










Sheep Losses on Selected Ranches in 

Southern Wyoming 

JAMES R. TIGNER AND GARY E. LARSON 

Highlight: To help resolve conflicting claims about the severity of predator losses to 
the sheep industry, sheep losses from all causes were assessed during 1973-75 in five 
southern Wyoming ranches. Although herd sizes varied seasonally and yearly, about 
6,000 ewes and their lambs were monitored each year during spring lambing and the 
summer and winter grazing seasons. Most of the sheep were tended by herders. Lamb 
bss was greater than ewe, and spring losses were always greater than summer and 
winter losses combined. Of 4,440 dead sheep examined, predators killed 1,030 or 
23%. Although predation was the largest single cause of death for lambs (24%), 
weather-related losses such as deaths from exposure, starvation, accidents or disease, 
if combined, would probably have been higher. Disease killed the most ewes (260/o), 
with predation the second most important cause of death (18%). Of the deaths from 
predation, coyotes caused 77%, black bears ll%, and golden eagles 9%. During the 3 
years, known predator kills were 0.2% of the ewes each year and l.S%, 2.1%, and 
3.2%, respectively, of the lambs from the study herds. There were 1,235 ewes and 
iambs missing, mostly after the summer season, mainly due to miscounting and loose 
management-from one ranch. 

The conflict between sheep pro- 
ducers and their critics over the loss of 
sheep to predators, chiefly coyotes 
(Canis Zatrans), has opened a credibili- 
ty gap of major proportion. The sheep 
industry states that predator losses are 
severe and that it cannot survive 
without effective predator control. Op- 
ponents believe that the predator losses 
claimed by sheepmen are exaggerated, 
control practices pose problems of 
environmental contamination, preda- 
tors are public property and have 
positive social value, and predator 
management should stem from a basis 
broader than control alone. 

Although not supported by un- 
challengeable data, evidence from the 
Cain Committee (Cain et al. 1972) 
suggested that predator control in some 
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areas may not be as effective as popu- 
larly believed, the predation rate may 
not be density dependent, and predation 
on sheep may not be as great as 
commonly thought. One of the Com- 
mittee’s recommendations was to ban 
all existing toxic chemicals for use in 
operational predator control, and this 
was among the steps implemented by 

Federal Executive Order 11643 in 
1972. The Cain Committee also recom- 
mended a long-term research program 
based in the Division of Research, U.S. 
Fish and Wildlife Service, which 
would provide information on the 
ecological problems associated with 
predators, including the actual live- 
stock losses they caused. Subsequent- 
ly, the Service’s Denver Wildlife 
Research Center was charged with the 
responsibility for this and other preda- 
tor research. This article reports the 
findings of one of the resulting investi- 
gations: a 3-year field study to deter- 
mine the magnitude and causes of 
sheep loss during range operations in 
the mountain West. 

Methods 

This study was conducted from April 
1973 through December 1975 on five 
sheep ranches based in Carbon and 
Sweetwater counties, Wyoming. One 
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herd, chosen by the rancher, was 
studied on each ranch, but only three 
were followed for the entire period. 
Ranch C was dropped from the study in 
April 1975 for lack of project per- 
sonnel; Ranch A went out of business in 
April 1975, and a second herd from 
Ranch D (Herd D-2) was followed 
during the rest of 1975. 

Ranch Operations and 
Husbandry Practices 

Range sheep operations have been 
developed for use in the vast desert and 
mountain areas of the West. Since the 
land is semiarid and forage tends to be 
sparse, grazing must extend over con- 
siderable areas. Large tracts of public 
land, often leased for grazing, are inter- 
spersed with private land, and relative- 
ly little of it is fenced. In response to 
these conditions the five ranchers in the 
study, like most in the area, used sheep- 
herders to tend their herds (one ranch, 
B, used herders only in the summer), 
lambed on the range rather than in a 
shed, and had separate winter and 
summer grazing ranges, much of it on 
public lands. 

The ranchers’ crossbred ewes were 
predominantly of the fine-wooled 
Rambouillet and medium-wooled Co- 
lumbia breeds. Suffolk and Hampshire 
rams were sometimes used to improve 
the meat quality of lambs. Various 
types and intensities of predator control 
were used for all herds throughout the 
study; project personnel neither as- 
sisted nor interfered with it. 

From about October through June, 
sheep were grazed and lambed in the 
semiarid rolling plains and foothills 
averaging about 2,000-m elevation. In 
this area, precipitation (mostly summer 
rain) ranges from 13- to 3 l-cm a year, 
and the vegetation is dominated by big 
sagebrush (Artemisia tridentatu), but 
depending on the elevation, exposure, 
and soil type, other woody plants 
occur, including juniper (Juniper-us 
scopulorum), aspen (Populus tremu- 
loides), saltbush (Atriplex sp. ) , grease- 
wood (Sarcobatus vermiculatus), serv- 
iceberry (Amelanchier alnifolia), bit- 
terbrush (Purshia tridentatu), moun- 
tainmahogany (Cercocarpus montan- 
us), Gambel oak (Quercus gambellii), 
and chokecherry (Prunus virginianus). 
The dominant grasses are western 
wheatgrass (Agropyron smithii), June-\ 
grass (Koeleria cristutu), Indian rice- 
grass (Oryzopsis hymenoides), Sand- 
berg bluegrass (Poa secunda), and 

Fig. 2. Typical vegetation in the fall, winter, and spring sheep ranges in southern Wyoming. 
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dominated by big sagebrush. 

needleandthread (Stipa comata). Im- 
portant forbs are umbrella plant (Eri- 

ogonum sp.), biscuitroot (Lomatium 
SP.), phlox (Phlox sp.), and scarlet 
globemallow (Sphaerulcea coccinea). 
Poisonous or noxious plants present are 
woody aster (Aster xylorrhiza), haloge- 
ton (Halogeton glomeratus), vetch 
(Astragalus sp.), death camas (Zyga- 
denus sp.), and greasewood. The area’s 
characteristic strong winds promote 
evaporation and increase the severity of 
winter storms but also permit winter 
grazing by blowing snow from the 
ridges. 

During July through September, 
sheep grazed mountain allotments in 
the Medicine Bow and Routt National 
Forests. Elevations in the area range 
from about 2,150 to 3,650 m, and the 
climate and vegetation vary according- 
ly. In general, sheep were grazed in 
montane habitat, where stands of 
conifers and other trees are interspersed 
with hillsides and meadows. The vege- 
tation is quite variable, with extensive 
areas of lodgepole pine (Pinus con- 
tortu), aspen, Gambel oak, alpine fir 
(Abies Zasiocarpa), and Engelmann 
spruce (Picea engelmannii), inter- 
spersed with meadows and hillsides 
containing big sagebrush, timothy 
(Phleum pratense), hairgrass (Des- 
champsia sp.), sedge (Carex sp.), blue- 
grass (Poa sp.), Idaho fescue (Festuca 

It is 

iduhoensis), needlegrass (Stipa sp. ), 
bromegrass (Bromus sp.), mulesears 
(Wyethia amplexicaulis), dandelion 
(Taraxacum sp.), geranium (Geranium 
sp.), as well as less important forage 
species. 

One herd of sheep grazed in the sub- 
alpine and alpine tundra in 1975. 
Knight et al. (1975) referred to the 
vegetative cover as alpine turf, which 
occurs in open areas and is predomi- 
nantly bluegrass, alpine avens (Geum 
rossii) , alpine sagewort (Artemisia 
scopulorum), sedges, rushes (Juncus 
sp.), Parry clover (Trifolium parryi), 
and dandelion. Willows (Salk sp.) are 
found along the streams. 

Range lambing began by forming 
herds of about 1,000 to 2,000 ewes as 
they left the shearing pens in late April 
or early May. Except on Ranch B these 
herds were tended by herders through- 
out lambing. The sheep usually bedded 
near the sheep camp at night and in the 
morning the main herd was moved 
away from the ewes that had lambed 
during the night (the drop bunch). This 
procedure began about May 10 and 
continued until about 500 ewes had 
lambed. The ewes and their lambs were 
then gathered so the lambs could be 
tail-docked and marked and the males 
castrated. This docking operation was 
the first accurate count of lambs. After 
the first docking, a second series of 
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drop bunches was started from the main 
herd until a band of 500 was gathered 
and the lambs docked. These two bands 
made up a lambing herd of about 1,000 
ewes and their lambs. Remaining ewes 
that had not yet lambed were put with 
the late-lambing ewes from other herds 
to make up the late-lambing herd. 

On Ranch B, the lambing herd was 
placed in a fenced 2,000 ha pasture and 
allowed to graze, bed, and give birth 
unattended. Some sheepmen use this 
method because of the difficulty of 
obtaining competent herders and be- 
cause the range is utilized better by 
unherded sheep. 

In this study, the entire lambing herd 
was monitored until the late-lambing 
and dry ewes were separated, and then 
the herd of early-lambing ewes and 
their lambs was followed. This herd 
usually maintained its identity through 
the summer and shipping, but a few 
summer herds were composed of 
animals from several lambing herds, 
thus changing the number and individu- 
al sheep being monitored. 

After the summer herds were formed 
in June or July they were driven to the 
summer range (about a week’s trip) in 
the mountains or occasionally were 
hauled there by truck. In September, 
the sheep were driven off the summer 
range to the shipping point. Then in 
early October, the lambs (except re- 
placement ewes) were separated and 
shipped either to a farming area for 
further fattening or directly to market. 
The remaining winter herds of about 
2,000 ewes and replacement ewe- 
lambs were formed and driven to the 
winter range. Rams were put with the 
ewes for breeding from about mid- 
December to about February 1. The 
ewes grazed on the winter range until 
shearing, after which they were moved 
to the lambing ground, completing the 
annual cycle. 

Project personnel made a concerted 
effort to interfere as little as possible 
with routine ranch activities so that the 
normal operation of the ranch would 
continue (it was particularly important 
not to disturb ewes with newborn 
lambs), and so that predation patterns 
would not be changed. 

Although a few counts of sheep 
herds were made for the purpose of this 
study, most were scheduled to coincide 
with ranch operations. Usually the first 
count in the calendar year was at 
shearing in late April orearly May when 
the lambing herds were formed. Other 
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counts were made when the lambs were 
docked and marked, when sheep were 
moved to the summer range, as they left 
the summer range, and again when the 
lambs were shipped in October. The 
other regularly scheduled count took 
place in late November or early Decem- 
ber when the wool around the sheep’s 
eyes was sheared. Because of the 
difficulty of counting large numbers of 
sheep, any herd count where two 
individuals counted within five or ten 
animals of each other was considered 
good. Two persons usually counted the 
sheep as a precaution against error. 

In 1973, each technician lived in the 
closest town and tried to monitor two 
herds; this proved unsatisfactory be- 
cause too little time could be spent with 
each herd. In subsequent years one man 
was assigned to each herd and given a 
small camp trailer so he could live near 
the herd and move with it in spring and 
summer. During the spring lambing 
season, technicians generally worked 
from dawn to dusk, 6 days a week, and 
when possible another observer 
searched on the seventh day. Herds on 
summer ranges were monitored 5 days 
a week, as were the winter herds except 
on Ranch B, if weather permitted. The 
Ranch B herd was not monitored in 
winter because ewes from several herds 
were placed together, unherded, in a 
5,200-ha pasture where accurate sur- 
veillance was impossible. 

On each working day, the technician 
searched the area for dead sheep, 
generally on horseback. Horses pro- 
vided good visibility as well as 
mobility, and since they are a common 
part of ranch operations, were unlikely 
to affect predation. While the tech- 
nician was responsible for the searches, 
any reports of dead sheep by herders, 
ranchers, or others were investigated. 
During winter, when horses could 
generally not be hauled to the grazing 
areas because of bad weather and road 
conditions, herders provided much 
information to aid in finding dead 
animals. 

Mortality and 
Productivity Measurements 

Each dead sheep found was necrop- 
sied on the site and the cause of death 
determined if possible. In 1973, the 
technicians were given training by the 
project leader in necropsy techniques 
and in general followed the procedure 
outlined by Rowley (1970) whereby 
dead, newborn lambs were examined to 
determine whether they had breathed, 

walked, nursed, or digested milk. In 
January 1974, a short course in sheep 
diseases and necropsy techniques was 
conducted for project personnel under 
contract by the College of Veterinary 
Medicine at Colorado State University. 
Necropsy results for each sheep were 
recorded in the field on a pocket-sized 
necropsy card. Data were also entered 
on the animal’s identity and location 
and, where possible, on its sex, age, 
weight, and the circumstances sur- 
rounding its death. 

Any wounds on the sheep were 
examined closely for subcutaneous 
bleeding, indicating that the animal 
was alive when wounded; this usually 
was evidence of predation. The way 
each species of predator killed sheep 
was quite distinctive and, coupled with 
other clues such as animal sign at the 
scene or the geographic location, 
usually allowed positive identification 
even when more than one species of 
predator had fed on the carcass. In 
general, coyotes attacked ewes at the 
throat and lambs at the head or throat, 
or both, depending on the size of the 
lambs. Golden eagles (Aquifa chry- 
saetos) in this study killed only smaller 
lambs (less than about 22-kg) with the 
talons entering the lamb anywhere 
along the back and sides from the tail to 
the head. It was rare for an eagle to 
break a bone larger than a rib, although 
they did dissect parts of the skeleton at 
the joints and could open the skull of 
small lambs. Black bears (Ursus amer- 
icana) appeared less selective than 
coyotes and eagles. They took ewes 
nearly as readily as lambs and generally 
inflicted much greater anatomical dam- 
age than did coyotes. Bobcats (Lynx 
r&us) killed a few lambs, leaving their 
distinctive claw marks on the prey. 
Domestic dogs killed some sheep in 
their usual messy attacks; they were apt 
to bite the sheep anywhere and might 
only wound the victim. 

While predation was usually easy to 
diagnose, other causes of death such as 
exposure, disease, or poisonous plants 
were not, particularly if the carcass was 
decayed. When temperatures were 
high, it was usually impossible to 
determine the cause of death after more 
than one or two days unless there was 
subcutaneous bleeding. If predation 
was not the cause of death and the 
diagnosis could not be made from gross 
evidence, the death was listed as 
undetermined. 

With rough terrain and thick vegeta- 
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tion in the study areas and the possi- 
bility of predators carrying carcasses 
away, it was virtually impossible to 
account for all the lambs born on the 
range. Therefore, a contract was made 
with the Department of Animal 
Science, University of Wyoming, to 
determine the birth rate of the study 
herds in a lambing shed. The ewes had 
their lambs under the surveillance of 
the Extension Sheep Specialist from the 
University of Wyoming. Birth rates, 
lamb mortality, sexes and weights, and 
other pertinent information were 
recorded, and then the ewes and lambs 
were returned to the ranchers. Since 
the results of this work have now been 
Eported in a separate publication 
(Faulkner and Tigner 1977), only birth 
and docking counts are reported here. 

Results 
Sheep losses were estimated from 

three main categories of data: the 
number of dead sheep found and the 
cause of their death as determined by 
field necropsy, a comparison of lamb 
production in the lambing sheds with 
lamb counts on the range, and the 
counts of sheep at the beginning and 
end of each season. Each of these 
indicators presented some problems, 
but together they completed enough of 
the picture to show certain patterns. 

Necropsy results for the 4,440 dead 
sheep examined during the study are 
summarized in Table 1. As expected, 
lambs were more vulnerable than ewes, 
especially during their first weeks of 
life. Of the causes of death that could be 

Table 1. Necropsy results for 3 years: 
each cause of death, by season. 

Table 2. Productivity and predocking losses in range lambing as estimated by birth rates and 
docking counts. 

Lambs per 100 ewes Projected % 

In sheds On range of range 
lambs miss- 

Total Alive at Total known Undecked Alive at ing (-) or 
Year Ranch born docking born known dead’ docking surplus (+) 

1973 A - - 83.6 11.7 71.9 - 
B 110.0 97.5 100.5 7.0 93.5 - 9.5 
C 154.0 140.0 115.5 2.2 113.3 -38.5 
D 97.6 83.1 92.8 8.2 84.6 - 4.8 
E 122.0 105.0 85.7 3.1 82.6 -36.3 

1974 A 94.6 73.9 112.0 32.8 79.2 + 17.4 
B 144.2 133.3 120.7 23.2 97.5 -23.5 
C 128.5 118.7 136.7 9.4 127.3 + 8.2 
D 132.0 124.3 116.0 12.4 103.6 - 16.0 
E 128.0 120.0 108.3 9.3 99.0 - 19.7 

1975 B 114.7 95.3 115.6 30.6 85.0 + 0.9 
D 110.4 103.2 112.2 36.0 76.2 + 1.8 
E 110.0 93.9 105.1 12.2 92.9 - 4.9 

Mean for all 
herds and years 120.5 107.4 108. I 15.2 92.8 - 10.2 

’ Includes orphaned (bummed) lambs removed from herd. 

determined, disease and predation took 
the greatest percentage of ewes, and 
predation, exposure, and starvation 
took the greatest percentage of lambs. 
Coyotes were the dominant predator 
throughout the study and essentially the 
only one in winter; golden eagles killed 
only spring lambs, and black bears 
killed sheep only in summer. After 
1973, with better surveillance of the 
herds and improved competence in 
necropsy techniques, the number of 
sheep found and examined each year 
increased by about 50%, and more 
were assigned to definite causes of 
death. Even during the last two years, 
however, an unexpectedly large num- 

percentages of dead ewes, rams,’ and lambs assigned to 

Cause of death Spring Summer Winter All seasons 

Ewes (n = 840) 
Physical abnormality 0.4 - - 
Disease 23.2 23.1 30.8 
Accident 10.0 6.6 7.5 
Poisonous plant 4.3 5.2 0.9 
Predation 9.6 23.1 21.8 
Exposure 2.9 - - 
Other 15.7 1.0 11.2 
Undetermined 33.9 41.0 27.9 

Lambs (n = 3600) 
Stillborn 10.9 - - 
Physical abnormality 0.6 - - 
Disease 3.8 4.9 6.5 
Accident 5.1 5.8 2.7 
Poisonous plant 0.1 0.2 1.4 
Predation 16.0 63.0 38.7 
Starvation 17.5 2.1 0.3 
Exposure 18.6 - 32.4 
Other 2.2 3.2 11.4 
Undetermined 25.3 20.8 6.5 

’ Only 16 rams were known to have died, so they are included with the ewes. 
” Winter period 1973-74, covers 1974-75, and October to December 1975. 

0.1 
26.3 

8.1 
3.1 

18.1 
1.0 

10.1 
33.2 

8.4 
0.5 
4.2 
4.9 
0.2 

24.4 
13.7 
17.6 
3.2 

22.8 

Table 2 compares lamb production in 
the shed-lambing study with lamb 
counts on the range during the study. 
The figures for lambs born in the sheds 
include both stillborn and live young, 
so could be considered an index of the 
herd’s reproductive potential. Birth 
rates in the shed were higher than the 
University personnel or the ranchers 
anticipated. The percentage of lambs 
returned to the rancher from the sheds 
was comparable with this same count 
on the range except that the shed count 
was usually conservative because ewes 
were sometimes returned to the ranch 
before all had had their lambs. These 
late-lambing ewes were included in the 
calculations for shed docking, but often 
their lambs were not, since the ewes 
were rarely identifiable after being 
returned to the parent herd. To provide 
an estimate of range losses before the 
lambs were counted at docking, lambs 
born in the sheds are compared with 
lambs accounted for at docking time on 
the range (those alive at docking plus 
those known dead before docking). 
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ber of deaths appeared in the “un- 
determined” category. Most of these 
undetermined deaths were apparently 
not due to predation, except possibly 
when carcasses were not found prompt- 
ly and golden eagles or black bears 
were active in the area. Eagles and 
bears are scavengers as well as preda- 
tors (much more so than we observed 
with coyotes), and if a dead sheep was 
not found within a day or two, it was 
extremely difficult to determine wheth- 
er they had killed it or merely fed on it 
after death. 



Table 3. Major causes of death and overall losses of ewes (E) and lambs (L) during the spring season.’ 

Number of sheep known dead by causes 
Total known 

Herd size at Stillbirth and Disease and Accident dead (includes Percentage 
start of season Exposure Starvation Predation abnormality poisonous plant and other undetermined) known dead 

YearRanch E L E L E L E L E L E L E L E L E L 

1973 A 935 777 46 
B 1144 1146 1 10 
C 1373 1580 3 
D 1247 1153 22 
E 5095 4363 2 75 

1974 A 797 883 
B 1257 1483 
C 2017 2728 1 
D 1035 1178 
E 1110 1199 

1975 B 1531 1716 171 
D 1387 1496 7 277 
D-2 1066 708 
E 1195 1231 57 

Totals 21,18921,641 8 508 

58 
42 
55 
18 

28 
62 
23 
41 

483 

3 29 7 4 4 4 16 138 
11 1 17 1 2 8 96 
13 6 5 1 40 

1 24 8 2 4 3 10 11 119 
1 8 40 2 5 12 12 161 

59 2 1 5 2 522 8 275 
4 48 15 5 7 3 4 30 283 

37 36 7 2 4 11 20 170 
2 5 35 3 19 4 9 24 146 

8 19 2 14 3 34 7 113 

10 156 49 16 21 15 15 53 491 
1 20 54 29 15 11 41” 56 501 

12 17 8 4 2 12 11 84 
5 12 13 4 3 14 4 24 149 

27 442 1 318 77 106 72 209 280 2,766 

1.7 17.8 
0.7 8.4 

0 2.5 
0.9 10.3 
0.2 3.7 

1.0 31.1 
2.4 19.1 
1.0 6.2 
2.3 12.4 
0.6 9.4 

3.5 28.6 
4.0 33.5 
1.0 11.9 
2.0 12.1 

1.3 12.8 - 
’ For the spring season, when accurate counts of ewes could be made before lambing those figures were used; when they were not, herd size figures for ewes and lambs are the 

total alive at docking plus the number found dead before docking. 
Includes 15 orphaned (bummed) and removed from herd. 

‘I Includes 9 orphaned (bummed) and removed from herd. 

This extrapolation projects the percent- marize the major causes of sheep loss 
age of lambs that were born and for each study herd each year during the 
probably died on the range but were not three major seasons in sheep man- 
found. agement . 

In southern Wyoming the weather 
plays an important part in sheep 
management. Winter weather affects 
the timing and success of breeding and 
thus the date of lambing, as well as the 
survival and physical condition of the 
pregnant ewes and their resultant 
productivity. Spring weather also af- 
fects survival, particularly that of new- 
born lambs, and spring and summer 
weather is important to forage pro- 
duction. Since the weather and other 
factors were different each year, Tabies 
3, 4, and 5 give herd counts and sum- 

Spring Losses 
Spring losses include those recorded 

from the time the sheep left the shearing 
pens to begin lambing until they were 
counted onto the summer range. The 
study began at shearing time in late 
April 1973, following the most severe 
and prolonged winter since 1949. 
Heavy snows started before the breed- 
ing season in mid-December and con- 
tinued until the first of May. Large 
numbers of sheep died during the 
winter despite the ranchers’ efforts to 

supplement their natural feed. The 
herds from Ranches A, D, and E 
suffered the most, and their produc- 
tivity was low (Table 2). Those from 
Ranch B and particularly Ranch C 
survived the winter much better, and 
both their appearance and productivity 
indicated better physical condition. 
After the first of May the 1973 lambing 
season had generally good weather; 
precipitation was above average and 
produced good forage. Survival of the 
remaining ewes and lambs was good, 
but there were probably more deaths 
than are indicated in Table 3. With the 
bad weather and the greater number of 
animals monitored in 1973, one would 
have expected more dead lambs to have 

Table 4. Major causes of death and overall losses of ewes (E) and lambs (L) during the summer season 

Year Ranch 

Number of sheep known dead by causes Total known 
Herd size at Disease and Accident dead (includes Percentage 

start of season Starvation Predation poisonous plant and other undetermined) known dead 

E L E L E L E L E L E L E L 

1973 A 2630 1210 16 11 1 60 59 2.3 4.9 
B 1021 1086 3 2 13 4 2 6 18 0.6 1.7 
C 1469 1657 1 8 1 1 3 10 0.2 0.6 
D 1091 1059 2 1 1 2 13 8 18 0.7 1.7 
E 1246 1200 1 1 12 2 4 11 22 0.9 1.8 

1974 A 1742 1405 8 11 4 3 3 24 26 1.4 1.9 
B 1060 1264 2 2 12 5 2 1 9 20 0.9 1.6 
C’ 2055 2703 17 5 1 2 8 21 0.4 0.8 
D 1031 1115 2 4 15 9 3 1 3 16 27 1.6 2.4 
E 1498 1605 2 54 3 2 2 3 9 66 0.6 4.1 

1975 B 1007 1046 4 69 2 1 2 5 8 76 0.8 7.3 
D 1053 980 2 29 2 4 5 6 8 45 0.8 4.6 
D-2 1040 575 6 26 21 2 36 35 3.5 6.1 
E 1226 1135 1 16 3 5 1 6 24 0.5 2.1 

Totals 19,169 18,040 10 49 294 60 24 16 42 212 467 1.1 2.6 

’ Ranch C dropped from study August 9; losses recorded only through that date. 
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Table 5. Major causes of death and overall losses of ewes (E) and lambs (L) during the winter season. 

Number of sheep known dead by causes Total known 
Herd size at Disease and Accident dead (includes Percentage 

start of season Exposure Starvation Predation poisonous plant and other undetermined) known dead 

Year Ranch E L E L E L E L E L E L E L E L 

1973-74 A 
C 
D 
E 

1974-75 A 
D 
E 

1975 to D 
Dec. 31 D-2 

E 

1929’ 
2203 ’ 

1576 504 
1043 833 

1805’ 
1610 509 
586 1414 

2030 0 
820 1067 
512 1510 

119 4 13 6 17 65 129 10.1’ 
20’ 10 13 3 47 3 2.3’ 

3 10 1 1 1 3 17 17 1.1 3.4 
7’ 12 8 3 7 4 39 19 3.7 2.3 

20 1 28 44 312 5 13 5 102 85 10.4’ 
6 20 13 8 9 2 31 34 1.9 6.7 

26 72 5 3 12 10 45 1.7 3.2 

7 16” 23 1.1 - 
1 15 11 1 1 13 17 1.6 1.6 

15 1 3 1 18 0.2 1.2 

Totals 8 177:j 5837:’ 139 1 76 142 110 29 65 32 348 367 1.6 2.6 
- 

’ Includes both ewes and ewe lambs. 
’ Includes dead rams. 
” Does not include winter herds in which ewes and ewe lambs were counted together. 

been found. One explanation was that 
there were too few staff members, they 
were inexperienced, and lambing con- 
ditions did not lend themselves to 
searching. For example, the ewes from 
Ranch E were sheared later than normal 
because of the long winter so they 
began giving birth in the shearing pens. 
They were then driven some 65km to 
the lambing grounds, and many gave 
birth on the trail. Lamb survival was 
predictably poor under these con- 
ditions, but accurate monitoring of 
5,000 ewes over a 65-km trail was 
virtually impossible. Had conditions 
been more favorable, most categories 
of death would probably have been sub- 
stantially higher (and the number of 
missing sheep lower). Conceivably, 
predation was not as severe in 1973 
because an unusually high winter kill of 
both domestic and wild ungulates left 
much carrion in the area. However, we 
rarely saw evidence of coyotes feeding 
on carrion, or even returning to feed on 
their own kills, except in winter. 

In the winter of 1973-74, there was 
much less snow than in 1972-73, but 
the wind was strong and persistent. 
However, the sheep wintered well and 
the lambing season had favorable 
weather. The summer was drier than in 
1973 but there was adequate forage. 
Productivity in most herds was excel- 
lent; those from Ranches A and C, in 
fact, produced more range lambs than 
projected from the shed-lambing 
counts (Table 2). Although no lambs 
were known to have died of exposure, 
173 starved and 157 were killed by 
predators (Table 3). It appeared that the 
increased predation and the associated 
harassment of ewes and lambs might 
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have led to more lambs being aban- 
doned and thus starving,but this hy- 
pothesis could not be followed up in 
1975 because bad weather obscured 
any such relationship that might have 
existed. In spring 1974 there was an 
unusually large number of undeter- 
mined deaths. Nearly half of these 
occurred on Ranch B, where the ewes 
lambed unherded in a 2,000 ha pasture. 
An early June snowstorm was sus- 
pected of killing many of them, but it 
was not possible to thoroughly search 
more than a third of the area each day. 
and since sheep carcasses decayed very 
rapidly in warm weather and golden 
eagles had fed on many of them, the 
cause of death often could not be 
determined. 

In the winter of 1974-75 there was 
more snow but less wind than in 
1973-74, and the sheep survived in 
good condition. It appeared that the 
spring of 1975 would produce a bumper 
crop of lambs, but two severe snow 
storms a week apart during the peak of 
lambing caused heavy losses. This is 
reflected in the low survival at docking 
(Table 2) and the large number of 
exposure deaths recorded (Table 3). 
Ranches B and D were the most 
severely affected by the bad weather. 
Ranch B also suffered considerable 
predation: golden eagles took 6 1 lambs, 
and coyotes took 95 lambs and ten 
ewes. Even though fewer animals were 
monitored in 1975 because Ranch A 
went out of business, the number of 
dead animals found increased. This 
was probably due to better surveillance 
and to the increase in deaths from 
predation and exposure. 

Thus, it was apparent early in the 

1977 

study that sheep, particularly newborn 
lambs, died from a variety of causes. 
Even with greatly different weather 
conditions each winter and spring of the 
study, losses during the lambing season 
always exceeded those for the other 
seasons combined. 

Summer Losses 

Summer losses include those from 
the time the sheep were counted onto 
the National Forest grazing allotments 
in June until lambs were separated from 
the ewes for shipping in early October. 
Deep snows and unseasonable weather 
sometimes changed these dates, and in 
1975 severe predation coupled with 
poor herding caused the rancher to 
remove Herd D-2 before the summer 
allotment expired. 

Losses were much lower in the 
summer than the spring, but the 
percentage killed by predators was 
substantially higher. During the three 
years of the study, predators were 
responsible for 50.5% of all known 
deaths on the summer range, versus 
only 15.4% on the spring lambing 
range. With the change in season and 
grazing area, there also was a change in 
species of predators. Golden eagle 
predation stopped in the summer and 
black bear predation began. As usual, 
the coyote was the dominant predator, 
but bear kills outnumbered coyote kills 
34 to 3 1 in summer 1973. Most of these 
bear kills occurred on Ranch A, where 
sheep were unherded in a fenced 1,800 
ha pasture that included a deep, rough 
canyon. The large number of undeter- 
mined deaths for this herd (9 1, versus 
22 for all other herds that summer) also 
includes many cases of suspected bear 
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predation, where either the carcass was 
badly decomposed when found in the 
thick vegetation or the bear had eaten so 
much of it that the cause of death could 
not be determined. On one afternoon 
two technicians saw three black bears 
of different sizes and colors on this 
allotment. 

In 1974 the number of sheep found 
dead on the summer range (Table 4) 
was a little greater than in 1973 and 
confirmed predator losses were higher, 
particularly coyote kills on Ranch E. 
The smaller number of undetermined 
deaths reflects better surveillance and 
improved competence in diagnosis. 

Still more dead sheep were found in 
1975 (Table 4). Most of the increase 
was due to predator kills, many found 
the month before shipping. Of 55 
mortalities from Herd B during the 
month, 5 1 lambs and one ewe were 
killed by coyotes. The dead lambs were 
estimated to weigh about 32-kg each, 
Ranchers particularly resent predator 
kills at this time because they have 
spent most of the cost of producing the 
lamb and have not yet seen any return 
on their investment. 

The D-2 Herd, while suffering 
substantial predator losses, also had 
deaths from selenium poisoning (listed 
under “disease” in Tables 1 and 4). 
When this element is present in the soil, 
certain plants translocate it and can 
cause death when eaten (Siegmund 
1973). However, as no work was done 
on this allotment in 1973 or 1974, it is 
not known whether losses from 
selenium poisoning were different in 
1975 from other years. 

Winter Losses 
Winter losses included those from 

the time the winter herds were formed 
at shipping in October until the spring 
counts at shearing in April or May. 
Losses recorded during the winter 
season are not directly comparable with 
those during other seasons because of 
missing time periods or herds, and 
some earlier herd counts did not 
distinguish replacement lambs from 
adult ewes. 

The largest number of winter deaths 
occurred on Ranch A in 1973-74 
(Table 5). According to the herder, an 
uncastrated lamb bred a number of 
ewes in early fall 1973; they began to 
lamb in late January 1974, and most of 
the lambs died of exposure. In addition, 
the Ranch A herd contained a large 
number of old ewes, and many died 
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from disease and exposure in both 1973- 
74 and 1974-75. 

Coyotes were responsible for the 
most losses in the winter of 1974-75 
when they killed 124 of the 307 dead 
animals examined. Disease and ex- 
posure accounted for most of the 
remaining mortalities. During the three 
winters, coyotes were responsible for 
30.5% of all known deaths; disease and 
exposure for 35%. 

Missing Sheep 
A perplexing source of loss that is 

often blamed on predators is missing 
sheep. Other investigators have also 
experienced this problem (Davenport et 
al. 1973; Nass 1975). In 1973 we tried 
attaching mortality-sensing transmit- 
ters (Kolz 1975) to about 400 lambs in 
an attempt to trace missing ones. How- 
ever, rigid collar attachments could not 
be used on growing lambs and would 
probably have interfered with preda- 
tion. The attachment method chosen in 
feedlot trials, cementing the 15-cm 
transmitter to the wool behind the 
withers, proved unsatisfactory, and 
much time was wasted in tracing 
unattached transmitters. Therefore, we 
abandoned attempts at radio telemetry 
and relied mainly on herd counts to 
indicate the number of missing animals. 
If sheep were missing from the Nation- 
al Forest grazing allotments at the end 
of summer, aerial searches of the 
allotments and drive trails were made. 
Generally these were not very produc- 
tive, since the deciduous trees had not 
yet lost their leaves, but about 100 head 
from Ranch A were found by aerial 
search in September 1974. 

Numbers of sheep missing during the 
lambing season were difficult to deter- 
mine. The projected predocking losses 
of lambs (Table 2) suggested unusually 
large numbers missing in herds C and E 
in 1973 and in herd B in 1974. 
However, since these extrapolations 
showed surplus lambs in four cases, 
they should be interpreted cautiously. It 
was even difficult to account for all 
ewes on the lambing range. For 
example, on Ranch B, ewes and lambs 
from adjacent pastures were often 
found in the pasture with the study 
herd, and sometimes accurate counts 
were not made of the late-lambing and 
dry ewes removed from the herds. 
Although unaccountably missing sheep 
may not be a severe problem in the 
spring, there were so many uneaten or 
only partially eaten predator-killed 

lambs that we suspected that other 
carcasses may have been carried off by 
predators. 

This situation changed in summer 
(T’able 6). Four examples of high 
numbers of missing sheep are apparent: 
Ranch A in 1973 and Ranches A, B, 
and E in 1974. The Ranch A herd was 
managed far less intensively than the 
others and showed disproportionately 
high losses to most causes. Even so, it 
is difficult to accept that 346 and 501 
sheep were left either dead or alive on 
the forest allotment at the end of the two 
summer seasons. The intensive 
searches after the sheep left the area 
would have located many of these 
animals had they been there. The 
manner of their disappearance is still a 
matter for conjecture. 

Table 6. Number of sheep missing after the 
summer grazing season. 

Base herd Number Percent 
Year Ranch size missing missing 

1973 A 3840 346 9.0 
B 2107 17 0.8 
C 3126 0 0 
D 2150 9 0.4 
E 2446 59 2.4 

1974 A 3147 501 15.9 
B 2324 99’ 4.3 
C 4758 -2 

D 2146 25 - 1.2 
E 3103 85 2.7 

1975 B 2053 -3 _ 

D 2033 24 1.2 
D-2 1615 49 3.0 
E 236 1 21 0.9 

Total 13,669 1,235 4.1 

’ Ranch employee saw sheep mix with another herd but 
could not get a count. 

’ Ranch C was dropped from study on August 9, so 
missing sheep unknown. 

,’ The herder left one-fourth to one-half of the sheep on 
the summer range, so number missing is unknown. 

Some of the 99 sheep missing in the 
summer of 1974 from Ranch B were 
not lost but traveled off the summer 
nmge with other bands of sheep. This 
was reported by one of the ranch 
employees, but he made no accurate 
count of the Herd B sheep he saw in 
other herds. The importance of a 
competent herder was again illustrated 
in Herd B in 1975, when 25 to 50% of 
the sheep that were counted onto the 
summer range did not return to the 
shipping area. However, most of these 
sheep were probably recovered from 
the other herds because the rancher was 
aware of the situation. High losses in 
the summer of 1975 in Herd D-2 also 
reflected a labor problem. The herder 
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often allowed the sheep to scatter 
widely through the forest during mid- 
day, making it difficult to regroup them 
in the evening. Many of the 32 predator 
losses occurred during the day, proba- 
bly because of the “loose” herding. 

The 85 sheep missing in 1974 from 
Herd E might be largely attributable to 
predation. Of the three summers, this 
herd was preyed on most severely in 
1974, and about 75% of the dead 
animals found were killed by predators, 
mostly coyotes. Part of the allotment is 
covered with thickets of Gambel oak, 
where dead sheep could easily have 
been missed by the searchers. 

Sheep were sometimes missing 
during the winter season as well. On 
Ranch D, 32 sheep were missing in 
winter 1973-74 and 2 1 in 1974-75. On 
Ranch E, 19 were missing in 1973-74 
and 12 in 1974-75. During the last two 
and one-half months of 1975, 49 
replacement ewes but no adult ewes, 
were missing from Herd D-2, a puz- 
zling situation because more searching 
was done on this herd than any other. In 
addition to horseback searches, 3 hours 
were spent in an extensive aerial search 
in and around the areas where the herd 
had grazed, but the sheep were not 
found dead or alive. Ranch A showed 
abnormally high numbers of sheep 
missing when it was liquidated after the 
winter of 1974-75, but the counts were 
incomplete and the number missing 
could not be accurately determined. 

Discussion 
A topic of primary interest in this 

study was the extent of sheep losses to 
predators. Of the causes of death deter- 
mined by necropsy, predation was the 
second most important for ewes and 
most important for lambs (Table 1). 
Predators killed 18.1% of the dead 
ewes examined and 24.4% of the lambs, 
or 23.2% of the sheep overall. Percent- 
ages of the ranchers’ herds lost to 
known predator kills are summarized in 
Table 7. These figures are based on 
mean herd counts and mean seasonal 
losses for all ranchers, so they suggest 
trends rather than illustrate individual 
loss situations. In addition they are 
probably low for 1973, when sur- 
veillance was inadequate because of 
bad weather and too few personnel, and 
possibly low for 1975, when the study 
stopped on December 31 rather than 
continuing through April. These cal- 
culations indicate that the ranchers in 
the study lost 0.2% of their ewes and 

Table 7. Known rates of predation on study herds. 

Spring 1973 1958 1803 0 0.3 0.1 0.2 3.7 1.6 
1974 1243 1494 0 0.3 0.1 0.4 6.7 2.5 
1975 1371 1481 0.1 0.6 0.4 1 .O 9.1 3.8 

Summer 1973 1491 1242 0 0.5 0.3 1.0 1.7 1.3 
1974 1477 1618 0 0.5 0.2 0.6 3.4 1.4 
1975 1081 934 0 0.6 0.3 1.4 6.6 3.9 

Winter 1973-74 1309 668 0.2 0.7 0.5 1.4 2.0 1.7 
1974-75 1098 961 0 0.4 0.2 1.8 3.9 2.9 
1975 1120 1288 0 0.3 0.1 1.0 1.4 1.2 

Means for 1973 0.2 1.5 
all seasons 1974 0.2 2.1 

1975 0.2 13 
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1.5 to 3.2% of their lambs to predators, 
or 1.2% of their sheep overall. 

Weather-related deaths, if they could 
be lumped into that broad grouping, 
would probably have been higher than 
predation losses. Exposure, however, 
which caused 14.5% of all deaths, is 
the only category easily attributable to 
bad weather. We know that some of the 
deaths attributed to starvation, acci- 
dents, and disease were induced by 
inclement weather, but it is impossible 
to determine how many. 

Although eagles killed lambs in the 
spring, bears killed ewes and lambs in 
the summer, and bobcats and dogs 
killed a few sheep, the coyote was the 
major predator. Coyotes were responsi- 
ble for 77% of all known predator kills 
during the study and for 18% of all 
Ecorded deaths. Whether predator 
losses have increased since the ban of 
toxicants on public lands went into 
effect in 1972 cannot, of course, be 
answered by this study. Nevertheless, 
the general trend was an increase in the 
rate of predation from 1973 through 
1975 (Table 7). Considerable money 
and effort was expended by the co- 
operating ranches in predator control, 
but predation continued. 

There were predator kills in every 
herd throughout the study. Generally, 
ewes were not killed if lambs were 
present. We monitored only one herd 
(D, winter 1975) in which there were 
no lambs; coyotes killed 0.3% of these 
ewes in 2 months. The greatest loss of 
lambs to predators was in Herd B in 
1975 (Table 3). Although the lambs 
killed by predators composed 9.1% of 
the lambing herd and 6.6% of the 
summer herd (Table 7), the average 
loss of lambs for all herds in 1975 was 
3.2%. 

The percentages of sheep lost to 
predators in this study (Tables 1 and 7) 
do not differ much from those reported 
by other workers, even though the data 
were collected differently. In Utah, 
Davenport et al. ( 1973) found that 
verified predator kills accounted for 1.8 
to 40.3% of all recorded losses and took 
1.5% of the 17,453 lambs studied. 
Nielson and Curle (1970) in a Utah 
questionnaire study found that about 
6% of all sheep were lost to predators 
and that coyotes accounted for 78% of 
all predator losses. Nesse ( 1974) in a 
California survey, found an annual 
predation rate of 1.1% for ewes and 
2.7% for lambs. Nass (1975) studied 
predator losses in Idaho and found a 
predation rate between 1.1% and 1.7% 
for lambs, and 0.7% and 1.4% for 
ewes. Predator control was in effect 
during all of these studies. 

Although there are no figures to 
quantify the loss, we believe that 
predators were responsible for indirect 
damage to the herds as well as out- 
right killing. Scattering of a herd by 
predators, particularly a drop bunch 
during lambing, probably caused some 
ewes and their lambs to become 
separated so that lambs died from 
starvation, trampling, or exposure 
without their death being attributed to 
predation. 

A part of the controversy over 
predation on sheep has been whether 
predators take “the weak and the sick” 
or prey on the “fattest, heaviest 
lambs.” While wild populations of un- 
gulates may react to predators by losing 
the weak and sick first, domestic sheep 
are so defenseless that it makes little 
difference whether lambs are healthy or 
not-coyotes and bears can kill lambs 
with ease. In fact, it is possible that the 
healthier, more active lambs attract the 
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attention of predators. We had hoped to 
throw some light on this controversy by 
recording the weight of dead lambs at 
necropsy. Unfortunately, the weights 
proved of little value because predators 
or scavengers had often removed parts 
of the carcass. Furthermore, for a 
lamb’s weight to indicate its health, its 
age would have to be known; but age 
was an estimate and often had to be 
based on weight. However, it was 
possible to obtain the sex of many of the 
dead lambs; where known, the sex ratio 
was approximately equal. 

In southern Wyoming, where there 
may be 4,000 to 6,000 or more stock 
sheep on a ranch, it is common for one 
or two herders to care for 1,000 to 
2,000 sheep. Additional help was 
needed during the lambing season, but 
rarely in our area were more than two 
herders assigned to a lambing herd. 
They usually received no supervision 
beyond brief visits by a “camp tender” 
once or twice a week. Although there 
are still a few good middle-aged 
herders and a few “old-timers” in their 
sixties, most of the herders hired were 
young and inexperienced. The combi- 
nation of inexperience and poor super- 
vision of the herders resulted in mixing 
of herds, accidents, missing sheep, 
death and abandonment on the lambing 
grounds, scattering of the herds, theft 
of lambs, and numerous other prob- 
lems, including predation. For exam- 
ple, Ranch A and Herd D-2, with poor 
herders, and Ranch B, with no herders 
during lambing, showed excessive 
predator losses. From our observations, 
even the most competent of herders 
cannot stop all losses, from predation 
or any other cause, but good herding 
can definitely reduce them. Yet, close 
herding can also cause problems, 
particularly in the utilization of the 
range, and the presence of inexperi- 
enced or incompetent herders on the 
lambing grounds can be as damaging as 
it is helpful. Nevertheless, good man- 
agement of the ewes and lambs on the 
lambing ground can improve lamb 

CLYDE ROBIN 
NATIVE SEEDS 

Castro Valley, California 94546 

yields, as indicated by the docking 
percentages in Table 2. For example, 
Ranch C had fewer stock sheep than the 
other ranches and was managed more 
intensely. Every morning during the 
lambing season the owner actively 
participated in moving the main herd 
away from the ewes that had lambed, 
and the docking percentages reflected 
this care. Management intensity, how- 
ever, decreased as the number of sheep 
under one ownership increased. Then 
result was reliance on less competent 
employees and lower survival of lambs. 

mediately if efficient and safe tech- 
niques for the con‘trol of predators were 
made available to the livestock in- 
dustry. 
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Mortality Associated with Sheep Operations 
in Idaho 

ROGER D. NASS 

. Highlight: Nine sheep bands from Idaho were monitored for mortality causes and 
circumstances during 1973 and 1974; two bands were monitored during 1975. Total 
ewe and lamb losses for the respective years were 9.5%, 11.5%, and 11.1%. 
Premature births, starvation, and disease were major causes of lamb deaths during 
the 3-month home ranch lambing period. During the same period, disease, shearing 
stress, infection, and birth complications were the main causes of ewe mortality. The 
yearly mean total loss for lambs on the range was 5.2%, the minimum (confirmed) 
bss to predators was 1.4%, and other known causes of death represented 1.1% loss. 
The mean minimum predation was adjusted to 2.9% on the basis of unaccounted for 
bss. The minimum predation rate on ewes was 1.1% (adjusted 1.6%) even though 
they were on the range twice as long as lambs. Coyotes accounted for 93% of all 
predator-killed lambs and ewes. Predation was most severe on lambs during the first 
6 weeks on the range, but more ewes were killed during the fall and winter. 

The predator-sheep controversy 
became especially serious after the 
Executive Order of February 1972 
prohibited federal use and interstate 
shipments of coyote toxicants. Many 
sheepmen claimed that coyote popu- 
lations would attain unprecedented 
high levels and thus make sheep raising 
unprofitable throughout the western 
states. Protectionist groups countered 
that coyotes did not kill sheep or that 
sheepmen always exaggerated their 
losses to predators. With increased 
monies available for predator research, 
the U.S. Fish and Wildlife Service 
started damage assessment studies in 
selected areas of Idaho and Wyoming 
to monitor sheep bands throughout the 
year for total mortality and to partition 
these deaths by time and circumstance. 
This paper reports on damage assess- 
ment studies from a shed lambing area 
of southern Idaho. 

Owen Ellis and Richard Griffith, Jr., 
U.S. Fish and Wildlife Service 
(USFWS), were involved with field 
data collection, as were numerous 
temporary workers. Owen Ellis also 

Author is project leader, Damage Assessment, Sec- 
tion of Predator Damage, U.S. Fish and Wildlife Serv- 
ice, Denver Wildlife Research Center. 
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helped tabulate the information from 
the field data cards. 

Methods 
Study Area 

Parts of six counties, Owyhee, Twin 
Falls, Cassia, Elmore, Gooding, and 
Camas, in south-central Idaho encom- 
passed the winter and summer sheep ranges 
of the three study ranches. Prominent 
vegetation on private and Bureau of Land 
Management (BLM) grazing areas con- 
sisted of sagebrush (Artemesia sp.), juniper 
(Juniper-us occidentalis), and crested 
wheatgrass (Agropyron cristatum). Foot- 
hill vegetation of the summer range in the 
Sawtooth and Boise National Forests was 
lodgepole pine (Pinus contorta), subalpine 
fir (A&es lusiocarpa), mountainmahogany 
(Cercocarpus ledifolius), aspen (Populus 
tremuloides), sagebrush, and grasses. 

Sheep were typically trailed from BLM 
allotments to the home ranch about mid- 
January for lambing and stayed at the 
ranches after lambing until late March or 
early April when spring grazing was 
permitted on BLM administered lands. 
After grazing on BLM and some private 
lands until about June I, the ewes and 
lambs entered the U.S. Forest Service 
ranges (Fig. 1). The lambs were usually 
shipped to market directly frr~n the Forest 
Service ranges in July and August, but the 
ewes stayed in the mountains until grazing 
permits expired or they were driven down 

by snow in late October or early November. 
The ewes then grazed on BLM and private 
lands until mid-January, when they arrived 
at their respective ranches to start the cycle 
once again. Shed lambing ranchers use 
partitioned sheds to protect newborn lambs 
against inclement weather and to allow 
close inspection of ewes and lambs during 
the 24-48 hours following parturition. 

A herder, with at least 2 dogs, accom- 
panied each sheep band on the range and 
was usually with the sheep from 6 to 12 
hours each day. Camp wagons were parked 
anywhere from 50 m to 1 km from the bed- 
grounds. 

Procedures 
Selection of ranches for study was based 

on typical 2,000-4,000 sheep herds and 
shed lambing operators who grazed herded 
bands on public lands within 241 km of 
Twin Falls, Idaho. Nine bands of sheep 
from three ranches were monitored for 
losses throughout 1973 and 1974, but only 
two sheep bands from one ranch were 
monitored during 1975. Predator control in 
this area was carried out through the 
Animal Damage Control Program, 
USFWS. 

Lambing sheds and surrounding pens 
were inspected at 1, 2, or 3-day intervals, 
the exact frequency depending upon 
lambing intensity. Dead lambs were in- 
spected, sexed, and categorized by cause of 
death. Carcasses not mutilated by necropsy 
were marked with a stain, or the ears were 
cut off, or they were removed to a discard 
area to avoid repeat counts. Criteria 
proposed by Rowley ( 1970) were used to 
separate parturient and post-parturient 
deaths. Ewe deaths during the lambing 
period were also monitored and recorded as 
to probable cause. Shed lamb necropsy data 
for one ranch during 1973 came from a 
student working on conjunction with a local 
veterinarian. The remainder of the data 
were compiled by USFWS personnel. 

Range operations were monitored by 
assigning a man to one or two sheep bands. 
Sheep bedgrounds, loafing areas, and 
travel lanes were checked either daily or 
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Fig. 1. A band of ewes in high summer range. 

every other day by vehicles, horses, or 
walking, depending upon the terrain. Dead 
sheep were necropsied to establish cause of 
death and data cards were filled out to 
describe circumstances of each incident. 
Predator kills were identified by hemor- 
rhaging and tooth puncture holes in the skin 
as reported by Davenport et al. (1973). 

Results and Discussion 

Overall Losses 
During 1973, 1974, and 1975, the 

numbers of ewes and lambs under 
surveillance were 2 1,586, 22,88 1, and 
5,630, respectively. Total sheep losses 
were 9.5% in 1973, 11.5% in 1974, 
and 11.1% in 1975. The increase from 
1973 to 1974 was due to more lamb 
mortality at and shortly after birth; 
during 1975 ewe mortality was ex- 
ceptionally severe (Table 1). 

Lambing Period Losses 
Ewe and lamb mortality percentages 

showed little variation among the three 
flocks during the 1973 lambing period. 
Ewe losses were 1.4, 0.9, and 0.8%; 
lamb losses were 7.4, 7.2, and 5.1%. 
Mean lambing period losses for the 
three flocks were I .O% for ewes and 
6.5% for lambs. During 1974 individ- 
ual ranch losses increased to 2.1, 1.6, 

and 1.5% forewes and 11.1, 9.1, and 
7.6% for lambs. Mean losses from the 
three flocks were 1.7% for ewes and 
9.6% for lambs. Ewe and lamb mortali- 
ty dropped to 1.6 and 8.5%) respective- 
ly, during 1975. 

Unknown causes of lamb mortality 
during the lambing and wintering 
periods led all other categories (Table 
2) because many specific causes of 
death were difficult to diagnose, es- 
pecially without laboratory tests. 
Premature births and starvation were 
the leading specific known factors of 
mortality; together they accounted for 
at least 3 1% of the lamb mortality. 
Disease and miscellaneous deaths were 
second highest known factors and 
included enterotoxemia, coccidieosis, 
pneumonia, infections, and other mis- 
cellaneous mortalities. 

The 9% listed in Table 2 as “give 
away” are actually not deaths, but are 
included because they are lost to the 
rancher as a source of profit. Many of 
the lambs given to friends and others 
are in poor physical condition and die 
regardless of special care and veteri- 
nary bills (personal experience). Most 
ranchers do not have the equipment or 
manpower for raising orphan or “bum” 

Table 1. Total lamb-ewe mortality figures, 1973-75. 

lambs. An excess of twins and triplets 
coupled with poor milk production in 
some ewes may result in numerous bum 
lambs that must be grafted to good 
milking ewes, if any are available, or 
given to people that will bottle feed 
them. 

Of 1,606 lamb carcasses sexed, 55% 
(848) were male; male lamb percent- 
ages by ranch were 53, 56, and 57. 

Year 
Original 

no. 

Lambs Ewes 

Dead or lost 
Original Dead or lost 

No. % no. No. % 

1973 12,836 1,455 11.3 8,750 595 6.8 
1974 13,808 2,104 15.2 9,073 528 5.8 
1975 3,427 399 11.6 2,203 225 10.1 

Totals 30,07 1 3,958 13.2 20.026 1,348 6.7 

General management practices are 
important in preventing deaths among 
newborn lambs. Sanitation, amount of 
space in the lambing sheds, interest of 
shepherds, supplemental feeding of 
ewes, and other practices have an 
important bearing on the number of 
lambs that survive. After pregnant 
ewes arrive at the home ranch, they are 
confined to a large feedlot near the 
lambing sheds. As they give birth or are 
about to, they are brought into the sheds 
and kept there with their lambs in small 
pens for 24 to 72 hours, depending 
upon the intensity of lambing and the 
space available. When many ewes are 
dropping lambs, those in the sheds 
must move outside to make way for the 
newborn. If weather conditions are 
severe, an extra 24 hours of protection 
in the shed can help lambs through the 
crucial first few days of life. Sanitation 
is essential to prevent diseases, and 
good nutrition is necessary for adequate 
milk production by the ewes. Shep- 
herds can save numerous lambs by 
switching them between good and poor 
milking ewes and by adding a second 
lamb to a good milking ewe that only 
had a single lamb. 
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Table 2. Lamb mortality during lambing and wintering at home ranches (mid-January through 
March) 1973-75. 

Disease 
Year Premature Past term Starve Smother and misc. Accident Unknown Give away Totals 

1973 131 56 
1974 

98 69 237 29 118 94 832 
246 77 1975 194 59 263 42 322.. 112 1,315 

54 27 28 29 12 11 111 18 290 
Totals 431 160 320 157 512 82 551 224 2,437 

Percent 18 7 13 6 21 3 23 9 100 

Disease, including enterotoxemia, 
pneumonia, and mastitis, was the 
leading cause of death among ewes at 
the home ranches (Table 3). Shearing 
stress, infection, and birth complica- 
tions, in that order, were other major 
death causes. Combinations of disease, 
stress, and old age sometimes pre- 
vented identification of specific causa- 
tive agents. If older ewes are not culled, 
more difficulties arise during pregnan- 
cy and severe weather, thus, more 
deaths occur. Inclement weather im- 
mediately after shearing can cause 
severe losses; rough handling during 
shearing and infections caused by 
shearing cuts may also cause mortality. 

Table 3. Causes of ewe mortality during 
lambing and wintering at home ranches. 

Dead 
- 

Cause of death No. % 

Disease 36 33 
Shearing stress 17 16 
Infection 15 14 
Birth complications 13 12 
Undetermined 12 11 
Accident 10 9 
Bloat 5 5 

Totals 108 100 

Range Losses 
Sheep herders and scavenging birds 

were valuable aids for locating dead 
lambs and ewes on the range. Consci- 
entious herders knew the location of 
many predator-killed sheep. Some 
herders were at the bedgrounds about 
sunrise so they could start the sheep 
moving in the correct direction for 
optimum grazing, thus, they could 
locate many of the predator kills in the 
bedground vicinity. In addition, their 
normal sheep tending duties placed 
them in likely locations for discovering 
dead sheep. Turkey vultures (Cathartes 
aura), ravens (Corvus corax), and 
black-billed magpies (Pica pica) feed- 
ing on and circling carcasses enabled 
the searchers to locate sheep that other- 
wise might have been missed. 

Confirmed lamb losses on the range 
increased by 0.5% from 1973 to 1974 

and then decreased by over 2.0% 
during 1975 (Table 4). The minimum 
predation (verified predation) and other 
death categories accounted for the 
increase, possibly because of a larger 
and more experienced crew of searchers 
during 1974. Diligence and experience 
are important factors in finding 
predator-killed sheep on rangelands. 

McAdoo ( 1975) reported 6.0% post- 
docking predator-caused lamb loss in a 
Nevada range flock; Davenport et al. 
(1973) found a 0.9% lamb loss to 
predation in some Utah herded flocks; 
and Nesse (1973), working in Califor- 
nia, found a 1.88% lamb predation rate 
in 1972 and 0.85% loss in 1973. 
Confirmed lamb predation losses in the 
present study ranged between 1 and 2% 
during each of the 3 years and repre- 
sented from 26 to 84 lambs lost to 
individual ranchers per year. 

The verified minimum predation 
figures plus the unaccounted for losses 
equal the possible maximum predation 
rate. This figure is the top predation 
limit because all other lambs are ac- 
counted for. These figures for 1973, 
1974, and 1975 were 4.4, 4.6, and 
1.5%, respectively. 

The “true” predation rate is some- 
where between the minimum and 
maximum figures and depends upon 
the number of unaccounted for losses 
which were killed by predators. The 
best approximation of the true rate may 
be calculated by determining the per- 
centage of predator kills among lambs 
that were found and apply this percent- 
age of predation to the unaccounted 
for losses. Accordingly, of 690 lambs 
found, 386 (56.0%) were verified 
predator kills, thus 56.0% (423) of 755 

unaccounted for losses added to the 
minimum figure would provide a 
revised number of 809 predator-killed 
lambs. The average yearly lamb preda- 
tion would then be an adjusted 2.9% 
instead of the minimum 1.4 or maxi- 
mum 4.4%. On an adjusted basis, lamb 
predation percentages would increase 
from 1.2t03.1 in 1973,from 1.7t03.3 
in 1974, and from 1.2 to 1.3 in 1975. 

Davenport et al. ( 1973), working in 
Utah, thought that verified predator 
loss figures were a good representation 
of actual or total predator losses. They 
stated, “Thorough searches of the 
‘predation’ pastures usually resulted in 
the discovery of all of the lambs killed 
prior to the search. There is, therefore, 
good reason to conclude that the 
verified predator loss (minimum esti- 
mate of the actual loss) may in fact 
encompass a large portion of the actual 
loss.” They felt that the tendency for 
predator-killed sheep to be found on or 
near bedgrounds and in open areas 
resulted in the discovery of most sheep 
carcasses. This situation was not true in 
our Idaho study where many predator 
kills were found in remote areas and 
areas of dense vegetation. Because of 
the random location of “other death” 
and predator-killed sheep carcasses, it 
seemed likely that causes of un- 
accounted for losses would be similar 
to those of discovered losses. Nesse 
(1973) estimated the number of true 
predator kills to be about 1.5 times 
greater than those actually found. 

Fifty-two percent of all predator- 
killed lambs and 53% of all other death 
lambs were males. During 1973, 45% 
of other death lambs were males and 
during 1974, 49% of predator-killed 
lambs were males. 

Although the number of ranches we 
sampled was small, differences in lamb 
losses were evident among the three 
ranchers during 1973 and 1974 (Table 
5). Rancher A had the least un- 
accounted for losses and his adjusted 
predation percentages were the lowest 
of the three ranchers, even though the 
year to year fluctuations were large. 
Ranchers B and C had higher but 

Table 4. Lamb status during the April to August summer range period. 

Lambs to Lambs short Confirmed Unaccounted 

summer at shipping lamb predation Other deaths for loss 

Year range No. % No. % No. % No. % --- 
1973 11,969 623 5.2 141 1.2 93 0.8 389 3.3 
1974 12,417 713 5.7 208 1.7 150 1.2 355 2.9 
1975 3,137 109 3.5 37 1.2 61 1.9 11 0.3 

Totals 27,523 1,445 5.2 386 1.4 304 1.1 755 2.7 

JOURNAL OF RANGE MANAGEMENT 30(4), July 1977 255 



Table 5. Minimum, maximum, and adjusted predation rates on lambs, 1973-75. 

Rancher Year 

A 1973 
A 1974 
A 1975 

B 1973 
B 1974 

C 1973 
C 1974 

Predation (%) 

Minimum Maximum Adjusted 

1.5 2.3 1.9 
2.7 2.9 2.8 
1.2 1.5 1.3 

0.6 6.0 3.8 
1.2 6.2 3.3 

1.5 4.3 3.5 
2.2 4.0 3.2 

similar adjusted predation rates during 
1973 and 1974 and both had numerous 
unaccounted for losses. 

Ewes were less susceptible to preda- 
tion than lambs when both were present 
on the range. However, during 1973 an 
equal number of predator-killed ewes 
and lambs were found, so the minimum 
confirmed predation was 1.6% for 
ewes and 1.2% for lambs. The adjusted 
predation percentages were 2.5 and 3.1 
for ewes and lambs, respectively; the 
adjusted rate for lambs was higher 
because of more unaccounted for lambs 
than ewes. Even though ewes are on the 
range and thus available to predators 
about twice as long as lambs, they still 
incur a lower predation rate. The 
confirmed ewe predation corresponded 
closely with the rates reported by Nesse 
( 1974) at 1.1% and McAdoo ( 1975) at 
1.0%. Ewe losses to predators in 1974 
and 1975 decreased to less than one- 
half of those in 1973 (Table 6). Un- 
accounted for losses also decreased 
considerably from I973 through 1975, 
but losses to other known causes 
remained constant for the first 2 years 
and then increased sharply during 
1975. The rigors of the rugged range 
take their toll on old or sick ewes, 
especially if forage is inadequate or the 
weather severe, or both. 

Table 7 shows minimum, adjusted, 
and maximum ewe predation percent- 
ages for the study duration. The mean 
adjusted predation percentage for 3 
years was 1.6 for ewes and 2.9 for 
lambs. Adjusted predation percentages 
for ewes and lambs, respectively, were 
2.5 and 3.1 during 1973, 1.0 and 3.3 
during 1974, and 0.8 and 1.3 during 

1975. Early et al. (1974) reported that 
16% of the 1972-73 Idaho lamb crop 
died before it could be marketed and 
that 4% of the total loss was attributed 
to predation. Early and Roetheli (1974) 
found the “average” Idaho sheep 
operation lost 16 dollars per day to 
predators. 

Range Losses by Season 
Predation of lambs was greatest 

during their first 6 weeks on the range. 
At that time grazing was concentrated 
on BLM lands, which are flat, rolling, 
or foothill areas where grass and sage- 
brush predominate. More coyotes 
occupy these habitat types than the 
higher timbered mountain areas that 
sheep graze after June 1. Few predator- 
killed lambs were found in March 
because only two sheep bands in the 
study group had grazing allotments 
which opened up that early. These 
sheep usually were on their allotments 

Table 7. Minimum, maximum, and adjusted 
predation rates on ewes, 1973-75. 

Year 

1973 
1974 
1975 

Mean 

Predation (%) 

Minimum Maximum Adjusted 

1.6 3.7 2.5 
0.7 2.0 1.0 
0.8 1.1 0.8 

1.1 2.7 1.6 

only 7-10 days during March. The 
cumulative, 3-year, confirmed preda- 
tor lamb kill rose from 12 in March to 
78 in April and then doubled again to 
159 in May (Fig. 2). Predation declined 
rapidly through June, July, and August. 
Some lambs were shipped to market 
during early July so fewer were ex- 

Table 6. Ewe status during the 9-month rage grazing period, 1973-75. 

No. ewes Ewes short on 

to sum- the range 

Year mer range No. % 

Ewe predation 

No. % 

Other deaths 

No. % 

Unaccounted 
for loss 

No. % 

1973 8,664 509 5.9 141 1.6 202 2.3 180 2.1 
1974 8,848 375 4.2 64 0.7 197 2.2 114 1.3 
1975 2,105 172 8.2 17 0.8 149 7.1 6 0.3 

Totals 19.617 1.056 5.4 222 1.1 548 2.8 300 1.5 
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Fig. 2. Cumulative monthly confirmed predator 
losses for 1973, 1974, and 1975. 

posed to predation in July and August, 
Lamb deaths on the range from 

causes other than predation followed 
the same general trend as predator kills, 
but the high point was in April (Fig. 3). 
“Other Cause” mortality declined 
sharply after the April high. The first 
month on the range is a hardship for 
weak, sick, or orphaned lambs. Rosko 
(1948) also reported high losses to 
causes other than predation during the 
first month or two on summer ranges. 
In this study, disease (27%) and poison 
plants (25%) accounted for many of the 
lamb deaths. Other significant cate- 
gories included accidents ( 1 1 %), bums 
(IO%), and undetermined (8%). Pneu- 
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Fig. 3. Cumulative monthly lasts on the range 
to causes other than predation for 1973, 1974, 
and 197.5. 
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mania and enterotoxemia were the 
more prevalent diseases. 

Predation on ewes did not follow the 
same pattern as for lambs. Modest 
predation occurred during the spring 
and summer when lambs were present; 
however, late fall and winter losses 
were severe, especially during 1973 
(Fig. 2). Some ewe predation outbreaks 
coincided with cold weather and snow 
cover in the mountains when rodents 
and other small mammals were not 
readily available to predators. Nesse 
(1974) also reported that ewes became 
important prey after the lambs were 
gone. 

Ewe losses to caues other than 
predation were greater in spring than in 
fall (Fig. 3). The high point of 94 
deaths was in May after relatively high 
losses in April; June through January 
losses tended to be downward, fluctu- 
ating between 29 and 57 dead sheep per 
month. Snow, cold weather, reduced 
grass supplies, and traveling many 
miles on the trail appeared to be the 
main causes for hastening the deaths of 
less robust ewes, thereby holding late 
fall and winter losses at modestly high 
levels. Disease (49%) and poison 
plants (19%) were the leading causes of 
deaths followed by bloat (I I %I, ewes 
dropped from the band (9%), and 
accidents (6%). 

Coyotes, bears, and dogs accounted 
for 93, 4, and 3%, respectively, of the 

predator-killed sheep. A cougar and a 
bobcat each killed one sheep. Lethal 
wounds were usually found on the neck 
(82%) and the head (5%). Anterior 
body wounds were noted on 10% of the 
sheep and posterior wounds on 3%. 
Wound descriptions were similar to 
those reported by Davenport et al. 
(1973). 

The number of sheep killed during 
one attack ranged from 1 to 16; single 
kills occurred more frequently than 
multiple kills. Twenty-five percent of 
the confirmed predator-killed sheep 
were not fedupon (Fig. 4). Percentages 
of carcass consumption by predators 
and scavengers fit into these categories; 
one-fourth (19%), one-half (14%). 
three-fourths (24%), all (13%), and 
unknown (5%). Greater portions of the 
sheep carcasses were eaten during the 
late fall and winter than during other 
seasons. 

Kill sites occurred in the open or 
sparsely vegetated bedground vicinity 
(34%), grass-sage (31%), open grass 
(21%), big sagebrush (8%), and timber 
(6%). Most kills took place on hillsides 
and in draw bottoms. Small dead lambs 
were difficult to locate if they were not 
on an open bedground area. Many bed- 
grounds were within 50 m of timber, 
steep slopes, or tall sagebrush; there- 
fore even bedground-associated kills 
were sometimes difficult to find. Dead 
ewes were also difficult to locate in 

many parts of the rugged summer 
range. 

Certain bands of sheep sustained 
persistent predation in the same areas 
from year to year. These areas could be 
classified as excellent coyote habitat, 
for they consistently held numerous 
coyotes as evidenced by sign and 
sightings by searchers, sheepherders, 
and Animal Damage Control person- 
nel, and by the numbers of coyotes 
taken during control efforts. Sheep and 
coyote interactions were frequent in 
these areas. The yearly frequency of 
predation among a single rancher’s 
sheep bands varied from 5 to 45 lambs 
and appeared to be a function of the 
habitat type through which the different 
bands moved. Nesse (1974) also be- 
lieved that habitat was an important 
factor in determining the extent of 
predation on sheep. 

Animal damage control was carried 
out in a normal manner throughout this 
study. Trapping, calling, and aerial 
gunning were used on a complaint basis 
and also for population reduction in 
areas of severe predation. Cooperative 
predator control funds (federal, state, 
county, and private) varied from 60 to 
90 cents per adult sheep per year. The 
ranchers incurred additional predator 
control expenses for guns, ammuni- 
tion, scaring devices, corralling of 
sheep at night, and other items related 
to protection from predation. 

In the absence of control, losses 
would surely have been greater, hut to 
what degree is not known. Two 
USFWS-contracted studies provided 
some data on lamb losses in the absence 
of predator control. Henne (1975) 
repmied a 29% loss from a Montana 
ranch and DeLorenro and Howard 
(personal communication) found losses 
to be about 14% per year in a 2-year 
study on a New Mexico ranch. Various 
predator control efforts may be evalu- 
ated in a more realistic manner when 
baseline data are available on livestock 
losses with no predator control. 

Conclusions 

Predation appeared to be influenced 
by the type of habitat utilized by 
individual sheep bands. Morepredation 
and unaccounted for losses consistently 
occurred in areas where topography 
and vegetation inhibited predator con- 
bol efforts. 

Predation on lambs was most severe 
in spring during their first 6 weeks on 



the range; however, ewes were more 
susceptible to predation during fall and 
winter. More lambs than ewes were 
killed by predators when both age 
classes were present on the range. 

The predation data reported in this 
study, either confirmed or adjusted, 
may seem low when considering the 
percentage of lambs marketed or the 
lamb loss from causes other than 
predation; however, if these predator 
losses are viewed as dollars lost they 
become significant to the sheep 
rancher. Ranchers are concerned if 
predators kill 20 or 120 of their lambs 
each year even though the loss percent- 
ages may be low. When lambs are 

worth 40 to 60 dollars each, the impact 
of losses is real and does affect the 
economics of a sheep operation. 
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Carbohydrate and Nitrogen Reserve Cycles 

for Continuous, Season-long and Intensive- 
early Stocked Flint Hills Bluestem Range 

CLENTON E. OWENSBY, ED F. SMITH, AND JERRY R. 
RAINS 

Highlight: Effects of intensive, early stocking (twice the normal 
stocking rate from May 1 to July 15) and continuous, season-long 
stocking from May 1 to October 1 with yearling steers on big 
bluestem carbohydrate and reserve cycles were studied 3 years in 
the Kansas Flint Hills. Big bluestem reserve carbohydrates were 
similar during the dormant season under both stocking systems, 
but lower on the intensive-early stocked pasture during mid- 
summer than on the continuous, season-long stocked one. By 
growing season’s end carbohydrate reserves were similar for both 
stocking systems. Stocking system did not affect the nitrogen 
reserve cycle. Big bluestem vigor and regrowth potential were 
similar for both systems. 

Efficient conversion of Kansas Flint Hills range forage to 
beef may necessitate grazing by growing animals only during 
the high forage quality period (May l-July 15) when livestock 
gains are highest at an above normal stocking rate. Increased 
stocking rates during that period do not reduce individual animal 
performances (Launchbaugh 1957; Klipple 1964). Since ani- 
mals use the range when gains are highest, and not during the 
period of lower livestock gains in the latter half of the growing 
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season (July 15-October 1) both per head and per acre perform- 
ances should increase. 

The desirable range plants must be able to withstand intensive 
early grazing and recover their vigor by season’s end before the 
grazing scheme proposed above could sustain itself for many 
years. Carbohydrate (CHO) reserve research with big bluestem 
(Andropogon gerardi Vitman.) in the Kansas Flint Hills indi- 
cated full recovery of vigor on areas mowed to 2 inches in early 
June and July (Owensby et al. 1970). Sufficient regrowth in the 
late season produced CHO reserve storage equal to or exceeding 
that of unmowed areas. Work elsewhere with different species 
indicated that defoliation early in the growing season was less 
likely to reduce food storage in grasses than late-season defoli- 
ation (Sampson and McCarty 1930; Drawe et al. 1972; Trlica 
and Cook 1971). 

We studied the effects of intensive early stocking (2X) from 
May to July 15 and continuous season-long stocking (IX) from 
May 1 to October 1 with yearling steers on carbohydrate and 
nitrogen reserves of big bluestem. 

Materials and Methods 
The study area was two 60-acre pastures in the northern Kansas 

Flint Hills near Mahattan (Fig. 1). Big bluestem, Indiangrass 
(Sorghastrum nutans (L.) Nash), and little bluestem (Andropogon 
scoparius Michx.) were the major dominants. Numerous other peren- 
nial grasses and forbs constituted the remainder of the plant com- 
munity. Soils were transitional from udic ustolls to udolls. The 
principal range sites in the study area were loamy upland, breaks, and 
clay upland, all supporting tallgrass communities (Anderson and Fly 
1955). 
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1974 with no &zing b&een July 15 and May i. Another 60.acre 
pasture was continuously grazed by 18 yearling steers from May I to 
October I (5.0 acres/AU) those same years, with no grazing between 
October 1 and May 1. Each pasture was burned during the last IO days 
of April each year (Fig. 2). 

Samples for determining total nonstructural carbohydrates (TNC) 
and nitrogen (N) were collected from three loamy upland range sites 
within each pasture every 2 weeks from April 1 to December 1 and 
once a month the remainder of the year. At each collection site within a 
pasture a minimum of 20 big bluestem plants were selected at random 
along and within I yard either side of a loo-yard line. Plants were dug 
deep enough (about 6 inches) to insure that rhizomes were collected. 
Soil, roots, and dead organic material were removed by cold-water 
washing and hand clipping. Cleaned samples of rhizome, crown, and 
live stem bases were oven dried for 5 days at 7O”C, ground in a Wiley 
mill (40.mesh screen), and stored in the dark. TNC was determined by 
enzyme extraction (takadiastase) and copperiodometric titration 
(Smith 1969). Nitrogen content was determined for each sample 
collected for TNC analysis by the Kjeldahl process (Hilleretal. 1948). 

Results and Discussion 

Big bluestem reserve TNC levels were similar for both 
stocking systems from October I5 to April 1 (Fig. 3). FromMay 
15 to August I TNC reserves on the intensive early-stocked 
pasture were progressively lower than those of the continuous 
season-long stocked one. By September 1, 6 weeks after 
livestock were removed from the intensive early-stocked pas- 
ture, TNC reserves were similar for both stocking systems and 
remained so until the beginning of the next growing season. 
Since livestock were removed from the intensive early-stocked 
pasture July 15, the regrowth had sufficient time to replenish 

TNC reserves before frost (about October 15). Warn-season 
perennial grasses like big bluestem and others of similar 
phenology should be able to maintain their competitive status 
and productivity in the stand under intensive early use, based on 
the data from this study. Botanical census of the areas indicated 
big bluestem had increased in basal cover and relative abun- 
dance in the stand under intensive early stocking and had 
remained static under continuous season-long stocking 
(Owensby and Smith 1975). 

Certain declines in reserve carbohydrates are apparent during 
the yearly cycle (Fig. 3). The initial growth period results in a 
drawdown of rexwe carbohydrates with a period of storage 
following. McKendrick et al. (1975) reported that lowered TNC 
reserves for big bluestem and Indiangrass in late August were 
associated with root growth on new rhizomes. We found a 
similar decline in reserve carbohydrates then. Another period of 
anDarent carbohydrate reserve use came during mid-winter. No 
external change in morphology could be detected, and we 
hypothesized it was an internal chemical conversion, possibly 
associated with winter hardiness. Subsequent study revealed 
that method used in carbohydrate extraction was imponant. 
Enzyme extraction with takadiastase indicated a drop in reserve 
carbohydrates, but not when sulfuric acid extraction was used. 
Apparently, some carbohydrate form exists then that is not 
extractable by enzyme but is by acid extraction. Coincident to 
the drop in carbohydrate reserve was freezing of the soil 34 
inches. 

Stocking system had no appant effect on big bluestem 
nitrogen reserve cycle (Fig. 4). Nitrogen reserve declined from 
the beginning of the growing season until mid-August and was 



replenished during the next 2 months. Increases in reserve 
nitrogen were coincident to root growth on new rhizomes. The 
primary decline came between May 15 and July 1 during the 
accelerated growth phase of big bluestem. Rains et al. (1975) 
and McKendrick et al. (1975) reported similar nitrogen reserve 
cycles for big bluestem. Those authors along with Weinmann 
(1942) have indicated the internal migration of nitrogen from 
the aerial portion of the plant to storage areas constituted a 
nitrogen reserve. McKendrick et al. ( 1975) reported that 18% of 
the total nitrogen need for big bluestem and Indiangrass came 
from an internal nitrogen reserve. If, as Crider (1955) indicates, 
mot growth ceases following severe defoliation for an extended 
period, a nutrient reserve would be necessary since most 
nutrient uptake is dependent upon active root growth. Regrowth 
and spring growth potential are related to nitrogen reserves as 

well as to carbohydrate reserves, and intensive early stocking 
had no apparent adverse effects on nitrogen reserves compared 
with conventional, continuous season-long stocking. 

5. Intensive early stocking can be used to maximize per acre 
beef production without degrading the plant community. 
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Conclusions 

1. Intensive early stocking of bluestem range does not reduce 
big bluestem carbohydrate reserves at growing season’s end 
compared with continuous, season-long stocking. 
2. Big bluestem carbohydrate reserves are lower during mid 
and late summer under intensive early stocking than under 
continuous, season-long stocking, but recover by the end of the 
growing season. 
3. The stocking systems studied had no effect on the nitrogen 
reserve cycle. 
4. The nitrogen reserve cycle was primarily affected by accel- 
erated growth. 
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Food Habits of Cattle on Shortgrass Range 

in Northeastern Colorado 

M. VAVRA, R. W. RICE, R. M. HANSEN, AND P. L. SIMS 

Highlight: Cattle food habits and plant composition in the diets were similar on the 
light and heavily grazed pastures on shortgrass prairie near Nunn, Colorado. Blue 
grama (36% and 40%), scarlet globemallow (15% and ll%), and sun sedge (9% and 
9%) collectively averaged about 60% of the monthly diets at both grazing intensities. 
The proportions between diets and available forage in each pasture were significantly 
related for the 12 major foods. Diversity indices of diets and available pasture 
vegetation were positively correlated. Preference indices averaged the same for the 
major forages. Significant differences in diet were observed between months and 
years at both intensities. Fireweed summer-cypress, western wheatgrass, evening- 
primrose, slimflower scurfpea, and scarlet globemallow ranked highest in prefer- 
ence; and although blue grama was the principal component in the cattle diets, only 
65uged sagewort ranked lower in preference. 

Heavy grazing by livestock on short- 
grass ranges may reduce the measured 
biomass of forage at the end of a 
grazing period, but the frequency of 
plant species is not appreciably changed 
(Hyder et al. 1966). Cattle grazing to 
some extent harms growth and produc- 
tion of certain utilized plants on short- 
grass ranges (Klipple and Costello 
1960). Efficient management of ranges 
depends, in part, on the identification 
of plants that are palatable and nutri- 
tious to livestock. There is a growing 
interest about the relations between the 
proportions of foods eaten to foods 
available, and quantities of foods 
consumed to foods produced on short- 
grass ranges. How does plant diversity 
in a pasture influence plant diversity in 
the diets of cattle? 

This study was initiated to examine 
plant species composition of cattle 
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diets, to determine species composition 
of available herbage, and to compare 
the biomass of foods eaten with foods 
available during the summer grazing 
period on shortgrass range. Chemical 
composition of the cattle diets and 
intake rates were measured concurrent- 
ly and were reported by Vavra et al. 
(1973). 

Methods 

The study area is located at the Central 
Plains Experimental Range about 13 km 
northeast of Nunn, Colorado. Diets and 
vegetation were measured on two adjacent 
pastures that had been grazed for 6 months 
Tom May to November under heavy and 
light intensities by cattle for the previous 32 
years. Grazing had been regulated so that 
60% of the current herbage growth of 
dominant forage grasses was grazed at the 
end of the season on the heavy use pasture, 
and 20% on the light use pasture (Bement 
1969). During the 5 years prior to this 
study, the stocking rate was about 0.73 and 
I .38 ha per yearling month for the heavy 
and light grazed pastures, respectively. 
Yearlings were grazed until it was judged 
that the herbage remaining averaged 280 
kg/ha and 390 kg/ha on the heavy and light 
grazed pastures, respectively. 1 The climate 
of the area is semiarid with a 29-year 
(1939-1967) average annual pr-ecipitation 
of about 3 1 cm/year (Bemcnt 1968). Most 

‘From personal communicatwns with R. E. Bement, 
Agr. Res. Serv. 
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of the precipitation falls as rain during the 
summer. The precipitation during this 
study was 42 cm in 1969 and 24 cm in 
1970. 

The vegetation on the two pastures was 
sampled while being grazed by cattle at 
light and heavy stocking rates during 1969 
and 1970. The sampling procedures for the 
pasture vegetation were described by Uresk 
et al. ( 1975). All plants were clipped 
biweekly from 0.25 m” plots at ground 
level; and the clippings were sorted, sacked 
by species, and the dry weights were 
determined after oven drying at 50-6O”C. 

The foods of cattle were determined from 
samples collected from esophageal- 
fistulated cattle in June, July, and August 
during both years (Vavra et al. 1973). 
There were 75 esophageal samples per 
pasture in 1969 and 88 per pasture in 1970. 
Approximately the same numbers of sam- 
ples were examined each month of each 
year. The percentages of each forage in the 
samples were determined by micro- 
histological procedures reported by Sparks 
and Malechek ( 1968) and Flinders and 
Hansen ( 1972). There were 40 microscope 
fields examined at 100~ for each eso- 
phageal sample. 

The kg/ha of each major food consumed 
each month by cattle for each pasture was 
calculated by multiplying the mean fraction 
of a food in the diet X days of use x daily 
intake rate x l/ 128 ha (intake estimates 
were derived for nonfistulated cattle (Vavra 
et al. 1973). The availability of each food 
item for each month for each pasture was 
estimated by summing the estimated kg/ha 
of the food consumed by cattle and the 
kg/ha of the same food in the average 
monthly aboveground biomass. A prefer- 
ence index (Krueger 1972) for each major 
food was determined by dividing the kg/ha 
of forage consumed by the kg/ha of the 
same forage available ( x 100). 

Plant diversity for foods consumed and 
for the pasture vegetation was determined 
by the formula used by Pielou (1966) and 
Lloyd (1968). The percentage similarity (= 
% identical) between cattle diets and 
pasture vegetation was determined each 
month using Kulcyznski’s formula 
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Table 1. The estimated dry weights (kg/ha/ma.) of foods consumed and foods available to cattle averaged for light and heavy stocking rates at the 
Central Plains Experimental Range, northeastern Colorado. 

Kilograms/hectare/month consumed Kilograms/hectare/month available’ 

Foods of cattle 

Blue (Bouteloua grucilis) grama 
Scarlet globemallow (Sphaerulcea coccineu) 
Sun sedge (Curex heliophilu) 
Western wheatgrass (Agropyron smithii) 
Eveningprimrose (Oenotheru coronopifoliu) 
Needleandthread (Stipu comutu) 
Slimflower scurfpea (Psorufeu tenuij7oru) 
Fireweed (Kochiu summercypress scopuriu) 
Spreading wildbuckwheat (Eriogonum effusum) 
Red threeawn (Aristidu longisetu) 
Buffalograss (Buchfoe ductyfoides) 
Fringed sagewort (Artemisiu frigida) 
Other forbs + shrubs 
Other + grasslikes grasses 
Average monthly totals 
’ Ka/ha/mo. available = ka/ha/mo. consumed + kg/ha/ma. aboveground standing crop (= not consumed). 

Months 1969-70* Pastures Months 1969-70* Pastures 

June July August Light Heavy June July August Light Heavy 

107 122 212 93 201 597 557 635 573 619 
36 63 38 38 53 53 85 54 66 62 
45 29 25 22 44 72 47 39 42 95 
19 52 16 22 36 22 53 18 25 37 
11 24 8 16 12 13 28 15 23 14 
25 5 1 15 6 29 7 4 20 6 

6 6 16 13 6 9 9 19 18 7 
7 <I 14 9 5 7 <I 14 9 5 
6 28 34 8 36 19 44 54 34 45 

30 10 13 6 30 68 52 63 89 34 
11 2 10 3 12 43 11 11 8 43 
6 5 21 3 18 54 63 106 123 25 

16 21 30 7 37 286 450 404 305 455 
5 <l 5 2 4 29 23 32 40 16 

330 367 443 257 500 1301 1429 1468 1375 1463 

* 1969 and 1970 averaged.- 

(Oosting 1956), which relates the degree to 
which the diets from each pasture ap- 
proached being identical. 

Statistical procedures recommended by 
Steel and Torrie ( 1960) and Snedecor and 
Cochran (1973) were used to determine 
significant differences (jK.05). Scientific 
names are shown with the common names 
in Table 1. 

Results 

Blue grama, scarlet globemallow, 
and sun sedge averaged about 60% of 
the monthly cattle diets on both pas- 
tures over the two summer grazing 
seasons (Table 1). On the light and 
heavy use pastures blue grama aver- 
aged 36% and 40%, scarlet globe- 
mallow 15% and 1 1 %, and sun sedge 
9% and 9%, respectively. There were 
four additional categories of foods in 
each pasture that averaged more than 
5% in the monthly diets. On light and 
heavy use pastures, western wheatgrass 
was 9% and 7%, respectively. On the 
light use pasture eveningprimrose and 
needleandthread each averaged 6%) 
and slimflower scurfpea 5%. On the 
heavy use pasture spreading wildbuck- 
wheat and the category “other forbs + 
shrubs” averaged 9% each and red 
threeawn 6% of the monthly diets. 

A large number of forbs, grasses, 
and shrubs collectively averaged 4% of 
the mean monthly diets on the light use 
pasture and 8% on the heavy use 
pasture. In 1970, which was consider- 
ably drier during the summer than 
1969, the kg/ha of these minor species 
eaten was significantly higher on both 
pastures than they were in 1969. 
However, significantly more scarlet 
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globemallow, spreading wildbuck- 
wheat, and eveningprimrose were con- 
sumed from both pastures in 1969 than 
in 1970. About 96% and 92% of the 12 
major plants in the light and heavy use 
pastures, respectively, were from blue 
grama, scarlet globemallow, sun 
sedge, western wheatgrass, buffalo- 
grass, and fringed sagewort. 

There were significant differences 
for the estimated kg/ha of certain foods 
consumed by cattle between months 
and years within each pasture, and 
between pastures compared by months. 
The average estimated forage con- 
sumption per month was 257 kg/ha on 
the light use pasture and 500 kg/ha on 
the heavy use pasture (Table 1). 
Generally, trends between kg/ha of 
most plant species consumed for 
months within years, and for compara- 
ble months between light and heavy use 
pastures were not related. Blue grama 

consumption was highest in August for 
both pastures each year. The avail- 
ability of forage on each pasture 
progressively increased from June to 
August each year and the availability of 
herbage was not significantly higher on 
the heavy use pasture than on the light 
use pasture (Table 1). 

Discussion 
Different analyses suggested that the 

proportions of the major foods in cattle 
diets were similar on the light and 
heavy use pastures. The mean (? SE) 
monthly similarity of cattle diets 
was 73 2 3% and the plant composition 
similarity for the two pastures was 78 -+ 
3%. 

There was a significant positive 
correlation (r = 0.9) for the magnitude 
of different plants in the cattle diets and 
in the availability of plants on a 
between pasture comparison by 

Table 2. The preference rankings2 of the major foods of cattle. 

Monthly average (N = 4) Overall (N = 12) 

Foods of cattle’ June July August Mean + SE 

Fireweed summercypress 100 loo 100 100 + 14 
Western wheatgrass 86 100 89 92 + 4 
Eveningprimrose 85 86 53 75 * 9 
Slimflower scurfpea 67 67 84 73 + 10 
Scarlet globemallow 68 74 70 71 f 7 
Sun sedge 63 62 64 63 + 8 
Needleandthread 86 71 25 61 + 12 
Spreading wildbuckwheat 32 64 63 53 + 11 
Buffalograss 26 18 91 45 + 12 
Red threeawn 44 19 21 28 + 12 
Blue grama 18 22 33 24 + 4 
Fringed sagewort 11 5 20 12 _+ 13 

’ Scientific names are in Table I. 
2 FC x too = Forage consumed x 100, FC and FA were averaged for 1969 and 1970. 

FA Forage available 
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Spear-man’s rank order statistic 
(Snedecor and Cochran 1973). The 
reasons why certain plants were more 
available between months or years is 
not clear from the present data but these 
differences may have been primarily 
influenced by rainfall and weather 
conditions (Uresk et al. 1975). 

There was no significant correlation 
between the appropriately paired 
monthly similarity indices between 
cattle diets, or between amount of the 
vegetation on the two pastures. The 
monthly diversity indices for cattle 
diets and available pasture vegetation 
were not related between lightly and 
heavily grazed pastures. However, a 
comparison of monthly diversity indi- 
ces between diets and vegetation avail- 
able within the same pasture were 
positively and significantly correlated 
(Pc.01). There was a nonsignificant 
negative correlation coefficient be- 
tween the amounts of blue grama and 
the amounts of needleandthread + 
western wheatgrass consumed, sug- 
gesting that blue grama might be used 
when more palatable plants are less 
abundant in pastures. 

Numerous ratios between foods 
eaten divided by foods available have 
been used in the literature to indicate 
relative preference indices (Krueger 
1972). These values have been used to 
rank various plants with regard to their 
preference. Fireweed summercypress, 
western wheatgrass, eveningprimrose, 
slimflower scurfpea, and scarlet globe- 
mallow ranked highest in preference 
(Table 2). Together these five foods 

made up a total of 28% of the monthly 
diets on the pastures. Blue grama 
averaged 38% in the overall monthly 
diets. Fringed sagewort (2% of diets) 
was the only plant which ranked lower 
in palatability than blue grama for the 
12 most important foods of cattle 
(Table 2). Average preference indices 
were lower in August than earlier for 
eveningprimrose, needleandthread, 
and red threeawn but were higher in 
August for slimflower scurfpea, 
spreading wildbuckwheat, buffalo- 
grass, and blue grama. Average prefer- 
ence indices of the major cattle foods, 
when paired by sampling dates and 
compared between pastures, were sig- 
nificantly correlated (Pc.01). 

If the vegetation on the two pastures 
in this study was similar when the light 
and heavy cattle grazing treatments 
began 32 years earlier, it appears that 
the cattle grazing treatments have had 
similar effects on the major plant 
species in both pastures. If the average 
monthly removals of forage were the 
same for June, July, and August as 
observed in this study one major 
difference between the use of the 
pastures has been of the amount of 
herbage harvested by cattle. Over the 3 
months in summer more forage might 
be harvested per year at the heavier 
grazing intensity applied in this study 
than by the lighter treatment. The 
findings support literature (Hyder et al. 
1966), which suggests that the long 
term different summer cattle grazing 
treatments have not substantially 
changed plant composition on this 
shortgrass ecosystem. 
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Soil Ingestion by Cattle Grazing Crested 
Wheatgrass 

H. F. MAYLAND, G. E. SHEWMAKER, AND R. C. BULL 

Highlight: Soil ingestion rates were determined using four 350- 
kg esophageal fistulated heifers. Soil concentrations in feces, as 
determined indirectly by titanium analysis, averaged 14 and 20% 
in June and August, respectively. Calculated soil ingestion rates 
were 0.73 and 0.99 kg/animal-day for the two respective periods. 

Although grazing animals may deliberately ingest soils, 
generally they consume soil inadvertently with the forage. This 
ingested soil may serve as a source of essential minerals (Healy 
et al. 1970, and Suttle 1974) like copper (Cu). For example, 
Stoszek (1976) observed that while three grass-fed cattle 
became severely Cu depleted, a fourth animal, which had the 
habit of eating soil, accumulated Cu. Stoszek concluded that the 
ingested soil contributed to the dietary Cu intake. 

However, soil ingestion may be detrimental because of 
increased tooth wear, physical impaction in the digestive tract, 
or because of indirect effects of harmful chemicals adsorbed to 
soil particles. A. L. Lesperance (University of Nevada, Reno, 

personal communication) reported that 4- and 6-liter volumes of 
washed sand were removed periodically from the reticula of 2 10 
kg rumen-fistulated cattle grazing a desert shrub range in 
southern Nevada. Even small pebbles have been retrieved from 
cow feces during rectal palpations for pregnancy tests (J. H. 
Lowery , DVM, Twin Falls, Idaho, personal communication). 
Young calves and lambs often directly ingest soil, which 
occasionally leads to colic and death. Sand colic or soil 
impaction is also found in horses, especially when deprived of 
adequate feed, or when they are fed on sandy paddocks. 

The effect of soil ingestion on tooth wear is of economic 
importance to livestockmen. Dr. Lowery (personal communica- 
tion) noted that 7-year-old cows on northern Nevada range had 
teeth like 12-year-old cows on southern Idaho range where soil 
ingestion levels and mineral hardness values may be lower. Soil 
particles harder than tooth enamel will gradually grind the teeth 
down to a level where they are no longer effective during 
mastication, therefore decreasing animal performance. The 
degree of tooth wear will depend not only on the amount of soil 
ingested, but on the soil type or mineral. Apatite (a mineral 
similar to tooth enamel), opal (like that found in plant-absorbed 
silica phytoliths), and quartz have hardness values of 5,4-6, and 
7 Mhos, respectively, as compared with 10 Mhos for diamond. 
Thus, many soil particles have no effective abrasive action 
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when ground against tooth enamel. However, it is readily 
apparent that the effect of soil ingestion on animal performance 
will depend on the soil type and amount ingested, 

A technique using titanium (Ti) as an external marker is 
available to quantify soil ingestion levels. Titanium is abundant 
in soils, is not taken up by plants (Healy 1968), and is not 
absorbed by animals (Miller et al. 1975). Thus, soil and fecal Ti 
concentrations can be determined and then soil intake rates can 
be calculated or estimated from dry matter intake and digesti- 
bility data or from the amount of total dry matter excreted. 

In this paper, we report soil ingestion rates for cattle grazing a 
crested wheatgrass range in southern Idaho. 

Methods and Procedures 
The study was conducted on pasture No. 04 of the Point Springs 

Experimental Range, 19 km (12 miles) east of Malta, Ida., on a mesic, 
alluvial fan with a calcareous sandy loam soil supporting a good stand 
of crested wheatgrass (Agropyron dew-tot-urn) and some annual forbs. 
The annual precipitation ranges from 150 to 450 mm. 

In 1974, four 350-kg esophageal fistulated Hereford heifers were 
preconditioned for 2 weeks on the 32-ha crested wheatgrass pasture 
before the first test period (June 9 to 22), and continued on that same 
pasture through the second period (August 4 to 16). 

During each test period, 10 g of an external marker (5 g Crz03 + 5 g 
purified cellulose formulated in gelatin capsules) was adminis- 
tered twice daily. The mass of dry matter excreted was calcu- 
lated from the dilution of Cr203 (determined by atomic absorption in 
fecal grab samples taken at 0600 and 1800 hours (Lesperance and 
Bohman 1963). Dry matter intake was calculated from fecal mass and 
changes in acid detergent lignin (Van Soest 1964) concentrations 
between esophageal-forage samples and the fecal samples. The 
esophageal-forage samples were collected in bags (with screen 
bottoms for saliva drainage) attached to grazing animals from 0600 to 
0700 hours on each of the last four days of the two test periods. 

Dry matter intake, excretion, and apparent digestibility were 
calculated using the following equations: 

Fecal DM output (g/day) = 
CrzO3 consumed (g/day) 

Cr203 concentration in feces (g/g) 

Dry matter intake (g/day) = 
[fecal DM output (g)] [lignin in feces (%)] 

lignin in esophageal forage sample (%) 

PM intake (g)] - [fecal DM (g)] x 100 

Apparent digestibility (%) = DM intake (g) 

Composite forage samples were obtained during the June and 
August test periods by clipping wheatgrass to a 2-cm stubble height. 
Forage dry-matter yield for June 29 was 360 kg/ha, as compared with a 
long-term average of 560 kg/ha. Forage, esophageal, and fecal 
samples were dried at 50°C for 48 hours and ground to pass a l-mm 
screen. Samples used to determine digestibility and intake were 
composited into one sample for each animal and each test period. 



The soil concentration in feces was determined indirectly by 
measuring the Ti concentration in both feces and soil by x-ray 
fluorescence spectrophotometry (Mayland et al. 1975). A set of 
reference samples was prepared by adding known amounts of soil to a 
fecal sample, which did not contain soil. The added soil represented 
the < 480 pm portion of a composite series taken from the 0. l-cm 
depth of pasture No. 04 and was found by the method of TiO additions 
to contain 3,100 ppm Ti. 

A second approach to estimating soil ingestion is to measure acid- 
insoluble residue (A.I.R.). The forage and fecal A.I.R. includes the 
acid-insoluble portions of soil and biogenic silica (the Si absorbed by 
the plant to the transpiration stream) present in the sample. The A.I.R. 
was determined as the oven-dried residue remaining after dry-ashing 
clipped forage, esophageal, fecal, and soil samples at 550°C for 6 
hours, followed by leaching samples with 50-ml2N nitric acid and 100 
ml H20 (Mayland et al. 1975). 

Results and Discussion 

Fecal soil concentrations determined by the Ti method were 
14 and 20% of total dry matter excretions in June and August, 
respectively (Table 1). The amounts of ingested soil calculated 
from forage intake and digestibility data were 0.73 and 0.99 
kg/animal-day for the two test periods. These soil ingestion 
rates for grazing cattle are similar to the 0.5 to 0.87 kg/animal- 
day reported in New Zealand (Healy 1968); 0.46 to 0.78 
kg/animal-day in southwestern England (Thornton 1974); and 
0.1 to 1.5 (median of 0.5) kg/animal-day on semidesert 
rangeland in Idaho (Mayland et al. 1975). 

The A. I. R. values of clipped forage were calculated as 0.36 
and 0.39 kg/animal-day for the June and August periods, 
respectively. The respective esophageal A.I.R. values were 
0.46 and 0.45 kg, which were greater than those for the clipped 
forage because animals were ingesting more soil than that found 
on the clipped forage. The esophageal A. I.R. values were not as 
great as the respective 0.68 and 0.90 kg/animal-day values 
calculated from fecal material, because some soil was likely 
leached from the esophageal sample and lost with the saliva 
through the screened collection bag. These fecal A.1 .R. values 
resemble soil A.I.R. values of 0.67 and 0.91 kg/animal-day for 
the June and August periods, respectively. Soil A.I.R. equaled 
soil excretion levels determined by the Ti method after cor- 
recting for the 8% loss in weight when subjected to the A.I.R. 
procedure. Assuming that the amount of biogenic silica remain- 
ing in the fecal A.I.R. is small or negligible, we can be quite 
confident in these soil ingestion measurements. 

Table 1. Number of samples; mean dry matter-intake, -excretion, and 
-digestibility; acid-insoluble residues (A.I.R.) of various components; 
and mean fecal soil levels determined by the Ti method. 

Component 

Number of samples 
Clipped forage 
Esophageal 
Fecal samples 

Dry matter 
Intake (kg/animal-day) 
Excreted (kg/animal-day) 
Digestibility (%) 

A.I.R. in daily dietary intake or equivalent 
Clipped forage (kg/animal-day) 
Esophageal (kg/animal-day) 
Fecal (kg/animal-day) 
Soil (kg/animal-day)’ 

Fecal soil by Ti method 
Concentration (%) 

Sampling date 

June August 
16-22 6-15 

2 2 
IO 10 
30 39 

10.4 8.6 
5.3 5.0 

49 42 

0.36 0.39 
0.46 0.45 
0.68 0.90 
0.67 0.91 

14 20 
Amount (kg/animal-day) 0.73 2 .02* 0.99 -+ .03* 

’ Ingested soil mass as determined by the Ti method and corrected for 8% loss in mass 
when soil is subjected to acid-insoluble residue procedure. 

* Error associated with soil determination only and does not include errors associated 
with forage intake and digestibility determinations. 
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Effects of Fire, Ash, and Litter on Soil Nitrate, 

Temperature, Moisture and Tobosagrass Pro- 

duction in the Rolling Plains 

STEVEN H. SHARROW AND HENRY A. WRIGHT 

Removal of litter by burning or clipping in tobosagrass com- 
munities increased soil temperature and the rate of nitrogen 
mineralization. Ash had no effect on either of these soil properties 
in 1972, but did appear to stimulate production in 1974. With 
adequate soil moisture, the higher soil temperatures on burned or 
clipped plots stimulated plant growth and concomitantly reduced 
soil moisture and nitrates. By contrast, suboptimal soil tempera- 
tures on control plots limited plant growth, even though soil 
nitrate and moisture were ample. During dry years, soil moisture 
is the limiting plant growth factor and burning has no beneficial 
effects. 

Prescribed burning has proven useful in managing tobosa- 
grass (Hilaria mutica, Benth.) communities. When properly 
applied, spring burning kills some mesquite trees, removes dead 
trees, and increases production and potential utilization of 
tobosagrass (Wright 1969, 1972; Heirman and Wright 1973). 
As prescribed burning becomes more widely used, an under- 
standing of the effect of fire on soil nitrogen, as well as 
how the various factors associated with fire affect plant growth 
in semiarid climates, becomes increasingly important. 

Fire largely consumes litter and, depending upon the com- 
pleteness of combustion (Finn 1934), this can be a major 
mechanism for nitrogen loss (Burns 1952; Austin and Baisinger 
1955; De Bell and Ralston 1970). Remaining nutrients are con- 
centrated in the ash and unconsumed litter (Isaac and Hopkins 
1937). Many nutrients are leached into the soil where they are 
available for plant growth. If these nutrients are not quickly 
taken up by plants and soil organisms, appreciable losses due to 
leaching may occur (Finn 1934; Neal et al. 1965). 

Increased total and available soil nitrogen is often observed 
following fire (Heyward and Bamette 1934; Mayland 1967; 
Vlamis et al. 1965). Some possible explanations for these 
increases are: stimulation of legumes (Mayland 1967), washing 
of charred surface material into the soil by rain (Metz et al. 
196 1) and the deposition of nutrient-rich ash, which stimulates 
the growth of nitrifying (Burns 1952; Fowells and Stephenson 
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1934) and nitrogen-fixing (Isaac and Hopkins 1937) micro- 
organisms. However, decreases in total soil nitrogen after fire 
have also been reported (Austin and Baisinger 1955). 

In the true prairie, the major effect of fire upon plant growth is 
due to litter removal, which favors plant yields by raising soil 
temperatures in the spring (Weaver and Rowland 1952; Kucera 
and Ehrenreich 1962). Ash had little effect on plant growth 
(Hulbert 1969; Old 1969; Wolters 1971). Similarly, increased 
tobosagrass yields following burning appear to be primarily 
due to litter removal by fire; however, Wright (1969) has 
speculated that heat or ash may have some influence. 

Objectives of this study were (1) to measure changes in 
nitrate, exchangeable ammonium, total soil nitrogen, soil 
moisture, and soil temperatures following spring burning, and 
(2) to determine the extent to which each of these soil factors 
increased growth of tobosagrass following fire. 

Methods 

In 1972, a pilot study was conducted on the Spade Ranch near 
Colorado City, Texas, (elevation 633 m; annual precipitation 48 cm) 
to examine soil temperature, moisture, nitrate, and total nitrogen in 
situ as possible explanations for increased tobosagrass yields follow- 
ing fire. As a result of this study, a second, more intensive study was 
conducted in 1974 near Post, Texas, (elevation 724 m; annual precipi- 
tation 48 cm) to evaluate the relative importance of litter removal, ash 
deposition, and direct heating by fire in stimulating tobosagrass 
yields. Responses of soil nitrate and soil moisture under root-free 
conditions as well as soil temperature in situ were measured. The 
nzsults of these two studies are reported here. 

Both the Colorado City and Post sites supported dense stands of 
tobosagrass with fairly open overstories of honey mesquite (Prosopis 
glundulosa var. glandulosa Torr.). The soils (Stamford clay) at both 
sites were fine textured with well developed vertic (shrinking- 
swelling) properties. The Stamford Soil Series is a member of the fine 
montmorillonitic, thermic family of the Typic Chromustest. Both 
sites had been stocked moderately with cattle during the past 10 years. 
However, because of its coarseness, tobosagrass is rarely grazed more 
than 10 or 20% in its untreated condition. 

Colorado City site, 1972 
A two-hectare grazing exclosure was established at the Colorado 

City site in 1971. Three 0.4 hectare plots for (1) burned, (2) clipped, 
and (3) control tobosagrass treatments were located within this 
exclosure in 1972. Plot 1 was burned on March 10, 1972, under the 
following weather conditions: air temperature, 28°C; relative humidi- 
ty 37%; wind, south 13 to 26 km/hour. The clipped treatment consisted 
of removing all vegetation and litter by hand from 15 randomly 
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/ /I / .“#. All veeetation and litter was removed by hand down to min-ml *nil _.“. ““.. 

s&cted 2-m diameterquadrats on March 12 t” 19, 1972, leaving the 
mineral soil surface bare but relatively undisturbed. 

Twenty 0.22-m” randomly located quadrats were clipped from each 
0.4.hectare plot before treatments were applied on March, 1972, and 
again at the end of the primary growing seas”” in July, 1972, t” 
estimate standing crop of vegetation and litter. Current year’s growth 
in July, 1972, was separated from old growth by hand. Samples were 
oven-dried at 60°C for 36 hours before weighing. This drying 
temperature was used t” minimize the volatilization of nitrogen. 

Four samples of dornxmt tobosagrass and litter were collected at 
mndom from the burned plot before application of treatments in March 
and analyzed for total nitrogen (performed on a Coleman model 29 A 
nitrogen analyzer using a platinum catalyst) t” estimate the nitrogen 
cOntent of plant material. After the fire, ash was collected down t” 
mineral soil within 36 rectangular 0.22 m2 quadrats. These samples 
were oven dried at 60°C for 36 hours, weighed, ground (I-mm mesh), 
and then analyzed for nitrate and total nitrogen. Nitrate was measured 
with the Orion nitrate ion specific electrode using distilled water as an 
extractant for nitrate. The loss “1 mtrogen caused by burning was 
assumed to be the difference between nitrogen content of all plant 
material before the burn and nitrogen content of ash after the bum. 

Soil cores from four randomly selected, permanently-marked sites 
within each treatment were collected monthly at 62.5, 2.5-5.0, and 
5.sl2.5 cm depths from April 1, 1972, to March I, 1973. Soil 
moisture was determined gravimetrically (60°C for 36 hours). Samples 
were then ground (I-mm mesh) and analyzed for nitrate and total 
nitrogen. 

Soil temperatures at 2.5 and 7.5 cm were measured monthly at three 
!ecations for each treatment using standard mercury thermometers. 

Post site, 1974 
In 1974 theeffects oftire (heat, ash, and littcrremaval) an inorganic 

soil nitrogen and moisture in root-free soil and tobosa production were 
studied at the Post site using a 2” factonal anangement of treatments in 
a completely randomized design. Twenty-four 2 X 2-m plots were 
located within a fenced 0.2.hectare exclosure. Three replications of 
the following treatments were applied in April, 1974: (I j control, (2) 
control + ash, (3) clip (litter removed). (4) clip (litter removed) + ash, 
(5) burn, (6) bum - ash, (7) bum + litter, and (8) bum ash + litter. 

Before application of treatments, 12 steel pipes, 8 cm long X 5 cm 
in diameter, were driven into the soil, flush with the soil surface an 
each plot to provide soil samples free of living r”“ts for nitrate, 
ammonium, and moisture data. Before treatment, all plots received 4 
cm of wateron April 5, 1974. Water was applied as a mist spray from a 
pickup-mounted fire pump. 

from theilipped plots and spread over th; “ + litter” plots after they 
were burned. The appropriate plots were burned using a 2 X 2 X l-m 
high, 16.ga steel box to contain the tire (Fig. 1). Ash and charred 
material were vacuumed up from the bum - ash plots, hand sorted 
&to ash and charred material, weighed separately, and then combined 
and spread over + ash plots. 

Soil temperature was determined weekly from April 23 to July 30, 
1974, using iron-constantan thermocouples placed at depths of I, 8, 
and 36 cm. Additional temperatun readings were taken on September 
6 and November 2, 1974. 

From July 8 to I I, 1974, six 0.09.mZquadrats were clippedon each 
plot to estimate tobosagrass yields. Similarly, after fall rains, the same 
plots (unclipped portions) were clipped again on November 1, 1974, 
to estimate the combined spring and fall growth. Current years’ 
growth was separated from past years’ growth by hand where 
appropriate. 

Soil samples for nitrate and exchangeable ammonium analyses were 
taken on each plot from three steel pipes on April 2 I, May 7, May 22, 
and July 3, 1974. Soil removal from each pipe was placed in a separate 
covered can and immediately frozen using chipped dry ice before 
transporting it to the lab. All samples were stored at -5°C in the moist 
condition until analyzed as recommended bv Nelson and Bremmer 
(1972). They were thawed just prior to analysis and corrected far soil 
moisture. 

Nitrate ion and exchangeable ammomum content of soil samples 
were measured with the Orion nitrate ion specific electrode using 
distilled water as an extractant for nitrate ion and the Orion ammonia 
gas sensing electrode using 2 m KCI as an extractant for exchangeable 
soil ammonium (NHa+). All measurements were converted to ppm 
(6O’C oven-dly weight basis). 

Results and Discussion 

Precipitation during 1972 was about 20% above average in 
Colorado City, Texas, with 16 cm falling during the winter- 
spring period (January t” July) and 40 cm falling during the 
summer-fall period (July t” December). In contrast, precipita- 
tion in 1974 was 48% below average at Post, Texas, until 
August I, with 11 to 13 cm falling during the winter-spring 
period and 40 t” 42 cm falling during the summer-fall period. 
Thus, in determining the effects of fire on plant growth in 
mesquite-tobosa communities, a somewhat wet year is con- 
trasted with a dry year on Stamford clay soils. 

Fire consumed virtually all of the 5,45 I kg/ha of litter and old 
growth at the Colorado City site, leaving behind 1,030 kg/ha of 
ash. The net loss of nitrogen was 36.4 kg/ha; 5.6 kg/ha 
remained on the soil after the fire. At the Post site, 97% of the 
6,800 kg/ha of standing old growth and litter initially present 
was consumed by fire, leaving behind 890 kg/ha of ash and 207 
kg/ha of charred material. These values for litter removal by fire 
in tobosagrass communities agree well with those reported for 
other grassland communities (Dix and Butler 1954; Dix 1960; 
and Vogl 1965) where fire removed from 91 t” 100% ofthe litter 
layer. 

Effect of Fire on Soil Properties 

Soil temperature was increased at the 7.5 to 8 cm soil depths 
by clipping and burning compared t” control plots on both the 
Colorado City and Post sites (Figs. 2 and 3). The clipped and the 
burned plots were 4 t” 5°C warmer than control plots after May I 
and stayed wanner throughout late spring and summer. Thus, 
soil temperatures of plots with litter lagged behind those without 
litter from 15 t” 45 days during the latter half of the spring-early 
summer growing season. 

The similarity of temperatures between burned and clipped 
plots suggests that increased soil temperature on burned soils is 
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Fig. 2. Soil temperatures at a depth of 7.5 cm for burned, clipped, and control 
plots in 1972 at Colorado City, Texas. 

primarily due to exposure of the soil surface by litter removal 
(Table l), not the absorptivity of black ash (Table 2). 

Soil moisture, the factor generally limiting plant growth 
during dry years, was reduced in the 0 to 8 cm depth following 
litter removal on soil with active roots at the Colorado City site 
flable 3). Where roots were excluded on the Post site, neither 
clipping nor burning lowered soil moisture levels during an 
exceptionally dry year. These data were taken during two 
different years at different locations, but the soils are both 
Stamford clays and evaporative losses were measured under the 
most extreme conditions. Thus, reduced soil moisture on 
burned areas is primarily due to increased transpirational water 
use by the rapidly growing plants rather than evaporation of 
water from bare soil surface. 

Where roots were excluded, litter removal by clipping or 
burning resulted in increased nitrate levels in the 0 to 8 cm soil 
depth (Table 1). Warmer soil temperatures on the litter-free 

Table 1. Response of soil factors to litter removal in root-free soil from 
April 8 to July 3, 1974, near Post, Texas. 

Treatment 

Factor measured No litter Litter 

Soil temperature at 8 cm (“C) 30.5” 26.(jb 
Soil moisture at 0 to 8 cm (%) 16.3a 18. lb 
Accumulative soil nitrate at 0 to 8 cm (ppm) 24.2a 18.1b 
Accumulative exchangeable soil ammonia at 

0 to 8 cm (ppm) 0.8” 0.6a 
’ Means within a row followed by the same letter are not significantly different 

(P < 0.05). 

Table 2. Response of soil factors to ash in root-free soil from April 8 to 
July 3, 1974, near Post, Texas. 

Treatment 

Soil temperature at 8 cm (“C) 28.ga 28.3a 
Soil tmoisture at 0 to 8 cm (%) 17.3” 17.1” 
Accumulative soil nitrate at 0 to 8 cm (ppm) 21.1a 21.2’” 
Accumulative exchangeable soil ammonia at 

0 to 8 cm (ppm) 0.7” 0.7a 

’ Means within a row followed by the same letter are not statistically different 
(P < 0.05). 
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Fig. 3. Soil temperatures at a depth of 8.0 cm for burned, clipped, and control 
plots in 1974 at Post, Texas. 

plots are probably responsible for the higher nitrate levels 
observed on these plots compared to the cooler control plots. 
Black (1968) estimates that the optimum soil temperature for 
nitrate production and its uptake by plants is 35 to 45°C. Thus, 
lapid warmup of soils on burned or clipped areas (Figs 2 and 3) 
in the spring increased maximum soil temperatures from the 
28-32°C range on control plots to the 32-38°C range on litter- 
free plots. This increase in soil temperature should substantially 
increase nitrate production on clipped or burned plots. Where 
roots were active, however, as on the Colorado City site in 
1972, soil nitrate levels were lower on clipped or burned plots 
than on control plots (Table 4). Rapid uptake of nitrate ions by 
the vigorously growing plants on the clipped or burned plots 
probably accounts for the lower nitrate levels on these plots. 
Thus, it appears that nitrate ions are rapidly produced by 
bacteria and rapidly used by plants when soil temperatures are 
optimal for the growth of both of them. 

Table 3. Average gravimetric soil moisture (percent dry weight) on Stam- 
ford clay soils during the growing season (April to July) for soil with and 
without active plant roots. 

Treatment Soil with roots* Soil without roots3 

Control 15.7 a’ 18.4a 
Clipped ll.Ob 17.9a 
Burned 9.5 b 16.7 a 

’ Means within a column followed by the same letter are not significantly different 
(P < 0.05). 

2 Means of monthly observations on the Colorado City site from April I to July 31, 
1972. 

‘( Means of four sample dates (April 2 I, May 7, May 28, and July 3) on the Post site in 
I974 

Table 4. Average soil nitrate (ppm dry weight) at three depths during the 
spring growing period (April through July, 1972) at the Colorado City 
site. 

Treatment 

Soil depth (cm) 

O-2.5 2.5-5.0 5.0-12.5 

Control 94a 37a 25a 
Clipped 50b 21b 14b 
Burned 47b 25b 17b 

_______ 
’ Means within a column followed by the same letter are not significantly different 

(P < 0.05). 
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The deposition of basic salts, especially calcium, contained 
in ash stimulates nitrification in forest soils (Hesselman 1918, 
Fowells and Stephenson 1934). Grassland soils, however, tend 
to be naturally rich in calcium and other nutrients. Thus, 
nitrification in grassland soils does not respond as markedly to 
nutrients from ash (Table 2) as it does in the more nutrient poor 
forest soils. 

Neither heat from fire nor ash deposition had any significant 
effect on soil temperature, soil moisture, or nitrate level on plots 
at the Post site. Burned plots had almost twice as much 
unchangeable soil ammonium in the 0 to 8 cm soil depth as did 
unburned plots on April 2 1, 1974 (2.1 and 1.2 ppm for heated 
and unheated plots, respectively). Thereafter, no effect of heat 
was discernable. Although heating of soil by tobosagrass fires 
can be intense at the soil surface, it is of short duration (Stinson 
and Wright 1969) and temperatures drop off rapidly with soil 
depth (Whittaker 196 1). Thus, it is not reasonable for heating of 
soil by grass fires to have anything but a very temporary effect 
such as the slight increase in exchangeable soil ammonium 
recorded in this study. 

Burning lowered total soil nitrogen levels at the 2.5 to 5 .O and 
5 .O to 12.5 cm soil depths (Table 5). However, clipping reduced 
nitrogen markedly only at the 0 to 5 .O cm depth. No effect of 
clipping was discernable at the 5 .O to 12.5 cm depth. This 
differential response between burning and clipping demon- 
strates that the effects of fire on soil nitrogen content are not due 
entirely to litter removal. The charred material from fire adds 
nitrogen to the upper soil layer (Metz et al. 196 l), and warmer 
soil temperatures stimulate some nitrogen depletion from lower 
layers by active organic decay. 

Table 5. Total soil nitrogen (%) in relation to treatment on the Spade site 
(April, 1972 to March, 1973). 

Treatment 

Soil depth (cm) 

O-2.5 2.5-5.0 5.0-12.5 

Control 0.236 a’ 
Burned 0.212 a 
Clipped 0.186b 

0.138 a 0.097 a 
0.095 c 0.081 b 
0.108 b 0.092 a 

’ Means within 

(P < 0.05). 
a column followed by the same letter are not significantly different 

Tobosagrass Yields 
Tobosagrass on burned plots produced over three times as 

much new growth as the control and almost one and one-half as 
much as the clipped plots (Table 6) during a wet spring on the 
Colorado City site in 1972. Since soil nitrate and soil moisture 
levels were higher on the control than on the burned plots, the 
lower production of tobosagrass on the control plots could not 
be attributed to a lack of nitrate or moisture. 

Higher soil temperatures in the spring were probably the 
major factor favoring tobosagrass growth on burned compared 
to the cooler control plots. Soil temperature could not, however, 
explain the difference in production at Colorado city between 

Table 6. Tobosagrass yields (k/W on control, 
plots at the Colorado City and Post sites. 

clipped, and 

Treatment 
Colorado City 

July, 1972 

Post 

July, 1974 Nov., 1974 

Control 
Clipped 
Burned 

838 a’ 824 a 2066 a 
1571 b 707 a 2149a 
2652 c 721 a 2109a 

’ Means within 
(P < 0.05). 

by the same letter are not significantly different 

burned and clipped plots since their temperatures were similar. 
This yield difference was an unusual response compared to past 
work in tobosagrass communities (Wright 1969) and other 
studies (Hulbert 1969; Wolters 197 1). Unusually high tobosa- 
grass growth in the late fall of 197 1 prior to spring treatment 
application in 1972 may have tied up a large portion of the 
normal supply of available soil nutrients, that, in this case, were 
teleased by the bum. Thus, nutrients contained in the deposited 
ash may have been more important than usual in stimulating 
tobosagrass growth during this particular year. 

Drought conditions on the Post site during the spring growing 
period in 1974 (April 5 to July 28) minimized treatment effects 
and limited tobosagrass yields at 700 to 824 kg/ha (Table 6), 
which were considerably lower than the 1,300 to 2,400 kg/ha 
produced on similar range sites during years of normal precipi- 
tation (Wright 1972). Warmer spring soil temperatures on litter- 
free plots compared to controls, generally an important factor in 
stimulating increased plant growth on burned plots (Ehrenreich 
1959; Ehrenreich and Aikman 1963; Old 1969), were ineffec- 
tive during the 1974 growing season due to inadequate soil 
moisture for optimal growth of tobosagrass. 

Under favorable moisture conditions in the late summer and 
fall growing period (July 28 to November 1, 1974), warm soil 
temperatures and adequate soil moisture at Post favored rapid 
growth of tobosagrass on all plots. Again, as in the spring, none 
of the treatments affected tobosagrass yields (Table 6). 

During years of inadequate soil moisture, tobosagrass yield is 
not increased by burning. When soil moisture is adequate, 
however, warmer soil temperatures, resulting from removal of 
litter, stimulates tobosagrass growth and increases herbage 
yield. 

Ash seems to have a fertilizing effect only during some years, 
and its value as a fertilizer may be related to a nutrient tie-up in 
vegetation produced the previous fall growing season. 

Conclusions 

Tobosagrass yields increased following burning in years of 
normal precipitation, primarily because of higher soil tempera- 
tures, which also accelerate bacterial activity (Coleman 19 16; 
Black 1968) on burned areas compared to the cooler unburned 
areas. During dry years, or years when rainfall is delayed until 
the fall, there is little advantage to burning because moisture, 
not soil temperature or the associated nitrate production, limits 
yields of tobosagrass during these times. 

Although warmer soil temperatures stimulate nitrate ion 
production on burned areas compared to unburned areas, both 
water and nitrate are taken up more rapidly on burned areas to 
support the more luxuriant plant growth there. Thus, soil 
moisture and soil nitrate levels decline more rapidly on burned 
than on control areas even though more nitrate is produced on 
the burned areas. 
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Correlations of Precipitation and Temperature 
with Spring, Regrowth, and Mature Crested 
Wheatgrass Yields 
FORREST A. SNEVA 

Highlight: Yields of crested wheatgrass on August 1 and May 15 
and its August 1st regrowth, with or without N fertilizer, were 
correlated with 45 temperature and precipitation variates. Corre- 
lation coefficients for mature yields with monthly precipitation 
were highest for combinations of eight or more consecutive 
months, beginning the previous July, August, or September. The 
inclusion of growing season temperature increased the coefficient 
of determination by a maximum of 8 percentage units. The best 
combination for predicting unfertilized mature yield was July- 
May precipitation plus mean March, April, and May tempera- 
tures and accounted for 64% of the total yield variation. Mean 
February temperature with March precipitation accounted for 
83% of the variation in spring yield. 

On the Oregon high desert the winter snows dissipate; the 
grass greens, grows, withers, and dies. The relationships that 
exist therein between climatic factors and yield response are 
relatively unknown. Only Blaisdell (1958) has discussed the 
literature and examined in the field the response of growing 
plants to various climatic parameters in a locale similar to the 
cold, dry desert of eastern Oregon. 
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270 

This paper presents the simple correlations (r) of crested 
wheatgrass (Agropyron desertorum (Fisch.) Schult.) yield with 
temperature and precipitation occurring during selected calen- 
dar periods over 14 years. It presents also, yield relations 
obtained through multiple correlation (R) and of selected 
combinations of the more highly related simple correlations. 

Study Area 

The Squaw Butte Experiment Station lies 42 miles west of Bums in 
southeastern Oregon at an elevation of 4,500 feet. This high desert 
receives about 12 inches of precipitation annually. About 60% of the 
total precipitation is received during the fall and winter months, often 
as snow. Twenty-five percent falls as rain during the months of May 
and June. The summer months of July, August, and September are 
dry. Over a 34-year recording period the annual precipitation extremes 
have been approximately 6 and 17 inches. Mean monthly maximum 
temperature is 35” in January and 85°F in July. The temperature 
extremes recorded have been -24” and 104°F. 

The study site was seeded in the mid-forties with an unknown 
selection of crested wheatgrass (Agropyron desertorum). Prior to 
seeding the site was dominated by big sagebrush (Artemisia tri- 
dentata) and native bunchgrasses (Agropyron spicatum, Festuca 
idahoensis, Koeleria cristata, Stipa thurberiana, and Sitanion 
hystrix). The site is typical of the northern fringe of Great Basin and 
Range Province where crested wheatgrass has been introduced. 

The soil underlying the study site is a sandy loam of basaltic origin 
with a caliche layer approximately 2 feet below the soil surface. Most 
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of these semiarid soils have not been classified. Eckert (1957) has 
described some of the soils of the more important vegetational types. 

Prior to and during the study period, the site in which the study was 
located was grazed by cattle or mowed each fall. Thus, the grass stand 
should have been in good state of vigor at the initiation of the trial. 

Materials and Methods 

Herbage of crested wheatgrass was harvested from 10 unfertilized 
permanent plots (O-N) and 10 permanent plots annually fertilized with 
30 pounds of nitrogen (30-N) per acre in the years 1957-1970, 
inclusive. Yield from 48 ft” (4 x 12 ft), obtained by hand clipping 
within a 10’ x 12’ treatment area, was sampled on May 15 +_ 2 days 
(spring yield) and on August 1 ? 5 days (mature yield). Regrowth 
from the plots harvested on May 15 was sampled on August 1. The 
collected herbage was oven dried in a forced air dryer and the oven- 
dry weights recorded. The study was conducted as a randomized block 
with 5 replications. Herbage yield and its response to N and clipping 
have been published previously (Sneva 1973). 

Daily temperature and precipitation were recorded at the Station’s 
headquarters less than VI mile from the study site. Climatological 
records for Squaw Butte Experiment Station are available in “Cli- 
matological Data” for Oregon. l 

Herbage yield and precipitation and temperature recorded during 45 
selected calendar periods were subjected to correlation analysis. 
Multiple correlation regression analyses were subsequently utilized to 
examine multiple and partial relations of some of the more highly 
correlated single relations. 

precipitation periods tested. 

Regrowth Yield 
Precipitation or temperature variates significantly correlated 

with mature yield were also generally significantly correlated 
with regrowth yield (Table 1). The primary exception was April 
precipitation, which was significantly (P~0.05) correlated with 
regrowth but not mature yield; and in March precipitation was 
significantly correlated (P~0.05) with unfertilized mature yield 
but not with regrowth yields. The relationship was reversed for 
precipitation in March and unfertilized grass yield. A major 
difference between correlations of mature and regrowth yield 
was that with N, correlations consistently increased with mature 
but not with regrowth yield comparisons. 

Table 1. Simple correlation coefficients (r) of crested wheatgrass (fertilized 
fertilized) yield with themselves, temperature, and precipitation periods. 

and un- 

No. Description 

Forage yield 
I Spring, O-N 
2 Spring, 30-N 
3 Regrowth, O-N 
4 Regrowth, 30-N 
5 Fall, O-N 

Yield variates and N rate 

Spring 

O-N 30-N 

Regrowth 

O-N 30-N O-N 30-N 

1.00 - 
0.80** 1.00 

-0.24 -0.26 
-0.36 -0.34 

0.03 0.02 
-0.08 0.14 

- - 
- - 
1.00 - 
0.95** 1.00 
0.70** 0.71* 
0.60* 0.68** 

- - 
- - 
- - 
- - 
1.00 - 
0.87** 1.00 

Results 
6 Fall, 30-N 

Monthly mean temperature 0. I4 -0.08 -0.33 -0.36 -0.07 -0.20 

Simple Relations 7 9 July August -0.30 -0.29 -0.38 -0.51 -0.54* 0.40 -0.46 0.43 -0.59* 0.06 -0.58* -0.06 
Climatic Relations 9 September 0.22 0.15 0.10 0. I6 0.03 -0. IO 

IO October -0.37 -0.24 -0.07 -0.08 -0.17 -0.23 
Because of the integrated nature of and precipita- temperature 

1’: ~~;~~~; 
-0.03 0.06 0.1 I 0.12 0.14 0.04 

tion, their relations merit examination. Only in October was 0.13 0.33 -0. I7 -0.21 -0.44 -0.25 

there a significant (P~0.05) negative relationship for mean 
l3 January -0.70** -0.54* 0.17 0.18 -0.31 -0.21 

;; i+iryh~ 
-0.21 -0.05 -0.28 -0.26 -0. IO -0.17 

monthly precipitation with mean monthly temperature (r= 0.49 0.27 -0.27 -0.23 0.12 -0.02 

-0.56). Nonsignificant (PBO.05) but negative correlations 
I6 April -0.23 0.07 0.41 0.43 0.42 0.70** 
17 May -0.25 -0.05 0.32 0.41 0.36 0.61% 

were obtained in the months of August, November, April, and 1; :zc ~~,$~,$$,m~a$ - - 0.48 0.51 0.25 0.54* 
- - 

June. In all other months the correlation was positive but non- 
-0.48 -0.44 -0.24 -0.26 

20 June 

significant. Sum of monthly mean 
temperature (inclusive) 

Yield Relations 21 March to May - - -0.01 0.04 0.40 0.48 

Spring yields for fertilized and unfertilized plots were nega- 23 22 March March to to June May I5 -0.06 - - 0.09 -0.25 0.06 -0.18 0.18 0.25 0.42 0.58* 0.32 
tively correlated with regrowth yield (Table l), but coefficients 24 May I6 to Ju1Y - - 0. I5 0.24 0.00 0.33 

were low and nonsignificant (PCO.05). Their correlation with 
Total precipitation 
25 July 0.14 0.22 0.24 0.37 0.29 0.36 

mature yield was even weaker and the sign of the coefficient was 26 August 0.56* 0.44 0.02 -0.04 0.36 0.33 
variable. The correlation between regrowth and mature yield 2278 $rcrkr -0. I6 -0.22 0.25 0.29 -0.05 O.&l 

-0.44 -0.28 0.33 0.26 0.23 0.22 
was significant (PCO.05) in all comparisons with the coefficient 29 November 0.22 0.26 G.27 0.26 0.27 0.48 

highest with N. Thirty-six to 5 1% of the in mature variability 31 30 December January 0.06 0.05 0.08 0.15 0.36 0.40 0.42 0.39 0.18 0.30 0.27 0.35 
yields could be associated with fluctuations in regrowth yield. :: Ez;hw -0. I5 0.01 -0.28 -0.28 -0.11 -0.02 

-0.47 -0.38 
Spring Yield 

0.29 0.41 0.54* 0.46 
34 April -0.28 -0.08 0.67** 0.53* 0.33 0.33 

With but one exception temperature was poorly correlated iz EzY, - - 0.21 0.22 0.45 0.29 
- - with spring yield (Table 1). Mean monthly for 0.48 0.40 0.26 0.21 

temperature Total precipitation (inclusive) 

February was negatively correlated with unfertilized spring ii ~~~t~~f~ 15 -0.25 -0.04 0.76** 0.75** 0.72** 0.81** 

yield (PCO.01, r= -0.70) and with fertilized spring yield (PC 
-0.27 -0.07 0.74** 0.71** 0.69** 0.77** 

39 September to May 15 -0.41 -0.18 0.69** 0.68** 0.56* 0.64* 

0.05, r= -0.54). Beginning in February, coefficients of mean z ~$Q90~~~y’5 -0.55 -0.37 0.54* 0.53 0.56* 0.46 

monthly temperature were generally higher and negative more 0.05 - 0.45 0.44 0.29 0.17 
42 July to February 0.19 0.60* 0.59* 0.54* 0.71** 

often for comparisons without N than with N. 43 July to March -0. I I 0.06 0.68** 0.72** 0.7 I ** 0.84+* 

No significant correlation coefficients were obtained from 
44 July to April -0.16 0.03 0.75** 0.75** 0.70** 0.82** 
45 July to May - - 0 75*+ 0.75** 0.75** 0.83** 

any precipitation variates tested with fertilized spring yield 46 JuiY to June - - 0.78** 0.77** 0.73** 0.78** 

(Table 1). Significant coefficients were obtained with August 2 ~~~~~: E Tp2h -0. I4 0.02 0.67** 0.69** 0.70** 0x2** 

alone and March to May 15 precipitation variates (r=0.56 and 49 August to May 
-0. I9 -0.00 0.74** 0.72** 0.68** 0.79** 

_ _ 0.73** 0.72** 0.73*+ 0.80** 

-0.55, respectively) with unfertilized spring yields. The spring 5o August to June - - 0.78** 0.74** 0.72** 0.76** 

precipitation was negatively associated with yield as were most 5’ Septemkr to June - - 0.75** 0.74** 0.61* 0.67** 

* = P< 0.05. 
** = P < 0.01. 

Climatological Data-Oregon. E.D.S., N.O.A.A., U.S. Dep. of Commerce. n-2 = 12 
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Mature Yield 

Mean monthly temperature, during the previous fall and 
winter, was generally negatively correlated with mature yield 
with and without N (Table I), but significantly so only in 
August (r= -0.59 and r= -0.58) for O-N and 30-N, respective- 
ly. Positive temperature correlation with mature yield began in 
April and continued until June when the relation reversed. In 
May, temperature accounted for 49% of the mature yield 
fluctuations of fertilized crested wheatgrass (r-=0.70). Signifi- 
cant temperature relations with unfertilized mature yield did not 
exist during the winter and spring period. 

Monthly precipitation was weakly correlated with mature 
yield (Table 1). The only exception was March, when precipita- 
tion and mature yield were significantly correlated (PcO.05, 
r=0.54) in unfertilized plots. 

Precipitation variates of at least 8 consecutive months were 
all significantly (PcO.05) and positively correlated with mature 
yield. These periods could begin in July or as late as September 
of the preceding year and end as early as February or as late as 
June of the crop year. The correlations were always higher for 
comparisons with N than without N. Similarly, correlations for 
periods beginning in July or August and ending in February, 
March, April, May, or June showed a general increase through 
May, but decreased when June precipitation was added. Cor- 
relations for periods ending in March, April, May 15, or June 
but beginning in July, August, or September generally de- 
creased as the period was shortened or as the beginning date was 
delayed. Highest correlations were those from periods begin- 
ning in July or August of the previous year and extending 
through May of the crop year. Using only July through May 
precipitation, the coefficient of determination (DC)* values 
estimate that 57 and 69% of mature yield variation for un- 
fertilized and fertilized crested wheatgrass, respectively, could 
be accounted for. 

Multiple Effects 

Along with the 2 significant simple relations (August precipi- 
tation and February temperature), 5 other variables were simul- 
taneously regressed with unfertilized spring yield (Table 2). In 
so doing, the August precipitation effect was found to be insig- 
nificant, while February temperature remained a dominant 
variable and March precipitation became a significant con- 
tributor, raising the CD from 50 to 83%. Mean April tempera- 
ture, which approached a significant relation (PcO.05) with 
spring yield, increased the CD by only 3 percentage units in the 
presence of February temperature and March precipitation. 

A subsequent analysis that included the yield data of 197 1 and 
1972 (n = 16) also examined spring yields of the fertilized plots 
(Table 2). The 3 factors: February temperature, March precipi- 
tation, and April temperature accounted for 84% of spring yield 
variability of unfertilized grass but only 50% of that for 
fertilized grasses. In both cases, April temperature, based upon t 
values,” is relatively ineffective in increasing the CD. 

Multiple regressions combining precipitation and tempera- 
ture variates for regrowth and mature yields are presented in 
Tables 3 and 4, respectively. The addition of temperature to the 
precipitation variates did not generally increase the CD sub- 
stantially for either unfertilized regrowth or mature yield. 
Maximum increase was about 10 percentage units when using a 

CD---Coefficient of Determination is $ x 100 or RZ X 100 and is a measure of the 
accounted for by the variable or variables being correlated. 

variation 

“f is a test of the partial correlation coefficient and is an independent measure of that 
tactor’s contribution of the total accountability. 

5-variable equation. Mean temperature for a multiple-month 
period was generally less effective for increasing the CD than 
when the mean temperature of each month individually was 
used. August temperature, highly significant when simply 
correlated, reverted to a nonsignificant contributor when evalu- 
ated after correcting for July-June precipitation. 

The amount of yield variation accounted for (CD) remained 
the same or increased with each additional climatic variable 
included in each equation, but increases beyond the 2nd or 3rd 
variable were generally small (Tables 3 and 4). Changes in the 
standard deviation from regressions were also small but most 
often decreased with the 2nd variable entry and thereafter 
showed an increase. 

Discussion 
These results are similar to those reported by Blaisdell 

(1958); i.e., only the long-term precipitation periods of 8 or 
more months were closely correlated with subsequent mature 
yield, and temperature influence was small. He also found that 
late winter and early spring temperature had a negative effect on 
the earliness of plant development. This concurs with the effect 
of February and March temperatures on spring yield. 

There are also dissimilarities between these results and those 
of Blaisdell’s. These differences do not necessarily mean a 
direct conflict of results but rather may be reflecting differences 
resulting from the communities studied. Blaisdell studied native 
vegetation, a mixed community, comprised of about 25% forbs 
at an elevation approximately 600 feet above that of Squaw 
Butte and received slightly less precipitation per year. He 
stressed the fact that the community rather than its individual 
components, shows the greatest harmony to the climatic factors 
imposed upon it. In this study, the community response is 
expressed as an extension of the individual response. One could 
argue that relations developed with general climatic descriptors 
such as monthly means for a single species stand rarely will be 
as sound as those developed with a mixed species stand. If, in 
the future, the specific climatic descriptors peculiar to growth 
and yield functions of crested wheatgrass are found, develop- 
ment of a stronger relation with fewer factors for a single species 
stand than a mixed community should be possible. The fact that 
significant correlations were obtained similar to those reported 

Table 2. Coefficients of determination (CD), t values, and standard devi- 
ation (SY.x) for a 7-variable stepwise regression for estimating spring 
yield (unfertilized, O-N) and for 3 variable standard regressions for 
estimating spring yield (unfertilized, O-N, and fertilized 30-N). 

Precipitation and 
temperature variates 

O-N 
February tp (XI) 

March ppt (x2) 
April tp (x3) 
March-May 15 ppt (x4) 
March tp (xs) 
May-May 15 ppt (x6) 
August ppt (x7) 

O-N 
February tp (xl) 

March ppt (x2) 
April tp (x3) 

30-N 
February tp (XI) 

March ppt (x2) 
April tp (x3) 

CD t s v.x 

50 -3.73 
83 -2.56 
85 1.37 
88 0.35 ,’ 10.4 

88 -0.55 89 0.44 ; 
89 0.34 ) 

- -5.10 
- -5.07 ; 9.1 
84 -1.44 ) 

- -2.49 
- -2.30 i41.9 
50 0.09 ) 
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Table 3. Coeffkients of determination (CD), and standard deviation Table 4. Coefficients of determination (CD), and standard deviation 
(S,_,) values of multiple regressions for estimating crested wheatgrass 
regrowth (unfertilized). 

(SYax) values of variables within multiple regressions for estimating 
mature crested wheatgrass yield (unfertilized). 

Precipitation and 
temperature variates 

July-March ppt (XI) 
March tp (x2) 

July-April ppt (XI) 
April tp (x2) 

March tp (x3) 

July-May ppt (XI) 
April tp (x2) 

May tp (x3) 

March tp (x4) 

July-May ppt (I) 
March-May tp (x2) (mean) 

July-May 15 ppt (XI) 
May 15-July tp (x2) (mean) 

July-June ppt (XI) 
June tp (x2) 

April tp (x3) 

May tp (x4) 

March tp (xs) 
July-June ppt (XI) 

March-June tp (x2) 

July-June ppt (XI) 
March-May tp (x2) (mean) 

CD t s v.x 

46 2.80 37.9 
46 0.00 39.5 
56 3.28 34.3 
58 -0.75 34.9 
58 0.09 36.6 
56 2.92 34.3 
58 -0.86 34.8 
60 -0.52 36.0 
60 -0.27 37.8 
56 4.02 34.3 
59 0.98 34.3 
57 3.77 33.7 
57 -0.10 35.2 
61 3.34 32.2 
65 - 1.28 31.7 
68 -1.24 31.7 
72 -0.92 31.8 
72 0.31 33.6 
61 4.50 32.2 
67 - 1.42 30.9 
61 4.40 32.2 
64 -0.90 32.5 

for native vegetation 
adapted to this area. 

is evidence that crested wheatgrass is well 

In a previous paper, Sneva and Hyder ( 1962) chose to 
describe the crop year precipitation as that which was received 
during September to June, inclusively. That selection was based 
upon 10 yield series at Squaw Butte over a short time period and 
included native and other introduced grasses along with crested 
wheatgrass. It now appears that the yield fluctuations of crested 
wheatgrass are better described by a precipitation period begin- 
ning in July of the previous year and terminating in May of the 
growing year. However, using precipitation alone, that period 
would not be essentially different from other periods beginning 
in July and ending in June or beginning in August and ending in 
May. With the addition of the mean March-May temperature to 
the July-June precipitation period, 64% of the variation in 
mature yield can be accounted for. Although the amount of 
variation in mature yield accounted for here is not as great as that 
reported previously using precipitation (Sneva and Hyder 
1962), the present approach has utility in removing variation to 
define trends and treatment effects more readily. Apropriate 
equations based on data terminating in March or April can be 
used to plan adjustments in the grazing season to take-advantage 
of surplus forage and to utilize forage more efficiently. 

Growing season precipitation, while generally not signifi- 
cantly associated with mature yield, was in positive relation 
with yield. This differs from results reported by Blaisdell. 
However, when June precipitation data were included, cor- 
relations always decreased similar to those reported by Blaisdell 
who explained the negative relationships to be resulting from a 
negative relation of June precipitation with precipitation of the 
preceding months. At Squaw Butte, this latter relationship was 
positive but nonsignificant. In eastern Oregon, June is the 
beginning period for the summer-type convectional storms. The 
intense land surface heating subsequent to development of such 
storms can be detrimental to plant growth and probably accounts 
for the negative relation between June temperature and mature 
yield. If June were dominated by such storms, one would expect 
a positive relationship between June precipitation with June 

Precipitation and 
temperature variates 

July-March ppt (XI) 
March tp (x2) 

CD t sy.x 

50 3.62 52.2 
55 1.05 52.0 

July-April ppt (XI) 49 3.54 53.0 
March tp (x2) 54 1.06 52.3 
April tp (x3) 57 0.80 53.2 

July-May ppt (XI) 57 3.03 48.7 
April tp (x2) 62 1.15 47.6 
March (x3) tp 63 0.57 49.0 
May tp (x4) 64 0.28 51.5 

July-May ppt (XI) 57 3.63 48.7 
March-May tp (x2) 62 1.21 47.8 

July-June ppt (XI) 53 2.66 50.6 
April tp (x2) 57 0.92 50.6 
March (x3) tp 60 0.80 51.1 
May tp (x4) 61 0.43 53.3 
June tp (XS) 61 0.12 56.4 

July-June ppt (XI) 53 3.48 50.6 
March-May (x2) 60 1.36 48.9 

July-June ppt (XI) 
March-June tp (x2) 

53 3.48 50.6 
60 1.36 48.9 

July-June ppt (XI) 53 2.20 50.6 
August tp (x2) 55 -0.63 51.9 

temperature; in fact, however, a negative relation existed. I 
would conclude that in June, frontal storm systems still prevail 
and dominate the climatic scene; and when such storms are 
absent, land surface heating occurs to the extent that growth is 
retarded, possibly through water stress. 

The importance of June precipitation, which is the 4th largest 
monthly contributor to the precipitation total, is difficult to 
define because of masking effects of temperature and soil 
moisture depletion as well as being confounded by occurring in 
the terminal growth period of crested wheatgrass and during the 
changing of storm patterns from frontal system to convective 
storm. Under the frontal storm system and its associated cloud 
cover, the causative effect of temperature fluctuations is defined 
as the storm system. However, during summer months, with no 
frontal storm systems, the primary source of precipitation is 
from convectional thunderstorms. In this, fluctuations in pre- 
cipitation are caused by temperature. 

Should soil moisture depletion occur rapidly, the upper levels 
of crested wheatgrass roots may, in June, be in a semidormant 
state and relatively unresponsive to rainfall. June precipitation, 
when included with previous months’ precipitation, resulted in 
a decrease in the correlation with mature yield; but with 
regrowth yield, the correlation was increased. In the latter case, 
clipping on May 15 generally removed the growing point. 
Regrowth is from dormant buds. While we know that total 
defoliation at that time temporarily stops root growth, there is 
little information on the influence of this new shoot growth on 
the activity of roots near the surface. The fact that regrowth 
yields were positively correlated with June precipitation sug- 
gests that a direct effect is involved despite the negative 
influence of temperature at this time on mature yield and the 
relation between precipitation and temperature. 

Nitrogen-fertilized grasses not only utilize soil moisture more 
efficiently, but also more rapidly than do unfertilized grasses 
(Sneva et al. 1958). Higher correlations for yields of fertilized 
grasses with precipitation variates that were significantly cor- 
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related with unfertilized yields is a logical consequence. Tem- 
peratures in May were more strongly correlated with fertilized 
crested wheatgrass yield than with unfertilized yield. Though 
unexamined in this report, the combination of precipitation 
variates with May temperature appears to be useful for evalu- 
ating mature yield of fertilized crested wheatgrass. 

There is another possible explanation for higher correlations 
in the presence of N fertilizer. Nitrogen is believed to be second 
only to precipitation in limiting yield in semiarid regions. In this 
set of response data there are 2 years in which I feel that the lack 
of N or an abundance of N was apparently the primary factor 
influencing yield of unfertilized grasses. A scatter diagram for 
mature yield plotted against July to May precipitation (Fig. 1) 
illustrates this. The first was 1958, which was the 3rd con- 
secutive year of high precipitation, yet herbage yield was low. A 
corresponding low yield on fertilized plots that year did not 
occur. It is believed that the three exceptional growth years of 
1956, 1957, and I958 depleted the soil N supply to levels such 
that in 1958, N became a more limiting factor than precipitation. 
The second occurrence of N dominance was in 1969. In that 
year, exceptionally high yields of unfertilized grasses were 
obtained considering the amount of precipitation received. 
Those exceptional yields are believed to have resulted from N 
carryover in 1968, a year in which less than 6 inches of precipi- 
tation was received during the crop year. Thus, 1968 was in a 
sense much like a fallow year and the unused N carried over into 
1969. 
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Fig. 1. Scatter diagram for mature crested wheatgrass yield (unfertilized) 
against September to May, inclusive precipitation. Circled values are years 
1958 and 1969. 

It is important to recognize that if such years were eliminated 
from the analyses, higher T’S would result. In this set of data, 
elimination of those 2 years increased the correlation from 0.75 
to 0.86, and increased the CD from 56 to 74%. It should also be 
noted that the inclusion of these 2 years (which tend to balance 
each other) would contribute more to the variability about the 
regression line than to the slope of the response. 

Knowledge of year sequence, which develops soil N into a 
primary rather than a secondary factor influencing yield, 
enhances our ability to use effectively the precipitation-yield 
relation. In the practical sense, it is perhaps better to utilize the 
simpler response information and correct for the year sequence 
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effect when it occurs rather than to develop a sophisticated 
model that includes year sequence effect. The former can be 
achieved with fewer years’ data than can the latter. 

Regrowth and mature yield were significantly correlated with 
each other, with or without N. Thus, similar correlation 
between regrowth and mature yield with the various periods 
were anticipated. However, correlations for mature yield from 
fertilized plots were higher than correlations for mature yield 
from unfertilized plots. Such a relation did not occur for 
regrowth because in the presence of N, regrowth yield was not 
increased in all years, particularly the dry ones, thereby 
weakening the relation. 

The validity of the positive contribution of the previous July 
and August precipitation to the following year’s yield is 
questionable. This is particularly so because the mean monthly 
precipitation was only 0.3 1 and 0.54 inch, respectively, for July 
and August with an evaporation potential of 10 to 20 times those 
amounts. It is possible that these effects are artifacts of this 
particular set of years. However, it is interesting to note that 
over the same period of years, the yield of native grasses 
responded in an opposite manner with July and August precipi- 
tation (unpublished data). Within our native grass complex, 
numerous species, particularly bluegrass, are known to respond 
to late summer rains; thus, such precipitation would not be 
saved for the following year. In contrast, crested wheatgrass, 
which by July is near peak maturation, responds slowly, if at all, 
to moisture additions (Keller 1959; Hyder 196 1). Therefore, the 
moisture received in those months is probably not used by the 
grass. Moisture in July and August could be instrumental in 
building the supply of soil N. The enhancement of nitrogen 
mineralization in sandy loam soil through intermittent drying 
and wetting has been demonstrated by Schreven (1967). Con- 
ceivably, the positive effect of July and August precipitation on 
the subsequent year’s yield might be an indirect effect of an 
accumulation of soil nitrogen. 

Crested wheatgrass has been primarily seeded for spring 
grazing. The factors influencing spring yield have not previous- 
ly been examined, although Blaisdell (1956) did examine 
climatic relations with early spastic and phenological develop- 
ment. Mean yield of crested wheatgrass on May 15 approxi- 
mates 550 and 300 lb/acre, with and without N, respectively 
(Sneva 1973). Hyder (1967), Sharp (1970), and Hand1 and 
Rittenhouse (1972) suggest that 200-300 lb/acre of available 
forage is needed to provide optimum mature animal perform- 
ance; thus, grazing of unfertilized crested wheatgrass could 
begin in early May and grazing of fertilized crested wheatgrass 
could begin somewhat earlier. Strong variations among years 
have previously made turnout onto crested wheatgrass pastures 
a “seat of the pants” estimate. Such a “state of the art of range 
management” allows for little, if any, grazing plan develop- 
ment before turnout. The significant relation developed here 
from spring yield with February temperature and March precipi- 
tation have potential for predicting the amount of forage 
available on May 15, and, through growth function extra- 
polation, the amounts available on dates prior to May 15. 

The impact of February temperature upon the early growth of 
crested wheatgrass had not previously been considered serious- 
ly, Mean temperature in February is 3O.l”F with the range 
extending from 25.6 to 40.0. The mean temperature increases to 
35.O”F in March and subsequently to 43.2 in April. Tempera- 
ture in February is most variable, a reflection of the tremendous 
variation in soil surface conditions receiving or reflecting the 
incoming solar radiation. A warming of the soil and air 
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temperature in February causes the initiation of growth at a time 
when current and subsequent temperatures are unfavorable for 
growth and perhaps physiologically damaging. Cool tempera- 
tures in February delay the initiation of growth until more 
favorable temperature sequences are assured for more efficient 
and rapid growth. 

The negative association of March temperature suggests that 
even in March, air temperatures are still below an optimum level 
for growth and that subsequent spring yield is reduced because 
of warm March temperatures. While that relation was not 
significant, the relationship of March precipitation with spring 
yield was significant and negative. Since temperature and 
precipitation in March were positively correlated, it is the 
author’s interpretation that increasing March precipitation does 
not cause subsequent yield decline, but rather reflects an 
associated temperature increase that is unfavorable for maxi- 
mum yield on May 15. 

Only in April was a positive relation between temperature and 
spring yield developed, suggesting that consistency in growth 
threshold temperature level had been achieved. During April, 
precipitation was negatively correlated with yield; and again, 
the suggestion is made that this is not real, but rather an 
expression of a temperature-precipitation relation which has 
reversed itself relative to growth. This is substantiated by the 
negative association between April precipitation and tempera- 
ture means. 

Implications 

The results of this study, spanning a 14-year period, provide 
additional relations that bring us closer to satisfactorily pre- 
dicting the starting time for grazing as well as the total forage 
produced on crested wheatgrass stands in eastern Oregon. 

Unfertilized crested wheatgrass yields on May 15 varied from 
167 to 437 and averaged 296 lb/acre. Eighty-three percent of 
yield variation was accounted for with February temperature 
and March precipitation. The standard errors associated with 
these equations suggest that the yield estimate will be within 
10% of the true yield 95% of the time. Addition of April 
temperature or March to May 15 precipitation can improve the 
equation but for actual use such an equation is not practical; 
however, for research purposes in adjusting yields between 
years to remove year effect the inclusion of those variables may 
be justified. 

Thirty pounds of N raised the mean spring yield of crested 
wheatgrass to 548 lb/acre and caused a 221% increase in the 
yield range. Predication of these yields was not good with the 
best equation tested accounting for 50% of yield variation and 
with a confidence half-interval at the 95% probability level of 
approximately 23%. 

Sixty to seventy percent of the regrowth yield variation could 
be accounted for by equations that included July to June 
precipitation and temperature combinations that included the 
months of March, April, May, and June. Standard errors for all 

such equations were relatively wide with 95% confidence half- 
intervals approximately 35% at the mean level of productivity 
(282 lb/acre). 

Correlations of climatic variables with mature yield of 
unfertilized crested wheatgrass were reduced in this study 
because in 2 years response was interfered with by the lack of or 
an excess of nitrogen resulting from year sequence phenomena. 
It is inferred from Table 4 that adequate prediction of mature 
yields can be reliably estimated as early as the first of April and 
can be improved upon as the season progresses. Ninety-five 
percent confidence intervals developed from the standard errors 
associated with regressions variables shown in Table 4 indicate 
that yield estimates are within 25% of the true yield. Because we 
have the knowledge of year sequence effect within these mature 
yield regressions, the variation in yield accounted for by the 
regression and the estimate of error associated with that estimate 
are in reality closer approximations than the stated values 
indicate. 

The information developed in this study provides the basic 
relations from which we can predict spring and mature yield of 
crested wheatgrass growing on like soils and under like climatic 
variation to that of the study site. The utility of these relations 
can be broadened immensely by transferring the quantitative 
regression to qualitative relationship whereby yield is expressed 
in percent of median year precipitation amount as proposed by 
Sneva and Hyder ( 1962). With that transformation the only 
additional information required for yield estimation is the 
current season’s climatic record expressed in the proper form. 
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Temperature Effects on Adventitious Root 
Development in Blue Grama Seedlings 

D. D. BRISKE AND A. M. WILSON 

Highlight: Adventitious root initiation and development of six 
blue grama (Bouteloua gracilis (H.B.K.) Lag. ex Steud.) 
accessions were evaluated at seven temperatures in controlled 
environment conditions. During a 4-day growth performance test, 
individual growth responses of 21-day-old seedlings exhibited 
different temperature optima within the 5 to 35°C temperature 
range. The largest number of adventitious roots, 3.8 per seedling, 
were initiated at 20°C. Temperatures less than 15°C probably 
would not be adequate for adventitious root establishment in the 
field. 

Precipitation probabilities and rates of adventitious root growth 
at constant temperatures suggest two possible alternatives for 
establishment of blue grama in the Central Plains: (1) plant in 
early May when temperatures for root growth are marginal, but 
probabilities of 2 or more consecutive wet days are relatively high; 
and (2) plant in mid-summer when temperatures are favorable for 
emergence and root growth, but probabilities of 2 or more 
consecutive wet days are very low. Modification of the micro- 
environment and development of improved seedlings will be 
needed before either of these alternatives provides a reliable 
method for blue grama establishment. 

Blue grama (Bouteloua gracilis (H.B.K.) Lag. ex Steud.) is 
the dominant perennial grass throughout much of the Great 
Plains. However, it is poorly adapted for natural regeneration 
from seed on the rangelands where it is the ecological dominant 
(Hyder et al. 1971). Blue grama revegetates disturbed areas 
very slowly (Riegel 1941). Consequently, on the shortgrass 
plains of Colorado, abandoned fields have remained in the early 
Aristida stage of secondary succession for the last 20 years 
(Hyder et al. 1971). 

Blue grama generally emerges quickly and abundantly from 
seed planted in moist, warm soil. However, seedlings often die 
at about 6 to 10 weeks of age (Hyder et al. 197 1). Blue grama 
seedlings have a single seminal root which is short lived. 
Therefore, seedling establishment requires the development and 
extension of adventitious roots (Esau 1960). 

Blue grama seedling failures have been related to its seedling 
morphology. Two types of grass seedlings are recognized 
(Hyder et al. 197 1). Crested wheatgrass (Agropyron desertorum 
(Fisch. ex Link) Schult.) is an example of the form that has a 
long coleoptile. In this form, the origin of adventitious roots 
remains near planting depth. The blue grama form has a short 
coleoptile and an elongated subcoleoptile internode, which 
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places the coleoptilar node and all tillering crowns, from which 
adventitious roots may arise, on or very near the soil surface. At 
the soil surface, there is adequate soil moisture for adventitious 
root development only during and immediately after a rain. 
Consequently, adventitious roots are initiated only when damp, 
cloudy weather persists for 2 or 3 days (van der Sluijs and Hyder 
1974). 

During favorable conditions, adventitious roots may develop 
as early as 11 days after planting, and all seedlings capable of 
rooting do so by the 20th day (van der Sluijs and Hyder 1974). 
When tillering crowns of 2 1 -day-old seedlings were exposed to 
moist soil, roots developed within a few hours. The average 
maximum rate of adventitious root growth was 3 cm in 24 hours. 

In 1973 and 1974, seedlings that emerged in late summer on 
the Central Plains Experimental Range near Nunn, Colo., did 
not initiate adventitious roots during the fall growing season and 
did not survive through the winter (Briske and Wilson, un- 
published data). Therefore, we examined the effects of tempera- 
ture on adventitious root development in controlled environ- 
ments to determine whether low temperatures contributed to 
seedling failures in the field. 

Methods 

Seed of six blue grama accessions, which originated in Nebraska, 
Kansas, and Texas, were obtained from the Soil Conservation Service 
(Table 1). They were selected from a collection of 129 accessions on 
the basis of superior forage and seed production. Seed were produced 
during 1970 at the Manhattan Plant Materials Center, Manhattan, 
Kan. it was cleaned with an aspirator to remove inert material and to 
insure a uniform seed size. Average seed weights were similar for the 

- various accessions (Table 1). 
Plastic pots, 15 cm in diameter by 15 cm in depth, were filled with 

12 cm of autoclaved and screened sandy loam soil and then irrigated 
with a measured amount of water to approximately field capacity. 
Forty uniformly spaced seed Per pot were pressed into the moist soil 
surface and covered with 1.5 cm of air-dry soil. 

Table 1. Origin of blue grama accessions, and air-dry weight of seed (g/ 
100 seed) used for determining the effects of temperature on adventitious 
root growth. 

Accession County and state Air-dry seed 
number of origin weight 

625 Clay, Neb. 0.047’ 
650 Adams, Neb. 0.046 
658 Comanche, Kan. 0.043 
913 Osborne, Kan. 0.046 
921 Ochiltree, Tex. 0.044 
922 Hartley, Tex . 0.048 

’ Analysis of variance indicated no significat difference among seed lots. 
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The pots were placed in a growth chamber set for a temperature of 
25°C) day length of 15 hours, and light intensity of 2,100 foot-candles. 
After emergence, seedlings were thinned to 8 per pot. During a 2 1 -day 
period of seedling development, the pots were sub-irrigated twice 
weekly to keep soil moisture conditions at an optimum for seedling 
growth, but still maintain a dry surface layer that would prevent 
initiation of adventitious roots. Uniform growth conditions during this 
period ensured that all seedlings would be at comparable stages of 
development when they were subjected to growth-performance tests at 
different temperatures. At 21 days after planting, when the seedlings 
were morphologically and physiologically prepared to initiate adventi- 
tious roots, we counted the number of tillers per plant, measured green 
leaf-blade length, irrigated all pots by surface application, and placed 
the pots in a growth chamber set for a constant temperature of 5, 10, 
15, 20, 25, 30, or 35°C. The soil surface was covered with 0.5 cm of 
fine gravel to reduce evaporation, and pots were irrigated daily by 
surface application to promote growth of adventitious roots. 

After 4 days, we removed the pots, counted the number of tillers, 
and measured green leaf-blade length. The soil containing the seed- 
lings was removed from the pots, placed on a screen, and washed from 
the roots with a fine spray of water. All adventitious roots were 
counted and measured; and shoots and roots were separated, dried, and 
weighed. 

Seedling growth performance was tested one temperature at a time, 

with the seven temperatures arranged in a random sequence. Each 
temperature treatment included four pots for each of the six accessions. 
After tests at all seven temperatures had been completed, the entire 
experiment was repeated. 

The experiment was conducted in a split-plot design. An observa- 
tion was the mean of eight seedlings growing in a pot. Analysis of 
variance and Duncan’s multiple range test were used to determine 
significant differences among means. 

We computed weekly means (years 197 1 through 1975) of average 
soil temperature at a depth of 2.5 cm for the Central Plains Experi- 
metal Range to further evaluate the role of temperature in terms of 
seedling establishment in the field. Temperature data were provided 
by the Natural Resource Ecology Laboratory, Colorado State Uni- 
versity. Average monthly precipitation amounts (years 1939 through 
1968) at the Central Plains Experimental Range were obtained from 
U. S . Department of Agriculture records. The probability of 2 or more 
consecutive wet days (0.25 cm or more precipitation each day) during 
7-day periods of the growing season was computed with the use of 
tables and procedures of Heermann et al. (197 1). These probabilities 
were based on long-term precipitation data at Fort Collins, Colo. We 
also estimated the probabilities (number of years out of 10) of getting 2 
or more consecutive wet days during a 6-week period in the spring or 
summer by summing the computed probabilities for six 7-day periods. 

Table 2. Number of adventitious roots, total length of adventitious roots (cm), longest adventitious root/seedling (cm), dry weight of adventitious roots 
(mg), and weight per unit length of adventitious roots (mglcm) produced by 21-day-old blue grama seedlings during a 4-day test at seven temperatures. 

Growth response 
Accession 

number 5°C 10°C 

Temperature treatment 

15°C 20°C 25°C 30°C 35°C 
Accession 

means’ 

Number of adventitious roots 625 1.4 2.7 3.3 3.6 3.6 3.4 3.0 
650 1.8 2.7 3.3 4.0 3.6 3.6 2.7 
658 1.5 2.6 3.2 3.7 3.3 3.4 2.6 
913 1.4 2.7 3.0 3.8 3.5 3.4 2.9 
921 1.7 2.7 3.2 3.9 3.5 3.2 2.8 
922 1.8 2.9 3.2 3.9 3.2 3.2 2.7 

Means’ 1.6a 2.7b 3.2~ 3.8e 3.4d 3.4d 2.8b 

3.0a 
3.1 a 
2.9a 
3.0a 
3.0a 
3.0a 

Total length of adventitious roots 625 0.2 1.4 4.5 13.8 21.5 
650 0.2 1.4 5.1 15.9 22.2 
658 0.2 1.4 4.8 14.9 21.8 
913 0.2 1.5 4.4 15.5 23.6 
921 0.2 1.5 4.9 17.9 24.9 
922 0.3 1.8 5.8 18.2 23.3 

Means 0.2 a 1.5a 4.9b 16.0~ 22.9e 

25.0 
27.1 
27.4 
27.9 
26.3 
29.0 

12.3 a 
12.8 ab 
12.8 ab 
13.0abc 
13.4bc 
13.8c 

27.1 f 

19.3 
17.4 
19.1 
18.0 
18.3 
18.2 

18.4d 

Longest adventitious root/seedling 625 0.1 0.7 2.0 5.4 8.6 9.3 
650 0.1 0.7 2.2 5.8 8.3 10.1 
658 0.1 0.7 2.2 6.0 9.2 10.6 
913 0.1 0.7 2.1 6.0 9.1 10.6 
921 0.1 0.8 2.2 6.5 10.1 10.7 
922 0.2 0.8 2.5 6.6 9.8 11.7 

Means 0.1 a 0.7b 2.2c 6.1 d 9.2e 10.5 f 

9.1 5.0a 
8.3 5.1 a 
9.5 5.5 bc 
7.9 5.2ab 
8.6 5.6cd 
9.1 5.8d 

8.8e 

Weight of adventitious roots 625 0.07 0.75 1.86 3.52 4.06 4.23 2.54 2.43 a 
650 0.08 0.75 2.19 4.58 4.19 5.64 1.99 2.77 a 
658 0.09 0.58 2.06 4.19 4.40 4.92 2.30 2.65 a 
913 0.08 0.68 1.94 4.09 5.47 5.22 2.28 2.82 a 
921 0.09 0.72 2.02 5.79 7.15 5.91 2.79 3.49b 
922 0.09 0.95 2.49 6.44 6.24 7.76 2.66 3.80~ 

Means 0.08 a 0.74 b 2.09c 4.77 e 5.25 f 5.61 g 2.43 d 

Weight/unit length of adventitious roots 625 0.36 0.51 0.40 0.25 0.19 0.17 0.13 0.29a 
650 0.35 0.52 0.41 0.29 0.18 0.20 0.12 0.29 a 
658 0.39 0.41 0.43 0.28 0.20 0.18 0.12 0.29a 
913 0.46 0.44 0.41 0.27 0.23 0.19 0.13 0.30a 
921 0.40 0.48 0.41 0.32 0.27 0.22 0.16 0.32 a 
922 0.33 0.52 0.42 0.35 0.27 0.27 0.15 0.33 a 

Means 0.38 e 0.48 g 0.41 f 0.29d 0.22 c 0.20 b 0.13a 

’ Means associated with the same letters are not significantly different at the 0.05 level. 
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Number of Roots 
Results 

The maximum number of adventitious roots, 3.8 per seed- 
ling, were initiated at 20°C (Table 2). Numbers of adventitious 
mots averaged more than 3 per seedling over the temperature 

range of 15 to 30°C. Since the average number of tillers per 
seedling was only 0.2 at the beginning of the temperature treat- 
ments, most of the adventitious roots developed from the main 
shoot. 

Although significant differences were observed, numbers ot 
adventitious roots were not very sensitive to the effects of 
temperature. This, in part, may have been the result of differ- 
entiation of root primordia during the favorable conditions 
(25°C) of the pretest period. In fact, prior to the temperature 
treatments, areas of swelling were observed on the seedling 
crowns, just below the soil surface. 

In contrast with our results, Smoliak and Johnston (1968), 
working with seed that originated in southern Alberta, Canada, 
Rported that root numbers in blue grama seedlings were not 
significantly affected by temperature. However, they did ob- 
serve significant temperature effects on leaf and root lengths. 
Length of Roots 

The greatest total length of adventitious roots per seedling 
and longest adventitious root per seedling were produced at 
30°C (Table 2). Total length and longest root at 30°C were 27.1 
and 10.5, resepctively. Both growth responses decreased at 
higher and lower temperatures. 

‘l’otal adventitious root length did not appear to be limited by 
either number of tillers or adventitious roots. Both of these 
growth responses decreased less rapidly with a decrease in 
temperature than did total length of adventitious roots (Tables 2 
and 3). 

Regardless of temperature treatment, the longest adventitious 
mot per seedling never accounted for more than one-half the 
total length of adventitious roots. Longest adventitious root per 
seedling is more crucial to seedling survival than total length of 
adventitious roots because it is important that at least one root 
extend rapidly into moist soil. 

Smoliak and Johnston (1968) reported that blue grama 
seedlings produced the longest roots at a root-zone temperature 

of 18°C. This contrasts with our findings of longest roots 
produced at 30°C. These differences may have resulted from 
dissimilarities in the origin of seed or in methods used in the two 
studies. They maintained an air temperature of about 2 1°C and 
controlled soil temperature independently of air temperature. 

Weight of Roots 
The greatest weight of adventitious roots per seedling, 5.6 

mg, was produced at 30°C (Table 2). Temperatures of 20 to 
30°C were optimum, and root weights decreased sharply with 
lower and higher temperatures. Root weight decreased 57% 
with an increase in temperature from 30 to 35°C. 

Weight per unit length of root reached a maximum of 0.5 
mg/cm at IOOC, then steadily decreased as temperature in- 
creased (Table 2). Correspondingly, the roots at lower tempera- 
tures appeared thicker than those at higher temperatures. 

Shoot Growth 
Seedlings produced the greatest shoot weight at 30°C (Table 

3). However, these weights represent growth during the entire 
25-day period, including 2 1 days at 25°C and 4 days at one of the 
seven temperatures. Leaf growth during the 4-day test period 
was also greatest at 30°C. 

Average tiller production for all accessions was greatest at 25 
and 30°C (Table 3). During the 4-day test period, the maximum 
number of tillers initiated was 0.7 per seedling. 

Differences Among Accessions 
and Among Seedlings 

Significant differences among accessions occurred in total 
length of adventitious roots, longest adventitious root per 
seedling, and weight of adventitious roots (Table 2). Seminal 
root weights also differed among accessions. These weights 
were 1.5, 1.6, 1.7, 1.4, 1.7, and 2.0 mg per seedling for 
accessions 625, 650,658, 913,921, and 922, respectively. No 
accession differences were observed in number of adventitious 
roots (Table 2) or in leaf growth (Table 3). The selection of 
superior accessions for use in this study probably explains why 
we observed only small differences among accessions. 

Significant interactions between temperature and accessions 
occurred for both longest root per seedling and total weight of 
adventitious roots. In general, the Texas accessions were 

Table 3. Shoot weights (mg) produced by blue grama seedlings during a 25day growth period, including 21 days at 25°C and 4 days at one of the seven 
temperatures; and leaf length (cm) and number of tillers produced by 21-day-old seedlings during a 4-day test at seven temperatures. 

Temperature treatment 
Accession 

Growth response number 5°C 10°C 15°C 20°C 25°C 

Shoot weight 625 10.7 13.1 15.9 16.6 18.9 
650 11.0 13.6 15.6 17.2 18.7 
658 10.6 13.5 16. I 17.1 17.2 
913 10.3 14.2 15.8 16.9 18.2 
921 9.7 14.3 15.6 17.1 18.6 
922 12.0 16.7 17.8 20.2 19.1 

Means l 10.8 a 14.2 b 16.1 c 17.5d 18.4e 

Leaf length 625 0.2 1.5 3.0 9.7 18.6 
650 0.2 1.2 3.3 10.0 16.8 
658 0.4 1.4 3.3 9.1 16.0 
913 0.4 1.1 3.9 9.9 18.1 
921 0.0 1.1 4.0 9.5 17.2 
922 0.4 1.6 3.5 10.0 17.6 

Means 0.1 a 1.3b 3.5 c 9.7d 17.4e 

Tiller number Means2 O.Oa 0.1 ab 0.2 abc 0.4 cd 0.6de 

’ Accession or treatment means associated with the same letters are not significantly different at the 0.05 level. 
’ Tiller means are an average of all 6 accessions. 

30°C 35°C 

23.2 17.8 
23.2 16.3 
23.9 17.3 
25.5 16.5 
23.2 16.0 
26.4 18.1 

24.2 f 17.0cd 

25.0 21.8 
23.0 19.2 
23.1 18.9 
26.0 18.7 
24.8 19.0 
24.3 19.2 

24.48 19.5 f 

0.7e 0.3 bc 

Accession 
means’ 

16.6a 
16.5 a 
16.6 a 
16.7 a 
16.4a 
18.6b 

11.4a 
10.5 a 
10.3 a 
11.0a 
10.8 a 
10.9 a 
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superior in longest root per seedling at 25 and 3O”C, and in 
adventitious root weight at 20, 25, and 30°C. 

Even though accession differences were not large, great 
variability occurred among seedlings. The average longest root 
per seedling at 15°C was 2.2 cm (Fig. 1). At this temperature, 
11.6% of the seedlings had roots exceeding 3 cm and 0.7% had 
roots exceeding 4 cm. The frequency distribution of longest 
adventitious root per seedling at 15°C (Fig. 1) shows sufficient 
variation to indicate that certain seedlings possess superior root 
elongation characteristics. Consequently, it would be possible 
to select for seedlings exhibiting superior root elongation 
characteristics at appropriate temperature regimes. 

r 

FREQUENCY CLASS FOR LONGEST ROOT/SEEDLING km) 

Fig. 1. Frequency distribution of longest root per seedling at 15°C. Data are 
from a population of 376 seedlings. 

Soil Temperatures on the Central Plains 
Soil temperatures on the Central Plains remain adequate for 

adventitious root development from early May to the end of 
September (Fig. 2). This is based on the assumption that 15°C is 
the lowest temperature that is adequate for adventitious root 
establishment in the field. At 10°C, the average rate of root 
elongation is 0.2 cm per day, a rate that is probably insufficient 
for adventitious root establishment because the soil surface 
would often dry more rapidly than roots would extend. 

The influences of soil and air temperatures on seedling 
growth could not be distinguished because they were not 
controlled separately. In the field, soil temperatures are not 
constant throughout, but decrease with depth in the spring of the 
year because of a temperature lag. Therefore, elongation rates in 
the spring may decrease as roots extend into soil zones that are at 
a lower temperature. Conversely, soil temperatures at the depth 
of root initiation sometimes may be higher than air temperatures 
because of the proximity of seedling crowns to the soil surface. 
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Fig. 2. Probabilities of 2 or more consecutive wet days in a 7-day period calcu- 
lated from long-term precipitation data at Fort Collins, Colo.; and soil 
temperatures at a depth of 2.5 cm for the Central Plains Experimental Range, 
Nunn, Cola., during the years 1971 through 1975. 

However, adventitious root development can not be ex- 
plained on the basis of soil temperature alone (Black 1970). If 
only brief periods of favorable soil moisture occur, adventitious 
roots may extend a few millimeters and then die because of high 
evaporation rates at shallow depths. Therefore, favorable tem- 
perature and moisture conditions of adequate duration must 
occur at the same time for seedlings to become established. 

Precipitation on the Central Plains 
Monthly average precipitation amounts on the Central Plains 

are highest during the months of May through August (Table 4). 

Table 4. Average monthly precipitation (cm), for years 1939 through 
1968, at the Central Plains Experimental Range near Nunn, Colo. 

Month Precipitation 

January 0.74 
February 0.56 
March 1.45 
April 2.59 
May 5.56 
June 6.17 
July 4.78 
August 3.89 
September 2.59 
October 1.79 
November 0.69 
December 0.41 

But a single precipitation event often is inadequate for adventi- 
tious root initiation and extension. The soil surface may become 
too dry for root development within a few hours after a brief 
precipitation event associated with a thunderstorm. Therefore, 2 
or more consecutive wet days (i.e., a period of damp, cloudy 
weather), as well as adequate precipitation amounts, are re- 
quired for adventitious root establishment. The probability of 2 
or more consecutive wet days in a given 7-day period is greatest 
in early May, when soil temperatures are approximately 15°C 
(Fig. 2). Therefore, selection of blue grama seedlings for use on 
the Central Plains should be directed toward those that have the 
capacity for rapid root extension at 15°C. 
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Discussion 

Alternatives for Planting 
Rates of adventitious root growth and precipitation probabili- 

ties suggest two possible alternatives for planting and establish- 
ment of blue grama: (1) plant during early May when tempera- 
tures for seedling growth are marginal, but probabilities of 2 or 
more consecutive wet days are relatively high; and (2) plant in 
mid-summer when temperatures are favorable for emergence 
and root growth, but probabilities of 2 or more consecutive wet 
days are very low. Problems of blue grama seedling establish- 
ment are complex and, with present technology, neither of these 
alternatives provides a reliable solution. 

Spring Planting 
Detailed information concerning the effects of temperature 

on emergence and seminal root growth of blue grama is lacking. 
Temperatures lower than 15°C would probably inhibit gerrni- 
nation (Smoliak and Johnston 1968; Bokhari et al. 1975) and 
seminal root growth just as severely as they inhibit growth of 
adventitious roots. Therefore, planting dates earlier than the 
first of May, when average soil temperatures are less than 15”C, 
probably would not be advisable. 

We used data of Figure 2 to make an estimate of the 
probability of a successful spring planting. Summing the 
probabilities for 2 or more consecutive wet days during six 
7-day periods in late spring ( 1st of May to mid-June) suggests 
that, in about 10 out of every 10 years, one might expect one 
sequence of wet days that would be adequate for either 
emergence or development of adventitious roots. However, 
seedling establishment requires two properly spaced periods of 
damp, cloudy weather-one for emergence and one for devel- 
opment of adventitious roots. The probability of getting two 
periods of damp, cloudy weather would be one-half the proba- 
bility of getting one period. Therefore, the probability of a 
successful spring planting would be 5 years or less out of 10. 
That estimate is made without regard to the proper spacing of 
precipitation events, which may depend on growing conditions. 
Under favorable temperature and moisture conditions, about 11 
days after planting are required for seedlings to develop the 
capacity for adventitious roots (van der Sluijs and Hyder 1974). 
But at 15”C, the time required for development of this capacity 
may be longer than 11 days. Generally, the second period of 
damp, cloudy weather must occur within 2 to 6 weeks after the 
first period to effectively promote initiation and extension of 
adventitious roots (Hyder et al. 1975). Seedlings seldom 
survive longer than about 6 weeks if adventitious roots do not 
develop. 

Summer Planting 
Advantages of mid-summer planting of blue grama on the 

Central Plains include: (1) optimum temperatures foremergence 
and root growth, (2) low probability of overexpansion of 
seedling leaf area (Wilson et al. 1976), (3) decreasing seasonal 
trend in transpirational stress, and (4) precipitation amounts that 
are about equal to those received in the spring. Disadvantages of 
mid-summer planting are high rates of evaporation from the soil 
surface and very low probabilities of 2 or more consecutive wet 
days. 

Summing the probabilities of 2 or more consecutive wet days 
during six 7-day periods (1st of July to mid-August) indicates 

that in about 4 years out of 10 one might expect one period of 
damp, cloudy weather that would be adequate for either 
emergence or development of adventitious roots. The probabili- 
ty of two such periods during this interval, without regard to the 
proper spacing of precipitation events, would be about 2 out of 
10 years. Therefore, without a mulch to conserve water at the 
soil surface, one could rarely expect emergence and establish- 
ment of blue grama from mid-summer plantings. Even when 
temperatures are favorable, 2 consecutive wet days may be 
inadequate for seedling establishment because of insufficient 
water in the soil profile, improperly spaced precipitation events, 
or lack of capacity for adventitious roots because of exposure of 
seedlings to environmental stress prior to the sequence of wet 
days. 

Ecological and Management Implications 
In contrast with the problems of seedling establishment, the 

persistence of mature blue grama plants on the Central Plains is 
a seeming paradox. Hyder et al. (1975) suggested that new 
tillers on established plants may derive support from the parent 
crown for a much longer time than 6 weeks. Therefore, the 
timing of precipitation events is not as critical with mature 
plants as with seedlings. Moreover, crowns of mature plants are 
often covered with litter and wind-blown soil, which serve as a 
mulch to conserve water. 

Blue grama has not become reestablished on abandoned 
homestead fields of the Central Plains since they were last 
plowed, approximately 40 years ago. This suggests that weather 
conditions favoring establishment are, indeed, rare occur- 
rences, and that the history of blue grama on the Central Plains 
began many years ago when weather patterns were more 
favorable than they are today. 

The results of this study suggest opportunities for continued 
research to develop improved seedlings, modify the micro- 
environment, and define lowest-risk seasons for planting. All of 
these approaches are needed to develop reliable methods for 
establishing blue grama seedlings on the Central Plains. 
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Forage Quality of Colorado Pastures 

L. G. THOMPSON AND A. D. DOTZENKO 

Highlight: Irrigated pastures located throughout Colorado were evaluated for 
quality during the 1974 and 1975 growing seasons. The locations represent the 
diverse climatic and soil conditions found throughout the state. Twelve chemical 
components were evaluated from each pasture sample obtained over a Smonth 
period for both years. The relationships of the various chemical components to each 
other, to time of sampling, and in particular to in vitro digestible dry matter 
(IVDDM) were determined. Crude protein, neutral detergent fiber, acid detergent 
fiber, hemicellulose, cellulose, lignin , silica, IVDDM, calcium, and magnesium 
showed significant changes during the growing seasons of both years while phos- 
phorus and potassium did not. Acid detergent fiber and silica were shown to have 
significant positive correlation with time of sampling while crude protein and 
IVDDM had significant negative correlations during both growing seasons. The best 
predicators of IVDDM in regression analyses were acid detergent fiber, time of 
sampling, and hemicellulose. The acid detergent fiber concentration accounted for 
60% of the variation in digestibility. The time of sampling and the percentages of acid 
detergent fiber and hemicellulose provided a reliable estimate of digestibility of 
irrigated pastures in Colorado. 

With the increased demand and cost 
of cereal grains, more attention must be 
given to forages, especially those 
produced on pastures, to provide the 
necessary nutrients for livestock pro- 
duction. It has been estimated 
(Hodgson 1968) that forages provide 
approximately 70% of the nutrients fed 
to ruminants. The potentials are great 
for improving the yield, quality, and 
utilization of pastures and thereby 
increasing the production of meat, 
milk, and wool products by ruminant 
animals. In the State of Colorado more 
land is utilized for the grazing of 
animals than for any other agricultural 
purposes. Nutritive value character- 
istics of Colorado-produced forages are 
not well documented, and this study is 
an attempt to gain a better under- 
standing of the quality potentials. 

The authors are, respectively, former graduate re- 
search assistant and professor, Department of Agrono- 
my, Colorado State University, Fort Collins 80523. 

This research is a contribution from the Department 
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Director of the C.S.U. Exp. Sta. as Scientific Series 
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Numerous chemical and bioassay 
methods have been published for evalu- 
ating forage quality and for predicting 
digestibility (Barnes 1973). The Tilley 
and Terry (1963) two-stage technique 
for estimating digestibility is used quite 
extensively, but is time consuming, 
Equires extensive laboratory facilities, 
and is expensive because of the need for 
maintaining fistulated animals. Goering 
and Van Soest (1970) have also 
developed a comprehensive system of 
feed analysis applicable to the measure- 
ment of digestibility of forages. A 
good, reliable regression equation 
would be very useful to predict digesti- 
bility from the concentration of a few 
forage components. 

The objectives of this study were: (1) 
to determine the quality components of 
the irrigated pastures in Colorado; 
(2) to evaluate the effect of seasonal 
growth on the various forage compo- 
nents, and in turn relate these factors to 
in vitro digestible dry matter; and (3) to 
develop a reliable regression equation 
for estimating digestibility. 

Materials and Methods 
Twenty-three irrigated pastures in 1974 

and twenty-one pastures in 1975 repre- 

senting a cross section in environmental 
conditions and systems of management 
were selected for evaluation. Species con- 
sisted of nine grasses and four legumes with 
the majority of the pastures consisting of 
alfalfa (Medicago sativa L.), bromegrass 
(Bromus inermis Leyss.), and orchardgrass 
(Dactylis gfomerutu L.) in varying pro- 
portions. 

Samples from the pastures were har- 
vested by using shears or a sickle at 
approximately 30-day intervals from May 
through September. An effort was made to 
harvest the pasture forage at the height the 
cattle were grazing. Duplicate samples of 
the oven-dried (65” - 70°C) forage were 
analyzed for crude protein, cell wall 
constituents or neutral detergent fiber 
(NDF), acid detergent fiber (ADF), hemi- 
cellulose, cellulose, lignin, silica, in vitro 
digestible dry matter (IVDDM), calcium, 
magnesium, phosphorus, and potassium. 

Nitrogen percentages were determined 
by the micro-Kjeldahl technique. Neutral 
detergent fiber (NDF), acid detergent fiber 
(ADF), hemicellulose, cellulose, lignin, 
and silica were determined as outlined by 
Goering and Van Soest (1970) and Van 
Soest and Wine (1968). In vitro digestible 
dry matter (IVDDM) was determined using 
the modified Tilley and Terry two-stage 
procedure (1963) with direct acidification 
and addition of pepsin as described by 
Alexander and McGowan ( 196 1). After a 
wet digestion using nitric and perchloric 
acids, phosphorus was determined using 
the procedure described by Barton ( 1948). 
Calcium, magnesium, and potassium were 
determined with a Perkin-Elmer atomic 
absorption spectrophotometer as outlined 
by David ( 1959) and Allan ( 1958). 

Statistical analyses were made on all the 
forage components and IVDDM with 
respect to locations and times of sampling 
in 1974 and 1975. Tukey’s HSD was used 
to determine significant differences. Sim- 
ple, stepwise, and multiple regression 
analyses were performed in which time of 
sampling (May= 1, June=2, . . . Sept. =5) 
was deleted and included as a free inde- 
pendent variable with the other measured 
components and IVDDM as the dependent 
variable. 
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Table 1. Mean percentages of chemical constituents and IVDDM of oven-dry forages from 
irrigated pastures sampled at monthly time intervals for the combined years of 1974 and 1975. 

Variable 

Crude protein 
Neutral detergent fiber 
Acid detergent fiber 
Hemicellulose 

Cellulose 
Lignin 
fi... 

May 

21.2 
49.2 
29.1 
20.1 
22.1 4.2 

June July August September HSD’ 

17.0 16.1 18.2 15.8 3.3 
55.3 57.5 54.9 54.7 4.6 
34.3 36.0 35.4 35.4 3.0 
20.9 21.5 19.5 19.3 2.7 
24.8 26.5 25.5 24.2 2.1 

5.3 5.6 5.6 5.2 0.7 
Silica 
IVDDM 
Calcium 

2.2 3.7 3.5 3.9 5.5 1.0 
66.9 62.6 60.2 60.0 57.4 3.5 

0.52 0.43 0.50 0.68 0.72 0.18 
Magnesium 0.18 0.13 0.13 0.16 0.17 
Phosphorus 

0.04 
0.27 0.27 0.27 0.26 0.25 

Potassium 
NS 

2.74 2.58 2.92 3.00 2.70 NS 
’ Tukey’s HSD values (5% level). 

Results and Discussion 

Monthly values of eleven constitu- 
ents and IVDDM averaged for both 
years and locations are reported in 
Table 1. With the exception of phos- 
phorus and potassium all constituents 
showed significant variations with time 
of sampling. Calcium, magnesium, 
phosphorus, and potassium were all 
well within the ranges recommended 
for good ruminant nutrition. 

association was exhibited between the 
structural chemical components and the 
NDF and ADF fractions. 

where Time = months, ADF = acid 
detergent fiber, HC = hemicellulose, 
andC = cellulose. The standard error 
of the estimate of this regression 
equation was 3.57. The variables in the 
equation were similar to those obtained 
for the individual years. 

The data for 1974 and 1975 were 
analyzed separately and then combined 
to formulate various regrpssion equa- 
tions using IVDDM as the dependent 
variable. Time of sampling in months 
was also included with the other forage 
components. These equations were 
formulated to find which factors and in 
what combinations would give the best 
prediction of IVDDM. Table 3 gives a 
summary of the stepwise regression 
analysis performed on the data for 1974 
and 1975. ADF was the first variable to 
enter the equation with a r2 value (R) of 
0.60. Time of sampling entered next, 
followed by hemicellulose and cellu- 
lose. No other variables were entered or 
removed from the regression analysis 
with the F value set at the 5% level of 
probability. The equations with time 

Since the factor of cellulose was 
already being accounted for in the ADF 
fraction and its addition into the 
Egression equation had very little 
effect on increasing the total R value, 
therefore a stepwise regression analysis 
was run excluding cellulose. The 
resulting equation with the standard 
error of the coefficients and standard 
error of the estimate is as follows: 

Silica and IVDDM relationships to 
time of sampling for both years show a 
linear nature, and their relationship 
with time of sampling was found to be 
similar in both years. As indicated 
(Table l), the pasture forages were 
continually incorporating silica 
throughout both growing seasons. The 
silica present in plant material may 
exert much the same effect as lignin in 
reducing digestibility. Van Soest and 
Jones (1968) have reported an average 
decrease of 3.0 units in digestibility per 
unit of silica in the dry matter of some 
grasses. This same relationship exists 
in this study. 

IVDDM = 99.55 + (-1.39)Time + 
(--.8l)ADF + (-.29)HC 

Where time = months with a standard error 
of 0.22 

ADF = acid detergent fiber with a stan- 
dard error of 0.59 

HC = hemicellulose with a standard 
error of 0.55 

IVDDM = in vitro digestible dry matter 
with a standard error of the esti- 
mate of 3.69 

Table 2. Simple correlation (r) values of various chemical components and IVDDM of forage 
samples at monthly intervals from irrigated pastures during 1974 and 1975.’ 

With each subsequent time of samp- 
ling, IVDDM continued to decline 
even though the irrigated pastures were 
being grazed. It appears that the 
perennial forages reacted by an in- 
crease in structural components as the 
grazing season progressed (Table 1). A 
decrease in JVDDM is asso- 
ciated with an increase in the structural 
components of NDF, ADF, hemi- 
cellulose, cellulose, lignin, and silica 
as shown in Table 2. The significant 
negative correlation values obtained 
between the structural constituents and 
NDDM reflect the adverse effect of 
these factors on nutritive value. NDF 
and ADF were found to have the 
highest degree of correlation with 
IVDDM with r-values of 0.73 and 
0.77, respectively. A close positive 

NDF ADF HC C L S IVDDM 

Crude protein (CP) -.66* -.70* -.40* -.71* -.34* -.09 .53* - 
Neutral detergent fiber (NDF) .81* .84* .84* .44* .04 -.73* 
Acid detergent fiber (ADF) .36* .88* .63* .27* -.77* 
Hemicellulose (HC) .51* .ll -.19 - .44* 
Cellulose (C) .45* -.lO - .63* 
Lignin (L) -.14 - .50* 
Silica (S) -.30* 
’ *Significant at the .01 level. 

Table 3. Summary table of stepwise regression analysis for the combined years of 1974 and 
1975 with time of sampling freed as an independent variable and IVDDM as the dependent 
variable. 

Step no. 

1 
2 
3 
4 

Variable entered 

Acid detergent fiber 
Time of sampling 
Hemicellulose 
Cellulose 

r r2 

.77 .60 

.80 .65 

.83 .70 

.85 .72 

Increase in r* F value l - 
.60 249.05 
.05 32.69 
.05 27.71 
.02 12.98 - 

’ F value in this program to enter or remove each variable was 4.00. 
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deleted as a variable were less accurate 
than any of the equations containing 
this variable. By including the three 
chemical components and time of 
sampling, 72% of the variation in 
IVDDM could be explained. The 
Egression equation was as follows: 
IVDDM = 98.86 + (-1.18)Time + (-l.IADF 

+ (-.38)HC + (.58)C 



Only minimal accuracy is sacrificed by 
the elimination of cellulose. It appears 
that the three-variable equation with 
time of sampling, ADF, and hemi- 
cellulose would have more application 
considering the additional time and 
expense needed in the laboratory analy- 
sis for cellulose. 

A summative equation based on the 
assumption that individual chemical 
factors additively limit nutritive value 
of a feed has also been proposed by 
Goering and Van Soest (1970). How- 
ever, their equation includes cell con- 
tents, estimated digestion, coefficient of 
cell walls, and metabolic fecal losses 
which require considerable more time 
and expense in obtaining an estimate of 
digestibility. Campbell and Dotzenko 
(1975) produced a summative equation 
for pasture forages in northeastern 
Colorado that is similar to the one 
nwcentd hv this studv. Although their 

equation showed higher correlation to 
IVDDM, it would be restricted in its 
use because of the limited number of 
pastures sampled, as well as being from 
the same general locality. By in- 
creasing the number of pastures sam- 
pled at several locations over a wide 
area, some of the accuracy in predicting 
IVDDM was lost in this study; but the 
application of this predictive equation 
could now encompass a greater range 
of irrigated pastures in Colorado. 
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equation showed higher correlation to 
NDDM, it would be restricted in its 
use because of the limited number of 
pastures sampled, as well as being from 
the same general locality. By in- 
creasing the number of pastures sam- 
pled at several locations over a wide 
area, some of the accuracy in predicting 
lVDDM was lost in this study; but the 
application of this predictive equation 
could now encompass a greater range 
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Highlight: Nests of ground-nesting lark sparrows were censused 
on seven different ages of burns in a honey mesquite- tobosagrass 
community in central Texas. Number of nests were negatively 
correlated with percent cover of tobosagrass. Nests were found in 
tobosagrass that averaged at least 32%, but no more than 55% 
cover. Breeding densities were highest in the most recent burns 
and declined with increasing litter build-up due to large areas 
being covered by decadent stands of matted tobosagrass. Clutch 
sizes for this study averaged 3.7 eggs per nest. 

Little information has been published on the effects of various 
range management practices on nongame wildlife (Buttery and 
Shields 1975). In Texas, lark sparrows (Chondestes gram- 
mucus) are one of the most common ground-nesting songbirds 
associated with mesquite grasslands (Oberholser 1974). Pre- 
scribed burning has been shown to be an effective method in 
managing the honey mesquite (Prosopis glandulosa var. 
glandulosa) -tobosagrass (Hihiu muticu) community (Wright 
1972). A study was undertaken in the spring of 1975 to 

The author was research assistant, Department of Range and Wildlife Science, Texas 
Tech University, Lubbock. At present he is with the United States Department of the 
Interior, Bureau of Land Management, P.O. Box 1397, Roswell, New Mexico 88201. 

Support for this study came from the Rocky Mountain Forest and Range Experiment 
Station, Tempe, Arizona. Eisenhower Consortium Pro. No. 16-457-CA. 

Manuscript received September 27, 1976. 

JOURNAL OF RANGE MANAGEMENT 30(4), July 1977 

determine the response of ground-nesting and ground-feeding 
lark sparrows to prescribed fire on seven different ages of bums. 

Study Area and Methods 
The study area was located on the Renderbrook-Spade Ranch, 32.2 

km south of Colorado City, Texas. Average precipitation is 48.2 cm 
per year. Slopes range from 0 to 3% on a Stamford Clay soil. Vegeta- 
tion is dominated by tobosagrass, buffalograss (Buchloe ducfyloides), 
and annual broomweed (Xunthocephalum dracunculoides), with an 
overstory of honey mesquite and scattered lotebush (Ziziphus obtusi- 
foliu) . 

Areas burned in seven different years were used to evaluate lark 
sparrow nest sites and establish breeding densities. They included 
areas burned in 1969 (109.7 ha), 1970 (57.1 ha), 1971(60.2 ha), 1972 
(123.1 ha), 1973 (71.2 ha), 1974 (73.2 ha), and 1975 (91.1 ha). 

Nest searches were conducted during the spring of 1975 from June 
10-17 by walking three random transects totaling a distance of 2,000 
m in each treatment. Transects were restricted to tobosa flats or large 
areas of unbroken topography where fire had its greatest influence. 
The King strip census method (Hayne 1949) was used to count the 
number of nesting lark sparrows. The effective flushing distance along 
each transect or census line was estimated to be 2 m on either side of 
the observer. This resulted in a total area census of 1.9 acres (0.82 ha) 
per treatment. 

Vegetational characteristics of the burned areas were recorded using 
plant height, frequency, and percent cover. These measurements were 
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centimeter. Percent cover estimates were checked using a ten-point 
frame. Plant height, frequency, and percent cover were also taken at Fig. 2. 
each nest site. Lark sparrow nests were centered within a 4-m? plot 

The 1975 burn where lark rparrow nesting densiries were highest due ,O 

with plant measurements recorded in each I-m” quadrat. 
ln! adequate inrersPerri”n Of firasv fIreus for nem’ng and “hen *Teas for 
foraying. 

The type of vegetation that served as the actual nest site was 
recorded along with the number of eggs per nest. The direction that 1). Six nests were found within the 1969 bum census lines and it 
each nest opening faced was noted to determine if lark sparrows orient appeared that more nest sites were available; however, it may 
the nest to take advantage of shade from grasses during the wmnerpart 
of the day. 

have been the lack of open areas for feeding that influenced 

Several nonparametric tests were used to evaluate the data. 
nesting densities. At the time of the study, the 1969 bum was 6 

Spearman’s Rho Test (Conover 1971:24X) was used to test for 
years old and litter build-up and decreased grass production had 

comelations between plant measurements and the number of nests 
approached that of controls. Wright’s (1972) studies in this area 

found in each treatment. It was ASO used to compare cover relation- 
of Texas showed that tobosagrass production increases for up to 

ships between treatments and nest sites. The Mann-Whitney Test 
5 years following burning, when equilibrium is reached. This 

(Conover 1971:224) was used to compare plant height and percent 
increase is due to the removal of litter following burning 

cover between treatment sites and nest sites. (Wright 1969). 

Results and Discussion 
The 1975 bum was located in a stand of tobosagrass similar to 

conditions which then existed in the 1969 bum. This fire 
Breeding densities (Pairs/acre) of lark sparrows (Table 1) 

were highest in the most recent bums and decreased with 
occurred under ideal weather conditions; however, due to early 
spring rains many green forbs were present to interfere with the 

increased litter build-up and waning grass production due to combustion of low-volatile grass fuels. The result was a 
large areas being taken over by old decadent stands of tobosa- “cool,” patchy bum which left many areas untouched by the 
grass. 

Tobosagrass occurred with the highest frequency (mean = 
fire. This burn had the highest number of nests where many 

80.0%) and percent cover (mean = 50.6%) for all treatment 
open, burned areas remained for foraging and ample, stemmy 

sites; therefore tobosagrass was considered the dominant plant 
tobosagrass existed in the unburned areas for nest sites (Fig. 2). 

No correlations were found between plant height and fre- 
which could affect nest site selection. Buff&grass, the next quency data and the number of nests found in each bum. An 
most frequent plant, occurred 42.1% of the time. Correlation examination of height and coverdata also showed no significant 
tests revealed a negative association (P<O.Ol) between the differences between burns and nest sites. 
number of nests found and the percent cover of tobosagrass in Lark sparrows did select nest sites within a very limited cover 
each bum (Table I). The 1969 bum had the highest cover range (Table 1). Nests were found in tobosagrass cover aver- 
measurements where tobosagrass was thick and matted down aging at least 32.1% but no more than 55.4%. A positive 
with few open areas available for foraging lark sparrows (Fig. correlation (P<O.Ol) was found between treatment cover and 

nest site cover of tobosagrass with nest cover averaging higher 
Table 1. Lark sparrows nesting densities and tobosagrass cover (%) in in older bums. 

treatments and at nest sites. Out of 79 lark sparrow nests found in all burns, 65 (82.3%) 

Year of Numberof Tobosa co, (%) were built in tobosagrass, I2 (15.2%) in buff&grass, and 2 
Numberof 

bum st.9acre painiacre Treatment Nest site 
(2.5%) in purple threeawn (Arisfidapurpurea). Nests located in 

1969 6 3.0 77.5 
tabosagrass were generally built on the edge of a tuft of grass 

55.4 
1970 4 2.0 58.2 44.1 

with one half of the nest constructed with smaller stems and the 

1971 9 4.6 49.4 35.4 other half composed of taller tobosagrass stems. Wiens (1974) 

,972 6 3.0 53.8 37.3 indicates that ground-nesting grassland birds may be required to 
1973 12 6.1 46.8 39.7 spend significant periods of time on the nest shading the young. 
1974 19 9.6 39.0 33.6 
1975 23 11.6 29.6 32.1 

In this study, 56 (86.2%) nests located in tobosagrass had the 
more exposed half of the nest facing northeast, away from the 



path of the midday sun and away from the predominant spring 
wind and rain. This may suggest that nesting lark sparrows 
oriented the nest to take advantage of the protection offered by 
taller tobosagrass. 

No differences in clutch sizes between burns was noted with 
the number of eggs averaging 3.7/nest for the study. 

Management Suggestions 

The methods for conducting prescribed burns in honey 
mesquite-tobosagrass communities as described by Wright 
(1972) should generally benefit ground-nesting lark sparrows. 
Fires are set early in the spring before the arrival of breeding 
pairs. The 5- to 8-year burning frequency to rejuvenate tobosa- 
grass stands for grazing purposes should also increase the 
number of open forage areas for lark sparrows compared to pre- 
bum levels. 

“Hot” fires may be detrimental to lark sparrows the year of 
the bum. The 1974 bum was a hot fire; and although no observa- 
tions were made on nesting birds at the time, it is assumed that 
hot fires would reduce the number of potential nest sites by 
consuming all grass material. A year after the 1974 bum, 
enough grass production had taken place to provide nest sites 
approaching the 1975 cool fire levels. 

Lark sparrows are shrubland birds (Wiens and Dyer 1975) 

and require woody plants for perches and they will often nest in 
the lower branches of shrubs and trees. Complete removal of 
woody plant species by fire or mechanical means of brush 
control would have a harmful effect on lark sparrow dis- 
tribution. 
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Occurrence of Four Major Perennial Grasses 

in Relation to Edaphic Factors in a Pristine 

Community 

EDGAR F. KLEINER AND K. T. HARPER 

Highlight: The ecology and phytosociology of a virgin grassland community 
(Virginia Park, Canyonlands National Park, Utah) have been investigated. Based on 
the use of C x F index, Hi&z&z jumesii and Stipa coma&z are the most abundant of the 
four major perennial grasses. Oryzopsis hymenoides and Sporobolus cryptandrus are 
less abundant in decreasing order. The sites dominated by Hiluria are characterized 
by soils with finer texture, slightly warmer average temperature and higher surface 
K+ and organic matter compared to sites dominated by Stipa comata. In addition, 
ii-equency of both vascular and cryptogamic species is greater on sites dominated by 
Hilaria. 

_- - 

- 14 and 39”C, respectively. Annual 
precipitation is about 25 cm. Warm 
season rainfall constitutes from 55%- 
75% of the total annual precipitation. 
Soils are nonskeletal argids, classified 
as sandy loams (U.S. Dep. Agr. 1951). 
Soils are also deep, samples having 
been obtained readily from the 91 cm 
depth except in one site. 

The purpose of this study was to 
investigate the occurrence and edaphic 
factors of four major perennial grasses 
in a pristine grassland area of Canyon- 
lands National Park, Utah. Although 
the names of the perennial grasses are 
common in literature of the western 
range, little seems to be known about 
specific aspects of their ecology, or, for 
that matter, about natural grassland 
ecosystems under undisturbed con- 
ditions. Harrahan ( 1975) refers to the 
sensitive rangelands of the Southwest 
as, “. . . a delicately balanced arrange- 
ment of thin soils, sparse vegetation, 
and limited precipitation. Grazing must 
be carefully regulated to protect the 
delicate ecosystem. . . . ” Analysis of 
an undisturbed site such as this could 
suggest possibilities for improved fu- 
ture land use practices. 

ecology of major species under natural 
conditions in the absence of domestic 
grazing disturbance. Preservation of 
such rare, pristine areas is desirable in 
order to provide control sites for land 
management and to serve as natural 
outdoor laboratories for ecological 
investigations. Such isolated, undis- 
turbed sites are becoming rare in the 
face of our increasing population, 
greater mobility, and expanding land 
use. 

Methods 

The four most prevalent perennial 
grasses selected for comparison in this 
study were galleta (Hilaria jamesii), 
needleandthread (Stipa comata), sand 
dropseed (Sporobolus cryptandrus) , 
and Indian ricegrass (Oryzopsis hy- 
menoides). 

Site for the investigation is Virginia 
Park, an ungrazed natural enclosure in 
the “Needles” area of Canyonlands. 
Because of its pristine condition, Vir- 
ginia Park represents an ideal situation 
in which to examine the comparative 

Virginia Park comprises an area of 
approximately 97 ha (240 acres) and is 
largely enclosed by high rock walls. 
The park floor consists of lightly 
dissected alluvial fans sloping from the 
mck walls. Access is through a rock 
tunnel leading from a drainage channel 
below the park. The access tunnel is 
impassable for cattle and horses and for 
this reason Virginia Park has not been 
disturbed by domestic grazers. 

Forty circular study plots, each .005 ha 
(50.58 m2) in size, were established in 
Virginia Park. Stands were selected sub- 
jectively; the criteria used were homoge- 
neity of vegetation and environment, in- 
cluding elevation and percentage of slope 
and exposure. An attempt was made to 
distribute stands uniformly throughout the 
park. Within each of the stands, 25 small 
quadrats (0.125 m2) and 100 point samples 
were uniformly distributed. Plant species 
(both vascular and cryptogamic) in each 
quadrat were noted, and hits on individual 
species and litter or soil were recorded for 
each point sample. A presence list was 
prepared for each stand. All sampling ex- 
cept soil temperature was completed during 

June and July 1967. Three soil-temperature 
teadings were taken in each stand on 
September 20, 1967, with a dial-type 
thermometer having a 61-cm steel stem, 
which was forced into the soil to the desired 
depth (38 cm) and allowed to come to equi- 
librium. Distance and inaccessibility of the 
study area precluded additional soil tem- 
perature readings or continuous monitoring 
for an extended period. 
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sity, Provo, Utah 84602. 
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Climate is semiarid to arid. Mini- 
mum and maximum temperatures re- 
corded since June 1965, when a 
weather station was installed, were 

Soil texture was analyzed by the hy- 
drometer method as described by 
Bouyoucos (1928). Bulk density was 
obtained by weighing a known volume of 
each soil saple. The pH was determined by 
preparation of a slurry consisting of a soil- 
water mixture in a ratio of 1: 1 and measure- 
ment with a glass electrode pH meter. 
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Calcium and potassium analyses were 
performed by flame photometry, organic 
matter by the K2Crz07 method, and total 
nitrogen by micro-Kjeldahl digestion and a 
modified nesslerization procedure (Jackson 
1958). Soil phosphorus (POa’) was 
analyzed according to a method developed 
by Goldenberg and Femandez ( 1966). 

The most prevalent species were selected 
on the basis of a constancy-times-frequency 
(C x F) index (Curtis 1959). Utilizing both 
the species average frequency and percent 
occurrence among stands (constancy), the 
Curtis method has been widely used as an 
index of species prevalence. The index 
value has a possible range of 0 to 10,000 
and in this study C x F values range from 0 
to 9,7 10. Species are arranged according to 
decreasing magnitude of the CXF index 
and a number of species equal to the species 
density (average number of species per 
stand) is counted off from the top of the list. 
According to this procedure 26 prevalent 
species were recognized. 

All stands were arbitrarily assigned to 
one of three groups, Hiluria (H), Stipa (S), 
or intermediate (I), depending on whether 
the quadrat frequency of H or S was twice 
or more greater than that of the other 
species. All stands that were not classified 
as H or S by the foregoing criteria were 
placed in the intermediate class. The H, S, 
or I designations will be used hereafter to 
characterize individual stands. 

Utilizing percent frequency values of 
individual species in the stands, the degree 
of association among all possible species 

Table 2. Prevalent species of Virginia Park which show significant frequency differences 
between H and S stands. 

Mean frequency of 
species (%) Significance 

Species H group S group of t value’ 

Hilaria jamesii 91.7 12.0 *** 

Stipa comata 9.1 62.8 *** 

Lecidea rubiformis 24.5 5.9 ** 

Plantago purshii 67.5 28.0 ** 

Eriogonum cernuum 2.7 13.5 * 
Fulgensia bracteata 79.2 48.0 * 
Gilia sinuata 18.4 4.3 * 
Machaeranthera pulverulenta 2.9 8.0 * 
Oryzopsis hymenoides 7.7 17.2 * 
Toninia caeruleonigricans 29.3 12.6 * 
Aster lucelene 0 4.3 (1) 
Calochortus nuttallii 1.3 0 (1) 
Descurainia obtusa 14.1 5.9 (1) 
Lappula redowskii 22.7 7.7 (1) 
Lecidea decipiens 41.1 20.0 (1) 
Sporobolus cryptandrus 5.6 12.0 (1) 
’ *** = significant at the ,001 level of probability; ** = significant at the .Ol level of probability; * = significant at 

the .05 level of probability; (I) = significant at the I level of probability. 

pairs was tested by means of simple 
correlation. The significant positive cor- 
relations between species were used to 
constuct a species-association diagram. 

The interstand correlation coefficients form 
the basis of a cluster analysis which is used 
to group stands graphically according to 
similarity of composition. 

All data concerning vegetational and en- 
vironmental factors were placed on punch 
cards and subjected to the desired statistical 
tests on a Univac 1108 electronic computer 
utilizing For-tan V. Species nomenclature 

Table 1. C 
stands. * 

xF values, frequency, and cover of prevalent species in Virginia Park for H, S, and I 

Species 
CxF Frequency (%) Cover (%) 

index H S I H S I - 
Collema tenax* 
Tortula ruralis* 
Buellia papillata* 
Hilaria jamesii 
Fulgensia bracteata* 
Stipa comata 
Plantago purshii 
Lecidea decipiens* 
Festuca octoflora 
Toninia caeruleonigricans* 
Opuntia aurea 
Oryzopsis hymenoides 
Lecidea rubiformis* 
@orobolus cryptandrus 
Descurainia obtusa 
Gilia sinuata 
Lappula redowskii 
Machaeranthera pulverulenta 
Eriogonum cernuum 
Bromus tectorum 
Lepidium densiflorum 
Aster lucelene 
Stephanomeria exigua 
Cryptantha crassisepala 
Calochortus nuttallii 
Chaenactis stevioides 

9710 96.8 98.2 95.7 19.5 17.9 19.5 
9130 94.7 93.5 84.3 21.1 19.2 12.3 
6540 70.9 64.6 62.0 .9 .2 .3 
5206 91.7 12.0 57.3 18.3 1.0 3.9 
4533 79.2 48.0 24.7 .l .l .l 
3626 9.1 62.8 54.7 2.9 12.4 Il.0 
3304 67.5 28.0 23.0 1.3 .3 .2 
2040 41.1 20.0 12.0 .3 .4 .l 
1876 20.8 28.3 19.7 0 .2 0 
1544 29.3 12.6 6.7 0 0 .l 
1368 13.6 14.5 15.3 .6 1.9 .8 
1141 7.7 17.2 12.7 1.2 2.8 1.4 
806 24.5 5.9 4.3 .l .l 0 
663 5.6 12.0 6.0 .5 .5 .5 
588 14.1 5.9 4.0 .l 0 0 
538 18.4 4.3 1.0 .l 0 0 
476 22.7 7.7 3.0 .5 .2 .2 
465 2.9 8.0 7.3 0 0 0 
312 2.7 13.5 8.0 0 0 0 
183 9.3 1.5 1.0 .4 0 0 
163 5.6 1.9 1.3 .I 0 0 
36 0 4.3 5.3 0 0 0 
36 1.3 .6 .3 .l 0 0 
27 2.4 .6 .3 .l 0 0 
18 1.3 0 .7 0 0 0 
17 2.9 0 0 0 0 0 

’ H-stands dominated 

* Cryptogams. 
by galleta; S, by needleandthread: l-all other stands 
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follows Hitchcock (1950) for grasses and 
Holmgren and Reveal ( 1966) for other 
vascular plants. Cryptogamic nomenclature 
follows Fink (1935). 

Results 

Of a total of 59 species (vascular and 
cxyptogamic) observed in Virginia 
Park, 26 with a C x F value of 15 or 
higher are shown in Table 1. Crypto- 
gams constitute seven of these species, 
three of which, black lichen (Coflema 
tenax), moss (Tortula ruralis), and 
white lichen (Buellia papillata) are the 
most prevalent species in the park. 
Galleta and needleandthread are much 
more abundant than Indian ricegrass or 
sand dropseed. Percent frequency and 
cover of each species for the groups of 
stands designated H, S, and I are also 
included in Table 1. Fifteen of the 40 
stands (38%) are dominated by galleta 
and 13 (33%) by needleandthread. 

Sixteen of the 26 prevalent species 
which reflect significant frequency 
differences between H- and S-domi- 
nated sites are shown in Table 2, as well 
as the significance of comparison by t. 
Nine of these species, exclusive of 
galleta and needleandthread, exhibit 
higher frequency in H stands than in the 
S group. Indian ricegrass and sand 
dropseed show significantly higher 
frequencies on the sites dominated by 
needleandthread. Four of the I6 species 
are lichens, all of which show a 
markedly lower (average 22% less) 
frequency on S than on H stands. 

Physical and chemical character- 
istics of the soils dominated by galleta 
and needleandthread are shown in 
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Table 3. Investigations reveal that the 
soils of the sites dominated by galleta 
have slightly warmer temperatures, 
finer texture, (less sandy, lower bulk 
densities, higher percent silt), higher 
organic matter (lower pH), and higher 
K+ (O-5 cm) and PO4’ (15-9 1 cm) 
than the needleandthread sites. Of these 
factors, percent sand (O-30 cm), tem- 
perature, and K+ (O-5 cm) are highly 
significantly different between the two 
groups of stands. The relationships 
among these three factors and the two 
groups (H and S) are shown three- 
dimensionally in Figure 1. In this 
diagram, site preference of the galleta 
and needleandthread subcommunities 
may be seen at a glance. 

A table showing all-species floristic 
and vegetational characteristics, the 
association diagram depicting degree 
of positive association among prevalent 
species, summary of this interspecific 
association data and a dendrogram 
prepared from cluster analysis for the 
stands of Virginia Park appear else- 
where (Kleiner and Harper 1972). 

Discussion 

Species which are characteristic of 
pristine sites may increase or de- 

Table 3. Maximum, minimum, mean values and significance of comparison by t for 19 phisical- 
chemical variables associated with sites dominated by Hifuria or St@. 

Site dominant* 

H group S group Significance 
Variable Min. Max. Mean Min. Max. Mean of t value2 

- Sand (tL30 cm) (%) 41 72 59.7 58 81 66.5 ** 
Sand (31-91 cm) (%) 38 87 57.1 44 91 67.2 * 
Silt (O-30 cm) (%) 12 39 29 11 33 23.92 * 
Silt (31-91 cm) (%) 7 56 27.3 2 38 19.53 * 

Clay (O-30 cm) (%) 4 22 10.5 4 15 9.59 NS 
Clay (31-91 cm) (%) 5 24 15.6 7 21 13.27 NS 
Bulk density (O-5 cm) (g/cc) 1.27 1.33 1.3 1.28 1.36 1.32 ** 

Bulk density (15-91 cm) (g/cc) 1.13 1.29 1.22 1.19 1.3 1.25’ (1) 
Soil (38 cm) (“C) temperature 19.4 20.6 20.1 19.1 20.3 19.6 ** 
PH (O-5 cm) 7.35 8.34 7.95 7.98 8.3 8.13 * 

pH (15-91 cm) 8.33 8.96 8.49 8.28 8.65 8.42 NS 
Calcium (O-5 cm) (mg/g soil) 2.4 24.2 4.72 2 18.3 4.84 NS 
Calcium (15-91 cm) (mg/g soil) 5.5 30.9 17.88 6 28 16.2 NS 
Nitrogen (O-5 cm) (mg/g soil) .28 .63 .43 .26 .74 .4 NS 
Phosphorus (O-5 cm) (mg/g soil) 006 .15 .09 .003 .15 .09 NS 
Phosphorus (15-9 1 cm) (mg/g soil) .004 .14 .02 .003 .03 .Ol * 
Potassium (O-5 cm) (mg/g soil) .018 .301 .15 .014 .692 .09 ** 

Potassium ( 15-9 1 cm) (mg/g soil) .012 .411 .07 .012 .383 .08 NS 
Organic matter (O-5 cm) (%) .85 1.96 1.54 .18 2.04 1.23 * 

-- 
’ I5 stands dominated by Hilaria; 13 by Stipa. 
’ ** = significant at the .Ol level of probability; * = significant at the .05 level of probability; NS = not significant; 

and (I)-= significant at the . I level of probability. _ 

crease under grazing pressure. In the 
case of a grazed community, an 
investigator may never know whether 
the species now occupy their optimum 
habitat. It is possible they occupy a 
larger or smaller niche than would be 

the case under virgin conditions or they 
may not occupy the niches compatible 
with an optimum balance of nature 
under the given conditions. Because of 
this uncertainty about niche specifici- 
ty, distinct environmental requirements 

Fig. 1. Three-dimensional diagram depicting stands dominated by Hilaria and Stipa with reference to soil temperature, K, and sand. 
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of a species may not be detectable. of vegetational pattern and which are 
Under the virgin conditions of Vir- noteworthy on the galleta sites, are 

ginia Park, one may assume species lower pH and calcium (O-5 cm), higher 
occupy their most appropriate niches nitrogen, higher phosphorus (15-9 1 
and that their richness and pattern are cm), and higher organic matter. The 
stabilized in a climax community as a higher organic matter and nitrogen may 
result of permanent isolation. Some in turn be related to the greater 
sites in Virginia Park are dominated by frequency and cover of cryptogams on 
galleta and others by needleandthread. galleta sites (H, avg 62.4% frequency, 
Separate and distinct communities are 6% cover; S , avg 49% frequency, 5.4% 
thriving side by side. By knowing cover). It has been shown that crypto- 
distribution and pattern characteristics gams are instrumental in the buildup of 
under virgin conditions, range manag- organic matter and soil nutrients 
ers are better able to judge the relative (Shields 1957; Shields, Michell and 
condition of disturbed areas. Drouet 1957). The trend of positive 

The greater vegetational richness of association among finer soil texture, 
galleta sites is evidenced in both higher cryptogamic frequency and 
frequency and cover. Based on data cover, and higher organic matter is 
shown in Table 1, average total species consistent with the results of related 
tiequency and total living cover on H 
sites are 30% and 18% higher respec- 

investigations involving a comparison 
of this virgin site with a grazed area 

tively, than on S sites. This distinctive- (Kleiner 1968; Kleiner and Harper 
ness may be related to environmental 1972). 
characteristics, particularly three soil Both vegetational and environmental 
factors which have been shown to be characteristics of I stands approach 
statistically (p = 0.01) different be- those of S stands much more closely 
tween the two sites. Higher potassium than of H stands. 
content along with finer texture and The increase in frequency of Indian 
slightly higher average temperatures ricegrass and sand dropseed on needle- 
are distinct on the galleta sites. It is andthread-dominated sites (114% and 
unlikely that a slight difference in one 123% greater, respectively) has been 
factor of the environment would noted. Even though both species are 
account for such distinctive vegetation- much less significant (on the basis of 
al differences. Morelikely, the vegeta- percent frequency in Table 1) than a 
tional mosaic is the result of a host of number of other species, the increase is 
interwoven factors, all of which may noteworthy. The differential suggests 
reveal only slight environmental vari- that under natural, undisturbed, climax 
ations. For example, the mean differ- conditions, these two species are not as 
ence (about .5”C) of soil temperature is good competitors as the two other 
small but it is nonetheless highly species on higher quality sites. Inter- 
significant statistically. Whether this specific competition is apparently a 
factor in itself has a significant relation- stronger factor in control of these 
ship to the pattern of vegetational species in the niche conditions charac- 
distribution between the two groups of teristic of H sites. 
stands is highly questionable. Rather, Sand dropseed is historically a late 
its significance is probably intertwined season, increaser range grass. It would 
with other parameters such as slope, be expected this species would be a 
exposure, and soil moisture-factors better competitor on the more harsh 
which have proven to have direct sites (coarser soils, lower nutrients). 
significance for species distribution This hypothesis is supported in this 
and community relationships. The vari- study and elsewhere (Kleiner and 
able, bulk density, is also statistically Harper 1972) as indicated by the higher 
lower (p = 0.01) on galleta sites (Table frequency on the lower quality S sites. 
3) although as a function of texture, this As other species (and all the annuals in 
is to be expected. Although only three this environment) have passed flower- 
characteristics prove to be highly ing and seed-set stage, sand dropseed is 
significantly different between the two 
groups of stands, other factors which 

in a more favorable competitive posture 
than galleta, Indian ricegrass or needle- 

could be instrumental in determination andthread. 

Slight differences in variables be- 
tween the two types of stands have 
proven to be quite significant in this 
-analysis. With-small variations in the 
data of a parameter within one group of 
stands, a small difference between 
groups can be highly significant. It is 
suggested that some species at least 
may be surviving in this extreme 
climate at close to the maximum of 
their tolerance range for some variables 
and that a small variation in a factor 
such as temperature or moisture may 
have an important infl uence on dis- 
tribution and pattern such as that found 
with regard td these galleta and needle- 
andthread stands. 
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Effects of Gully Plugs and Contour Furrows 

on Erosion and Sedimentation in Cisco Basin, 

Utah 

GERALD F. GIFFORD, DEE B. THOMAS, AND GEORGE Site Description 
B. COLTHARP 

The areas selected for study are located approximately 5 miles to the 
west and south of the town of Cisco, Grand County, Utah. This area, 

Highlight: The effects of contour furrows and gully plugs on known as Cisco Basin, is bounded on the north by the Book Cliffs and 
erosion and sedimentation within the Cisco Basin, Utah, were on the south by the Colorado River. It is typical of the upper Colorado 
evaluated over a 3- to byear period. Soils on the study area were River Drainage basin of western Colorado and much of Carbon, 
generally less than 10 cm deep and were developed from Mancos Emery, Garfield, Grand, Kane, San Juan, Uintah, and Wayne 
shale and sandstone. Contour furrows and gully plugs together aunties in eastem Utah. Mean elevation above sea level is 1,280 to 
held all runoff and sediment, while contour furrows alone held 
only a portion of the runoff and sediment. Diffkulties in 
constructing furrows on the contour resulted in a shortened useful 
life of the structures. Projected life expectancy of the contour 
furrows ranged from 6 to 12 years; for the gully plugs the 
projected life expectancy was from 14 to 33 years. 

Thousands of acres of land in the Colorado Plateau 
physiographic province contribute large quantities of sediment 
and very little water to downstream reaches of the Colorado 
River and its tributaries. This sediment yield and flash-type 
runoff not only perpetuate the low productivity of the 
mngelands but damage farmland irrigation works and flood- 
control projects downstream (Lusby 1970). Much of the 
sediment originates as a result of convective storms from areas 
where soils are poorly developed and generally consist of a 
shallow, weathered mantle overlying the Mancos Shale, such as 
found within the Cisco Basin in eastern Utah. Since 1958 the 
Bureau of Land Management and Bureau of Reclamation have 
cooperatively treated about 6,000 acres in the Cisco area. These 
treatments consisted of constructing approximately 25,000 
gully plugs and furrows (Cox 1972). 

The general objective of this study was to evaluate the effects 
of contour furrows and gully plugs on erosion and sedimentation 
within the Cisco Basin. A review of the impact of contour 
furrows and gully plugs on runoff and erosion as determined 
from other published studies has recently been presented by 
Gifford (1975). 

1,340 meters. 
The climate of the Cisco Basin is semiarid, characterized by erratic 

precipitation occurring largely from thunderstorms during late 
summer and early fall. Precipitation important for vegetation growth 
comes during late winter and early spring but drops off to the driest 
months of June and July. Annual precipitation has varied from 4.11 
cm to 35.53 cm and averages 15.59 cm (Hancock 1968). 

The geology of Cisco Basin has been summarized by Ibrahim 
(1963). The area is part of the Colorado Plateau Province, which is 
characterized by an intricate system of highly dissected table lands of 
horizontal or slightly inclined sedimentary strata. Cisco Basin is 
located mainly on the top formation of Mancos shale, a thick 
formation of lead-gray marine shale which contains veinlets of 
gypsum* 

As for vegetation, Cisco Basin is in the shadscale zone, which is 
dominated by different Atriplex species. There are four vegetation 
types in the Cisco Basin, each of which is an edaphically controlled 
climax community (Ibrahim 1963). The shadscale-galleta grass 
(Atriplex confertifolia-Hiluria jumesii) community is found on the 
uppermost pediment remnants. Ground cover is more dense than in the 
other three communities and the soil is sandy loam in texture. The 
other three plant communities are Nuttall saltbush-galleta grass 
(Atriplex nuttullii var. nuttullii-Hiluriu jumesii), saltsage-woody aster 
(Atriplex nuttullii var. gardneri-Aster xylorrhizu), and mat saltbush 
(Atriplex corrugutu). These three plant communities are developed on 
soils derived from the Mancos shale. 

The soils of the Utah East Desert are of the following three Orders: 
Aridisols, Entisols, and Vertisols. Parent material in the study areas is 
typically Mancos shale except for the shadscale-galleta grass com- 
munity, which is sandstone. These soils have been described fully by 
Ibrahim ( 1963). The soils are generally less than 10 cm deep and 
undeveloped, though the mat saltsage area has soil approximately 25 

Authors are associate professor rangeland hydrology, graduate research assistant, and cm deep. 
associate professor rangeland hydrology, respectively, Watershed Science Unit, College 
of Natural Resources, Utah State University, Logan 84322. Dr. Coltharp is currently 
associate professor of forestry, University of Kentucky, and Mr. Thomas is currently with 

Methods and Procedures 
the U.S. Forest Service. Treatments 

This project was supported by the Bureau of Land Management in cooperation with the 
Utah Agricultural Experiment Station (Project 749). Journal Paper No. 2140, Utah Four areas were used for study. Study areas I and IV were treated 
Agricultural Experiment Station, Logan 84322. with contour furrows using a Holt trencher at a furrow density of 440 

-Manuscript received November 26, 1976. and 849 m/ha, respectively, in the spring of 1966. Actual furrow size 
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when first constructed was about 0.15 m deep by 0.45 m wide by 3 to 
10 m in length. Areas II (treated in the spring of 1964) and III (treated 
in the spring of ,962) were treated with both contour furrows and gully 
plugs. The gully plugs were made by a D-7 Caterpillar bulldozer and 
averaged 3.4 m wide, 4 m long, and 0.5 m deep on Area III and 4.7 m 
wide, 5.3 m long, and 0.9 m deep on Area II. The dams were all about 
one meter high, were built in a crescent shape, and were co 
tie tracks during construction. On Area II the gully plugs were - .,. 
installed at a density of 4,2/h& while the contour furrows were __ 
installed at a density of I.650 m/ha. On Area III the gully plugs were 
installed at a rate of 8.65,ha and contour furrows were installed at a i 
mte of I, 162 m/ha. At the time of treatment all areas were broadcast 
seeded to crested wheatgrass (Agropyron rrisrarum) and Indian 
ricegrass (Oryzopsis kymenoides), though generally only the crested 
wheatgrass became established around the treatments. 

.I__. 

Erosion Transects 
Erosion transects covered a I .83-m span, and measurements were 

made from a metal bar (with 18 holes spaced equidistant along it) -, __ , 
placed across the top of the end stakes. Measurements were taken by . 

sliding a rod down through guide holes in the reference plane to the 
__I ~.‘;~~.+-‘_ ye. 
7 >g_ ._i..‘ -4,. ..r_.- .- .^ _. : . : _.” 1, .‘.- . -cc‘ __ ;.*c’.~.“T ..; 

first contact with the soil surface and then measuring the distance from ,_ . . I’ _-..,,,:y:-.. 

tie soil surface to the top of the reference plane. Readings were taken ‘-;_ ,: ~,i; 
_*. f -. . r%* 

in the fall, winter, spring, and then periodically during the 
,_.‘ .._..i 

, : : S”mmer 

expectancy of the pit treatment might be determined. 

Results and Discussion 

Area I 
Erosion transects on Area I (sandy loam soils) were initially 

measured on July 10, 1966. Over the measurement period of 
September, 1966, to September, 1969, the furrow transects 
showed an average deposition of 0.42 cm in the furrow bottoms 
and an average decrease of 0.98 cm from the top of the spoil 
bank. The deposition in the furrows amounted to a total of 5.7 
metric tons (MT) of sediment caught per ha, or an average of I .9 
MT/ha/year (Table I). 

placed in areas not affected by any treatment, to a; as control, with the 
exception of Area I, where 13 were located. Ten pits in areas II and III 

Area ,I 

were selected for erosion transect measurements. In the bottom of these Furrow transects on Area II (silty clay loam soils) showed an 

gully plugs three transects were located in the form of a T, for a total 30 average deposition of 0.44 cm in the furrow bottoms and an 
additional transects cm each area. Those above-described erosion average decrease of 0.97 cm from the top of the spoil bank. The 
transects were referred to as furrow tt-mm~. gurly w~~.w~, control deposition in the furrows amounted to 2 1.6 MT/ha of sediment, 
IT-msecfs, and pif rransecfs. or an average of 7.2 MT/ha/year. With the furrows filling at the 

Pit Stakes 
rate of 0.44 cm/year, it would take 12 years for the furrows to 

In each of areas II and III, 40 Dits were randomly selected and a steel fill to one-half of their capacity and reach their life expectancy 
_ , , . ~ 

fence post was driven into the ground in the lo&t pan of the basin (laDle ‘j’ 
(Fig. 2). The stakes were measured from the top of the stake to the The measurements of pit stakes in gully plugs over a period of 
gmund surface at the base of the stake during fall, winter, spring, and 4 years, from September, 1965, to September, 1969, indicated 
after summer storms. The purpose of these stakes was to determine the an average deposition of 4.5 cm/year, which is equivalent to I. 7 
mte at which the pits were being filled with sediment, so that life MT of sediment per year per pit or 7.1 MT/ha/year. From 



observation of pits in the areas treated prior to the study (north of 
Cisco) it was apparent that when a pit fills with sediment to 
approximately three-fourths of its storage capacity, its life 
expectancy is reached. With the pits in this area filling at the rate 
of 4.5 cm/year, it would take 14 years to fill to their useful 
capacity (Table 2). The total storage capacity of the furrows and 
pits in Area II is 367.0 MT/ha. At the present rate of sedimenta- 
tion, the structures are accumulating a total of 14.3 MT/ha of 
sediment per year. 

Table 2. Pit storage and life expectancy. 

Rate of filling 

Area 

Effective Life 
Pits per storage expectancy 
hectare (MT/ha) l MT/ha/year cm/year (vearsY 

II 4.2 100.0 7.1 4.53 14 
III 8.6 60.5 1.8 1.12 33 

’ Metric tons per hectare. 
’ Based on filling to three-fourths pit capacity. 

Area III 

The furrow transects on Area III (silty clay soils) indicated 
that deposition in the furrows amounts to 17.1 MT/ha of 
sediment caught and an average rate of 5.7 MT/ha of sediment 
per year (Table 1). Many furrows on both areas II and III had 
already failed by the end of the study due to poor construction 
methods (furrows not on the contour). Severe cracking of the 
soil in this area caused many furrows to fail due to piping. With 
the furrows in this area filling at the rate of 0.49 cm/year, (based 
on 4 years data) the projected life expectancy of the furrows was 
11 years (Table 1). 

The average size of gully plugs in Area III was 3.4 m wide by 
4.0 m long by 0.49 m in depth. With the pits filling at the rate of 
1.12 cm/year, as determined by measurements of the pit stakes, 
it will take 33 years to reach the three-fourths capacity mark, 
which is considered the effective life of the treatment, as 
discussed for Area II. During the study period the pits filled at 
the average rate of 0.2 MT/pit/year, of 1.8 MT/ha of sediment 
per year (Table 2). The total sediment caught by both furrows 
and pits was 6.9 MT/ha/year with the furrows catching nearly 
six times as much sediment as the pits were collecting at the 
time. 

Area IV 

The average size of furrows on Area IV (silty clay soils) was 
9.30 m long by 0.62 m wide by 0.10 m in depth. The total 
holding capacity of these furrows was 56.3 m”/ha or 82.8 
MT/ha. When filled to capacity (50% of constructed capacity), 
they will hold 41.4 MT/ha of sediment. These structures were 
filling at the rate of 0.85 cm per year, which was the fastest rate 
of filling of any of the furrows on the four treated areas. At this 
rate of filling, the furrows will reach their life expectancy in just 

6 years (Table 1). 

Summary and Conclusions 

Active erosion in the Upper Colorado River Drainage, of 
which the eastern Utah desert is typical, results in rapid 
sedimentation of Lake Powell and other man-made structures on 
the Colorado River. The sedimentation of these reservoirs will 
materially reduce their storage capacity and useful life. To 
Educe the rapid rate of sedimentation, contour furrows and 
gully plugs have been constructed on some of the more seriously 
eroded lands in the Cisco Basin to hold the sediment on site. 

Contour furrows and gully plugs were found to be effective in 
catching and holding sediment; however, difficulties in con- 
structing the furrows on the contour resulted in a shortened 
useful life of the structures. Areas II and III treated with both 
contour furrows and gully plugs held all runoff and sediment on 
site, while Areas I and IV treated with contour furrows alone, 
held only a portion of the runoff and sediment. It was apparent 
from the study that the greater the density of furrows and gully 
plugs, the longer the life expectancy of the treatments. It was 
also apparent that the amount of sediment moving in an area has 
a substantial effect on the life expectancy of the treatments. The 
rate of sediment accumulation in gully plugs and furrows 
combined varied from 1.9 MT/ha/year on Area I to 14.3 
MT/ha/year on Area II. 

Projected life expectancy of the contour furrows ranged from 
6 to 12 years; for the gully plugs the range was from 14 to 33 
years. 

Using data from this study and data from other studies on the 
same area (Hancock 1968; Wein and West 1972, 1973), an 
economic analysis (Workman and Keith 1975) indicated that for 
every one dollar invested in the project there was only 12 cents 
returned in benefits. 
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Control of Downy Brome on Nebraska Range- 
land 

L. A. MORROW, C. R. FENSTER, AND M. K. MCCARTY 

Highlight: Experiments to study the control of downy brome 
were conducted at three locations on Nebraska rangeland. Soils 

Rydrych ( 1974) in Oregon found that downy brome emerging 

ranged from a silty clay loam to a loamy sand. Herbicide treat- 
with winter wheat was most competitive during March. On a silt 

ments included atrazine, cyanazine, metribuzin, and simazine at 
loam soil receiving 42 cm (16.5 inches) of precipitation 

0.5 and 1.0 lb/acre; glyphosate and terbacil at 0.25 and 0.5 annually, downy brome densities of 108 to 160 plants per m2 (10 

lb/acre; secbumeton at 1.0 and 2.0 lb/acre; and paraquat at 0.25 to 15 plants per ft”) lowered wheat (Triticum aestivum L. 

lb/acre applied in the spring. All treatments, with the exceptions of ‘Gaines’) yields by only 6% when controlled by March. A 
glyphosate and paraquat, were also applied in the fall. Metri- reduction of 40% resulted when the competition from downy 
buzin at 0.33 lb/acre was also applied in the fall. Atrazine, brome was not removed until wheat harvest. 
metribuzin, and simazine effectively controlled downy brome. 
Downy brome control and forage production were greater when 
these herbicides were applied in the spring. Forage production 
was not significantly increased when herbicides were applied in 
the fall, but the trend was toward increased production. Injury to 
perennial cool-season forage grasses was greater from spring- 
applied herbicides than from fall applications. Control of downy 
brome was greater on fine-textured soils than on coarse-textured 
soils. 

downy brome can be reduced if seed production can be 

Downy brome (Bromus tectorum L.) was introduced to the 
arid and semiarid western United States about 1900 and has 

prevented. 

become a major portion of the cover on grazing lands in that area 
(Stewart and Hull 1949). It has forage value in its immature 
stag&, but production fluctuates greatly with moisture con- 
ditions. Downy brome is a prolific seed producer and spreads 
rapidly. Seeds will germinate and plants emerge when con- 
ditions are favorable, whether in the fall, during the winter, or in 
the early spring (Hull and Hansen 1974). Large numbers of 
viable seeds are carried over from one year to the next in litter 
and soil (Young et al. 1969; Hull and Hansen 1974), but 
germination of downy brome seeds after that period of time is 
very low (Hulbert 1955). Downy brome seed production is 
density-dependent and seed can be environmentally conditioned 
to continuous germination (Young et al. 1969); however, 
complete germination in a single season under natural con- 
ditions is rare (Hull and Hansen 1974). Competition from 

Several herbicides are presently available that will control 
annual weeds such as downy biome. Kapusta and Strieker 
(1975) in Illinois found that cyanazine [2-[[4-chloro-6- 
(ethylamino)-s-triazin-2-yl]amino]-2-methlpropionitrile] at 3.4 
kg/ha (3 lb/acre), paraquat ( 1,l ‘-dimethyl-4,4’-bipyridinium 
ion) at 0.56 kg/ha(0.5 lb/acre), pronamide [3,5-dichloro(N-1, l- 
dimethyl-2-propynyl)benzamide] at 0.84 and 1.4 kg/ha (0.75 
and 1.25 lb/acre), simazine [2-chloro-r,6-bis(ethylamino)-s- 
triazine] at 1.12 kg/ha (1 .O lb/acre), and terbacil(3-tert-butyl-5- 
chloro-6-methyluracil) at 0.84 kg/ha (0.75 lb/acre) resulted in 
excellent control of downy brome in alfalfa (Medicago sativu 
L.) when applied when the alfalfa and downy brome were 
dormant. There was no injury to the alfalfa and yield increases 
were associated with downy brome control. 

Eckert et al. (1974), in an evaluation of the atrazine-fallow 
technique, fund that 0.6 to 1.2 lb/acre of atrazine [2-chloro-4- 
(ethylamino)-6-(isopropylamino)-s-triazine] applied in the fall 
effectively controlled annual weeds. Only the 1.2 lb/acre rate of 
atrazine damaged perennial grass seedlings. More research is 
needed in determining the effect of atrazine on established 
perennial grasses. 

The objectives of this study were to evaluate several herbi- 
cides for the control of downy brome and to determine the effect 
of downy brome on perennial forage grass production. 

Materials and Methods 

Weed growth and establishment of replacement vegetation 
are directly related to soil moisture and temperatures in the 
immediate environment of the growing plants (Evans et al. 
1970). More soil moisture is available to perennial grass 
seedlings where weeds such as downy brome are controlled. 

loam soil receiving 13 inches annual precipitation; north central 
Nebraska on a loamy sand soil receiving 21 inches annual precipita- 

Experiments were established for the control of downy brome at 

tion; and western Nebraska on a silt loam soil receiving 15 inches 
annual precipitation. Spring and fall herbicide treatments were applied 

three locations in Nebraska: northwestern Nebraska on a silty clay 

at the north central and northwestern locations; spring treatments were 
applied at the western location. 

Morrow and McCarty are research agronomists, Agricultural Research Service, U.S. 
Department of Agriculture, Mandan, North Dakota and Lincoln, Nebraska, respectively. 
Fenster is district extension agronomist, University of Nebraska, Panhandle Station, 
Scottsbluff. 

The report is a contribution of Agr. Res. Serv., North Central Region, U.S. Dep. Agr., 
and Nebraska Agricultural Experiment Station (paper no. 5108). 

Manuscript received August 23, 1976. 

Spring treatments were applied in early March and fall treatments 
were applied in November. Treatments were applied one time in each 
experiment. Herbicide treatments included atrazine, cyanazine, and 
simazine at 0.5 and 1 .O lb/acre; secbumeton [N-ethyl-6-methoxy-N’( l- 
methylpropyl) 1,3,5-triazine-2,4-d&nine] at 1 and 2 lb/acre, metribu- 
zin [4-amino-6-tert-buty1-3-(methylthio)-as-triazine-5(4H-one] at 
0.33,0.5, and 1 .O lb/acre and terbacil at 0.25 and 0.5 lb/acre. Paraquat 
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at 0.25 and glyphosate [N-(phosphonomethyl)glycine] at 0.25 and 
0.50 lb/acre were also included in spring treatments at the north central 
and northwestern locations. 

The experimental design was a randomized complete block with 
four replications. Plot size was 10 by 35 ft. Herbicides were applied 
with a tractor-mounted constant-pressure sprayer in a total volume of 
20 gal/acre at 32 psi. Percentage of downy brome control was visually 
estimated the year of application and 1 and 2 years following 
application. The fall-applied treatments were not evaluated the year of 
application. Forage yields were determined by clipping at a 2-inch 
height the year of application and the year following application of 
spring-applied treatments, and the year following fall application of 
herbicides. An area 3 by 28 ft was harvested in each plot. The 
harvested forage was oven-dried at 140°F for 48 hours. No forage 
yields were determined from the loamy sand soil location because of 
the lack of moisture and control over grazing livestock. Primary forage 
species were western wheatgrass (Agropyron smithii Rydb.) and blue 
grama [Bouteloua gracilis (H.B.K.) Lag. ex Steud.]. Other forage 
species include sideoats grama [Bouteloua curtipendula (Michx.) 
Torr.], prairie sandreed [Calamovilfa longifolia (Hook.) Scribn.] , 
needleandthread (Stipa comata Trin. and Rupr.), prairie Junegrass 
[Koeleria cristata (L.) Pers.], and sand dropseed [Sporobolus 
cryptandrus (Torr.) A. Gray]. The primary weedy grass was downy 
brome. Sixweeks fescue (Festuca octoflora Walt.) was also present. 
Broadleaf plants were of minor consequence in the study area. 

Results and Discussion 

Herbicides applied on the silty clay loam soil in the spring 
resulted in excellent control of downy brome at 2 months after 
application (Table 1). All treatments except cyanazine at 0.5 
lb/acre and paraquat at 0.25 lb/acre resulted in 95% or more 
control at this time. Five months after application, glyphosate 
and paraquat had lost their effectiveness, and the effect of 
cyanazine at 0.5 lb/acre had decreased to 40%. The effect of 
simazine at 0.5 lb/acre decreased from 98% to 78% 5 months 
after application, but all other treatments effectively controlled 
downy brome. Glyphosate and paraquat had effectively con- 
trolled emerged downy brome at the time of application, but did 
not affect later emerging plants or plants arising from seed 
sources out of the plot area. 

Herbicide applications in the spring on the loamy sand soil 
were not as effective as those applied to the fine-textured soil. 
Three months after application, atrazine at 0.5 and 1 .O lb/acre 
controlled 55 and 78%, respectively, of the downy brome. Only 

Table 2. Downy brome control (%) following fall application of several 
herbicides on two soil types of Nebraska rangeland.’ 

Silty clay loam 
Treatment 

Loamy sand 
8 mo. after 20 mo. after 7 mo. after 

Herbicide Rate (lb/acre) application auulication application 

Check - Oa Oa Oa 
Atrazine 0.5 75 de 80 cd 68d 
Atrazine 1.0 IOOf 85 cd 89 ef 
Cyanazine 0.5 40b 12ab 2a 
Cyanazine 1.0 50 bc 42 bc 18abc 
Secbumeton 1 .O 42b 22 ab 5 ab 
Secbumeton 2.0 98f 82 cd 28c 
Metribuzin 0.33 68 cd 45 bc 35c 
Metribuzin 0.5 90 ef 78 cd 78 de 
Metribuzin 1.0 95f 95d 1OOf 
Simazine 0.5 68 cd 52 bc 22 bc 
Simazine 1.0 98f 75 cd 68d 
Terbacil 0.25 58 bed 80 cd 75 de 
Terbacil 0.5 98f 72 cd 99f 

’ Means in the same column followed by the same letter do not differ significantly at the 
5% level by Duncan’s multiple range test. 

metribuzin at 0.5 and 1 .O lb/acre and terbacil at 0.25 and 0.5 lb/ 
acre resulted in more than an 85% stand reduction of downy 
brome. Metribuzin at 0.5 lb/acre resulted in a stand reduction of 
88%, while the 1 .O lb/acre rate controlled 98% of the downy 
brome. Terbacil at 0.25 and 0.5 lb/acre resulted in 85 and 95% 
downy brome control, when evaluated 3 months after appli- 
cation. The differences in effectiveness between herbicides 
applied to the silty clay loam soil and the loamy sand soil are 
apparently related to the soil texture, organic matter content and 
amount of annual precipitation. Precipitation was below normal 
during the years these experiments were conducted. 

Of the herbicides applied in the spring on the silt loam soil, 
only atrazine at 1 lb/acre, metribuzin at all rates, and terbacil at 
0.5 lb/acre reduced- the stand of downy brome by more than 
80%. All other treatments were less than 70% effective when 
evaluated 5 months after application. Terbacil at 0.5 lb/acre and 
metribuzin at 1 .O lb/acre gave nearly complete control the year 
of application. Metribuzin at 0.33 and 0.5 lb/acre resulted in 88 
and 83% control, respectively, of the stand of downy brome 
during the year of application. 

Fall application of herbicides on the silty clay loam soil was 
generally not as effective for the control of downy brome as 

Table 1. Downy brome control (%) following spring application of several herbicides on three soil types of Nebraska rangeland.’ 

Silty clay loam Loamy sand 
Treatment 2 mo. after 5 mo. after 3 mo. after 

Herbicide Rate (lb/acre) application application application 

Check - Oa Oa Oa 
Atrazine 0.5 1OOd 98d 55d 
Atrazine 1.0 98d 92 cd 78e 
Cyanazine 0.5 72b 40b 12 abc 
Cyanazine 1.0 95 cd 95 cd 45 cd 
Glyphosate 0.25 98d 8a 15 abc 
Glyphosate 0.5 98d Oa 20 abc 
Secbumeton 1.0 95 cd 88 cd Oa 
Secbumeton 2.0 1OOd 1OOd 28bc 
Metribuzin 0.33 
Metribuzin 0.5 1OOd 1OOd 88e 
Metribuzin 1.0 1OOd 95 cd 98e 
Paraquat 0.25 85~ Oa 5 ab 
Simazine 0.5 98d 78c 28 bc 
Simazine 1.0 1OOd 98d 30 cd 
Terbacil 0.25 98d 95 cd 85~ 
Terbacil 0.5 98d 1OOd 95e 

I Means in the same column followed by the same letter do not differ significantly at the 5% level by Duncan’s multiple range test. 

Silt loam 

5 mo. after 
application 

Oa 
55 cd 
88 f 
43 bc 
68 de 

58cd 
68 de 
88f 
83 ef 

1OOf 

10a 
43 bc 
30b 
98f 
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spring application (Table 2). Eight months after application, 
atrazine, metribuzin and simazine at 1 .O lb/acre, secbumeton at 
2.0 lb/acre, and terbacil at 0.5 lb/acre resulted in more than 95% 
stand reduction of downy brome, while metribuzin at 0.5 
lb/acre resulted in 90% downy brome control. Atrazine at 0.5 lb/ 
acre gave 75% control. Twenty months after application, most 
herbicides had decreased in effectiveness, as would be ex- 
pected. There was no difference between rates of atrazine 20 

months after application, each rate resulting in about 80% 
control of downy brome. The 2.0 lb/acre rate of secbumeton 
still achieved 82% control, while 0.5 lb/acre of metribuzin 

controlled 78% of the stand of downy brome. Metribuzin at 1 .O 

lb/acre reduced the stand of downy brome by 95%, 20 months 

after application. There was no difference between rates of 
terbacil: 0.25 and 0.5 lb/acre rates resulted in 80 to 72%, 
respectively. Atrazine or simazine at 1 .O lb/acre applied in the 
fall to a silty clay loam soil receiving about 13 inches annual 
precipitation appears to be an effective treatment for the control 
of downy brome. 

Fall applications of herbicides on a loamy sand soil responded 
slightly differently than those applied to the fine-textured soil. 
Seven months after application, all treatments, except both rates 
of cyanazine and secbumeton at 1 .O lb/acre, resulted in a 
statistically significant stand reduction of downy brome. How- 
ever, only atrazine and metribuzin at 0.5 and 1.0 lb/acre, 
simazine at 1 .O lb/acre, and terbacil at both rates resulted in 
downy brome control of more than 65% when compared to the 
untreated plots. Atrazine at 0.5 lb/acre and simazine at 1 .O lb/ 
acre resulted in 68% control of downy brome, while 1 .O lb/acre 
of atrazine reduced the stand of downy brome by 89%. 
Metribuzin at 0.5 lb/acre gave 78% control, while 1 .O lb/acre 
resulted in complete control of downy brome. Terbacil at 0.25 
lb/acre gave 75% control and 0.5 lb/acre resulted in 99% downy 
brome control. These data indicate that the most promising 
herbicide for the control of downy brome growing on a loamy 
sand soil receiving about 2 1 inches precipitation would appear 
to be atrazine at a rate of 1 .O lb/acre applied in the fall. The other 
effective herbicides are too high in cost to be considered at this 
point. 

Herbicides applied to a silt loam soil in the spring decreased 
in effectiveness the year following application, with the excep- 
tion of secbumeton at 2.0 lb/acre (Table 3). Downy brome 

Table 3. Downy brome control (VCJ), downy brome and forage production 
(lb/acre, oven-dry) 17 months after application of herbicides in the 
spring on a silt loam soil of Nebraska rangeland.’ 

Treatment 

Herbicide Rate (lb/acre) 
Downy brome Forage Downy brome 

control production production 

Check 
Atrazine 
Atrazine 
Cyanazine 
Cyanazine 
Secbumeton 
Secbumeton 
Metribuzin 

- 
0.5 
1.0 
0.5 
1.0 
1.0 
2.0 
0.33 

Oa 
3 1 bcdef 
49 fg 
41 defg 
22 bed 
58g 
86h 
20 bc 

540 a 410d 
885 ab 255 bed 
745 ab 65 ab 
915 ab 190 abc 
750 ab 310cd 
730 ab 20a 
545 a 30a 
970 ab 115ab 

control for this treatment was 86%, but all other treatments were 
less than 60% effective the year after application. 

Forage grass production was significantly increased only by 
the 1 lb/acre rate of simazine when compared to the untreated 
plots. This treatment resulted in a forage grass yield increase of 
686 lb/acre or about 126%. However, atrazine, cyanazine, 
metribuzin and terbacil at 0.5 lb/acre, and metribuzin at 0.33 
lb/acre increased forage grass yields more than 300 lb/acre 
when applied in the spring on a silt loam soil and evaluated the 
year after herbicide application. There were no significant 
forage grass yield increases from any treatment applied to a silt 
loam soil in the spring during the year of herbicide application. 
The year following herbicide application, downy brome pro- 
duction was reduced by atrazine at 1 .O lb/acre, secbumeton at 
both rates, metribuzin at all rates, simazine at 1 .O lb/acre, and 
cyanazine and terbacil at 0.5 lb/acre. It appears that the most 
promising herbicide treatments in relation to control of downy 
brome and forage grass production to be applied to a silt loam 
soil in the spring would be atrazine at 0.5 lb/acre or simazine at 
1 .O lb/acre. 

When herbicide treatments were applied in the spring on a 
silty clay soil, forage grass production was increased the yer of 
herbicide application by atrazine and terbacil at 0.5 lb/acre and 
cyanazine and metribuzin at 1 .O lb/acre (Table 4). 

Table 4. Forage production (lb/acre, oven-dry) 5 months after spring 
application of herbicides on a silty clay loam soil of ‘Nebraska rangeland. ’ 

Herbicide Rate (lb/acre) Forage production 

Check - 410a 
Atrazine 0.5 1305d 
Atrazine 1.0 930 abed 
Cyanazine 0.5 905 abed 
Cyanazine 1.0 1OlOcd 
Glyphosate 0.25 465 ab 
Glyphosate 0.5 495 abc 
Secbumeton 1.0 880 abed 
Secbumenton 2.0 860 abed 
Metribuzin 0.5 870 abed 
Metribuzin 1.0 1120d 
Paraquat 0.25 540 abc 
Simazine 0.5 920 abed 
Simazine 1.0 850 abed 
Terbacil 0.25 930 abed 
Terbacil 0.5 980 bed 

’ Means followed by the same letter do not differ significantly at the 5% level by Duncan’s 
multiple range test. 

Forage yield increases when atrazine at 0.5 lb/acre was 
applied in the spring and evaluated the same year was about 900 
lb/acre. Cyanazine and metribuzin at 1 .O lb/acre each increased 
forage production by about 600 lb/acre, while the resulting 
increase from the application of terbacil at 0.5 lb/acre was more 
than 550 lb/acre. 

Atrazine at 0.5 or 1 .O lb/acre applied in the spring or fall to a 
variety of soils in areas of variable precipitation appears to be 
effective for the control of cool-season grassy weeds, such as 
downy brome, in grazing lands. Although no data are shown 
regarding injury to forage grasses, injury to forage grasses does 

Metribuzin 0.5 28 bcde 845 ab 190 abc appear to be greater from spring-applied herbicide treatments 
Metribuzin 1.0 40 cdefg 965 ab 70 ab 
Simazine 0.5 20 bc 680 ab 385 d 

than from treatments applied in the fall. However, these forage 

Simazine 1.0 3 1 bcdef 1230 b 115ab grasses apparently are able to recover from this injury rapidly 
Terbacil 0.25 15ab 635 a 250 bed and with the reduced competition from the annual weeds, 
Terbacil 0.5 42 efg 1065 ab 70 ab production will be increased. Proper grazing management must 
’ Means in the same column followed by the same letter do not differ significantly at the accompany weed control techniques for maximum benefits to 
5% level by Duncan’s multiple range test. be attained on a sustained basis. 
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Germination Characteristics of Broadscale: A 

Possible Saline-Alkaline Site Stabilizer 

R. L. EDGAR AND H. W. SPRINGFIELD 

Highlight: Germination of broadscale (Atriplex obovutu Moq.), 
a perennial saltbush, was optimum when the seeds were exposed to 
light at 10 to 20°C. Germination was suppressed in the absence of 
light, although very brief exposure to light will overcome this 
inhibition. Seeds of intermediate size germinate best; gray seeds 
germinate better than tan seeds. Because of its growth on exces- 
sively alkaline, saline sand, and shale soils of the Southwest, as 
well as its nutritive value and palatability to livestock, broadscale 
has potential for stabilization of a variety of disturbed sites. 

Broadscale (Atriplex obovatu Moq.) grows on saline and 
alkaline soils of the Southwest. It is palatable to cattle and sheep 
(Goodin and McKell 1970), and has the ability to resprout from 
basal branches when severely cropped (Hall and Clements 
1923). 

Because of broadscale’s growth and reproduction character- 
istics in an arid, harsh environment, it has good potential for use 
in revegetating disturbed sites in the Southwest. This study was 
undertaken to determine some of the factors affecting germi- 
nation of broadscale. 

Although seed size has not been shown to be a significant 
factor in germination of Atriplex canescens (Springfield 1970)) 
larger seeds germinate better with some species (Knipe 1970). 
In other species, intermediate or small seeds have the higher 
germination percentage (Larson 1961). Dark A. semibaccutu 
seeds germinate better than light, while light seeds of A. in$!utu 
germinate better (Beadle 1952). 

Atriplex spp. have not been shown to require light to 
germinate (Beadle 1952; Springfield 1970); they germinate best 

Authors are biological technician and range scientist, Rocky Mountain Forest and 
Range Experiment Station, located in Albuquerque in cooperation with the University of 
New Mexico. Station headquarters are in Fort Collins in cooperation with Colorado State 
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and apply technology that will help maintain a quality environment and other surface 
values while helping meet the nation’s mineral requirements. 
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between 5°C and 25°C (Springfield 1970; U.S. Forest Service 
1974). 

Several seed treatments promote germination of wild land as 
well as crop species. Soaking in solutions of gibberellic acid 
(Barton 1965), thiourea (Barton 1965; Kay 1974), potassium 
nitrate (Barton 1965; U.S. Forest Service 1974), dusting seeds 
with activated charcoal (Barton 1965; Kay 1974), soaking in 
water (Mikkelsen and Sinah 1961; Barton 1965), stratification 
(Barton 1965; U.S. Forest Service 1974), and scarification 
(Barton 1965; Springfield 1970) have all been shown to enhance 
seed germination. After-ripening often improves seed germi- 
nation in general and Atriplex spp. in particular (Beadle 1952; 
U.S. Forest Service 1974). 

Materials and Methods 

Two sources of seeds were used. One was gathered in March 1974 
from the Painted Desert in Arizona. The site was dominated by 
broadscale with virtually nothing else growing in the vicinity. The 
second source was collected from a sandy soil immediately north- 
northeast of Cabezon Peak on the west bank of Arroyo Balcon, 1 mile 
horn San Luis, New Mexico, October, 1975. Cabezon seeds were 
mostly intermediate in size and tan in color at the time of collection, 
though they began to turn gray after 70 days. 

The percentage of seeds containing normal embryos was deter- 
mined by cutting away the seed coat of a random sample of 100 seeds 
horn each source. 

The Painted Desert broadscale seeds were separated according to 
size and color. The seeds were divided into the following groups by 
sieving: (1) those which would not pass through a 5-mm sieve (large 
seeds), (2) those which passed through a 5-mm sieve but remained on a 
Z-mm sieve (intermediate seeds), and (3) those which passed through a 
Z-mm sieve but remained on a 1 -mm sieve (small seeds). All large 
seeds were tan, but the other two size groups had both gray and tan 
seeds. The resulting five classes of seeds, ( 1) large tan, (2) inter- 

mediate gray, (3) intermediate tan, (4) small gray, and (5) small tan, 
were tested for germinability. 

Light and temperature requirements for germination of broadscale 
were determined using seeds of intermediate size from the Painted 
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Table 1. Mean germination percent’ of various sizes and colors of Painted 
Desert seeds. 

Seed Mean 
germination’ 

Size (mm) Color (%j 

5 tan 26bc 
2 to 5 gray 43a 
2 to 5 tan 36 ab 
1 to2 gray 16 c 
1 to2 tan 10 c 

’ Any two percentages not followed by the same letter are significantly different at the .05 
level. 

rescent light 8 hours per day, 5 days per week. The gray seeds of 
intermediate size germinated significantly better than seeds of 
any other size, and all intermediate seeds germinated signifi- 
cantly better than the small seeds (Table 1). Gray seeds of all 
sizes tended to germinate slightly but not significantly better 
than tan seeds. Germination was practically complete for all 
except the large tan seeds by the 8th day (Fig. 1). 

Percentage germination in continuous light was significantly 
higher than in the dark at 3, 10, and 20°C (Fig. 2). There was no 
significant difference in germination in the light or dark at 30°C. 
Seeds germinated at 4O”C, but all of the radicles died. 

Desert. Germination was tested at 3, 10, 20, 30, and 40°C with (1) - = Continuous Light 

continuous fluorescent light, (2) complete darkness, and (3) brief light 
50.- ---D Continuous Dark 

exposure: 1 minute exposure to fluorescent room light after imbibition 

and 1 minute exposure every day for the duration of the test. 45-- 

Germination response to a diurnal regime of 14 hours of light at 22.5”C 
and 10 hours of darkness at 6.X, simulating a spring environment, 
was also tested. 

40 -- 

Seeds from both sources, after-ripened at least 100 days, were 
subjected to the following treatments: soaked 16 hours in (1) 100 ppm 35-- 

solution of gibberellic acid, (2) .Ol M solution of potassium nitrate, 
(3) 3.0% thiourea, and (4) distilled water. Both sources were also (5) .g 30-- 

dusted with superactivated charcoal, and (6) scarified from 10 to 80 e 
seconds. 

.- 
E 

Cabezon seeds were stratified for a period of 11 weeks at 2°C in a g 35 
moist atmosphere in the dark. These seeds were tested periodically to 
determine the effect of length of stratification on germination. All 8 2o-- 

I I 
other seeds were stored in paper containers at room temperature. E 

I 
I 

Cabezon broadscale seeds stored at room temperature were tested z 
I 

periodically to determine the effect of length of after-ripening on &’ 
,5__ I I I \ .’ 

germination. I \ /’ 
All seeds were dusted with a fungicide (thiram) and germinated on 

‘r/’ 
lO-- : 

standard blotter paper in 50 cm’ plastic germination dishes wetted I’ 
with distilled water. Four replications of 25 randomly selected seeds 

I 

were used in all tests. Unless otherwise stated, germination was tested 
5-- r’ 

at room temperature (23°C) with fluorescent room lights about 8 hours 
per day, 5 days per week. 

Results and Discussion Temperature “C 
Preliminary tests showed seeds from the Painted Desert, 

Ariz., germinatedwellatroomtemperature(23”C)withfluo- Fig. 2. Effects of fight at five temperatures on the germination of Painted 
Desert broadscale seeds. 

O=Tan Smm 
A=Gray 2toSmm 
0 =fon 2 to5mm 
l = Gray I to 2 mm 
0 ‘Tan I to 2 mm 

2 4 6 8 IO 12 I4 I6 I8 20 22 24 26 28 30 32 34 

Time in Days 

fig. 1. Germination of various sizes and colors of Painted Desert broadscale 
seeds. 

Seeds given l-minute exposure to fluorescent light after 
imbibition and once every 24 hours showed no significant 
difference from those germinated in continuous light. There was 
no difference between the percentage germinated in the diurnal 
regime, and those seeds germinated at 20°C (the “optimum” 
constant temperature) with continuous light. 

None of the chemical or mechanical treatments significantly 
increased the final germination percentage of seeds that had 
been after-ripened at least 100 days. Treated seeds, however, 
germinated much more rapidly (Fig. 3). For example, more than 
40% of the seeds scarified 20 seconds had germinated in 3 days 
compared with less than 5% of the untreated seeds. The seeds 
fbm Cabezon had markedly softer seed coats than those from 
the Painted Desert. Scarification of Painted Desert seeds for 80 
seconds excised only a small portion of the embryos. Twenty 
seconds scarification of Cabezon broadscale seeds with the 
same grade sand paper excised over 50% of the embryos; 
scarification for 40 seconds virtually destroyed all seeds. The 
Cabezon controls averaged 42% germination while 5 1% of the 
seeds apparently contained normal embryos. The Painted 
Desert controls showed an average of 39% germination, while 
52% of the seeds contained normal embryos. 
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charcoal dusted 

I 2 3 4 5 6 7 0 9 10 

Time in Days 

Fig. 3. Germination of Cabezon broadscale seeds treated with various agents 
after IO0 days afer-ripening. 

Carbezon seeds after-ripened 10 weeks, seven with stratifi- 
cation, germinated significantly better than those after-ripened 
10 weeks without stratification. In a IO-day germination test, 
42% of seeds stratified for 7 weeks germinated, while only 3% 
of nonstratified seeds germinated. This test was carried out in a 
growth chamber under the diurnal regime. 

Broadscale seeds produced in 1975 were allowed to after- 
ripen at 23°C and tested periodically for germinability to 
determine the length of after-ripening required for appreciable 
germination (Table 2). Less than 1% germinated with less than 
70 days after-ripening. Three percent germinated after 70 days, 
14% germinated after 85 days, and 42% germinated after 100 
days. All germination tests for after-ripening were carried on for 
10 days. 

Conclusion 

Atriplex spp. generally require after-ripening for 3 to 10 
months (Springfield 1970; U.S. Forest Service 1974); 3’/2 
months after-ripening is sufficient for good germination of 
broadscale. When possible, seeds of 2 .O to 5 .O mm size should 

Table 2. After-ripening effects on germination of Cabezon broadscale 
seeds. 

Days after-ripened Germination ’ (5%) 
70 3a 
85 14 a 

100 42 b 

’ Any two percentages not followed by the same letter are significantly different at the .05 

level. 

be collected. Light is required for best germination, although 
very brief exposure is sufficient for optimal germination. 
Broadscale should be planted early in the spring to take 
advantage of cooler temperatures which promote germination. 

Broadscale naturally inhabits saline and alkaline soils, and is 
good spring forage crop. It should be a good candidate for 
stabilization of slopes and other disturbed areas in the arid 
Southwest. 

Literature Cited 

Barton, L. C. 1965. Seed dormancy: general survey of dormancy types in 
seeds, and dormancy imposed by external agents. Encycl. of Plant Physiol. 
15(2):699-720. 

Beadle, N. C. W. 1952. Studies in halophytes. The germination of seed and 
establishment of seedlings of five species of Atriplex in Australia. Ecology 
33:49-62. 

Goodin, J. R., and C. M. McKell. 1970. Atriplex spp. as a potential forage 
crop in marginal agricultural areas. Proc. of the XI Int. Grassland Congr. 
Univ. Queensland Press. p. 158-161. 

Hall, M. H., and F. E. Clements. 1923. North American species ofArtemisia, 
Chrysothamnus and Atriplex. Carnegie Institute, Washington. p. 321-322. 

Kay, B. L. 1974. Test of seeds of Mohave Desert shrubs. Bur. Land Manage. 
Prog. Rep., Dep. Agron. and Range Sci., Univ. of Calif., Davis. 33 p. 

Knipe, 0. D. 1970. Large seeds produce more, better alkali sacaton plants. 
J. Range Manage. 23:369-371. 

Larson, M. M. 1961. Seed size, germination dates, and survival relationships 
of ponderosa pine in the Southwest. U.S. Dep. Agr., Forest Serv., Rocky 
Mountain Forest and Range Exp. Sta., Res. Note 66. 4 p. 

Mikkelsen, D. S., and M. N. Sinah. 1961. Germination inhibitor in Oryza 
sativa and control by preplanting soaking treatments. Crop Sci. 1:332-335. 

Springfield, H. W. 1970. Germination and establishment of fourwing saltbush 
in the Southwest. U.S. Dep. Agr., Forest Serv., Rocky Mountain Forest and 
Range Exp. Sta., Fort Collins, Colo. Res. Pap. RM-55. 48 p. 

U.S. F%rest*Service. 1974. Seeds of woody plants in the 
Dep. Agr. Handbook 450. p. 240-243. 

United States. U.S. 

298 JOURNAL OF RANGE MANAGEMENT 30(4), July 1977 





of high-grade shale rock will produce 45 gallons (170 liters) of 
shale oil]. The disposal of spent shale wastes poses a number of 
environmental problems including dust hazards, erosion of 
spent shale piles, pollution of surface water by sediment and 
leached salts, and the general destruction of scenic beauty. It is 
the intention of the operating company to spread spent shale 
wastes along canyon floors. Compaction, fertilization, and 
irrigation of the shale wastes may enable revegetation to be 
achieved and hence prevent an adverse environmental impact 
within the production area (Ward et al. 1971). 

The spent shale wastes from Atlantic Richfield’s TOSCO II 
process consists of a fine granular, dark residue which is 
claimed to be essentially hydrocarbon free (Kilbum 1973). 
Leaching tests show that there is a definite potential for a high 
concentration of Na+, Ca2+, and SO$ ions in the runoff 
from spent oil shale residues (Ward et al. 1971). Schmehl and 
McCaslin (1973) investigated the ability of wheatgrass (Agro- 
pyron elongatum) and Russian wildrye (Elymus junceus) to 
grow in soil-amended shale in greenhouse trials. Chemical 
analyses of spent shale wastes showed that the material was 
highly saline, highly alkaline, lacking organic matter, and low 
in available phosphate and nitrogen. The growth of the two 
grasses in untreated shale was negligible. Furthermore, the 
addition of up to 50% soil failed to produce significant growth. 
However, when spent shale was reclaimed by leaching to 
remove excess salts, good growth of the grasses was obtained if 
both nitrogen and phosphorus fertilizers were applied to the 
spent shale (Schmehl and McCaslin 1973). 

Soil development and leaching of salts from the spent shale 
are necessary for sustained plant growth. Abiotic processes, 
such as weathering, leaching, freezing and thawing, and wetting 
and drying, and biotic processes such as the capture of energy, 
accumulation of organic material by plants, and the decomposi- 
tion of these plant residues by the developing population of soil 
microorganisms promote soil formation (Buol et al. 1973). The 
minerals found in the spent shale, namely dolomite, calcite, and 
illite, are relatively readily weathered. However, leaching of the 
wastes is slow because of low rainfall within the area. 

Arid soils are characterized by low rainfall and high evapora- 
tion, low microbial populations, low organic matter content, 
and low carbon-nitrogen ratios. In semidesert regions, soil 
formation accompanies the colonization of the substratum of 
blue-green algae, lichens, and eventually grasses and shrubs. 
The decomposition of plant residues leads to the formation of 
humic material, which increases the cation-exchange water- 
holding capacities, and aggregation of the soil. Cation- 
exchange capacity is important in the storage and release of 
important plant nutrients such as NH& K+, Mg”+, etc., while 
soil aggregation is necessary to maintain aeration. Soil micro- 
organisms are important in recycling plant nutrients. Back- 
ground information on soil formation in materials such as spent 
shale wastes can be obtained from published studies on soil 
formation in sand dunes (Webley et al. 1952), Antarctic dry 
valleys (Boyd et al. 1966; Tedrow and Ugoliai 1966)) spoil from 
glaciers (Cracker and Major 1955), and in West Virginia strip- 
mine spoils (Wilson 1965). 

Characteristics of Typical Overburden 
Materials in Western North Dakota 

Lignite is mined when beds are greater than 5 feet (1.525 
meters) thick, with overburden less than 120 ft (36.6 m) thick, 
and in blocks containing 5 million tons (5.08 x 10” kg) or more. 
Estimated strippable reserves in North Dakota range from 4 to 7 

billion tons (4 to 7 x 10’” kg) with the production of 6.3 million 
tons (6.4 x log kg) in 1972 and over 300 acres (1.2 X 10’ m2) of 
land stripped per year. A projected 45 million tons (4.6 X lOi 
kg) of lignite may be produced with over 3,000 acres ( 12 x 1 O7 
m*), disturbed per year by 1990 in North Dakota (Sandoval et al. 
1975). The low sulphur content of the coal, availability of water 
from the Garrison Diversion, and the demand for electrical 
power generation make the development of this energy resource 
attractive. 

Field and laboratory studies have shown that a variety of strip- 
mine spoils derived from the mining of lignite are not good sub- 
strates for the growth of perennial grasses. Adverse overburden 
properties include fine texture, low organic matter content, 
moderate salinity, high sodic content, and a lack of plant 
nutrients, namely, nitrogen and phosphorus (Omodt et al. 1975; 
Sandoval et al. 1973). 

The present reclamation law in North Dakota requires that 
two feet of suitable topsoil cover the leveled spoil, having about 
2% organic matter content, not being saline (conductivity 2 2 
mmhos/cm), exchangeable sodium lower than 5%, and free 
lime lower than 10%; hence, it will be necessary to practice 
overburden segregation during stripping operations (Grimm and 
Hill 1974). 

Chestnut and reddish-chestnut soils characteristic of western 
North Dakota and eastern Montana have a decreasing organic 
matter content with decreasing rainfall closer to the Rocky 
Mountains. As the rainfall diminishes the soil profile is less 
pronounced, and a zone of calcium carbonate accumulation can 
be found nearer the surface in textured soil derived from glacial 
till and loess (Buckman and Brady 1960; Omodt et al. 1975). A 
high percentage of free lime in overburden or reconstituted 
topsoil may weaken the soil structure because of the high clay 
content, induce deficiencies of available iron, manganese, 
copper, or zinc, and decrease the phosphate availability due to 
the formation of insoluble calcium phosphate (Buckman and 
Brady 1960). 

The lignite areas are primarily used for dryland cropping and 
tange livestock raising and are an agricultural resource needed 
to produce food. The reclamation of the spoils is complicated by 
their high clay and sodium content. The presence of sodium 
montmorillonite in the spoil leads to serious physical defects, 
and it is likely to be too difficult to till, exhibiting high 
plasticity, poor water infiltration, high swelling capacity, and 
will shrink on drying causing severe cracking. Recent investi- 
gations by Sandoval and his co-workers (Sandoval et al. 1973) 
show that chemical amendment with gypsum and sulphur will 
increase calcium availability and hence alleviate the high sodic 
conditions while phosphorus treatment is necessary to support 
the growth of barley. 

Spent shale wastes and strip-mine spoil both have physical 
and chemical properties that restrict their revegetation. These 
properties are summarized in Table 1. 

Role of Microorganisms 
in Soil Formation 

In this discussion of the role of microorganisms in the 
reclamation of mine spoil, emphasis will be placed on: (a) the 
accumulation of organic matter, (b) operation of the nitrogen 
cycle, and (c) pH adjustment by the activities of sulphur- 
oxidizing bacteria within the spoil. 

Studies of so-called chronosequences, the effect of time as a 
soil-forming factor, suggest that the following broad trends 

300 JOURNAL OF RANGE MANAGEMENT 30(4), July 1977 



Table 1. Adverse properties of spent shale wastes and spoil material.’ 

Material 

Spent shale waste 
(TOSCO II) 

PH 

8.9 

CaC03 
Conductivity equivalent 
(mmhos/cm) (S) 

26.0 31 

Cationic concentration Sodium 
adsorption Saturation 

Na+ CaZ+ Mg2+ ratio (ISAR) (a) 

196 18.5 78.5 28.2 20.4 (Field moisture capacity) 
Overburden 

(Zap. N.D.) 8.8 2.0 10 19 <l <l 48.0 160 (Saturation capacity) 
Topsoil 

(Zap. N.D.) 7.3 <l 1 1 5 3 <l 36 (Saturation capacity) 

’ From Sandoval et al. 1973 and Ward et al. 197 1. 

occur over extended periods of time during soil formation 
(Stevens and Walker 1970). Rapid initial changes in mineral 
soils are due to the accretion of organic matter. With time, 
depth-gradients of a number of soil parameters are established, 
for example: pH, cation exchange capacity, CaC03 content, 
organie matter, total carbon and nitrogen, and soil aggregation. 
It is well recognized that soil development is a direct con- 
sequence of the advent, growth, and area1 distribution of vegeta- 
tion. The nature of the plants colonizing bare substrata will be 
determined by external factors such as the neighboring vegeta- 
tion and ecological factors including competition for light, 
nutrients, and soil moisture. Early in the vegetation succession, 
nitrogen-fixing plants are present, and they are replaced by 
other plants that utilize the accumulated nitrogen (Stevens and 
Walker 1970). For example, the recolonization of spoil banks in 
the Mesabi Iron Range, Minnesota, was described by Leisman 
(1957). The pioneer species are transported onto the spoil as 
disseminules by the wind, birds, or mammals and include 
herbaceous weeds, sod-forming Kentucky bluegrass (Pea 
prutensis), and nitrogen-fixing clover (Trifolium repens). 
Within 13 years, aspen (Populus tremuloides) and balsam 
poplar (Populus balsamiferu ) had become established. Soil 
analyses showed that from 2 to 52 years the pH decreased from 
7.5 to 5.9, the percentage moisture equivalence increased from 
10 to 22%, percentage organic carbon increased from 0.08 to 
1.26%, total nitrogen increased from 0.005 to 0.098%, and the 
carbon-nitrogen ratio decreased from 16 to 12. Zonation of the 
soil was apparent after 13 years and the A0 and A horizons 
developed slowly with their depths at 0.5 and 1.75 inches 
respectively after 52 years. 

water-holding capacity of the spoil. A spectrophotofluorometric 
method for studying algae in soil has recently been developed 
(Sharabi and Pramer 1973) that could be applied to counting soil 
algae and lead to additional investigations of their role in soil 
formation. 

The number and type of bacteria inhabiting a soil depend on 
its soil type, degree of cultivation, and plant cover. A number of 
gross generalizations are possible about this relationship, the 
most well known being that the number of bacteria within a 
mineral soil is a reflection of its organic matter content; 
however, moisture, oxygen availability, inorganic nutrients, 
and temperature will all markedly affect the microbial popula- 
tion within a soil (Alexander 1969). 

The microflora of bare substrata such as rocks appears to be 
characterized by the predominance of mycobacteria capable of 
fixing atmospheric nitrogen and mineralizing rocks by chelation 
with metallo-organic complexes secreted by the micro- 
organisms (Sushkina 1970). The amount and degree of decay of 
plant material markedly influences the types of microorganisms 
present in soil. In general, primitive soils with low organic 
matter have a microflora characterized by mycobacteria. The 
early decomposition of plant material is mediated by nonsporing 
bacteria such as Pseudomonas spp., while the extreme de- 
composition of plant material favors the reproduction of 
Bacillus spp. and actinomycetes (Mishustin 1975). 

During the plant succession from bare spoil to a climax plant 
community, soil formation will occur as a net increase in soil 
organic matter and minerals. There will be an annual increase 
due to weathering, accretion of humus, and accumulation of 
plant nutrients that will result in a gradual increase in soil 
fertility (Witkamp 197 1). Populations of soil microorganisms 
will reflect the plant succession. Examples include the micro- 
flora of bare substrata such as rocks, the activities of micro- 
organisms within the rhizosphere, and the physiological 
properties of microorganisms in different stages of the suc- 
cession. 

Dominant populations of soil microorganisms in different 
soils were described by Gray and his co-workers (Goodfellow et 
al. 1968). Generally, corynebacteria dominated cultivated soils, 
with gram-negative rods like pseudomononads being more 
prominent in the rhizosphere of plants. An increase in strepto- 
mycetes in dry alkaline soil was noted. The root zone of all 
plants supports a large and active microflora. The rhizosphere of 
grasses is particularly important in the stabilization of mining 
spoil where soil properties are unfavorable in the surrounding 
spoil for microbial growth. 

In semiarid regions, mining spoil like spent shale wastes, 
which are dark in color, contain little or no carbon, and have a 
low moisture-holding capacity, may be colonized by blue-green 
algae and lichens (Fletcher and Martin 1948; Rychert and 
Skujins 1975). The accumulation of organic material due to the 
photosynthetic activity of the blue-green algae-lichen crust and 
their ability to fix atmospheric nitrogen stimulates the growth of 
microorganisms, and the higher nitrogen status will encourage 
the appearance of annual weeds and perennial grasses. The 
resulting humic material increases the cation-exchange and 

A review of the work of Soviet soil microbiologists by 
Mishustin (1975) suggested that a generalization about the 
major groups of microorganisms in different soil types may be 
possible. In Russian soils similar to those soils found in western 
North Dakota (Chestnut) and western Colorado (Brown and 
Sierozems), he reported 3.5 to 4.5 x 10” microorganisms per 
gram of soil using plating techniques. Proportions of nonspore- 
forming bacteria, spore-forming bacteria, actinomycetes, and 
fungi are in the order of 40-45%, 19-2 I%, 34-35%, and less 
than 1%) respectively. 

It is now generally recognized by soil microbiologists that 
any conclusion on the microflora of a soil based on information 
obtained by isolation of bacteria, fungi, and actinomycetes on 
laboratory cultural media will be unsatisfactory. Direct observa- 
tion of soil particles suggests major components of the soil 
microflora are not isolated on agar plates and the population will 
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be underestimated by one to two orders of magnitude. In 
addition, it is now believed that a knowledge of bacterial genera 
within a soil will not contribute to an understanding of the 
function of the bacteria within the soil (after Ausmus and 
Witkamp 1974). A better approach may be to classify micro- 
organisms into functional groups based on the substrates they 
utilize. The pioneering work done in this area was by Lochhead, 
who classified bacteria in terms of their vitamin and amino acid 
requirements, and Waksman, who used plant-derived substrates 
used by the microorganisms as a description. 

An estimation of the microbial biomass may be useful. This 
has been achieved by dilution plating, direct observation of the 
soil particles (e.g., fluorescent antibody techniques and 
scanning electron microscopy), ATP determinations, measure- 
ment of soil respiration, and chemical techniques like analysis 
of chitin production by soil fungi (Gray and Williams 1971; 
Ausmus and Witkamp 1974). Recent work by Witkamp (1974) 
has shown ATP measurements to be an excellent measure of 
microbial biomass that can be directly correlated with soil 
respiration, substrate quality, and soil temperature but not total 
microbial numbers. It must be concluded that soil analyses 
based on the determination of bacterial numbers using plate 
count techniques are inadequate, as the numbers obtained will 
not be a satisfactory estimation of either bacterial biomass or 
activity. 

Research on the microbiology of Appalachian strip-mine 
spoil undertaken by Wilson (1965) contributed toward the 
knowledge needed for the management of the revegetation of 
the spoil. As may be expected, the total number of bacteria, 
fungi, and actinomycetes was found to be markedly reduced in 
nonvegetated spoil compared to revegetated spoil and nearby 
undisturbed land in strip-mining areas in West Virginia and 
adjacent Pennsylvania. Wilson believed that the presence of 
vegetation exerted a greater influence upon the microflora of 
spoil than the low pH caused by sulphur-oxidizing bacteria. The 
nutritional requirements of the bacterial isolates were found by 
Wilson to be more complex for organisms obtained from 
vegetated spoil than nonvegetated spoil. The features of the 
bacterial population that developed after revegetation are the 
marked increase in physiological groups with ability to produce 
ammonia from proteins and amino acids, produce nitrate from 
ammonia, reduce nitrate, degrade cellulose, and produce poly- 
saccharides. In general, the number of sulphur-oxidizing 
bacteria was reduced in the revegetated strip-mine spoil. 

The ability of bacteria to produce polysaccharides undoubted- 
ly aids soil aggregation. A recent review emphasized that inter- 
molecular forces between polysaccharides of microbial origin 
and soil clays were largely responsible for soil aggregation 
(Finch et al. 1971). Soil aggregation is an important property 
and will ensure the access of air to plant roots, improve 
drainage, and prevent soil erosion. Wind erosion of spoil will be 
a potential problem. For example, soil aggregates less than 0.8 
mm in diameter are moved by winds of about 30 mph (Skidmore 
and Woodruff 1968). This means the fine-textured overburden 
generated by lignite surface mining and spent shale wastes will 
be subject to wind erosion if not revegetated. 

During succession, plant residues are converted to humic 
material with carbon and nitrogen accumulating in the soil. 
Wilson (1965) reported the organic matter content in the non- 
vegetated and vegetated spoils and in the undisturbed soil as 
carbon 0.65, 0.93, and 2.32% and nitrogen 0.075, 0.110, and 
0.245%, respectively. Wilson concluded that the liming of the 
spoils, proper fertilization, and reseeding with forage crops and 

legumes will hasten the naturally slow build-up of organic 
matter and nitrogen accumulation in the spoil. 
Another useful approach to the study of plant community 
successions is the measurement of soil enzyme activity during 
succession. Rice and his colleagues conducted investigations on 
the revegetation of infertile abandoned fields in central Okla- 
homa and southeastern Kansas. Four stages in the old-field 
succession can be recognized: 

1) a pioneer weed stage (2-3 years), 
2) an annual grass stage (9-l 3 years), 
3) a perennial bunchgrass stage (40 years or more duration), 

and 
4) the climax prairie. 

The species of plants invading old fields is in the same order as 
their increasing nitrogen and phosphorus requirements namely, 
Coreopsis tinctoria, Aristida oligantha, and Andropogon 
scoparius. The activities of amylase, cellulase, and invertase 
were generally highest in the first successional stage and 
declined in the later stages. Seasonal maxima for the enzyme 
activity were pronounced in spring and summer. In contrast, 
urease and dehydrogenase activities increased during the 
succession. The enzyme activities were not correlated with 
either the pH or organic carbon content of the soil but appeared 
related to the type of vegetation and hence organic matter added 
to the soil during the succession (Pancholy and Rice 1973). In a 
more recent study on the factors preventing the revegetation of a 
denuded area adjacent to an abandoned zinc smelter, Rice and 
co-workers (Pancholy et al. 1975) found, as expected, that high 
concentrations of cadmium and zinc and low pH probably 
caused the area to remain bare. Comparisons between selected 
soil factors in the bare smelter site and a controlled site were 
made. As expected, the mean numbers of bacteria, fungi, and 
actinomycetes in the bare site were considerably lower than in 
the control soil. Urease and dehydrogenase activities proved to 
be an excellent indicator of microbial activity, with low activity 
in the bare soil and high activity in the control soil. Data were 
presented to show that total available nitrogen, ammonification, 
and nitrification were significatly reduced in the denuded plots. 
These studies suggest that the monitoring of soil enzyme 
activities will indicate the plant growth potential of a soil and 
give insight into the microbial processes necessary for soil 
formation. 

The development of ecosystem level models of the revege- 
tated mining spoil would be useful in understanding the com- 
plexity of soil formation and plant succession. The effect of 
grazing, soil moisture, temperature, and added nitrogen and 
phosphorus on the primary productivity could be predicted. The 
usual approach is to construct a model with abiotic, producer, 
consumer, decomposer, and nutrient components and simulate 
the functioning of the ecosystem using a computer. This 
approach has been undertaken in the IBP Grassland and Tundra 
Biome studies (Bumell 1972; Van Dyne and Anway 1976). 

A recent review of the global nitrogen cycle by Hardy and 
Holsten (1973) summarizes the mechanisms by which nitrogen 
could accumulate in mine spoil. Chemical transformation of 
nitrogen in the atmosphere to utilizable nitrogen are the 
ozonization of nitrogen and nitric oxide, the hydration of 
nitrogen dioxide, the oxidation of ammonia, and the lightning- 
mediated oxidation of nitrogen. Rain will contain ammonium, 
nitrate, and nitrite ions and represents a major input of nitrogen 
compounds into soil. The quantity of nitrogen precipitated is of 
the order of l-10 kg per hectare per year. There is a spring 
maxima in unpolluted areas and a winter maxima in polluted 
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areas (Junge 1958). The combined nitrogen input from bio- 
logical fixation and rain is believed to be sufficient to maintain 
tangeland productivity (Steyn and Delwiche 1970). 

Nitrogen-fixing microorganisms can be classified as obliga- 
tory symbionts, associative symbionts, and asymbionts or 
free-living N-fixers. The classic nitrogen-fixing symbiont is the 
genus Rhizobium that forms root nodules on leguminous plants, 
e.g., Rhizobium trifoli nodulates clover. A typical associative 
relationship based on a morphological involvement is the fungal 
and algal components in a lichen while free-living nitrogen- 
fixing bacteria abound in the phyllosphere and rhizosphere of 
plants (Hardy and Holsten 1973). Recently cultural media were 
developed to cultivate Rhizobia and fix atmospheric nitrogen 
independent of legume tissue which means their assignment to 
obligatory symbionts may need reassessment. 

The amount of nitrogen fixed in permanent grasslands was 
estimated to be 15 kg of N2 per hectare per year (Hardy and 
Holsten 1973). Recently more information has become avail- 
able on rhizosphere associations such as the symbiotic associ- 
ation of Azotobacter paspali with the subtropical grass Pus- 
p&m nututum (Dobereiner et al. 1972). There is a high energy 
demand for nitrogen fixation. Elevated levels of exudation in 
tropical C4 plants compared to temperate C3 plants support 
larger numbers of nitrogen-fixing bacteria in the rhizosphere of 
tropical grasses (Dobereiner 1974). 

Renewed interest in the field of associative” nitrogen-fixing 
symbionts has led to the discovery of nitrogen fixation in staple 
food crops like rice, maize, and wheat. The effectiveness of 
applying free-living nitrogen-fixing bacteria to crops was 
recently tested (Smith et al. 1976). Plots of pearl millet and 
guinea grass were inoculated with Spirillum lipoferum and the 
yield of these grasses was significantly higher than untreated 
control plots. Smith and his co-workers claimed that the 
inoculation procedure produced yield equivalent to the appli- 
cation of 42 kg of nitrogen per hectare. The cost and practica- 
bility of the application of this technique to agriculture should be 
investigated. The rising cost of natural gas used to produce 
nitrogen fertilizers may make a biological procedure more 
attractive. 

Plant breeding and strain selection for grass-nitrogen-fixing 
bacteria associations would be worthwhile, and the effect of 
different nitrogen and phosphorus fertilization regimes on the 
nitrogen fixation should be investigated. A new approach to 
obtain nitrogen-fixing bacteria for the rhizosphere was sug- 
gested by Dixon and Postage ( 1972), who demonstrated the 
transference of the nitrogen-fixing (nif) gene from Klebsiellu 
pneumoniue to E. coli. Brill (1974) believes that techniques 
developed in molecular biology may eventually have a practical 
application by incorporating nif genes into plant cells, enabling 
plants to directly obtain their nitrogen from molecular nitrogen. 

It is important to remember that the largest pool of nitrogen in 
the soil is found in decaying plant and animal remains. Micro- 
organisms are responsible for the release of ammonia from 
proteineous material. The proportion of nitrogen assimilated 
into microbial cells is high when the carbon:nitrogen ratio is 
high as would be found in mine spoil. Obviously the C:N ratio of 
plant material used in mulching spoil can influence the nitrogen 
status of the spoil. If insufficient nitrogen is present in the plant 
material, nitrate and ammonium ions will be depleted by the 
microorganisms degrading the mulch and hence not available 
for plant growth (Gray and Williams 1971). 

In soil material containing low phosphate levels, vesicular- 
arbuscular mycorrhizas will be important in increasing the 

phosphate-absorbing surface of the roots of grasses and peren- 
nials. A practical role for these endo-mycorrhizas analogous to 
the uses of Rhizobium may be possible especially with the high 
cost of phosphorus fertilizers (Tinker 1975). An example of the 
benefit of inoculating perennials with mycorrhizal fungi was 
rr=ported by Powell ( 1976), who infected white clover grown in 
New Zealand hill country soils in pot trials with an efficient 
phosphate-promoting mycorrhizal fungus of the genus Glomus. 
He found significant increases in dry matter production of white 
clover plant after infection with Glomus sp. over indigenous 
mycorrhizal fungi in a wide range of soils, suggesting field 
inoculation may be a feasible alternative to heavy application of 
superphospate. 

A free-living heterotropic nitrogen-fixing bacterium, Azoto- 
butter, may contribute to the nitrogen status of soils. Its activity 
may be most important in the rhizosphere of plants colonizing 
spoil with low nutrient levels. The association of Azotobucter 
with a sand dune plant Ammophifu urenuriu was reported by 
Hassouna and Wareing ( 1964). Factors that favor the growth of 
Azotobucter include high C:N ratios, low partial pressures of 
oxygen, a molybdenum supply, and neutral to alkaline soil 
reaction (Mulder and Brotonegoro 1974). These conditions are 
often met in the rhizosphere. The root excretions and buffering 
in the rhizosphere stimulate Azotobucter growth and nitrogen 
fixation. The possible role of Azotobucter in soil formation in 
mining spoils is undefined. 

Symbiotic nitogen-fixing bacteria may have a role in soil 
formation in the mining spoils. In general, Rhizobium spp. that 
form nodules on legumes will multiply in the rhizosphere but are 
less well adapted to the soil. When a leguminous crop is 
introduced to an area, inoculation with the appropriate 
Rhizobium strain is usually necessary (Fahroeus and Junggren 
1968). A recent investigation suggess the N-fixing Rhizobium 
strains are able to survive and nodulate legumes in alkaline- 
saline soils comparable to spent shale wastes (Bhardway 1975). 

A judicious choice of a nitrogen-fixing plant for seeding spoil 
will accelerate revegetation of the mining wastes. The classic 
example of the initial colonization of a bare site by nitrogen- 
fixing plants was described by Cracker and Major ( 1955). The 
pioneer vegetation on spoil laid bare by a receding glacier was 
dominated by alder, a nonleguminous nitrogen-fixing tree, 
which increased the organic nitrogen content of the soil. 
Apparently the symbiont nodulating the alder (Alnus spp.) is an 
actinomycete, not a member of the genus Rhizobium. 

The characteristic grassland plants in western North Dakota 
vary with the topography, soil texture, alkalinity carbonate 
content, and degree of disturbance of the soil (Hanson and 
Whitman 1938; Wright and Wright 1948). A climax grassland 
usually consists of the dominants blue grama (Boutelouu 
grucilis), needlegrass (Stipu comutu), sedge (Curex jilifoliu), 
and prairie Junegrass (Koeferiu cristutu). Over-grazing leads to 
an abundance of sagebrush (Artemesiu tridentutu), while less 
favorable soil conditions lead to the growth of western wheat- 
grass (Agropyron smithii). The primary colonizer of eroded 
slopes is little bluestem (Andropogon scopurius), which is 
unpalatable to cattle. Also important in the initial colonization 
of bare soil in western states are nonleguminous forbs of the 
genera Ceunothus and Shepherdiu that fix nitrogen. Although 
no species have been grown on artificial media, and Koch’s 
postulates not fulfilled, the symbionts in these nonleguminous 
nodule-bearing plants have been grouped together as Fran&. 

The successful functioning of the nitrogen cycle within 
mining wastes will be necessary for revegetation and soil 
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formation. Ammonia released during the decomposition of Alexander, M. 1965. Microbial ecology. John Wiley and Sons, New York. 
plant residues is oxidized to nitrate by nitrifying bacteria or p. 424-429. 

complexed by the humic material within the soil and conserved Ausmus, B. S., and M. Witkamp. 1974. Litter and soil microbial dynamics in 

for plant growth. In alkaline spoil, the Nitrobucter group that is 
a deciduous forest stand. Oak Ridge Nat. Lab. Rep. EDFB-IBP-73-10. 

responsible for the oxidation nitrite to nitrate is suppressed by 
p. 4-11. 

ammonium ions, and the volatilization of free ammonia from 
Bhardway, K. K. R. 1975. Survival and symbiotic characteristics of 

Rhizobium in saline- alkali soil. Plant and Soil 43:377-385. 
the spoil may be appreciable above pH 8.0. The salt intolerance 
of nitrifying bacteria is well known, while the presence of 
phosphate considerably increases the nitrifying activity 
(Alexander 1965; Finch et al. 197 1; Skujins 1973). 

Disturbed grassland and forest ecosystems are characterized 
by accelerated nitrifying activity (Rice and Pancholy 1973). 
Highly soluble nitrate ions not fixed by humic material and clay 
minerals are rapidly leached from the soil (Likens and Bormann 
1972). Apparently the stimulation of organic matter decomposi- 
tion and the disturbance of the soil reverses the inhibition of 
nitrification by plant derivatives like tannins (Rice and Pancholy 
1973). Strip-mining activities in western North Dakota will 
involve overburden segregation. A danger of the conversion of 
exchangeable ammonium to nitrate-nitrogen in topsoil storage 
piles is a potential water pollution problem, while the nitrogen 
needed for plant growth may be lost through leaching. How- 
ever, denitrification is a possible mechanism for the loss of 
nitrates in the disturbed topsoil and overburden during wet 
conditions. A good supply of readily oxidizable organic 
material, a high nitrate level, poor drainage, neutral or alkaline 
pH, and summer temperatures are required for denitrification 
(Alexander 1965). \ 

A possible reclamation procedure may be the application of 
sulphur to calcareous spoil. Sulphur-oxidizing bacteria, es- 
pecially of the genus Thiobacillus, produce sulphuric acid from 
sulphur, which lowers the pH (McLaren 1973) and reacts with 
calcium carbonate to produce gypsum, which plays an impor- 
tar-it role in the con version of sodium saturated clay to calcium 
clay. When the anionic sites on clays like montmorillonite are 
occupied by sodium ions, the clay has serious physical defects. 
It is likely to be difficult to till and exhibits high plasticity and 
poor water infiltration; but when wet it exhibits a high swelling 
capacity, and shrinkage when drying causes severe cracking. In 
the development of polders in the Netherlands, Thiobacillus 
thiooxidans oxidized sulphur derived from the sulphide in the 
sediments Zuider Zee to sulphuric acid, accelerating the pro- 
duction of agricultural soil (Schreven and Harmsen 1968). 
Generally the number of Thiobacilli in soil is low, but they 
rapidly increase in number when sulphur is added; e.g., Moser 
and Olson ( 1953) reported increases from 10 to 2 x I O5 cells per 
gram of soil. It should be remembered that sodium ions 
displaced from clay by sulphuric acid will be readily leached 
from mine 
problem. 

spoil and may- contribute to the water pollution 

In conclusion, this review has discussed the adverse proper- 
ties of spent shale wastes and overburden from surface mining in 
western states that will discourage soil formation and revege- 
tation. Soil microorganisms have an important role in the 
reclamation of the spoils, especially in the creation of soil organ- 
ic matter and the accumulation of sufficient nitrogen for plant 
growth. A more detailed knowledge of the microbial processes 
involved in soil formation and plant growth may suggest further 
strategies to be used to restore mined land. 
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Growth of Selected Plants on Wyoming 
Surface-Mined Soils and Flyash 

GENE S. HOWARD, GERALD E. SCHUMAN, AND FRANK 
RAUZI 

Highlight: This greenhouse study was initiated to determine 
potential plant growth on three surface-mined soils and their over- 
burden, and on coal flyash mixtures from sites in Wyoming prior 
to field studies and plant establishment trials. There was no 
indication that either topsoil or overburden from the active mine 
sites in Gillette, Hanna, or Shirley Basin, was detrimental to plant 
growth when water and temperature were not limiting. Forage 
plants and range shrubs on each soil benefited from the addition of 
N and/or P fertilizer. The addition of sewage sludge or manure 
also greatly increased growth. The study indicated that certain 
mixtures of flyash in soil and sludge can be successfully revege- 
tated. The application of this data may be extensive in the 
reclamation and revegetation of surface-mined soils in those areas 
tested. 

During the past decade energy demands plus the necessities 
for environmental preservation have greatly concerned our 
society. The concern is that natural biological and ecological 
systems can only be degraded; however, the possibility of 
improving the vegetative cover should also be considered. 

Historically, surface mining has been conducted in the 
eastern United States where rainfall is adequate for plant 
growth, and the overburden materials are acidic. Presently, 
surface mining has shifted to the arid and semiarid regions of the 
western United States, where coal seams are thick with low 
sulfur content. These western areas have annual precipitation 
ranging from 15 to 40 cm and alkaline soils with low to medium 
soluble-salt content. 

Various groups have expressed environmental concern that 
has influenced legislation so that reclamation laws require that 
topsoil be stockpiled and returned to the overburden surface 
after mining is completed. 

Currently, research is involved in determining the effects of 
disturbing these soils and reestablishing suitable plant materials 
by testing both introduced and native species. 

To avoid the many uncontrolled variables present in field 
plant studies in arid regions, we initiated a greenhouse study to 
determine potential plant growth on three surface-mined soils, 

Authors are horticulturist and soil scientist, respectively, U.S. Department of Agricul- 
ture, Agricultural Research Service, High Plains Grasslands Research Station, Route 1, 
Box 698, Cheyenne, Wyoming 82001; and soil scientist, U.S. Dep. Agr., Agr. Res. 
Serv., University of Wyoming, Laramie 8207 I. 
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overburden materials, and flyash in Wyoming under controlled 
soil moisture and temperature conditions. 

Literature 

The literature lists species use and seeding methods for plant 
establishment on disturbed lands in Wyoming. Beauchamp et 
al. (1975) determined there was sufficient seed in the top 2 
inches of soil in six surface-mined areas across Wyoming to 
revegetate the areas. However, the quality of vegetation would 
be altered as most of the seedlings were of the less desirable 
nmge species. They recommended direct seeding of preferred 
species. Lang et al. ( 1975) gave general seeding recommenda- 
tions and planting practices by three rainfall zones for the 
establishment of forages and woody plants on disturbed lands in 
Wyoming. Tressler (1976) published a range seeding guide for 
Wyoming listing applicable areas, planning considerations, 
planting procedures and equipment, and range species to use in 
disturbed land revegetation. May et al. (197 1) reported some 
success with deciduous tree planting, and sodding and sprigging 
of western wheatgrass (Agropyron smithii) and inland saltgrass 
(Distichlis stricta) in southwestern Wyoming. 

Orr (1975) showed survival of seven woody species after 1 
year in northeastern Wyoming. Power et al. (1975) surveyed 
some soil factors restricting revegetation of strip-mine spoils in 
the Fort Union geologic formation of the Dakotas, Montana, 
and Wyoming. Their studies showed that soluble salts and high 
exchangeable sodium may be limiting factors in plant establish- 
ment. In related research in the arid West, Aldon (1975) 
indicated the value of mycorrhizae in the establishment of four- 
wing saltbush (Atriplex cunescens) on coal mine spoils in New 
Mexico. Aldon and Springfield (1973) in greenhouse studies 
found that organic matter and fertilizer amendments had no 
effect on seedling emergence or early growth of test plants. 
George ( 1953), Howard ( 1964), and Johnson ( 1966) sum- 
marized many years of shelterbelt research conducted by the 
U.S. Department of Agriculture in the Northern, Central, and 
Southern Great Plains embracing parts of 10 states. They 
determined adaptable species of trees and shrubs, and proper 
spacing distances for planting under clean cultivation using 
dryland culture. They showed that useful and effective wind- 
breaks can be grown across all of the semiarid Great Plains of 
the United States by using their prescribed methods. 

Manuscript received August 30, 1976. 
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Methods and Procedures 
In 1974 and 1975, topsoil and newly uncovered overburden were 

randomly collected at three Wyoming mine sites: Wyodak Coal Mine, 
east of Gillette; Seminoe No. 1 Coal Mine, west of Hanna; and Utah 
International Uranium Mine at Shirley Basin. To ensure representative 
material before they were used in greenhouse studies, soils were 
ground and mixed thoroughly. Their electrical conc@ctivity (EC,) and 
pH were determined on a saturation paste to assess the leaching of salts 
and pH changes due to treatment imposed. 

Three studies were established in the spring of 1975 with various 
soil mixtures, amendments, and species. 

Combinations of soils and fertilizers to make seven treatments of the 
Wyodak and Seminoe No. 1 soils and overburden and three treatments 
on the Utah International soils and overburden were established in a 
randomized, replicated greenhouse study. Critana thickspike wheat- 
grass (Agropyron dusystuchyum) and Ladak and selection A741 
alfalfa (Medicago s&vu) were grown in all treatments. 

The seven treatments imposed on the Wyodak and Seminoe No. 1 
mine soils and overburden were: (1) untreated overburden; (2) 1: 1 
topsoil:overburden mixture; (3) 1: 1 topsoil:overburden mixture plus 
67 kg N/ha for the grass treatment, or 67 kg P/ha for the alfalfa 
treatment; (4) 5 cm topsoil over the overburden; (5) 5 cm topsoil over 
tile overburden plus 67 kg N/ha for the grass treatment or 67 kg P/ha 
for the alfalfa treatment; (6) 1: 1 topsoil:overburden mixture plus 22.4 
Mt/ha sewage sludge; and (7) 1: 1 topsoil:overburden mixture plus 
22.4 MT/ha manure. 

The three treatments for the Utah International soils and overburden 
were: (1) 5 cm topsoil over the overburden; (2) 5 cm topsoil over the 
overburden plus 67 kg N/ha for the grass treatment or 67 kg P/ha for 
the alfalfa treatment; and (3) 5 cm topsoil over the overburden plus 
22.4 metric tons (MT)/ha sludge. The sludge and manure treatments 
were determined on an air dry weight basis. In these studies Critana 
thickspike wheatgrass and Ladak and selection A741 of alfalfa were 
grown in 12-cm pots and their total dry matter production determined 
during 1975. 

Tests with woody plants used newly germinated seedlings of the 
native species: winterfat (Cerutoides lunutu), rabbitbrush (Chryso- 
&zmnus nauseous), fourwing saltbush, and silver sage (Artemisiu 
cunu) and of the introduced species salttree (Hulimodendron hulo- 
dendron). These five shrubs were selected because of their adapta- 
bility to semiarid conditions and because of seed persistence after 
ripening. Plants were grown in 7-cm pots containing either the three 
topsoils from each of the mine sites or overburden or topsoil: 
overburden (1: I) mix in randomized, replicated plantings. Fertilizer 
treatments included an untreated control and 67 kg/ha of N or P alone 
or in equal combination for each of 45 pots in each fertilizer treatment. 
Plant height data were collected to evaluate growth. 

Another test was conducted using coal flyash from the Dave 
Johnson power generating plant at Glenrock, Wyo., plus 12 topsoil, 
sludge, and manure combinations. These included four mixtures of 
flyash and soil; three mixtures of flyash, sludge and soil; one mixture 
of flyash and sludge; three mixtures of flyash, manure, and soil; and 
one mixture of flyash and manure. Rosana western wheatgrass was 
grown in 12-cm pots in a replicated test to evaluate the soil materials 
and amendments. Data obtained were oven-dried forage yield, percent 
germination, and oven-dried root biomass. 

Pots in all experiments were hand watered to keep available soil 
moisture at maximum levels. Greenhouse temperatures ranged from 
12°C at night to 35°C by day. 

Results and Discussion 
Because of the possibility of high pH or high salt values and 

of their changes due to leaching in disturbed Wyoming soils, 
both were determined prior to these plant trials. Beginning pH 
and ECe values for the soil overburden materials and soil 
amendments used in the forage trials for the three locations are 
shown in Table 1. The pH values for the topsoil and overburden 
material ranged from neutral to slightly above neutral. Topsoil 
ECe values were low and not considered a problem, whereas 
those for the overburden material from Wyodak and Seminoe 
No. 1 mine sites were moderate and could present problems in 
seedling development and plant growth. Beginning pH and ECe 
for sludge and manure was 7.2 and 7.3, and 8.31 and 2.63 
mmhos/cm respectively. 

Table 1. Pretreatment pH and EC, of the topsoil and overburden from 
Wyodak, Seminoe, and Utah International mines. 

PH EC, (mmhos/cm) 

Mine Topsoil Overburden ToDsoil Overburden 

W yodak 7.0 7.3 1.00 6.60 
Seminoe No. 1 7.5 7.4 0.14 3.95 
Utah International 7.4 7.3 2.60 0.16 

The intent of revegetation research is to find methods for 
Evegetating disturbed lands that will restore range productivity 
to equal or higher levels than those which existed prior to 
mining. Hence, forage yields were studied with the soils and 
amendments under test. Total oven-dried forage yield for the 
grass and alfalfa for the seven soil and fertilizer treatments and 
the final pH and EC, for Wyodak and Seminoe No. 1 coal mine 
site soils and overburden are shown in Tables 2 and 3, 

Table 2. Oven-dried yields, final pH, and ECe on Wyodak Coal Mine soils and overburden for seven treatments using 12-cm pots under greenhouse 
culture. 

Treatments 

Forage yield’ (g) 

Alfalfa2 Grass” 

Final pH’ Final EC,’ (mmhos/cm) 

Alfalfa Grass Alfalfa Grass 

(1) 
(2) 
(3) 

(4) 
(5) 

(6) 

(7) 

Untreated overburden 
TopsoiLoverburden (1: 1 mix) 
TopsoiLoverburden ( 1: I mix) + 
67 kg N/ha 
67 kg P/ha 

5-cm topsoil over overburden 
5-cm topsoil over overburden + 
67 kg N/ha 
67 kg P/ha 

ropsoil:overburden ( 1: 1 mix) + 
22.4 MT/ha sludge 
ropsoil:overburden (1: 1 mix) + 
22.4 MT/ha manure 

13.4CA 1.036 7.3 7.3 2.8 2.9 
14.6c 1 .90’” 7.2 7.2 2.6 2.2 

- 3.90n* 
21.2” - 
16.3bc 1.43Cd 

- 4.65” 
19.4”b - 

22.4a 3.28* 7.2 7.2 

19.5”b 2.20’ 

- 7.2 - 2.2 
7.2 - 2.7 - 
7.1 7.4 2.9 2.7 

- 7.2 - 2.7 
7.3 - 2.2 - 

7.3 7.5 

2.7 3.0 

3.1 3.1 - 
’ Single plot means from 4 reps. 

‘Sum of five 1975 harvests on 4/14, 5/21, 6/26, 7/28, 9/2 of Ladak alfalfa (seeded 2/14/75). 
‘Sum of three 1975 harvests on 4/14, 5/21, 9/2 of Critana thickspike wheatgrass (seeded 2/14/75). 
’ Column yields followed by same letter do not differ at 59 level of probability by Fisher’s method. 

- 
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Table 3. Oven-dried forage yields, final pH and ECe for Seminoe No. 1 Coal Mine soils and overburden for seven treatments using 12-cm pots under 
greenhouse culture. 

Treatment 

Forage yield’ (g) Final pH’ Final EC,’ 

Alfalfa2 Grass” Alfalfa Grass Alfalfa Grass 

(1) 
(2) 
(3) 

(4) 
(5) 

(6) 

(7) 

Untreated overburden 
Topsoil:overburden (1: 1 mix) 
Topsoil:overburden (1: 1 mix) + 
67 kg N/ha 
67 kg P/ha 

5-cm topsoil over overburden 
5-cm topsoil over overburden + 
67 kg N/ha 
67 kg P/ha 

Topsoil:overburden (1: 1 mix) + 
22.4 MT/ha sludge 

Topsoil:overburden (1: 1 mix) + 

13.3d4 
18.9’ 

- 

31.8U 
17.3c 

- 
25.26 

24.6b 

2.93c 7.2 7.6 1.3 1.0 
2.40c 7.2 7.4 1.3 1.0 

4.830b - 

3<5b’ 
7.1 
7.2 

6.48O - 7.4 - 0.9 
- 7.3 - 1.3 - 

5.13a 7.3 

7.5 - 0.8 
- 1.7 - 

7.5 2.0 1.0 

7.3 1.7 0.9 

22.4 MT/ha manure 25.4b 6.00” 7.6 
’ Single plot means from 4 reps. 

’ Sum of six 1975 harvests 3/18, 4123, on S/21, 6126, 7/28, 912 of A741 alfalfa (seeded 2117174). 
‘r Sum of three 1975 harvests 3/18, 5/2 on 1, 9/2 of Critana thickspike wheatgrass (seeded 12/18/74). 
’ Column yields followed by same letter do not differ at the 5% level of probability of Fisher’s method. 

7.4 1.4 1.5 

Table 4. Oven-dried forage yields, final pH and ECe for Utah International Uranium Mine soils and overburden for three treatments using 12-cm pots 
under greenhouse culture. 

Forage yield’ (g) Final pH1 Final EC, * (mmhos/cm) 

Treatments Alfalfa’ Grass” Alfalfa Grass Alfalfa Grass 

(1) 5-cm topsoil over overburden 19.104 4.57r 7.0 7.5 1.35 0.66 
(2) 5-cm topsoil over overburden + 

67 kg N/ha - 11.10” - 7.3 - 0.70 
67 kg P/ha 28.7” - 7.0 - 1.36 - 

(3) 5-cm topsoil over overburden + 
22.4 MT/ha sludge 26.0ab 6.73b 7.2 7.4 1.63 0.78 

’ Single plot means from 4 reps. 
” Sum of six 1975 harvests on 3118, 4123, 5121, 6126, 7128, 912 on alfalfa (seeded l2/ 17/74). 
“Sum of three 1975 harvests on 3/18, 5/2 I, 9/2 on thickspike wheatgrass (seeded 2/18/74). 
’ Column yields followed by same letter do not differ at the 5% level of probability by Fisher’s method. 

respectively. Similar data are presented in Table 4 for the Utah 
International Uranium Mine site soils with three soil and 
fertilizer treatments. 

Of all the treatments with Wyodak soils and overburden, 
treatments with fertilizer amendments gave significantly higher 
alfalfa yields whether the fertilizer was 67 kg (P/ha or 22.4 
MT/ha of sludge or manure (Table 2). Wheatgrass yields were 
significantly greater in the two treatments having 67 kg/ha of N. 

The pH values did not change during the experiment, while the 
ECe of the overburden alone and in combination was decreased 
by leaching from 6.6 to 3.1 mmhos/cm or lower during the 
experiment (Tables 1 and 2). 

Of the treatments with Seminoe No. 1 soils and overburden, 
the addition of 67 kg P/ha had a significantly higher alfalfa yield 
response in the 1: 1 mix while thickspike wheatgrass had a 
significant yield response for the four treatments having either 

Table 5. Preplant and final pH and ECe and mean height of five woody plant species grown on topsoils, overburden, and mixtures from three Wyoming 
mine sites with fertilizer treatments combined. 

Mine and Winter- Salt- 
treatment fat tree 

Height (cm) 

Rabbit- Fourwing 
brush saltbush 

Silver 
sage Mean 

PH ECe (mmhos/cm) 

Preplant Final Preplant Final 

Seminoe No. 1 
Topsoil 14.3’ 26.2 28.8 20.4 5.0 18.9a2 
Overburden 11.9 5.4 14.5 7.0 5.4 8.gf 
1:l mix 12.3 18.6 20.2 9.6 4.5 13.OCdC 

Wyodak 
Topsoil 14.2 36.3 22.4 11.3 4.6 17.7ab 
Overburden 8.5 8.9 16.1 8.2 4.6 

1:l mix 10.9 20.9 26.5 8.5 5.8 

l;:$cd f 

Utah International 
Topsoil 9.3 18.9 22.3 17.0 5.1 14.5bCd 
Overburden 7.0 13.0 14.4 6.7 5.7 9.4ef 

1:1 mix 7.0 35.8 23.0 8.7 5.3 16.0abc 

Mean 1O.6b 20.4” 20.9” 10.Sb 5.1’ 

’ Single plot means from 4 reps. 

’ Means followed by the same letter do not differ at the 5% level of probability by Fisher’s method. 

7.5 
7.4 
- 

7.5 
7.4 
7.9 

0.14 
3.95 
- 

0.55 
0.43 
0.55 

7.0 8.0 1.00 0.55 
7.3 8.3 6.60 1.70 
- 7.5 - 2.80 

7.5 7.7 0.14 0.39 
7.4 7.2 3.95 0.30 
- 7.4 - 0.25 
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Table 6. Mean height of combined shrub species grown on topsoil, over- 
burden and mixture from three Wyoming mine sites under four fertilizer 
treatments. 

Mine and 
treatment Control 

Seminoe No. I 
Topsoil 13.9’ 
Overburden 5.3 
1:l mix 11.2 

Wyodak 
Topsoil 14.9 
Overburden 5.8 
1:l mix 10.7 

Utah International 
Topsoil 7.7 
Overburden 5.6 
1:l mix 14.2 

Mean 9.9&’ 

’ Single plot means from 5 reps. 

Height (cm) 

67 kg N/ha + 
67 kg N/ha 67 kg P/ha 67 kg P/ha 

23.2 23.3 15.4 
12.0 10.0 8.0 
14.2 15.9 10.7 

24.4 19.0 12.6 
11.2 13.6 6.5 
14.0 17.4 16.0 

19.9 18.3 12.1 
8.3 12.2 11.3 

20.3 19.4 10.1 

16.4” 16.6” ll.66 

1 Means followed by same letters do not differ at the 5% level of probability by Fisher’s 

method. 

67 kg N/ha, sludge, or manure added to the soil mixtures 
(Tables 3). The pH values did not change while salt levels were 
decreased by leaching for both test species. 

Of all the treatments on Utah International soils and over- 
burden, the P fertilized or amended with sludge had significant- 
ly higher alfalfa yields while only the N fertilizer treatment was 
significantly higher in grass yield (Table 4). Soil pH changed 
little and the originally low ECe levels were further decreased 
by leaching. 

Shrubs form an integral part of the native range in Wyoming. 
Their reintroduction on disturbed lands seems desirable for 
holding drifted snow and for furnishing forage to livestock and 
wildlife. However, numbers of shrubs per unit area in many 
parts of the state may well be reduced. The growth response of 
both native and introduced species was studied. The mean 
height growth of four native and one introduced range shrubs by 
species and soils from the three mine sites is shown in Table 5. 
Because first-year seedlings produced little or no lateral growth, 
height was used as the measure of their growth response. Shrubs 
grew significantly taller in topsoil from the Seminoe No. 1 and 
Wyodak sites and in the 1: 1 mix from the Utah International 

Table 7. Mean height (cm) of five shrub species under four fertilizer treat- 
ments with reps. and soil combined. 

Treatments Winter- Salt- Rabbit- Founving Silver 
(kg/ha) fat tree brush saltbush sage 

Control 6.p ‘*p 16.1” 17.4” 5.96 4.1” 
67 N 18.5” 19.9” 25.6” 13.4”* 4.6” 
67 N + 67 P 12.0n” 22.9” 24.1” 16.2” 7.8” 
67 P 5.9b 23.0” 16.5” 7.7”b 3.9” 

’ Single plot means. 
z Column means followed by same letter do not differ within a spectes at the 5% level of 

probability by Fisher’s method. 

site. Mean height values for salttree and rabbitbrush were 
significantly greater than those of the other three species, which 
indicates their growth habit. The preplant and final pH and ECe 
response were similar to those for the forage pots. 

Fertilizer effects on shrub growth was determined for each of 
the mine soils and mixtures under test. The mean combined 
shrub growth by fertilizer treatments on each of, the three mine 
topsoils, overburden, and mixtures is presented in Table 6. 
Growth was significantly greater with the 67 kg N/ha and 67 kg 
N/ha + 67 kg P/ha fertilizer treatments. However, the com- 
bined fertilizer treatment did not significantly increase shrub 
growth over that with 67 kg N/ha alone. 

Some of the interaction means for fertilizer treatments by 
shrub species were significant (Table 7). The meaningful 
comparison is response to fertilizer treatments within a species. 
Winterfat responded significantly to N or a N/P combination but 
not to P alone. Salttree, rabbitbrush, and silver sage had no 
significant differences in growth in any fertilizer treatment. 
Fourwing saltbush significantly responded to the fertilizer 
treatments, the greatest amount seeming to be from N. This 
response may indicate some species for use in revegetation that 
do not need additional fertilizer for establishment. 

Coal-fired electric generating plants produce large amounts 
of flyash. When plants are at a distance from the coal mines 
disposition of the flyash becomes a problem. This trial was 
initiated to determine whether flyash mixtures could be success- 
fully revegetated under controlled moisture and temperature 
conditions. Of Rosana western wheatgrass grown in 12 soil, 
flyash, and sewage sludge combinations, Table 8 shows germi- 
nation rate, preplant and final pH and ECe, oven-dried biomass, 
and forage yield. The soil used was five parts greenhouse soil 

Table 8. Quantitative data for Rosana western wheatgrass grown in 12-cm pots containing 12 soil, flyash, sludge and manure combinations. 

Media Ratio 
Germination’ 

(%) 

pH2 ECe2 (mmhos/cm) 

Root Forage 
Prelant Final Preplant Final biomass’*“(g) yield’J (g) 

Flyash:soil 1:1 60 12.0 8.9 1.55 
1:2 67 11.5 8.1 1.51 
1:4 73 11.3 8.0 2.56 
1:6 78 11.0 8.1 2.57 

Flyash:sludge:soil 1:l.l 78 10.9 8.2 5.60 
1:2:2 92 10.2 7.9 5.70 
1:3:3 92 9.6 7.8 5.90 
1:l.O 62 10.7 7.9 5.80 

Flyash:manure:soil 1:l.l 60 11.4 8.3 4.00 
1:2:2 72 11.0 7.9 5.00 
1:3:3 77 11.0 8.1 4.20 
1:2:0 60 11.0 8.2 6.50 

1 .OO 
1.34 
0.97 
1.04 

3.20 
2.87 
2.37 
1.82 

1.62 
1.94 
1.42 
0.95 

0.35 0.27~ d,.: 
2.92 2.14c”p 
3.99 2.92rd’ 
4.53 4.546’ 

4.03 6.1 I* 
7.37 9.19” 
8.57 10.43” 
1.77 4.47bC 

1.12 l.63d’ 
2.49 3.03rde 
2.09 2.3 lrdc 
2.68 3. 32b’d 

’ 20 seed/pot; 3 rep. means. 
’ Single pot means from 3 reps. 
’ Oven-dried weights. 
‘Sum of three 1975 harvests on 8/22, lO/29, l2/26 (seeded 4/10/75). 
’ Means followed by same letters do not differ at 5% level of probability by Fisher’s method. 
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(Pachic Argustoll) added to one part sand. All pH values were 
high at the start of the experiment and most were decreased to 
near 8.0 during the tests. Preplant ECe values w.ere at the upper 
hits for good plant growth. Through leaching, the ECe was 
decreased to acceptable levels during the experiment. The 1:2:2 
and 1:3:3 flyash-sludge-soil mixtures had significantly higher 
forage yields, greater percent germination of any of the 
combinations, and the lowest pH values throughout the study. 
Western wheatgrass growth in these two mixtures was out- 
standing and seemed to demonstrate a synergistic effect within 
the media used. 

When we calculated a correlation coefficient between the 
amount of root growth and forage yield for the western wheat- 
grass in the 12 mixtures the value was .93 I and highly 
significant. An r2 calculation indicated that 86.7% of herbage 
yield in each mixture may be accounted for by its dependence on 
its corresponding amount of root development. 

Thickspike wheatgrass planted in 3, 6, or 9 cm of soil over 
powdered coal flyash or over l-to-3 cm flyash chips showed 
little or no root penetration into the flyash. When powdered 
flyash was wetted and dried it hardened like concrete and the 
plants and soil could be lifted from the flyash with no root 
attachment. However, some grass roots were able to reach the 
bottom of the pots by growing between the pots and the flyash 
inside. 

Summary and Conclusions 

This study showed no indication that either topsoil or 
overburden, from the active mine sites in Gillette, Hanna, or 
Shirley Basin was detrimental to plant growth. Forage plants 
grown on each of the soils benefited from the addition of N more 
than P fertilizer. The addition of sewage sludge greatly in- 

creased growth. As a group the woody shrubs significantly 
responded in growth to N treatment while winter-fat and four- 
wing saltbush had a significant species response to N. 

The study indicated that certain mixtures of coal flyash in soil 
and sludge can be successfully revegetated with irrigation. 
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Government of 

Somali Democratic Republic 
National Range Agency 

Range Work Prospects: 

Immediate appointment on an on-going range Project 
to rehabilitate and develop northern rangelands of 
Somalia. Financed by Kuwait Fund for Arab Economic 
Development. 

I. International Staff 

A. Range Training (4 Posts) 

1. Range Management (Training and research, 
teaching in institute - 2 Posts) 

2. Range Management (Nonformal training) 
3. Range Management (Nomadic extension) 
4. Technical Director Range Management (Project 

technical supervisor) 

B. Taxonomist (Collecting, identifying, and setting-up 
a National herbarium) 

C. Range Ecologist (Ecological problems in the Proj- 

II. 

ect) 

Needed Qualifications and Experience 
Preferably post-University range degree for item 

A, (1,2,3) with long experience in the field of train- 
ing and teaching in range management, conditional 

for item A (4), B, and C. Experience in tropical con- 
ditions is desirable. 

Ill. Salary is comparable to international standards, 
75% paid in United States dollars to any US bank, 
45 days leave, two-way fare, children’s education 
and family travel, free reasonably furnished house, 
four-year contract. 

Application to Box 7759 Mogadishu, General Manager. 

Range Management Specialist 
for Texas A&M University-AID 
Livestock Development Project in Tanzania 

The incumbent will work as part of Texas A&M Uni- 
versity team with the Tanzanian Ministry of Agriculture. 
Headquarters is at Dar es Salam, Tanzania. 

Primary duties will consist of developing range man- 
agement plans for Tanzanian National Agricultural Com- 

pany ranches and Ujamaa villages and assisting in con- 
servation planning, seed conservation, and training of 
Counterpart personnel. 

Contact: Dr. 1. 1. Shuster, Head, Range Science Dept., 
Texas A&M Univ., College Station, TX 7780 1. 
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Sampling Big Sagebrush for Phytomass 

D. W. URESK, R. 0. GILBERT, AND W. H. RICKARD 

Highlight: A double sampling procedure was employed for 
obtaining more reliable weight estimates for leaves, flowering 
stalks, live wood, dead wood, various combinations of the preced- 
ing, and total phytomass of sagebrush shrubs. Easily obtained 
dimension measurements were related to harvest categories using 
regression analyses. Volume (length x width x height) and length 
measurements were the most highly correlated to phytomass. 
Double sampling reduced the variance of the mean phytomass 
estimates ranging from 33% to 80% for the various categories 
assuming optimum allocation. The precision achieved by com- 
bining dimension measurements with harvesting is significantly 
higher than by harvests without supporting dimensional measure- 
ments. 

Efforts to obtain reliable phytomass estimates for rangeland 
shrubs by harvest methods are time consuming and costly. One 
approach is to establish a relationship between one or a few 
easily obtained plant measurements and harvest data. This 
approach has been termed double sampling or dimension 
analysis. 

Aboveground phytomass has seldom been measured in desert 
shrubs. Harniss and Murray (1976) found a relationship be- 
tween foliage of big sagebrush and the independent variables, 
circumference, and height of plant. A correlation (Z?’ = 0.93) 
was obtained with the developed dry weight predictor to 
determine total phytomass estimates of sagebrush. Chew and 
Chew (1965) determined shrub weights of creosotebush (Larrea 
divaricata) in Arizona, and Ludwig et al. (1975) used a double 
sampling method involving dimension analysis to estimate 
phytomass on eight species of desert shrubs in New Mexico. 
The results show that volume and canopy area were generally 
suitable estimators. Medin (1960) used a crown diameter- 
weight relationship to predict foliage phytomass in mountain- 
mahogany (Cercocarpus montanus) shrubs on Colorado mule 
deer range. There appears to be little published data on 
phytomass sampling in big sagebrush (Artemisia tridentutu) in 
the Pacific Northwest (Daubenmire 1970). 

Authors are research scientist and senior research scientists, Battelle, Pacific North- 
west Laboratories, Richland, Washington 99352. 

Work was performed under contract EY-76-C-06-1830 with the U.S. Energy Research 
and Development Administration and National Science Foundation Grant GB-3 1862X2 to 
the Grassland Biome, U.S. International Biological Program for “Analysis of Structure, 
Function, and Utilization of Grassland Ecosystems.” 

Thanks are extended to V. D. Charles and H. A. Sweany for their technical assistance in 
the field. Appreciation is expressed to C. A. Lee for hand separating the phytomass 
categories of big sagebrush. 

Manuscript received August 28, 1976. 

This paper presents the results of a double sampling pro- 
cedure to obtain more reliable phytomass estimates of leaves, 
flowering stalks, live wood, leaves + live wood, dead wood, 
live wood + dead wood, flowering stalks + leaves, miscellane- 
ous fragments, and total phytomass for big sagebrush, the most 
abundant shrubby species in the shrub-steppe region of south- 
eastern Washington. 

Study Area and Methods 

The study site is located on the Arid Lands Ecology (ALE) Reserve 
on the United States Energy Research and Development Administra- 
tion’s Hanford Reservation. Topographically, the site is located on the 
low, east-facing slopes of the Rattlesnake Hills at an elevation of about 
1,300 feet above mean sea level. The vegetation of the area 
representative of the Artemisia tridentata/Agropyron spicatum associ- 
ation (Daubenmire 1970). Prior to the initiation of the study reported 
here, there had been little or no grazing by domestic livestock since 
1943 (Rickard et al. 1975). 

In November 1974, a total of 20 (n) big sagebrush shrubs were 
selected within a 300 x 300-m experimental pasture. The shrubs were 
not selected in a strictly random manner; instead, attempts were made 
to obtain a sample of different sized shrubs varying from smallest 
largest. For each of the D shrubs the following dimensions were 
measured: (1) longest diameter of the canopy, (2) longest diameter 
the canopy measured at right angles to the above dimension, and (3) 
maximum heights. The individual shrubs were then cut off at ground 
level and oven-dried weights obtained for the following hand- 
separated categories: leaves, livewood, flowering stalks, dead wood, 
dead leaves, and miscellaneous parts. These dimensions were also 
taken on all sagebrush shrubs (n’) rooted within eight I5 X 30-m plots 
located at random within the larger 300 X 300-m pasture. 

The objective of this sampling design was to minimize the variance 
of the estimated mean phytomass for each category for a fixed cost. 
The sampling procedure involved double sampling in conjunction 
with linear regression (Cochran 1963, p. 327-354). Double sampling 
is a combination of two different methods for estimating phytomass: 
(1) clipping, separating, and obtaining dry weights of total shrubs and 
shrub parts, and (2) taking height, length, width, or volume (length 
width X height) dimension measurements on shrubs, including those 
harvested. Double sampling can be effective in reducing the variance 
of mean phytomass estimates if the linear correlation p between 
phytomass and dimension measurements is sufficiently near 1, and 
the cost (Cn’) of making dimension measurements on a shrub is sub- 
stantially less than the cost (cn) of clipping, drying, and weighing. 
Cochran’s (1963) Figure 12.1 (page 338) gives the relation between 
Cn/cn’ and p for fixed values of the relative precision of double and 
single sampling. 
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Dimension and oven-dry weight measurements were obtained for 
the n clipped shrubs. These data were used to estimate a linear 
legression (calibration) equation relating phytomass (dependent 
variable) with all shrub dimensions (independent variable). A separate 
equation was estimated for each phytomass category. The additional 
information contained in the dimension measurements obtained on 
each of the II’ shrubs within the eight 15 X 30-m plots were used in 
conjunction with the regression equation to estimate the mean phyto- 
mass per shrub (ydS; d.s stands for double sampling) for each category. 
The equation is 

where r, is the mean phytomass per shrub based on the n = 20 clipped 
shrubs, 2, is the mean volume of the 20 clipped shrubs, b is the 
estimated slope of the regression of biomass per shrub on volume per 
shrub, and Xnr is the mean volume per shrub of the n’ = 568 shrubs in 
the eight plots. Volume was usually chosen as the independent 
variable because it generally had the highest estimated correlation b 
with all biomass categories. 

The variance of pdS was estimated using the approximate formula 

Var (YdS) = PY_x - [ fi + . 

where ,PYax is the residual variance about the regression line, s2, is the 
variance-of the 20 biomass data points, 

_. 

20 

c (Xi - X,)’ 

i=l 

is the sum of squared deviations of the 20 volume measurements from 
their mean &,-n is the number of shrubs for which both biomass and 
volume measurements were made (n = 20), and n’ is the number of 
shrubs for which only dimension measurements were taken (n’ = 
568). 

The average biomass per shrub ydlr is multiplied by the average 
number of shrubs per square meter, 2, to 
biomass of sagebrush/m’, i.e., 

approximate i’, the 
_ 

average 

(3) 

The standard error of? is approximated by the following (Kempthorne 
and Allmorus 1965): 

Double sampling is an effective technique if the variance of rdS is 
less than the variance of the mean biomass estimate ES (g/bush) that 
one would obtain if the entire effort had been devoted to clipping 
shrubs and obtaining dry weights, with total cost C remaining the same 
as for the double sampling procedure (see equation 7 for the assumed 
cost function). The ratio of Var (p& to Var (r,), assuming the 
optimum number of samples and n’ were used in the double sampling 
scheme, can be estimated using the equation (Cochran 1963, pages 
337-339): 

Var (rds(opt)) v, + V,f $’ + 2 
- 

Var (ES) - SLY 
(5) 

where V, = Pyax and V,l = Fy - Pyox. 

The optimum ratio of n’ to n can be estimated using 

1 

n’ = 

i 

Vnlcn 

n V&n 
(6) 

as given by Cochran (1963, equation 12.9). For comparison purposes, 
we assumed that cn/cn’ was equal to 120/ 1, i.e., a clipped estimate of 
phytomass is 120 times as expensive to obtain as are the dimension 
measurements on a shrub. 

The ratio 120: 1 is appropriate if estimates on all plant parts are 
desired. If estimates on only a few or a single plant part are needed, the 
cost ratio would be smaller due to lower harvesting costs. To illustrate 
the effect of a lower ratio, we have computed equations 5 and 6 when 
an estimate of only total phytomass is needed, assuming a cost ratio 
of 1O:l. 

Results and Discussion 

Dimension data were collectedon live and275 dead shrubs 
(Table 1). These data showed that dead shrubs are smaller on the 
average for length, width, height, and volume (length x width 
X height). Shrub density was estimated at 2,342 + 246 (2 SE) 
shrubs/ha of which 1,577 2 261 and 765 + 100 are live and 
dead, respectively. Dimension measurements obtained on the20 
clipped shrubs are given in Table 2. The average dimension 
measurements in Table 2 tend to be greater than those in Table 
1. Since these 20 shrubs were not chosen at random, there may 
have been a selection bias toward larger shrubs. 

Phytomass estimates obtained via clipping and drying were 
highly correlated (linearly) with volume and length (Table 3). 
Various combinations of length, width, and height were cor- 
related to the various phytomass categories. Only those that 
showed the highest correlations are presented here. For most 
categories, volume (length x width x height) had the highest 
correlation. In estimating phytomass, volume (V) was chosen as 
the independent variable for all phytomass categories except for 
flowering stalks, and a miscellaneous category when the inde- 
pendent variable length was used. The Rz (square of the linear 
correlation coefficient) values ranged from a low of 0.45 for 
miscellaneous to a high of 0.86 for total phytomass. 

The estimates of phytomass obtained in this study using 
double sampling are presented in Table 4. Equation I was used 
to estimate the mean phytomass on a per-shrub basis. These 
were converted to g/m’ using equation 3. These results indicate 
that wood makes up approximately 62% of the total phytomass 
of sagebrush. Dead wood accounted for 11% of the phytomass, 
while leaves and floral parts made up 14 and 8% of the total, 
respectively. Total phytomass of sagebrush was estimated to be 
69 g/m’. 

Double sampling has apparently reduced the variance associ- 
ated with mean phytomass values. This occurred because of the 
high cost ratio (= 120: 1) and the good correlation between phy- 
tomass estimates (Y) and dimension measurements (x). Table 5 
shows that reduction in the variance of the phytomass estimates 
ranged from 33 to 80% for the various categories. Hence, it 
appears that double sampling as used here was effective in 
obtaining more precise estimates of sagebrush phytomass than 
would have been the case if only harvesting had been employed. 

When estimating total phytomass only and not considering 
the cost of separating it to the various categories, a reduction in 
variance of 56% was estimated assuming a cost ratio of 10: 1 
(Table 5). These results show that double sampling was more 
effective than harvesting shrubs alone to obtain total phytomass 
of big sagebrush. 
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Table 1. Dimension measurements (cm) of live and dead sagebrush shrubs. 

Dimension 

Length 
Width 
Height 
Volume’ 

X+-SE 

53 2 1.2 
35 2 0.9 
36 “- 0.7 

86248 +- 5796 

Dead (n = 275) 

Range 

10 - 128 
lo- 88 
12-73 

23 10 - 739200 

CV’ J?kSE 

37 71 + 1.2 
42 48 2 0.9 
31 49 2 0.8 

111 238848 & 12817 

Live (n = 568) 

Range 

14 - 199 
10 - 131 
12- 117 

2880 - 2190384 

cv 

41 
45 
41 

128 

’ Coefficient of variation = (SE x 4-n / X, x 100. 
2 Volume (cm”) = length x width x height. 

Table 2. Dimension measurements (cm) for 20 live sagebrush shrubs. 

Dimension XkSE Range 

Length 86 +- 8 30 - 185 
Width 68 + 6 27 - 142 
Height 70 + 5 28-104 
Volume2 536500 + 134403 22680 - 2732100 

’ Coefficient of variation = (SE x fi/‘X, x 100. 
’ Volume (cm:‘) = length x width x height. 

CV’ 

39 - 
39 
31 

112 

Table 5. Estimated optimum ratio n’:n of sample sizes and the estimated 
reduction in variance obtained using double sampling assuming a cost 
ratio of 12O:l. 

Table 3. Estimated regression equations for estimating phytomass (g/ 
shrub) using volume (V) measurements (length x width x height) or 
length (L). 

Dependent variable Estimated equation 

Leaves !d.s = 43 + 0.0000907 v 
Live wood rds = 128 + 0.000603 V 
Leaves + live wood rds = 171 + 0.00694V 
Flowering stalks 5(ds = -128 + 2.269 L 
Dead wood yds = - 26 + 0.000197 V 
Live wood + dead wood rds = 128+0.0008llV 
Flowering stalks + leaves rdS = 59 -I- 0.000193 V 
Miscellaneous rd.s =- 11 +0.348L 
Total phytomass Y& = 196 + 0.00102V 

**Significant at LY 5 0.01. 

R2 

.68** 

.80** 

.82** 

.52** 

.80** 

.77** 

.66** 

.45** 

.86** 

Reduction in variance 
Estimated optimum (%) under optimum 

Category ratio n’ :n * allocation2 

Leaves 16:l 58 
Live wood 23: 1 73 
Leaves + live wood 24: 1 75 
Flowering stalks 12:l 42 
Dead wood 1O:l 33 
Live wood + dead wood 21:1 69 
Flowering stalks + leaves 16:l 56 
Miscellaneous 1O:l 35 
Total phytomass 28: 1 80 
Total phytomass:’ 8:1 56 

’ Obtained using equation (6). 
’ Obtained using equation (5). 
’ Assuming a cost ratio of IO: I. 

Table 4. Estimated average phytomass of sagebrush using double 
sampling. 

Dependent variable n’ g/shrub + SET g/m2 2 SEtt 

Leaves 20 65 + 10 102 2 
Live wood 20 272 2 48 43 -t 10 
Leaves + live wood 20 337 + 53 53 2 12 
Flowering stalks 19 33 * 19 5+ 3 
Dead wood 19 49*40 8? 7 
Live wood + dead wood 20 322 + 72 512 14 
Flowering stalks + leaves 20 105 + 22 162 4 
Miscellaneous 20 132 3 2+ 1 
Total phytomass 20 440270 69+ 16 
‘n = clipped shrubs + dimension measurements; n’ = 568 plants for dimension 

measurements only. 

t Obtained using equations (I) and (2). 
v Obtained using equations (3) and (4). 

+ dimension measurements) and n’ (only dimension measure- 
ments taken) can be determined if some prior knowledge of 
these parameters is known. Cochran ( 1963) considers the case 
where the cost of the two samples is 

C = nCn -I- n’Cn’ (7) 

where C is the total cost and cn and cn’ are the costs of obtaining 
clipped and dimension measurements, respectively. If we 
assume the total cost C to be $1,000 and cn:cn’ = 120: 1 as out- 
lined earlier and using the optimum ratio for the total phytomass 
(n’:n) of 28: 1, then sample sizes for n and n’ can be determined. 

From equation 7 we have that 
$1,000 = 120n + n’. 

From the optimum ratio we obtain 
n’ = 28n. 

By substituting for n’ we obtain 
$1,000 = 120n + 28n, or 
n = 6.8. 

Solving of n’ 

For the fixed cost ratio cn:cn’ = 120: 1, the ratio n’:n of 
sample sizes is presented in Table 5. The ratio ranges from 28: 1 
to 10: 1 for the various tissue categories. The various categories 
with lower ratios require a greater proportion of clipped plots. 
For example (assuming cn = cn’ for the moment), if one 
examines a total of 100 shrubs, a ratio of 10: 1 indicates about 9 
shrubs would be clipped (dimension measurements also being 
taken), and 9 1 shrubs would be measured for dimensions only. 
Having a ratio of 20: 1 would reduce the clipped number of 
shrubs by approximately one-half (to about 5) while increasing 
to 95 the number of shrubs where only dimension measurements 
are taken. 

$1,000 = 120(6.8) + n’, or 
n’ = 184. 

Assuming a cost of $1,000, one would clip and take dimension 
measurements of 7 shrubs plus obtain dimension measurements 
of 184 shrubs. 

In double sampling, cost is a major factor to consider. Once 
this has been determined, then the number of samples n (clipped 

Concerning the design of future sampling plans for esti- 
mating sagebrush phytomass, we see from Table 5 that the 
optimum ratio n’ :n ditters for each plant part. This occurs due to 
changes in Vn and Vnl (equation 6) since cn:cn’ was held 
constant at 120: 1. Hence, the optimum n andn’ will vary foreach 
plant part. This suggests that when planning a double sampling 
study with several variables (plant parts), it will not be possible 
to obtain the maximum reduction in variance for all variables 
simultaneously. One approach is to use the n and n’ that will 
achieve the maximum reduction in variance for the most 
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important variable (perhaps total phytomass). More generally, n 
and n’ could be estimated for each plant part and a compromise 
made based on the relative importance of achieving maximum 
reduction in variance for the plant parts. 

Also note from equation (2) that Var (ydS) can be reduced if 
x, and xn’ (the mean dimension measurements on the n and n’ 
shrubs, respectively) are in close agreement. In these data, the 
two means are rather far apart (Tables 1 and 2), which may be 
due to a biased selection process for the 20 shrubs. This bias 
might have been less had the 20 shrubs been selected by using 
some kind of a random selection process. However, we also 
note that the variance of double sampling will decrease if 

. 20 

c (Xi - X,)’ 
i=l 

is large, i.e., if small as well as large shrubs are included in the 
20 selected shrubs. By random selection of shrubs for clipping 
and volume measurements, we would have to take whatever 
shrubs were randomly selected so that a large sum of squared 
deviations would not necessarily result. One approach to this 
problem would be to divide the population of shrubs into non- 
overlapping size categories and obtain random samples from 
each group. 

The data examined here suggest that double sampling can be 
an effective technique in reducing the variance of the mean 
phytomass estimates of the various phytomass categories of big 
sagebrush. The precision achieved by combining dimension 

analysis with clipping and harvesting is significantly higher than 
by only harvesting shrubs when cost is held constant. 

One of the major benefits of this double sampling procedure 
is that it is nondestructive when determining phytomass esti- 
mates of the various categories of sagebrush. Once a relation- 
ship between clipped shrub values and dimension measure- 
ments has been established, then repeated phytomass inven- 
tories may be conducted on various sites by obtaining dimension 
measurements only, assuming the calibration relationship does 
not change. 
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THESIS: OREGON STATE UNIVERSITY 

Responses of Vegetation and Sheep to Three Grazing Pressures, by Frank Oren 
Thetford, Jr., PhD, Rangeland Resources, 1975. 

A study was conducted over a 2-year period, 1973 through 1974, dry matter intake, protein, and energy requirements throughout 
on perennial ryegrass-subclover pastures with stocking rates of 7.4 both years. The data indicated that during the fall (1973) and 
(moderate), 9.9 (heavy), and 12.4 (overstocked) ewes per hectare summers (1973, 1974) diets of animals from overstocked pastures 
to establish guidelines on stocking intensity for dryland improved were deficient in dry matter intake, crude protein, and digestible 
pastures in western Oregon. Climatic conditions varied annually energy. Digestibility of dry matter in the diets increased from 77% 
and caused variation in growth of the vegetation and differences in both years in early spring to 55% during the summers; also, there 
stocking dates among treatments. Grazing significantly depressed was no difference among treatments. Annually, during early spring 
total forage yields in each year. However, there was no significant ewes on all treatments gained weight at the same rate. Ewes from 
difference noted between years for total forage yields. Ryegrass moderately stocked pastures lost the least weight in the summer; 
yields remained the same for both years in all treatments. The yield ewes on the overstocked treatment lost the most. Weight gains of 
of other grasses (primarily annuals) increased in heavily stocked ewes and lambs were higher in 1973 than in 1974. There were no 
and overstocked treatments during the period of this study, but not significant differences among treatments for the rate of gain of 
in the moderately stocked pastures. Moderately stocked pastures lambs. Likewise, no noticeable differences were observed in the 
bad more ryegrass available per head per day than the other total number of lambs born on each treatment. The results from the 
treatments in all seasons. Nutritive value of the herbage followed heavily stocked treatment were highly variable and sometimes they 
normal seasonal trends. Herbage in 1974 was of lower nutritive were similar to either the moderate or the overstocked treatment. 
value than in 1973. Animals in moderately stocked pastures were Therefore, data indicate that 7.4 ewes per hectare may be the 
able to obtain sufficient forage of good quality to meet or exceed proper spring through fall stocking rate for these pastures. 
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Simple Tool for Collecting 

Indian Ricegrass Seed 
W. RICHARD MCDONALD, MURLE P. 
HAFNER, AND DELWIN L. RICHARDS, 
JR. 

Highlight: A tool for collecting seeds of 
Indian ricegrass and other native species has 
been made by the Federal Bureau of Mines. 
With this hand-held seed collector, one person 
can collect enough material to produce 3 to 5 
pounds of clean Indian ricegrass seed per day. 
Cleaning the seed takes only ‘/3 of the time 
traditionally required because 90% of the 
stalks are left on the plants. 

The Federal Bureau of Mines has been 
researching the stabilization of mineral 
wastes and other disturbed lands since 
1967. Techniques in short-term chemical 
stabilization, permanent vegetative stabili- 
zation, and a combination of the two have 
been demonstrated across the United 
States. Many of these areas are so highly 
stressed that only a few plant species can 
survive. Since Indian ricegrass (Oryzopsis 
hymenoides) is often found growing near 
demonstration plots, it is a natural choice 
for revegetation; however, in the past, seed 
gathering and cleaning have been difficult, 
tedious, and costly. A typical method for 
seed collecting and cleaning involves hand- 
rubbing to break the seed away from the 
chaff, screening to remove the large pieces 
of chaff, and air separation to remove the 
temaining chaff from the seed. 

The Federal Bureau of Mines’ Salt Lake 
City Metallurgy Research Center has built a 
seed collector that greatly simplifies har- 
vesting and cleaning seeds of Indian rice- 
grass and other native species. With this 
hand-held seed collector, one person can 

Authors are metallurgist and physical science 
technicians, Salt Lake City Metallurgy Research 
Center, Bureau of Mines, U.S. Department of the 
Interior, Salt Lake City, Utah. 
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gather enough material to produce 3 to 5 
pounds of clean Indian ricegrass seed per 
day. In addition, 90% of the stalks are left 
on the plants so that seed cleaning requires 
only hand-rubbing, screening, and air 
separation which takes only ‘/3 of the time 
traditionally required. 

The seed collector, which weighs only 3/4 
pound, is shown in Figure I. The materials 
for construction are a l-gallon plastic bottle 
reinforced with 20-gauge aluminum, a 
metal pet comb, and a plastic quart jar with 
metal ring. As shown in Figure I, the 
l-gallon bottle is cut down and the pet 
comb is attached to make the leading edge. 
The seeds are combined from the plant into 
the l-gallon bottle as shown in Figure 2. 
The l-quart bottle serves as a storage bin. Fig. 1. Top view of seed collector. 

fig. 2. Simulated gathering of Indian ricegrass seed. 



Monitoring Animal Travel with Digital Pedometers 

D. M. ANDERSON AND M. M. KOTHMANN 

Travel is an important endergonic physiological function. Blaxter 
(1967) suggested that cattle expend about 15% more energy out-of- 
doors than indoors. The maintenance energy requirement of grazing 
animals may be 25 to 50% greater than for animals in confinement, 
with the cost of travel contributing substantially to this increase (Osuji 
1974). 

Animal travel may be influenced by location of water and minerals, 
weather, topography, forage availability and quality, and innate 
characteristics of the animal. As forage availability decreases, cattle 
spend more time grazing (Lofgreen et al. 1957; Arnold 1960). Also, 
Bos indicus cattle apparently travel more than do cattle of Bos raurus 
breeding (He&l and Nelson 1966). 

Early travel data were obtained by following an animal and counting 
me number of steps of known length, taken by an observer (Gory 
1927). Several researchers have obtained travel data by observing 
animals and mapping their movements (Dwyer 1961; Durham 1975; 
Malechek and Smith 1976). However, animal travel data obtained by 
observation may be more subjective than that obtained with 
mechanical techniques. Cresswell (1957) described the rangemeteras 
asatisfactory tool to monitor sheep travel. Powell (1968) reported on 
rbe use of a pedometer to monitor sheep travel. He evaluated the 
Suprex Pedometer’ and concluded the disadvantages outweighed the 
advantages for measuring distances walked by sheep. Kiddy (1976) 
leponed dairy cows’ activity measured with pedometers during estms 
was approximately four times that of animals in anestms. The 
objective of this research was to evaluate one type of digital 
FdometeZ for monitoring travel of beef cattle on brushy rangeland. 

Materials and Methods 

The pedometers tested in this study measured 2 by 4 by 4 cm. A 
digital readout located on top of the instrument was encased beneath a 
clear cover. The digital mechanism was activated by an up-and-down 
motion of the pedometer maintained in an upright position. The digital 
readout allowed accumulation of approximately 160.8 km (99.9 
miles). By depressing a button on top of the instrument the pedometers 
were reset to zero. A flat-head screw in the pedometer base, when 
mtated, adjustedforthepace-lengthofanimals withinarangeof0.3 to 
0.9 m (I to 3 ft). The resultant pace-length setting was indicated by the 
pxition of a red line indicator along a scale behind the clear cover on 
due front of the pedometer. Since the red line indicator did not stay in 
zijustment, an alternative approach was used to set the instrument’s 
pace-length. The flat-head screw in the pedometer’s base was turned in 



a counterclockwise direction until it could no longer be easily turned. 
This position was considered “flush” and represented the minimum 
pace length setting for the instrument. At this point, a permanent mark 
was made on the pedometer case to correspond to the groove in the 
screw head. 

Each pedometer was housed upright in a 4 by S-cm case made of 16- 
gauge steel with a leather lid that was closed with a snap. In the event 
water might enter the metal case, drainage holes were provided in the 
bottom. The metal case was riveted to a leather band shaped from 11 
by 34-cm chap-leather stock (Fig. 1). Foam rubber padding 2 cm thick 
was glued to the back of the leather bands to protect the animal. The 
pedometer was wrapped with l-cm thick foam rubber before being 
placed into the metal case. This instrument package was then buckled, 
in a manner which allowed it to rotate freely, around the metacarpus of 
the heifer’s left foreleg (Fig. 2). 

The pedometer technique was evaluated in conjunction with a 
grazing study on the Texas Experimental Ranch in the eastern Rolling 
Plains. Five, 4-ha pastures were grazed in a short duration system [5- 1; 
28: 112 day]“; and one 20-ha pasture was grazed continuously. Both 
treatments were grazed at a stocking rate approximately one animal 
unit per 5.6 ha throughout the duration of the study. The pastures were 
located on a Clay Loam range site with slope gradients less than 4%. 

Travel of two Hereford heifers, averaging 307 kg, was monitored 
continuously within each grazing treatment from July 3 1 to December 
7, 1975. Animals were brought to a pen within their respective 
pastures on a weekly basis. Pedometers were inspected; readings and 
time of readings were recorded from each of the four animals. When 
the animals were returned to the pasture, the pedometers were reset to 
zero and the time recorded. The pedometer readings were adjusted to a 
7-day (168-hour) basis. 

Pedometer precision was evaluated by walking the four animals 
over distances of 0.48, 0.80, and 1.6 km at a pace-length setting of 
“flush” and three turns clockwise from “flush.” In the analysis of 
this data pedometer and animals were confounded since every 
instrument-animal combination was not evaluated. Therefore, it was 
not possible to separate animal variability from that of the pedometers. 

In the 140-day trial one pedometer was adjusted for pace-length by 
walking a heifer with the instrument package in place along a known 
distance. This procedure was repeated with screw adjustments in a 
clockwise direction until the distance recorded by the pedometer 
corresponded to the distance traveled. The adjusted setting of the 
screw in the instrument’s base was identified by a second mark on the 
instrument case corresponding to the position of the groove. The 
number of clockwise turns from the “flush” setting to the second 
setting was recorded. This allowed checking during the trial. The 
remaining three instruments were not calibrated to the animals, rather 
the pace-length settings on the instruments were maintained at the 
minimum pace-length setting, i.e., “flush.” If these animals had been 
walked a known distance before the trial began a factor could have 
been derived to correct the pedometer readings for accuracy. 
However, this was not possible due to lack of available labor. 

Results and Discussion 
The leather bands were not removed from the four animals during 

the 140-day trial. Periodic visual observations indicated that the 
instrument package did not influence the bearer’s movements, cause 
discomfort, or produce leg abrasions. The foam rubber padding 
surrounding the instrument presumably reduced the chance for 
damage and maintained the pedometer in an upright position within 
the case. The snap holding the leather lid over the metal case 
inadvertently released while the animals were at pasture. However, the 
pedometers were never lost from their metal case. Considering the 
brushy pastures in which the trial was conducted the instrument 
packages were found to perform very satisfactorily. 

The positioning of the flat-head screw in the‘ pedometer’s base 

” Kothmann, M. M., ed. 1974. A glossary of terms used in 
Society for Range Management, Denver, Colorado. 36 p. 

range management. 2nd ed. 

provided a satisfactory alternative approach to overcome the defective 
ted line scale. Slippage of the pace-length set screws on the four 
pedometers never exceeded three clockwise turns from the “flush” 
position. 

In a separate l-day trial, pace-length settings of “flush” and three 
turns clockwise from “flush” were used to evaluate pedometer 
precision. There were significant differences between the mean travel 
of the four animal-pedometer combinations over distances of 0.48, 
0.80, and 1.61 km. Differences resulting from adjustment of the 
pace-length set screw were not significant. Thus, it was concluded that 
with distances not exceeding 1.61 km there was no statistical 
difference between pedometer readings at either pace-length setting. 
In order to establish the accuracy of the instruments over longer 
distances further investigations will be required. 

Analysis of the pedometer data collected over the 140-day trial 
indicated distance traveled by individual animals within a grazing 
treatment did not differ significantly (10% level), but significant 
differences were observed between treatments. Heifers grazing the 
20-ha pasture traveled an average of 36.1 kg/7 day as compared to 
25.0 km/7 day for those grazing on the 4-ha pastures. Figure 3 shows 
animal travel in km/7 day plotted against time intervals at which 
pedometer readings were taken. It appears that weather and vegetation 
parameters were correlated with the travel observed. These data are 
presently being analyzed. 

It is concluded that digital pedometers of the type employed are 
sturdy and hold their pace-length calibration well when used as 
described in this paper. The value of this technique lies in the precise 
and inexpensive method for monitoring animal travel on a continuous 
basis. The technique allows numbers of animals to be monitored with 
minimal labor input. If animals are of a gentle disposition, they can be 
approached while at pasture to obtain daily pedometer readings. 

The degree of accuracy obtainable by this technique will require 
further investigation. Animal travel can be divided into at least three 
categories: foraging, walking, and running. The pace-length of each of 
these differs; therefore, the accuracy of the pedometer readings 
depends upon the pace-length category to which the pedometer was 
adjusted or the correction factor used to adjust the readings. Foraging 
probably accounts for the largest percent of an animal’s movement 
(Moorefield and Hopkins 195 1). Therefore, obtaining a correction 
factor or setting the pace-length for foraging should provide travel data 
more accurate than mapping animal movements. 
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Leave Your Soil Tins at 
P. E. REECE, D. J. HELM, AND J. H. DAVIS HI 

Highlight: Inexpensive plastic Ziploc bags were used to transport 
gcavimetric soil moisture samples from the field to the oven. The bags 
retained moisture as well as soil tins and provided a reduction in container 
bulk and weight. 

The efficiency of obtaining gravimetric soil moisture samples is 
often hindered by bulky soil tins. As a possible solution to this 
problem, we examined the use of plastic Ziploc bags to transport 
samples from the field to the oven, where soil tins were used for 
drying. The ability of these bags to retain moisture was tested by 
performing the following experiment. 

Soil from two sites was used in this study, a loamy sand with a 5% 
soil moisture content and a loam with a 25% soil moisture content. 
Three types of containers were used to transport samples from the 
field: (1) Ziploc bags placed in an additional plastic bag, (2) soil tins, 
and (3) plastic Ziploc bags (Fig. 1). Nine samples were placed into 
each container type at each site. The Ziploc bags were rolled from the 
bottom, forcing the air out, and sealed with the minigrip closure. 
One-third of the samples for each container type was placed in an oven 
at 105°C after 24,72, and 120 hours after collection. This was done to 
examine the reliability of each container type for holding moisture 
over a 5-day time span. Samples remaining after each time interval 
were stored at room temperature on a table top. Soil in Ziploc bags was 
transferred into soil tins prior to being oven dried for 48 hours. Time 
expended in transferring these samples from bags to tins was minimal, 
30 to 35 minutes per 100 samples. 

Percentage soil moisture was calculated from the weight of water 
removed by oven drying divided by the weight of the oven-dried soil. 
A factorial analysis of variance of these data indicated that there were 
no significant differences (p < 0.01) among the containers for 
maintaining the original soil moisture. Plastic Ziploc bags were as 
effective as soil tins throughout the five-day storage period. Placing 
Ziploc bags into additional plastic bags did not significantly modify 
their reliability, though this practice may be warranted when trans- 
porting samples collected at sites distant from roads. The initial soil 
moisture percentage (5% vs 25%) did not significantly influence the 
performance of Ziploc bags as compared with soil tins. 

One of the authors has used Ziploc bags to transport soil samples 
from alpine study sites with percent soil moisture as high as 50%. No 
detectable difference between soil tin and Ziploc samples were 
observed after a 40-day period. 

Our use of Ziploc bags for transporting soil samples has allowed us 
to collect more samples in less time because of reduced bulk and 
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Fig. 1. The three container types used in this study are shown above to the right 
of the soil auger: (top to bottom) a Ziploc bag placed inside another plastic 
bag, a soil tin, and an individual Ziploc bag. 

weight. Based upon container dimensions, empty Ziploc bags provide 
a 98% reduction in space over empty soil tins. As much as an 
additional 20% of the soil tin volume is also lost in space between the 
rigid, round tins. Volume reductions of Ziploc bags are inversely 
proportional to the volume of the contained soil sample. When 
working at sites distant from roads, perhaps the most important 
advantage of Ziploc bags is that of lighter weight since their weight is 
only about 5% of that of soil tins. 

Sampling time saved by using Ziploc bags should more than offset 
their small expense, approximately $.60 per package of 50. Finally, 
the reliability of Ziploc bags for storing samples will also allow drying 
to be done with one-third the tins normally required, by drying 
samples in three shifts over a 5-day period. 

Pine Needle Water’ Extracts as Potential Abortive Agents in 
Gestating Cow Diets 
W. MAJAK, D. E. WALDERN, AND A. MCLEAN 

Highlight: A number of bovine abortions were reported during warm 
spells of the winter of 1974 in the southern interior of British Columbia. 
Observers speculated that the frequent thawing periods produced a run-off 
which extracted and accumulated abortive agents from the pine needle 
litter. In a test of this hypothesis, five pregnant cows each consumed extract 
6om 200 to 300 kg ponderosa pine needles during their last trimester. No 
pre-partum effects were observed and five normal calves were delivered. 
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Abortions in cattle induced by yellow pine (Pinus ponderosa) 
needles have been reported by numerous investigators in western 
Canada and the United States (MacDonald 1952; Stevenson et al. 
1972; Kamstra 1975). Veterinarians and ranchers in the southern 
interior of British Columbia reported a rash of bovine abortions during 
the warm spells of the winter of 1974. However, the incidents 
occurred in ponderosa pine stands devoid of slash or fresh windfall 
foliage. Observers speculated that the frequent thawing periods 
produced a run-off which extracted and accumulated abortive agents 
horn the pine needle litter. It appeared that abortions occurred when 

JOURNAL OF RANGE MANAGEMENT 30(4), July 1977 



Pine Needle Water Extracts as Potential Abortive Agents in 
Gestating Cow Diets 
W. MAJAK, D. E. WALDERN, AND A. MCLEAN 

Highlight: A number of bovine abortions were reported during warm 
spells of the winter of 1974 in the southern interior of British Columbia. 
Observers speculated that the frequent thawing periods produced a run-off 
which extracted and accumulated abortive agents from the pine needle 
litter. In a test of this hypothesis, five pregnant cows each consumed extract 
horn 200 to 300 kg ponderosa pine needles during their last trimester. No 
pre-partum effects were observed and five normal calves were delivered. 

Authors are plant biochemist, animal nutritionist, and range ecologist, respectively, 
Research Station, Agriculture Canada, Kamloops, British Columbia, Canada. 

The report is contribution no. 264, Research Station, Agriculture Canada, Kamloops, 
British Columbia. 

Manuscript received January 15, 1077. 

Abortions in cattle induced by yellow pine (Pinus ponderosa) 
needles have been reported by numerous investigators in western 
Canada and the United States (MacDonald 1952; Stevenson et al. 
1972; Kamstra 1975). Veterinarians and ranchers in the southern 
interior of British Columbia reported a rash of bovine abortions during 
the warm spells of the winter of 1974. However, the incidents 
occurred in ponderosa pine stands devoid of slash or fresh windfall 
foliage. Observers speculated that the frequent thawing periods 
produced a run-off which extracted and accumulated abortive agents 
l?om the pine needle litter. It appeared that abortions occurred when 
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cows drank from pools containing leached components of dried pine 
needles. 

but all the calves survived in the final experiment. It should also be 
noted that no abortions were recorded in two analogous studies with 
lodgepole pine (Pinus contorta) needles (Nicholson 1954; Agriculture 
Canada Annual Report 1957). 

To test this hypothesis, in 1975 the drinking water of five pregnant 
Jersey cows in their last trimester was replaced by a water extract of 
pine needles; the needles had been collected from the litter of a 
ponderosa pine Savannah range. The extract was produced in batches 
by soaking approximately 40-kg needles in 400 liters water for one 
week at 7°C. The foamy, straw-coloured extract was consumed by 
each animal at the rate of 20 to 30 kg/day with hay rations at 7 kg/day 
and bimonthly salt and mineral supplements for the remainder of the 
pregnancy. During this period, the total liquid consumption for each 
cow represented the extract of 200 to 300 kg pine needles. No pre- 
pat-turn effects were observed and five normal calves were delivered. 
All survived with the exception of one which died at seven days, and in 
this case, the cause of death was histopathologically diagnosed as 
pneumonia. 

Chow et al. (1’372) reported that an aqueous fraction of ponderosa 
pine needles could disrupt fetal development in mice. Subsequent 
experiments by the authors (Chow et al. 1974) however, failed to 
induce reproductive failure. Similarly, inconsistent results were ob- 
tained at the Agriculture Canada Research Station, Kamloops 
(Nicholson, 1954; Agriculture Canada Annual Reports 1955 to 1959) 
when abortion trials with cows were repeated following the initial 
study by MacDonald ( 1952). In 1953, for example, one cow in the 
control group of six aborted, while only two cows of the 12 consuming 
pine needles aborted. MacDonald ( 1952), on the other hand, had 
reported a reproductive failure rate of 75% under similar experimental 

Chow et al. (1974) were able to obtain reproducible results with 
mice, however, when the aqueous pine needle extracts were infected 
with a fungus occurring on ponderosa pine needles. The authors 
suggested, therefore, that toxic fungal metabolites derived from plant 
constituents could be more directly involved in pine needle abortion. 
Whether the variability in the earlier experiments at Kamloops and the 
recent results with pine needle litter are related to the presence or 
absence of a mycotoxin(s) remains to be seen but the fungal parameter 
should be considered in further research on pine needle abortion. 
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Soil Taxonomy. Soil Survey Staff. U.S. Department of Agri- 
culture Handbook No. 436. Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 20402. 
1975. 754 p. $17.50 (U.S.) $21.88 (Foreign Postpaid). 

Soil Taxonomy is a basic system of soil classification for making and 
interpreting soil surveys. In the development of Soil Taxonomy, may 
approximations were submitted to soil scientists the world over for 
comments and revisions. These approximations were tested early and 
throughout the classification effort. Soil characteristics critical to 
classification, as well as the proposed categories and classes, were 
tested against existing knowledge of soils, laboratory data, and soil 
behavior under different management conditions. The classification 
was designed to study the relationship of classes to both the natural and 
cultural environment and this in turn has enhanced the predictions of 
pedologists in research, education, and extension service. 

The new Soil Taxonomy gives the present status of the taxonomy 
being used to make and interpret soil maps in the United States and 
several other countries. The first six chapters present general prin- 
ciples and concepts and give cross references for definitions of 
selected criteria. The succeeding 11 chapters discuss the classification 
of the specific 10 soil orders. These are the key to identification of 
taxonomic class of a soil. The remaining four chapters discuss family 
and series differential and names, application to soil surveys, soils of 
the United States, and relation to other taxonomies. 

There are four Appendices: Appendix I includes the terms used to 
describe soils; Appendix II describes soil pores and routes in relation 
to number, size, location, etc.; Appendix III deals with the testing of 
organic soil material; and Appendix IV contains descriptions of 
pedons and tables of laboratory data for 130 pedons. 

Range managers interested in studying the Soil Taxonomy will find 
it helpful to remember and understand soil characteristics and their 
relationship to management. Soil groupings will permit the users to 
make more precise predictions of soil behavior.-John Y. Nishimuru, 
Lakewood, Colorado. 

Tropical Pasture Research-Principles and Methods. Edited 
by N. H. Shaw and W. W. Bryan. Bulletin 5 1, Commonwealth 
Bureau of Pastures and Field Crops. Commonwealth Agri- 
cultural Bureaux, Famham Royal, Bucks, England. 1976. 
454 p. $28.80. (&12.00). 

Most of us are all too familiar with multi-authored books which 
purport to give us “comprehensive treatment” of a subject by 
“experts” in its various aspects, but which, in fact, more closely 
resemble the well-known effort of the committee of blind men 
attempting to describe an elephant. Happily, Tropical Pasture 
Research is not one of these books. Although it is a collective effort of 
33 authors, the editors have done an excellent job of minimizing gaps 

and repetition and of cross-referencing the chapters. Perhaps their 
efforts were aided by the fact that all of the authors and editors work for 
CSIRO, in either the Division of Tropical Agronomy or Division of 
Soils, at the Davies and the Cunningham Laboratories in Queensland, 
Australia. 

Content of the book is indicated by the titles of its 16 chapters: 
Planning and Organizing Pasture Research; Climate; Land; Natural 
Vegetation and Pasture Research; Plant Introduction; Plant Nutrition 
and Soil Fertility; Legume Bacteriology; Developing and Testing New 
Pastures; Pasture Evaluation by Grazing Experiments; Pasture 
Measurements; Physiology of Growth and Chemical Composition; 
Agronomy and Ecology of Improved Pastures; Measuring the 
Nutritive Value of Pasture Plants; Plant Breeding and Genetics; 
Statistics and Pattern Analysis; Seed Production, Harvesting, and 
Storage. 

It is certainly beyond my capability to adequately assess technical 
content for such a wide variety of topics. The Division of Tropical 
Agronomy is probably the foremost center of research on tropical 
pastures in the world. The authors have drawn not only on work done 
by themselves and their colleagues in Australia and other tropical 
countries but also on an extensive review of worldwide literature. 
Over 1,200 references are cited, mostly in English, including dates up 
to 1975. The book is concisely and clearly written. Although some 
authors describe certain techniques in considerable detail, it is 
obviously impossible to do so for all techniques in such a broad 
coverage. The emphasis is on outlining the principles and approaches 
used for various problems and how various methods fit into the 
research strategy. Techniques mentioned are extensively referenced, 
however, so the reader can pursue the topic further. Very few 
typographical or other errors were noted. In one chapter “large scale” 
was confused with “small scale” in referring to satellite and aerial 
imagery. 

As the name implies, the book is concerned with “pasture” 
research in tropical areas and it follows the Australian philosophy of 
emphasis on introduced species, fertilization, and legume-grass 
mixtures. Only one chapter is devoted to “natural vegetation” and its 
use either directly for grazing or for evaluation of ecological potential 
for establishing improved pastures. The orientation is toward the vast 
areas throughout the semiarid to humid tropics which have potential 
for improved pastures and which, outside of Australia, are found 
mainly in the developing countries where pasture research is often in 
its infancy. Although may principles and methods of research are 
similar for improved pastures and rangeland, some of the approaches 
and techniques described in this book would have to be modified 
considerably for range research. 

This book would be very useful for range scientists, agronomists, 
and animal scientists now doing or planning to do research in tropical 
areas, particularly those areas with reasonably adequate moisture. It 
should also be useful as a reference on research techniques for teachers 
and researchers in the temperate areas.-E. Lamar Smith, Tucson, 
Arizona. 
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