
herbage, but ash con tent of standing dead tissues was always higher. 

The forage resources of rangelands are an important 
commodity encountered by herbivores. Since herbivores are 
the primary harvesters of forage, it becomes important to 
know the nutritional quality of the important forage plants. 
Three perennial grasses, bluebunch wheatgrass (Agropyron 
spicatum), Cusick bluegrass (Poa cusickii), and Thurber 
needlegrass (Stipa thurberiana), were analyzed for mineral 
content in a stand of the Artemisia tridentata/Agropyron 
spicatum association in south-central Washington 
(Daubenmire, 1970). 

Mcllvanie (1942) found that nitrogen in bluebunch 
wheatgrass decreased 53% when clipped at biweekly intervals. 

Authors are with the Ecosystems Department, Battelle, Pacific 
Northwest Laboratories, Richland, Washington 99352. 

Work performed under contract AT(45-l)-1830 with the United 
States Energy Research and Development Administration and National 
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Stoddart (1946) reported a steady decline of nitrogen and 
phosphorus with seasonal progression, but clipped herbage was 
generally higher in chemical constituents than unclipped 
herbage. A review concerning grazing and mineral analyses is 
presented by Jameson (1963). 

The purpose of this study was to determine if cattle grazing 
would change the mineral composition of important forage 
plants in a shrub-steppe region of south-central Washington. 

Methods and Materials 
The study area is located on the Arid Lands Ecology (ALE) 

Reserve, situated within the confines of the Energy Research 
and Development Administration’s Hanford Reservation 
(Rickard et al., 1975). The soil is a silt loam with very few 
stones in the upper meter of its profile. Precipitation during 
the growing season, October to May, averaged 23 cm over a 
three-year period. Prior to the initiation of this study in 197 1, 
there had been little or no cattle grazing since 1943. 

One 9-ha pasture was moderately grazed by cattle during 
the spring for two consecutive years, 1971 and 1972, and 
allowed to recover in 1973. An adjacent ungrazed 9-ha area 
that had not been grazed by large herbivores for over 30 years, 
was used as a control. Eight replicates, 15 x 30 m, were 
located at random within both study areas. A single clump of 
the three perennial species from each replicate was clipped at 
ground level for mineral analyses when each species was in the 
phenological phase of seed development. Live herbage was 
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Table 1. Average mineral composition of three perennial grasses for 
live and dead tissues on the Arid Lands Ecology (ALE) Reserve in 
south-central Washington. 

- 
B luebunch Cusick Thurber 

Mineral 
analyses 

wheatgrass bluegrass needlegrass 

Live Dead Live Dead Live Dead 

N (%I 0.96* 0.63 1.78* 1.15 1.03* 0.69 
P (%) 0.17* 0.10 0.23” 0.13 0.17 - 
K (%) 0.93* 0.17 1.68” 0.16 1.05* 0.25 
S (%) 0.12 0.13 0.20* 0.16 0.17* 0.25 
Mg (%) 0.10* 0.07 0.24” 0.10 0.12 0.12 
Ca (%) 0.39 0.30 0.81* 0.43 0.50 
Na (%) 0.03 0.02 0.03 0.04 0.02 0.0; 
Ash (%) 9* 15 14* 20 11* 21 

Mn (ppm) 61 55 36 52 74 53 
B (ppm) 10* 5 18* 8 lO* 6 
Cu (ppm) 2 3 4 7 3 - 
Zn (ppm) 10 12 14 17 11* 21 

* = Significantly different from dead tissue at (Y < 0.05 level. 

hand separated from the dead material. Samples for the live 
category were combined over two replicates within study 
areas, reducing the sample size to four for chemical analyses. 
The dead category was combined for each species over four 
replicates, reducing the sample size to two. All material was 
processed according to the procedures of the A.O.A.C. (1965). 
Analyses included: N, P, K, S, Mg, Ca, Mn, B, Cu, Zn, and ash. 
Statistical analyses for t-tests follow Snedecor and Cochran 
(1967). 

Results and Discussion 
Cattle were used as a grazing stress to determine if a change 

in mineral composition of the important forage plants would 
occur; however, the data showed no differences (a < 0.0 1) in 
mineral composition of plants, live or dead, after grazing. 
Severe grazing over longer time periods may produce different 
results. Since no differences were found due to grazing stress, 
the results of the mineral analyses were combined by 
treatments and presented by species in Table 1. 

The live herbage for bluebunch wheatgrass was higher in N, 
P, K, Mg, and B, as compared to the standing dead tissues. 

Changes were not detected for S, Ca, Na, Mn, Cu, and Zn; but 
ash content was significantly lower in the live tissues. When 
considering all minerals, excluding ash, the live herbage was 
much higher in mineral composition than standing dead tissue. 
Cusick bluegrass also showed higher mineral values in live 
herbage than dead for all values except Na, Mn, Cu, and Zn, 
which were the same in both tissues. Ash was much lower in 
live herbage. Live tissues were higher in average mineral 
content than dead tissues. Live Thurber needlegrass was higher 
in N, K, and B in live than dead; lower values were evident in 
live herbage for S, Zn, and total ash. No changes were observed 
for Mg, Na, and Mn. The transition from live to dead tissues in 
mineral composition was not so pronounced for Thurber 
needlegrass as with the other species. 

Cusick bluegrass showed the highest mineral content of the 
three perennial grasses, followed by Thurber needlegrass and 
bluebunch wheatgrass. The N and P values reported for 
bluebunch wheatgrass compare favorably with those reported 
by McIlvanie (1942), Stoddart (1946), and Church (1972). 
Apparently there are no published data concerning the mineral 
content of Cusick bluegrass or Thurber needlegrass from other 
rangeland areas in the western United States. 
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Distribution of Nitrogen in Root Materials of Blue Grama 
FRANCIS E. CLARK AND MARILYN CAMPION 

Highlight: Root materials of blue grama were compartmentalized 
into three categories-live, senescent, and detrital. Their mean N 
contents were 0.89, 1.90, and 2.56%, respectively. For each root 
category there were stgnificant differences both with soil depth and 
time of sampling. Soil N differed significantly with depth but not across 
dates of sampling. The standing crop of root N was found to occur 
largely in senescent and detrital materials. Compartmentalization of the 
plant N belowground as well as that aboveground should promote more 
successful simulation of root growth dynamics and nutrient flows. 

Authors are microbiologist, Agricultural Research Service, Fort 
Collins, Colo.; and statistician, Natural Resource Ecology Laboratory, 
Colorado State University, Fort Collins. 
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Comprehensive data are available on the total amount of 
root materials in various grasslands and on biomass responses 
to stresses and perturbations (Sims and Singh, 1971). 
Although aboveground biomass is readily separable into four 
or more compartments (standing green, standing yellow or 
recent dead, old dead, and one or several types of litter), 
separating gramineous roots into even two compartments, live 
and dead, is time-consuming and not routinely undertaken. 
Measurements of root nutrient contents are commonly based 
on composite samples of the total root biomass. Recently 
proposed simulations of carbon and nutrient flows in 
shortgrass prairie have emphasized the paucity of information 
concerning the belowground ecosystem (Marshall, 1975). That 
in many grasslands the major portion of the total standing 
crop is belowground further stresses the importance of an 
adequate data base for describing root and nutrient dynamics 
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belowground. 
A detailed study of roots of blue grama (Bouteloua gracilis) 

has recently been reported by Ares (1976). He used 
morphological characteristics to classify root materials into 
five categories ; his interest was primarily in root growth 
dynamics and not in nutrient content. Concurrently with Ares 
work and also using shortgrass prairie in northeastern 
Colorado, Clark (1975) conducted an isotopic nitrogen study 
in which a pulse application of I5 N was monitored as it’moved 
into and from different parts of blue grama plants. Clark’s 
study involved only three root categories; these, however, 
could be separated by gross techniques not involving individual 
examination of each root or root segment. The current study 
concerns the N content of categories of root mateirals 
collected during the course of the l5 N experiment. The data 
are based on 11 samplings spaced over three growing seasons. 

Study Site and Methodology 

The study area was grassland located 56 km northeast of 
Fort Collins, Colo. The site has been described in some detail 
by French ( 197 1). The soil is Ascalon fine sandy loam, a 
Mollisol, with the parent material a fluvial outwash, primarily 
gt-anitic. Rooting depth exceeds 100 cm, to which the 
estimated available water storage is 11 cm. The annual 
precipitation ranges from 25 to 38 cm. Blue grama commonly 
constitutes 50 to 95% of the vegetative cover. Fringe sage 
(Artemisia frigida) and pricklypear (Opuntia polycantha) are 
usually secondarily dominant components. 

Mini-enclosures of blue grama were established in May 
197 1. Open-ended steel cylinders (20 cm in diameter and 
40 cm long) were driven to nearly ground level into 
undisturbed blue grama. Eleven destructive samplings were 
made during the 1972-1974 growing seasons. In sampling, 
cylinders in triplicate were excavated together with their soil 
(c. 15 kg) and herbage content, and transported to a 
laboratory bench. Aboveground herbage was clipped to the 
soil surface and each soil column separated into its 0 to 10, 10 
to 20, and 20 to 36 cm segments. Three categories of root 
materials were collected from each of three profile depths. The 
live-root category consisted of nonbrittle, lightly colored 
(ivory to yellowish) roots obtained by handpicking. Senescent 
roots were the generally brittle, shorter segmented, and darker 
colored roots obtained partly by handpicking and partly by 
air-suction pickup from thinly spread soil. The detrital 
category comprised the fine particles recoverable by water 
flotation from soil following the hand and air-suction 
removals. 

Root dry weight, organic C, total N, and ash content were 
measured. Carbon was determined by combustion in an 

automated electric furnace, and nitrogen by standard 
micro-Kjeldahl procedure. Because two of the three categories 
of roots were dry-sorted and unwashed before analyses, ash 
content frequently exceeded 50%. The standard correction of 
N percentage to ash-free basis was considered to be misleading 
since such correction included the N content of any adhering 
soil. Therefore, root N percentages are reported on a modified 
ash-free basis. The organic C value of a root sample was used 
to fractionate that sample into a soil and a root component. 
The soil N content, as determined from a root-free aliquot 
from the corresponding profile depth, was used to determine 
the amount of N in the gross root sample attributable to the 
soil fraction; then the remainder was attributed to the root 
fraction. 

The N percentages determined were subjected to analyses 
of variance, which for the roots included two-way factorial 
analysis for each category across depths and dates and 
three-way repeated measures analysis across depth, root 
category, and dates. When significance was encountered at the 
0.05 level, Tukey’s Q value for cy = 0.05 was calculated 
(Snedecor and Cochran, 19 5 9). 

Results and Discussion 

Table 1 presents the mean N contents of the three 
categories of root materials at three profile depths on 11 
sampling dates. Also shown are the N contents of the soil 
profiles from which the roots were collected. Mean soil N 
content for the 0 to 10, 10 to 20, and 20 to 36 cm depths 
were 0.093, 0.079, and 0.072%. These differences were 
significant; the Q value was 0.006. Mean N contents of the 
three root categories (live, senescent, detrital) differed widely; 
the N values were 0.89, 1.90, and 2.56%, respectively. Such a 
progression with senescence and decomposition occurs because 

Table 2. Mean N content for three root categories at three profile 
depths. 

Root 
category 

Live 

Senescent 

Detrital 

Profile N 
depth content 
(cm) (%I 
O-10 1.081 

10-20 0.812 
20-36 0.769 

O-10 2.139 
10-20 1.866 
20-36 1.642 

O-10 2.658 
10-20 2.550 
20-36 2.459 

Q 
value 

0.09 3 

0.117 

0.159 

Table 1. Nitrogen content (%) of blue grama roots (modified ash-free basis) and of the soil from which the roots were collected. 

Mar. 29 May 10 June 12 Aug. 8 Oct. 3 Mar. 7 June 13 Aug. 3 Oct. 12 June 18 Oct. 9 
1972 1972 1972 1972 1972 1973 1973 1973 197 3 1974 1974 

Live roots 
O-10 cm 

lo-20 cm 
20-36 cm 

Senescent roots 
O-10 cm 

lo-20 cm 
20-36 cm 

Detrital roots 
O-10 cm 

lo-20 cm 
20-36 cm 

Soil 
O-10 cm 

lo-20 cm 
20-36 cm 

1.375 1.263 1.043 1.108 0.867 1.074 1.073 0.900 1.212 1.089 0.888 
0.847 0.744 0.796 0.731 0.777 0.863 0.896 0.710 0.955 0.750 0.862 
0.906 0.624 0.7 64 0.848 0.721 0.960 0.776 0.674 0.88 3 0.597 0.711 

2.340 2.032 1.993 2.07 3 1.938 2.358 2.316 2.114 2.298 2.020 2.050 
1.7 37 1.839 1.896 1.920 1.363 1.943 1.080 1.705 2.200 1.902 1.936 
1.502 1.630 1.500 1.527 1.783 1.678 1.909 1.633 1.858 1.419 1.624 

2.2 10 2.750 2.729 2.355 2.387 2.880 3.140 2.713 2.788 2.545 2.742 
2.304 2.825 2.876 2.485 1.989 2.618 2.97 3 2.406 2.678 2.347 2.546 
2.314 2.371 2.763 2.298 1.907 2.661 2.446 2.500 2.717 2.269 2.804 

.lOO .098 .094 .098 .089 .095 .094 .096 .087 .079 .09 3 

.079 .079 -081 .084 .077 .084 .076 .075 -080 .08 1 .075 

.070 .069 .072 .071 .064 .077 .068 .072 .074 .086 .064 
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carbon is lost as carbon dioxide while N is retained in the 
substrate. 

Table 3. Distribution of nitrogen in three categories of root materials 
of blue grama. 

Within each root category, the root N decreases with profile 
depth (Table 2). This decrease is apparently a function of the 
soil N content inasmuch as the ratios for root N:soil N at each 
depth are surprisingly constant. For live roots, the ratios are 
11.6, 10.3, and 10.7. For senescent root N:soil N, the ratios 
(23.0, 23.6, and 22.8) are also closely similar. The detrital root 
N:soil N ratios are slightly less uniform-28.6, 32.3, and 34.2. 

There were no significant differences across sampling dates 
in soil N content within any of the three profile depths, but 
there were significant differences with time in the N content 
of the three root categories. For live roots, such change with 
time was expected. It is well known that plant N 
concentration changes with growth stage. In the current study, 
the N content not only of live roots but also of senescent and 
detrital roots changed significantly within the growing season. 
Abiotic factors affect not only the transfer of root materials 
from the live root category but also the activity of decomposer 
organisms and, in turn, the N content of senescent and detrital 
roots. 

Root 
category 

Live 
Senescent 
Detrital 
Total 

Profile depth 

O-10 cm lo-20 cm 20-36 cm O-36 cm 

g N/m2 
2.23 0.28 0.17 2.68 

14.09 1.87 1.18 17.14 
7.63 2.66 3.07 13.36 

2 3.95 4.8 1 4.42 33.18 

ground additionally to that of the aboveground herbage should 
permit more successful simulation of root growth, decomposi- 
tional changes and nutrient flows. 
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Redberry Juniper Response to Top Removal 

JOSEPH L. SCHUSTER AND JAMES 
GEORGE 

Highlight: Redberry juniper (Juniperus 
pinchoti) sprouted vigorously from root 
crowns after removal of tops by cutting. 
Regrowth was least on trees cut from June 
through August, indicating that this is the 
optimum period for control by top removal. 
fioduction of sprouts was directly pro- 
portional to tree size. 

Knowledge of the regrowth char- 
acteristics of noxious brush species 
such as redberry juniper (Juniperus 

At the time of the study, authors were 
professor and research assistant, Department 
of Range and Wildlife Management, Texas 
Tech University, Lubbock, Texas. Presently 
they are head and graduate research 
assistant, Department of Range Science, 
Texas A&M University, College Station 
77843. 
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pinchoti) is necessary to plan retreat- 
ment after initial control. Knowing the 
relation of regrowth to season of 
cutting or plant phenological stage 
facilitates planning the time of applica- 
tion of control treatments. 

The objectives of this study were to 
relate redberry juniper regrowth to 
season of cutting, size of main stem, 
plant moisture and phenological con- 
ditions. 

Locations and Procedures 
The study area was located in Garza 

County, Tex., along the escarpment of 
the Llano Estacado in the southern 
portion of the Texas High Plains. 
Potter and Mansker are the predomi- 
nant soil series along the upper edge of 
the escarpment. Redberry juniper 
invasion of deeper soils of the high 

plains from the rocky slopes of the 
escarpment is believed to be due to 
fire suppression and overgrazing (Ellis 
and Schuster, 1968). The herbaceous 
vegetation of the study site was typical 
of deep hardland sites in the southern 
high plains, with blue grama 
(Bouteloua gracilis) and buffalograss 
(Buchloe dactyloides) being the most 
abundant species. 

Forty redberry juniper trees were 
chosen to represent five size classes 
based upon the circumference at the 
main stem. Size classes were < 8, 
8-15, 15-23, 23-30, and >30 cm. 
Beginning in January, two trees in 
each size class were sawed off at 
ground level at monthly intervals 
throughout the year. Data from 
supplementary mid-month cuts from 
April to October were incorporated 
into monthly values. 
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One year from the date of cutting, 
the regrowth from each stump was 
clipped and oven-dried at 70°C for 72 
hours for determination of moisture 
content and dry weight production. 
Analyses of covariance were used to 
test differences in regrowth in relation 
to tree basal circumference and date of 
top removal. 

The phenological development of 
uncut redberry juniper trees at the 
study site was recorded at biweekly 
intervals during both the year of top 
removal and the year of regrowth 
clipping. Criteria for phenological 
stages is similar to that used by 
Herman (1956). 

Results and Discussion 

Seventeen percent of the junipers 
had not resprouted 1 year after top 
removal, with no differences among 
size classes. The remaining 83% pro- 
duced varying amounts of regrowth 
depending upon their size and season 
of top removal. The average produc- 
tion of regrowth was lowest for the 
June cutting and highest for the 
December cutting. Mean separations 
using orthogonal comparisons showed 
that regrowth on December-cut trees 
was significantly greater (0.05 level) 
than all other months. No other 
significant differences among months 
was found. Orthogonal comparisons 
indicated that trees cut during the 
6-month period of April through 
September had significantly less sprout 
regrowth than trees cut during any 
other 6-month period. This period is 
associated with the phenological stages 
of staminate flower opening in the 
spring to the time bark begins to stick 
in the fall. Trees cut from May 
through August in this period had less 
regrowth than all other combinations 
of months (significant at 0.01 level). 
Jameson and Johnsen (1964) found 
that alligator juniper (J. deppeana) cut 
in October and June produced fewer 
sprouts than trees cut in August, 
January, or April. 

Herman (1953) reported incon- 
sistent regrowth from stumps of 
different size in Utah juniper (J. 
osteosperma), but we found a positive 

linear relationship between regrowth 
production and basal stem circumfer- 
ence. The smallest amount of regrowth 
occurred in the smallest size class of 
plants, and regrowth production in- 
creased in relation to tree size. The 
positive correlation between basal 
circumference of the tree and re- 
growth production (Y = .996) sub- 
stantiated field observations that dor- 
mant buds increase in number with the 
size and age of the tree. It also 
indicates that in redberry juniper 
control operations, stands with larger 
trees at initial cutting will need 
retreatment earlier than stands with 
smaller trees. 

Apparently sprouting vigor is re- 
lated to tree size and associated factors 
such as assimilation of photosynthates 
and carbohydrate storage in the roots. 
Moisture content of the regrowth is 
apparently affected by soil moisture 
and growth stage, however. Juniper 
sprouting after cutting was not highly 
correlated with cumulative precipita- 
tion from Post, Tex., 7 km north of 
the study area. However, the moisture 
content of the sprouts generally 
followed closely the amount of precip- 
itation recorded for the month pre- 
ceding clipping of the regrowth. As 

Table 1. Phenological stages of redberry juniper as observed at biweekly intervals through- 
out 1968 and 1969 in Garza County, Tex. 

Stage Dates of occurrence 
Bark begins to slip March 15 to April 1 
Staminate and pistillate flowers open April 1 to 15 and October 1 to 15 
Start of leader elongation April 15 to May 1 
Bark begins to stick September 15 to October 15 
Leader elongation stops October 15 to November 15 
Dormant period November 15 to March 15 

JOURNAL OF RANGE MANAGEMENT 29(3), May 1976 

expected, moisture content of the 
sprouts was lowest during the dormant 
season (November- March) and highest 
during the growing season. Rainfall 
from April through October averaged 
150% greater than the long-term 
average. Reynolds (1967) also ob- 
served that moisture content of 
resprouts of three chaparral species 
responded to rainfall during the 
growing season. 

Based on our data, redberry juniper 
sprouts least after top removal during 
the summer months or after stem 
elongation starts in the spring and 
before the bark sticks in the fall. These 
findings should apply to all types of 
control which depend upon mechani- 
cal removal of the aboveground parts 
of this sprouting species. Top removal 
of redberry juniper during a critical 
growth period may increase the 
effective life of the treatment. There- 
fore, control measures such as axing, 
sawing, roller chopping, or shredding 
should be planned for the summer 
growing season for best results. 
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A Grazing 

Zebu Type 

Recorder Harness for Use with 

Cattle 

MICHAEL D. GWYNNE AND GEORGE P. 
KINGABY 

Highlight: The hump, dewlap, and 
neck-curve of Zebu (Bos-indicus) cattle 
make it difficult to fit a stable harness 
which involves a neck-band. A harness 
design is described here which allows a 
vibracorder automatic grazing recorder to be 
correctly and securely positioned on the 
neck of these cattle. It has proved suitable 
for use with range-herded animals. 

Various automatic devices for re- 
cording grazing time and/or the 
pattern of grazing have been described 
in recent years (Canaway et al., 19 55; 
Young, 1966; O’Shea, 1969; Stobbs 
and Cowper, 1972). The most success- 
ful of these is the vibracorder de- 
veloped originally for logging vehicle 
operating times and therefore readily 
available commercially. It was first 
used on sheep (Allden, 1962; Arnold 
and Bush, 1963) and has subsequently 
been fit ted to Jersey dairy cattle 
(Stobbs, 1970). 

The vibracorder contains a pendu- 
lum that is free to oscillate on one 
plane, within limits imposed by stops. 
When mounted vertically it transmits 
motion to an attached stylus which 
marks a wax coated, clock-work driven 
chart. Two models of vibracorder are 
available, daily and weekly. The daily 
is most suitable for animals easy to 
handle and the weekly for those which 
have to be restrained for examination 
(e.g., wildlife species). 

The instrument is most sensitive 
when its long axis is vertical and least 
sensitive when horizontal. In order to 
record grazing times, therefore, it is 
necessary to place the recorder so that 
it is upright when the head of the 
animal is in the grazing position, and 
out of the vertical when the animal is 
not grazing. This necessitates mount- 
ing it on the side of the neck 
sufficiently forward to insure a posi- 
tive change in attitude when grazing 
commences, and yet sufficiently far 
back that it does not interfere with 
food selection and eating action. 

Stobbs (1970) positioned the vibra- 
corder by means of a metal plate fitted 
to a canvas belt fastened around the 
neck; the instrument was prevented 
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from slipping by being tied to a halter 
and counter-balanced with weights. 
This method is not suitable for Zebu 
type cattle because the large dewlap 
and neck folds prevent the neck-band 
from being tightened sufficiently. 
Humped cattle walk with their necks 
in a seemingly more curved position 
(Fig. 1) than do Shorthorn and other 

humpless breeds. This leads to an 
accumulation of skin folds in the neck 
region, which prevents any neck-band 
from being securely fastened when the 
head is raised. When the animal is 
grazing with the head down, the skin 
unfolds (Fig. 2) resulting in a re- 
duction in effective neck diameter, 
causing a neck-band to become ex- 

Fig. 1. The grazing recorder in the nonsensitive position when the animal is walking. Note 
the curve of the neck, the skin folds, and the loose pouch-girth connector straps. 

Fig. 2. The vibracorder tilted forward into the maximum sensitivity position. Note the 
elimination of the neck skin folds, and the tight pouch-girth connector straps. 
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cessively loose (Fig. 3). If the neck- 
band is tightened when the neck is in 
the extended position, the animal is 
upset by the resultant neck con- 
striction when it tries to return to the 
head-up, walking posture. Further, the 
Stobbs (1970) method of attaching 
the vibracorder to the harness is not 
suitable for range-herded cattle as it 
does not afford the instrument 
sufficient protection against possible 
impact damage from other herd 
animals and from encounters with 
substantial woody vegetation. 

It was decided, therefore, to design 
a vibracorder harness that did not 
depend on a halter and neck-band for 
positioning and which afforded reason- 
able protection to the instrument. The 
harness described here is easily fitted 
and adjusted, holds the vibracorder in 
the correct position at all times, and 
does not disturb the animal when it is 
feeding. The harness consists of three 
units (Fig. 4), a neck-band and two 
halves of an adjustable girth. It has 
been extensively field tested during 
experimental work at the Kiboko 
Range Research Station, Kenya, and 
found very satisfactory. 

The neck-band is a canvas pouch 
(22 x 21 x 8 cm) sewn to a broad 
18-gauge piece of canvas (68 X 12 cm) 
which is positioned on the left side of 
the animal’s neck (Figs. 1 and 4). The 
canvas curves round the dorsal and 
ventral parts of the neck but does not 
completely cover its right side. The 
ends of the canvas are joined by a 
narrow (3 cm) adjustable webbing belt 
so that the right side of the neck is 
exposed, thus reducing heat irritation. 
The neck-band is fitted to the animal 
when it is in the head-up position so 
that it is firm but not tight, with the 
minimum necessary compression of 
the dewlap. 

The two halves of the soft, 6 cm 
wide, double belting girth run behind 
the forelegs and the hump, respective- 
ly, being joined by adjustable straps on 
each side. It is important that the 
upper half-girth is centered so that the 
two right-hand buckles are equally 
spaced on either side of the spine (Fig. 
4). Similarly, the lower half-girth must 
also be centered. The variable side 
straps allow the girth to be fitted to 
any sized cattle without disturbing the 
essential center positioning. 

From the upper part of each side of 
the neck-band, a strap runs back and is 
fastened to the lowest buckle on the 
same side of the upper half-girth (Fig. 
2) passing on either side of the hump. 
Similarly, a strap runs back from the 
neck-band to the lower half-girth 
passing on either side of the sternum. 
Another strap runs diagonally from 
just beneath the pouch and fastens to 

the top left buckle of the upper 
half-girth. It is this strap which 
prevents the neck-band from rotating 
and moving forward, thus ensuring 
that there is a change in attitude of the 
pouch when grazing starts. When 
fitting the two upper pouch-girth 
connector straps, it is important that 
the animal be in the head-down 
position so that their correct length 
can be determined; too short and they 
restrict feeding, too long and they let 
the neck-band slide forward when the 
animal is grazing. When it is in the 
nonfeeding walking posture these 
straps hang loosely (Fig. 1) while the 
pouch is carried horizontally. During 
feeding the pouch is tilted towards the 
animal’s he ad, thus providing the 

necessary change in attitude of the 
recording instrument (Fig. 2). 

The recorder is encased in a 7.5 cm 
thick block of polystyrene foam cut in 
half parallel to the broad face with 
each half hollow sculpted to the shape 
of the recorder. The block thus firmly 
holds the vibracorder in the neck-band 
pouch in such a way that when the 
pouch is tilted forward the instrument 
comes into the maximum sensitivity 
position, and when it is horizontal the 
vibracorder is angled back (about 45’) 
to a nonsensitive position in which the 
pendulum rests on one of its stops. A 
sheet of 4-mm hardboard is inserted in 
the pouch between the block and the 
outer pouch wall; this serves to 
distribute impact shocks over the 

Fig. 3. When grazing the effective diameter of the neck decreases so that the neck-band 
becomes very loose. It would slide forward and swing out of position were it not for the 
pouch-girth connector straps. 
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Fig. 4. Details of the grazing recorder harness; the parts are arranged as if the head of the 
animal were on the left. Measurements are in centimeters. (A) Neck-band with vibracorder 
pouch; (B) Upper half-girth; and (C) Lower half-girth. 
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whole block and reduces damage due 
to piercing. 

The animals quickly become ad- 
justed to the harness (total weight, 
including vibracorder, is 2 kg) and the 
charts can be changed in the field. At 
the Kiboko Range Research Station, 
Sahiwal steers have worn the harness 
continuously for periods of up to 30 
days (except for the twice weekly dip) 
without ill effect. 

Reports of the experimental work 
involving the vibracorders will be 
published later. 
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Careers in the Outdoors. By Mark Boesch. E. P. Dutton and 
Co., Inc., New York, N.Y. 1975. 240 p. $4.95 

Drawing upon his experiences as a career U.S. Forest 
Service employee, Mark Boesch has apparently designed this 
book as a career information guide for the high school-aged 
student interested in natural resource conservation. Nine 
different professional career specialties are covered, ranging 
from Forestry and Timber Management to Outdoor 
Information and Education. Range Management receives a 
scant 15 pages of discussion. 

The format of each section is a brief discussion of the 
particular profession and the kinds of jobs one might 
encounter, followed by one or more brief “case studies” 
describing the career development of acquaintances of 
Boesch’s. Also included are his assessments of present and 
future job possibilities in the various professions and listings of 
names and addresses of professional organizations where 
additional information can be requested. 

In general, I found the book mildly informative but not 
entirely objective. It makes passing mention of the gloomy job 
prospects in such areas as Forestry and Wildlife Management, 
but probably offers too much false hope for improvement for 
the future, based largely on anticipated implementation of 
recommendations by the Public Land Law Review 
Commission. 

As one might expect from the author’s background, the 
book is almost entirely oriented to federal service careers, and 
in the case of range management, the western United States. 
No mention was made of job possibilities in the south and 
southeast. He also neglected to mention the ever-improving 
potentials for women and minority groups in conservation 
careers. 

A helpful appendix includes separate listings of technical 
schools and universities offering programs in natural resource 
management, but several glaring oversights were noticed (ex. 
Texas Tech Univ., Brigham Young Univ., and New Mexico 
State Univ.). Another appendix is entitled “Applying for Civil 
Service Jobs,” but in reality, it only lists addresses of Federal 
Job Information Centers. 

This would be a valuable and recommendable book for high 
school guidance counselors. However, most student advisors in 
university natural resource programs would not find enough 
new or useful information to justify its comparatively high 
cost .--John C. Malechek, Logan, Utah. 

Avarices en Pasturas Cultivadas y Naturales, de Arthur T. 
Semple Edit. Hemisferio Sur. Primera edici6n en EspaAol 
1974. Traducida de “Grassland Improvement” Leonard Hill 
Books, por Rodriguez de Cianzio. Argentina. 544 p. 

El autor reune su experiencia adquirida durante 10s aAos de 
trabajo en el USDA, OAS, y FAO, en donde ha tenido la 
oportunidad de conocer 10s diferentes t6picos en producci6n 
de pasturas de 10s paises afiliados a las Naciones Unidas. 
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El texto bien documentado trata de presentar la 
bibliografi’a basica de cada pais con cierta preferencia por 10s 
trabajos de 10s congresos internacionales de pasturas. De 681 
referencias ~610 hay 21 de J.R.M. Sin embargo, el autor se 
apega con propiedad a la prioridad cientifica. Cita en el texto 
~610 10s nombres cientificos de las especies, dejando 10s 
nombres populares en un apCndice, evitando con &to las 
confusiones clfisicas cuando no se sigue este orden. El libro 
estg estructurado en 14 capitulos coma se menciona a 
continuaci6n. 

1. Historia e importancia de las pasturas, trata sobre la 
filogenia de las graml’neas y el desarrollo de las costumbres 
pastorales, la evoluci6n de la relaci6n tierra, agua, pasto y la 
diversificaci6n de1 uso de la tierra. 

2. Tipos de pasturas y sus zonas geogrtiicas comienza con la 
terminogia de pasturas naturales o praderas, capacidad de 
carga, p a sturas temporales, rotaci6n con cultivos 
suplementarios de tierras firidas, zonas hGmedas tropicales de 
gran altitud y latitud y graml’neas cultivadas. 

3. Componentes de las pasturas. Trata de1 aspect0 bothico 
de las plantas forrajeras, sus caracteristicas, condiciones 
ecol6gicas, relaciones nutritivas, bacterias de leguminosas. 

4. Propiedades nutritivas y deficiencia de las pasturas. 
Menciona las caracteristicas de las pasturas tropicales 
temporales y permanentes, producci6n intensiva. El uso de 
fertilizantes, deficiencias nutricionales de 10s animales en 
pastoreo, hipocupremia, t&anos, etc. 

5. Forraje de 5rboles y arbustos. Uso extensivo de 
vegetaci6n leiiosa relacionado a varios pa&es no ~610 de 
Australia sino Hawai y Kenia. 

6. Tierras de pastoreo 5ridas y semiAridas. Trata de las zonas 
gridas, mediterrgneas. Describe pobremente 10s m&odos de 
medir vegetacibn, cita el pastoreo diferido y rotativo, sin 
embargo, no menciona 10s sistemas de Hormay y de Merrill. 

7. Explotaci6n de pasturas en tierras hGmedas. Da &fasis a 
las gramrneas perennes con rotaci6n de cultivos agricolas de 
invierno y otofio. 

8. Siembra y fertilizaci6n. La producci6n de semilla de 
variedades mejoradas, sistemas de producci6n de gramineas y 
leguminosas, almacenamiento, certificaci6n, 10s mCtodos de 
siembra, las formas de fertilizaci6n rGstica y con productos 
qulinicos, siembras intercaladas. 

9. Conservaci6n de1 agua, irrigaci6n y uso de las tierras. 
Describe 10s m&odos usados para retener el agua en el suelo 
desde formaci6n de terrazas hasta poseadoras y trampas de 
agua. 

10. Control de vegetaci6n indeseable y de otras pestes y 
enfermedades. Control de arbustos por m&odos meca’nicos, 
biol6gicos y con fuego, herbicidas y arbocidas, control de 
insectos ecto y endopar&itos, enfermedades de las plantas, 
control de fauna silvestre. 

11. El ganado, pastoreo, comportamiento y manejo. 
Mejoramiento de pasturas mediante el manejo de ganado, carga 
adecuada, costumbres de 10s animales domCsticos, distribuci6n 
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de aguajes, cercados, alimentacion suplementaria, manejo para 
reducir la parasitosis. 

12. Ensilaje de pastos, preparation de1 heno y pastoreo 
mecanico. Describe las bases fundamentales de estas t6cnicas y 
sus variaciones en 10s pal’ses. 

13. Programas nacionales de mejoramiento de pasturas. 
Menciona 10s programas de Argelia, Argentina, Australia, 
Colombia, India, Kenia, Nueva Zelandia, Suiza, Estados 
Unidos y termina con un capl’tulo sobre las necesidades de 
investigation. Incluye adem& apdndices sobre factores de 
conversion, clasificacion de las tierras, leyes y reglamentacion 
sobre pastoreo, valores de forrajes y pasturas, referencias, 
bibliografi’as, perspectivas para la ganaderl’a tropical y lista de 
plantas. 

Como todos 10s libros no traducidos simultaneamente a 
varios idiomas, cuando aparece su primera edition; tiene el 
inconveniente de estar un poco atrasado, sin embargo toda la 
information contenida es muy valiosa para estudiantes, 
profesores y todas aquellas personas que en alguna forma est&r 
relacionadas con la production de came en 
pastizales.-Antonio G6mez Gonztilez, Instituto de 
Investigation de Zonas Des&ticas. Universidad Autonoma de 
San Luis Potosi. 

Proceedings of the Symposium on Management of Forest and 
Range Habitats for Non-Game Birds. Dixie R. Smith, 
Technical Coordinator, U.S. Department of Agriculture, 
Forest Service. General Technical Report WO-1, 
Washington, D.C. 1975. 343 p. 
The purpose of this symposium was to “initiate a dialog 

between resource managers and avian ecologists.” The Forest 
Service, other agencies, and conservation groups sponsored the 
meetings to reorient wildlife management toward ecological 
management instead of the present one-species approach. 
Papers were presented by both ecologists and managers, and 
varied from excellent to disappointing, from sound reviews to 
wordy comments on the grandeur of nature. 

The first group of general papers was keynoted by John 
Gottschalk, who showed the recent history of ecological 
awareness in wildlife management and emphasized the need 

for multipurpose rather than money-minded management. 
Oddly, this was directly followed by Payne and DeGraafs 
good paper on the economic values associated with non-game 
birds, which gave money-minded reasons for talking about 
them. This dichotomy between ecology and economy 
reappeared often. 

The second set of papers concerned bird habitat use. A 
highlight here was Balda’s discussion of bird densities and 
vegetation structure. He reviewed current ecological literature 
and offered good points on management problems. Peterson 
discussed the roadside count technique in an interesting 
analysis of breeding bird distribution. 

Next followed three discussions of the major habitat types: 
deciduous forest, rangelands, and coniferous forest. In each, a 
general review of current theory was followed by papers on 
management of flora, fauna, and water resources, with the 
possible impact on avifauna. Major papers here were by 
Shugart, Anderson, and Strand on discriminant function 
analysis of deciduous habitats, Zeedyk and Evans on 
deciduous forest management, Wiens and Dyer on rangeland 
avifauna, Snyder and Snyder on raptor management, Carothers 
and Johnson on rangeland water management, Wiens on 
coniferous bird habitats, Meslow and Wright on successional 
avifauna, and Myers and Morris on coniferous forest watershed 
management. 

The final set of papers dealt with current management 
policies of the various government agencies. Some spokesmen 
were quite informative, while others just blew horns. Most 
were primarily concerned with the difficulties of funding 
non-game programs, and the preservation of raptors and other 
endangered species. A deep understanding of avian ecology 
was generally absent. 

In overview, if the dialogue between avian ecologists and 
wildlife managers is to result in a meaningful conversation it 
will be necessary for the ecologists to understand the 
economic and legislative pressures upon the managers, and for 
the managers to search for a deeper understanding of the 
immensity of the task before them. This book can begin to 
educate them both.-Barbara L. Winternitz, Colorado Springs, 
Colorado. 

A memorial fund has been established in honor of Walt Dutton, 
long-time advocate of range management, who died February 13, 1976. 
Funds will be used for a suitable memorial in the permanent headquarters 
of the Society for Range Management. Contributions may be sent to the 
office of the Executive Secretary, SRM, 2120 S. Birch St., Denver, Colo. 
80222. 
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