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Rangeland Management in Australia1 pastures can be improved by ag- 
ronomic means from those which 
must be managed strictly on an 
ecological basis. Using the Ameri- 
can definition of range, the entire 
Australian continent, with only 
small portions removed for inten- 
sive agriculture and urban develop- 
ment, would be considered range- 
lands. For the purpose of this 
paper, we will discuss only the arid 
and semi-arid rangelands as out- 
lined by Perry (1966), Heathcote 
(1968), and others. 

THADIS W. BOX AND RAYDEN A. PERRY 

Dean of Natural Resources, Utah State University, Logan, Utah; and 
Leader, Rang-eland Research Unit, Commonwealth Scientific and 

Industrial Research Organization, Canberra, A.C.T., Australia. 

Highlight 

The term “rangeland” in Australia is used to designate the arid and semi-arid 
areas unsuitable for crop production. The lands of this pastoral zone cover 
about 2,200,OOO square miles. This vast area accounts for 74% of the continent, 
yet it is occupied by only 3% of its people. Of the total area, over 99% is 
unimproved native rangeland, less than one-half of one percent is improved 
pasture, and less than one-tenth of one percent is cropped. Almost a third of 
the land is unoccupied. The arid rangelands carry about a third of the country’s 
sheep and beef cattle. These livestock produce about A$400,000,000 in export 
income for the country. Ranges are managed on a low capital and labor input 
system. Many of the larger cattle properties are unfenced; livestock are con- 
trolled by water development. Areas around water and smaller properties in 
the arid zone may be severely deteriorated in range condition. Current research 
projects are designed to provide information to prevent further decline in 
productivity, aid development , and to improve management. 

The term “rangeland” in Aus- 
tralia is used to designate the arid 
and semi-arid areas unsuitable for 
crop production. It encompasses 
all land in which rainfall on a 
given area is not adequate for crop 
production (Perry, 1966, following 
a definition similar to that of 
Meigs, 1953). This definition is 
clear and unequivocal in that land 
can be classified as arid or non- 
arid in accordance with a single 
land use characteristic, that is, 
whether or not the rain falling on 
it is adequate fos economic crops 
or sown pasture production. The 
definition does not make for a 
static boundary between the arid 
and non-arid country. The eco- 
nomics of crop production change 
with changes in technology, de- 
velopment of new crops and varie- 
ties and with changes in cost of pro- 
duction or of the value of a prod- 
uct. In response to such changes, 
the boundary between arid and 
non-arid land fluctuates but only 
land marginal to the boundary is 
affected. Most of the areas remain 
definitely arid or non-arid. 

In Australia, the south and south- 
east boundary of the arid range- 
lands is the low rainfall margin for 

wheat production which has been 
determined by long agricultural ex- 
perience. In the north and north- 
east, agricultural experience is lack- 
ing and the boundary used is a line 
where the duration of the agricul- 
tural growing season, determined 
from daily rainfall records and a 
water balance model (Slayter, 1960), 
is 12 weeks in four out of five years 
(Perry, 1966). 

The Australian definition of 
rangeland differs markedly from 
that used by Americans. It sepa- 
rates out the arid and semi-arid 
regions as rangelands and leaves the 
unimproved grazing lands of the 
more humid regions as “native 
pastures.” The accepted Ameri- 
can definition, on the other hand, 
states that any land producing 
native forage for animal consump- 
tion is rangeland. American range 
managers are currently broaden- 
ing their definition of rangelands 
to include recreational lands, 
watershed, waste disposal areas, 
etc. that are not traditionally 
grazing lands for livestock. The 
Australian definition of rangelands 
as only arid and semi-arid regions 
may appear unnecessarily limited 
in scope to Americans, but it serves 

l Received June 3, 1970; accepted for 
publication July 7, 1970. 

a useful purpose in Australia by 
separating out those lands on which 
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Australian rangelands thus de- 
fined cover about 2,200,OOO square 
miles. They are commonly referred 
to as the pastoral zone; however, 
much of the northern undeveloped 
areas suitable for potential crop- 
ping outside the arid zone may be 
also included in the pastoral zone 
in some publications. 

The boundaries of the arid Aus- 
tralian rangeland are shown in 
Figure 1. These lands cover about 
74% of Australia but are occupied 
by only about 3% of its people. 
The area includes a large part of 
all mainland states except Victoria. 
The rangeland portion of the 
various states are as follows: New 
South Wales 46%, Queensland 630/o, 
South Australia 87”/0, Western Aus- 
tralia 86%, and the Northern 
Territory 86% (Perry, 1966). 

Agricultural production from 
arid Australia is presently limited 
to products from animals grazing 
native plants. Of the total area, 
over 99% is unimproved native 
rangeland, less than one-half of one 
percent is improved pastures and 
less than one-tenth of one percent is 
cropped (Bureau of Agricultural 
Economics, 1965). About one-third 
of the land is unoccupied (Heath- 
tote, 1968). Most of the unoccupied 
land is spinifex (Triodia sp.) sand 
plain or sand dune country which 
is considered unsuitable for graz- 
ing. The harsh, unpalatable spini- 
fex plants will not support stock. 
When areas of similar country in- 
cluded within established leases are 
considered, the proportion of un- 
used country in arid Australia is 
probably nearer one-half than the 
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FIG. 1. Rangelands of Australia. The cross hatched area represents those lands defined 
as rangelands in Australia and covers about 74% of the continent. 

one-third quoted by Heathcote 
(1968). 

In 1962, the arid lands carried 
about one-third of the country’s 
sheep and beef cattle. Since then 
the proportion has declined partly 
because of droughts and partly be- 
cause of the demand for animals to 
stock the rapidly developing im- 
proved pastures of noa-arid Aus- 
tralia. Annual export income from 
the livestock industries of the arid 
area exceeds $400,000,000, Austra- 
lian currency. 

Sheep and cattle are not evenly 
distributed. Seven-eights of the 
sheep are concentrated in the two 
eastern states of Queensland and 
New South Wales. The rangelands 
of these two states account for 
slightly over one quarter of the Aus- 
tralian sheep population. By con- 
trast, rangelands in South Australia 
and Western Australia combined 
support less than 4% of Australia’s 
sheep. Of the 47,700,OOO sheep in 
arid Australia in 1962, 22,200,OOO 
were in Queensland, 19,349,OOO in 
New South Wales, 3,965,OOO in 
Western Australia, 2,200,OOO in 
South Australia, and only 9,000 in 
the Northern Territory. 

The distribution of beef cattle is 
somewhat different. Over half of 

the beef cattle in the rangelands 
occur in Queensland and one-fifth 
in the Northern Territo,ry. The 
arid areas of these two states to- 
gether suppolrt one-quarter of Aus- 
tralia’s beef cattle population 
(Perry, 1966). Of the 4,491,OOO 
cattle, 2,240,OOO are in Queens- 
land, 904,000 are in the Northern 
Territory, 601,000 in Western Aus- 
tralia, 466,000 in New South Wales, 
and only 100,000 in South Aus- 
tralia. 

The Vegetation of 
Australian Rangelands 

The vegetation of Australian 
rangelands has been described in 
various ways. Williams (1955) and 
Cochrane (1967) listed 17 structural 
sub-formations. Leigh and Noble 
(1969) and Moore and Perry (1970) 
have recognized 10 major sub- 
formations. Of these 10 sub-forma- 
tions, 5 are woodlands mostly char- 
acterized by eucalypts occupying 
16.9% of the total Australian arid 
land area. They are variable in 
form, ranging from midheight to 
low trees and dense to very open 
stands. 

Shrublands occupy 43.8% of the 
Australian arid land area. Of these 
Acacia shrublands, characterized by 

tall shrubs or low trees, are the 
most widespread and occupy 32.8% 
of the arid land. Shrub steppes 
dominated by low chenopodiaceous 
shrubs (mainly A triplex and 
Kochiu) account for most of the 
remainder of the shrubland area 
and are widespread, mainly south 
of the Tropic of Capricorn. 

Grasslands occupy 39.3% of the 
arid rangelands. Of these, the arid 
hummock grasslands dominated by 
spinifex (Trio&a and Plectruchne) 
account for 30.5% and are the 
second most widespread sub-forma- 
tion in the arid areas. Although 
important from the viewpoint of 
area they are not used extensively 
and are mo,stly vacant land. Arid 
tussock grasslands characterized by 
Mitchell grass (Astreblu spp.) oc- 
cupy 8.8% of the arid lands. They 
are extensive on cracking clay soils 
in the northern half of the zone and 
because of their high stock carry- 
ing capacity are very important to 
the grazing industries. 

Status of Australian Rangelands 

Extensive botanical changes have 
occurred on most of the rangelands 
following grazing and indiscrimi- 
nate lopping for drought feed. 
These changes have resulted in the 
disappearance of some palatable 
shrub species and a marked in- 
crease in some of the less palatable 
or increaser species. In Australia 
some of the shrublands, such as the 
saltbush ranges in the winter-rain- 
fall areas, degrade into grasslands 
with overgrazing. In most cases, 
American experience has been the 
other way around. 

Although they are sparsely popu- 
lated, it is apparent that the arid 
lands are far from in virgin con- 
dition. In just a little over a cen- 
tury much of Australia’s interior 
has changed from the world’s 
largest land mass untouched by the 
hand of modern man to the de- 
graded pastureland of modern day 
graziers. 

The original plant communities 
were unique, reflecting many thou- 
sands of years of evolution on an 
isolated, exposed land mass. The 



endemic warm blooded animals 
were likewise unique, consisting 
mainly of marsupials and birds that 
had evolved in the absence of native 
predators. The coming of the 
aborigine, and apparently the 
dingo with him, represented the 
first alien influence to this isolated 
continent, and their introduction is 
recent in geologic time. 

It is doubtful that either the 
dingo or man did much to alter 
plant evolutionary patterns in their 
brief residence of 30-40 thousand 
years. Populations of both men 
and dogs have always been low in 
Australia. The men were largely 
nomadic and possessed no grazing 
animals. They did not till the land 
or destroy the natural vegeta- 
tion. With the exception of 
burning, they lacked tools necessary 
for major landscape modification; 
therefore, neither the plants or the 
animals evolved the protective fea- 
tures necessary to survive under the 
impact of European man’s land 
use. 

The desert shrubs of Australia do 
not have the protective spines that 
grow in the deserts of other con- 
tinents and were soon grazed be- 
yond their capacity to endure. 
Many native marsupials were de- 
fenseless against the onslaught of 
the fox, the feral cat, the domestic 
dog, and other predators that were 
introduced into the environment. 
The result is that in the last hun- 
dred years, many Australian range- 
lands have developed into vast 
degraded arid ecosystems . Some 
plant and animal species have been 
lost forever, others have been re- 
duced to low populations and the 
environment altered to such a point 
that they may never be able to 
survive. Still others, although 
weakened, can be brought back 
with proper management. Some 
animals (e.g. kangaroos) increased 
with the development of stock 
watering points. The European 
rabbit which spread into the range- 
lands between 1880 and 1900 ef- 
fectively occupied the ecological 
niches of many of the small to 
medium sized native herbivores. 

RANGELANDS OF AUSTRALIA 

The Australian environment today 
is not what it was a hundred years 
ago and the so-called natural bal- 
ance can never be reclaimed. 

Not all of Australia’s rangelands 
are degraded. In general, those 
areas that have been settled the 
longest or the areas with smaller 
properties are the most heavily 
grazed. In addition, areas near 
water development on larger prop- 
erties may be severely flogged. The 
conditions of Australia’s arid range- 
lands are better than many arid 
regions of the world, such as the 
Middle East and North Africa. The 
major difference is that the Aus- 
tralian rangeland has b,een settled 
for a very sho’rt period of time and 
the human population pressures 
have not been great. In addition, 
many of the perennial plants of 
the arid regions are relatively un- 
palatable and water develolpments 
are still relatively sparsely distrib- 
uted. For these reasons, Australia 
is fortunate in that many of its 
rangelands are still in relatively 
good condition; however, most of 
the ranges in the occupied area of 
Australia have shown a continuous 
downward trend since they were 
settled. 

The rapidity with which Austra- 
lian environment changed with 
European settlement has been well 
documented. Most of the area was 
nolt settled until the 1880’s. Within 
a few years of settlement of each 
area, articles began to appear in 
the popular press taking note of the 
change due to overgrazing. By the 
1890’s, papers were being read in 
the Royal Societies on the effects 
of grazing intensity. Since that 
time, papers have appeared period- 
ically describing disasterous effects 
of grazing on various local areas in 
Australia. More recently, the effects 
of grazing on vegetation through- 
out Australia has been summarized 
by Moore (1962), Perry (1966, 
1969), and Heathcolte (1968). In 
1969 Perry wrote: 

The rangeland pastoral industries are 
valuable but because of lack of knowl- 
edge, they are exploitative, i.e.; they 
are mining the land resources on which 
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they depend. Most rangelands show 
some deterioration, already some have 
deteriorated badly. Continued and 
accelerating deterioration can be ex- 
pected unless scientifically based man- 
agement practices designed to preserve 
the rangeland resources are adopted. 

Management of Range Lands 

Part of the problem of range- 
land deterioration in Australia is 
associated with the type of man- 
agement in the arid areas. Here 
livestock operations have de- 
veloped on an extensive, low input 
structure. Large properties are 
operated with low labor forces and 
with a minimum amount of physi- 
cal structures involving capital in- 
put. The extensive nature of these 
operations may vary from rather 
low input operations to stations 
where cattle and sheep are raised 
almost as feral animals and mus- 
tered once or twice a year for 
branding and shipping. Although 
this type of operation may seem 
wasteful to many range managers, 
the return to investment is usually 
good. In 1968 Heathcote wrote: 

Relative to the other primary pro- 
ducing areas, the pastoral land use 
seems to provide a greater return on 
capital, if at the expense of extensive 
rather than intensive settlement, de- 
spite extremely low yields per acre. 
Efficiency of use has been achieved 
by minimizing the labor involved and 
the investment in improvements (often 
limited to fences for greater control 
of the use of the forage and water 
facilities to supply the scarcest com- 
modity) and making sole use of the 
native self-regenerating forage. 

As might be expected, the turn- 
off rates for such operations are 
extremely varied. For instance, 
througholut most of the arid zone 
the sheep operations produce no 
fat lambs. The increase from the 
greater portion of the flock nor- 
mally goes into maintaining the 
breeding ewes and wether portions 
of the flock. Any take-off from 
these operations generally consists 
of aged wethers and ewes and 
breeders that have been culled for 
one reason or another. 
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Cattle production in most of the 
arid zone is likewise low when mea- 
sured in turnoff rates. Figures of 
13% to 19% annual turnoff from 
the herds of western Queensland, 
Northern Territory, and northern 
western Australia are common. In 
some cases as much as 60% of female 
stock produced on stations is 
needed for herd maintenance alone. 
Under those conditions any appre- 
ciable sale of female stock tends 
to lower the livestock turned off 
from a given station. 

In the Kimberley’s of Western 
Australia it is generally accepted 
that herds suffer a normal death 
loss of about 11%. Calving per- 
centages and branding percentages 
are 101~. Under such conditions, a 
little over a folurth of the herd or 
about 28% are breeders. The rest 
are either replacement animals or 
bullocks to be held to an ad- 
vanced age for sale. 

Such low turnolff rates indicate 
that there is a great 08pportunity 
for increasing output from the live- 
stock producing areas of arid Aus- 
tralia. Unfortunately, little infor- 
mation is available from the field. 
In fact, many figures quoted are 
broad estimates because most of 
the stations’ never have a complete 
muster of the cattle and do1 not 
know how many of the livestock are 
actually available for producing 
purposes. In most cases, the only 
measure of production is the num- 
ber of animals sold when muster- 
ing takes place. 

Most of the large cattle proper- 
ties are unfenced. There is little 
opportunity to practice scientific 
range management. One of the 
most pressing needs for increasing 
livestock production in arid Aus- 
tralia is to bring the livestock under 
control. The principles of animal 
husbandry and range management 
cannot be applied to animals which 
are essentially in a feral condition. 
Such simple and proven manage- 
ment practices as controlled breed- 
ing programs, supplemental feed- 
ing, improved grazing systems, and 
safe stocking rates can do much to 

improve the productivity of Aus- 
tralian rangelands and improve the 
condition o,f the vegetation on 
which the animals graze. 

Australians are just now begin- 
ning to realize the value of their 
vast arid interior. Most of the 
human population is concentrated 
in the humid fringe around the out- 
side of the continent. The entire 
political and econo,mic structure of 
the country has revolved around 
the outer fringe. The recent 
drought and the activity of Austra- 
lian professional biologists con- 
cerned about the arid interior have 
resulted in the establishment of a 
rangelands research unit in the 
Commonwealth Scientific and 
Industrial Research Organization 
(CSIRO) to study the maintenance 
and use of the rangelands resources. 
The leader of this unit, Ray Perry, 
has said: 

Because of our short history of settle- 
ment, Australia is still in the fortu- 
nate position of having large areas 
of rangeland in relatively good con- 
dition. The alternatives are clear: 
that we either learn to maintain its 
condition or watch it deteriorate to 
unproductive wasteland from which it 
cannot be restored (Perry, 1969). 

Traditionally, Australian range- 
lands have been used primarily for 
livestock production. Little atten- 
tion has been given to the multi- 
ple use management of rangelands 
as we know them in America. The 
timber resources of the arid in- 
terior are not great. Most of the 
watersheds drain internally and do 
not contribute to the water supply 
of large metropolitan o,r agricul- 
tural areas. Therefore, little em- 
phasis has been given to forestry or 
watershed management. 

The present value elf arid range- 
lands for recreational purposes is 
far overshadowed by its potential. 
Australians, for the most part, look 
to the sea and the beach for out- 
door recreatioa. 
has largely been 

Foreign tourism 
attracted to the 

beaches, 
As the 

population 
and other 

centers, the 
coastal areas. 

human population grows and 

beaches become more crowded, the 
need for solitude and wide open 
spaces will cause more people to 
turn to the arid zone for recrea- 
tion. The wide open spaces of the 
outback will be at a premium. 

In fact, the increase in tourist 
visits to the center of Australia has 
already begun. In 1967, 40,000 
tourists visited the Northern Terri- 
tory. Almost 20,000 found their 
way in 1968 to Ayers Rock, an 
isolated monolith 350 miles from 
the nearest town in the center of a 
hostile desert. Alice Springs has 
already established itself as a major 
attraction for world travelers. The 
natural beauty of arid landscapes 
is beginning to attract visitors from 
near and far. Lower transcontinen- 
tal air fares are predicted with the 
coming of jumbo jets and super- 
sonic aircraft. Domestic travel facil- 
ities are constantly improving. Arid 
Australia can look forward to an 
ever increasing tourist industry. 

Australia quite logically has con- 
centrated most of her research 
efforts and her development dollars 
in the humid zone where most of 
the people live and where political 
pressures are greatest. Like most 
countries, she has put first em- 
phasis on the immediate and most 
urgent needs of the majority of her 
people; however, the potential of 
Australia’s arid lands far out- 
weighs actual contribution to the 
present day ecoaomy. In the future, 
it is likely to remain largely pas- 
toral, but its contributions in 
minerals, irrigated agriculture, and 
outdoor recreation are bound to 
increase. 

Australia is in a fortunate posi- 
tion of being able to profit by the 
mistakes made in other countries. 
It is an advanced country with sci- 
entific and technical expertise on 
a par with any country in the 
world. There is no reason why 
the Australian rangelands 
be maintained in their 

cannot 
present 

rate of production-and perhaps in- 
crease in productively-if the Aus- 
tralians themselves decide 
rangelands are important. 

that their 
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Range Education in East Africa 

J. H. ROBERTSON, GENE F. PAYNE, AND C. V. JENSEN1 

Specialists in Range Managment, Egerton College, Njoro, Kenya. 

Highlight 

Range management instruction in 
East Africa is centered in the 3-year 
diploma course at Egerton College, 
Kenya. Since 1966, range diplomates 
have received AID Scholarships to 
study toward B.S. and M.S. degrees in 
the U.S.A. The return flow of range 
graduates began to replace expatriate 
range specialists in 1969. 

The newly independent nations 
bordering Lake Victoria-Kenya, 
Tanzania and Uganda-are referred 
to here as East Africa. 

The awareness of range manage- 
ment as a science and a dire neces- 
si ty prevails at all levels of govern- 
ment in East Africa, but especially 
in Kenya. This awareness can be 
traced to a few dedicated ex- 
patriate career officers in the Minis- 

IAll members of the West Virginia 
University-U.S.A. AID Contract Team 
Egerton College, Njoro, Kenya. Pres- 
ent addresses and titles are: Professor 
J. H. Robertson, Professor, Division 
of Renewable Natural Resources, 
University of Nevada, Reno, Nevada; 
Dr. Gene F. Payne, Professor, Animal 
and Range Sciences Department, 
Montana State University, Bozeman, 
Montana; Mr. C. V. Jensen is former 
Head of Department of Range Man- 
agement, Egerton College, N joro, 
Kenya. 

tries of Agriculture and the East 
African Agriculture and Forestry 
Research Organization. At the risk 
of omitting others equally deserv- 
ing we will mention E. J. Russell, 
J. M. Rattray, Leslie Brown, D. C. 
Edwards, P. J. Greenway, A. V. 
Bogdan, John Peberdy, David 
Pratt, R. H. Brown, Richard Ed- 
mundson and Hugh York. The 
Americans Harold Heady, Leland 
Falloln, James Moomaw, Jay Bent- 
ley and Victor Bunderson were in 
Kenya laying ecological ground- 
work and recommending manage- 
ment techniques before any formal 
education was begun in Range 
Management. 

Range Management education, 
as such, was formally begun at Eger- 
ton College in Kenya in October, 
1965. The following year a United 
Nations Development Program 
team was organized at Nairobi 
under the leadership of Victor 
Bunderson to do range surveys, ex- 
tension education and research. 

John T. Cassady of this team 
took the initiative in organizing the 
East African section of the Ameri- 
can Society of Range Management. 

With assistance fro’m David 
Bishop and Roy L,ewis of the 
United Nations Development Pro- 
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gram team, the Farmer’s Training 
Institute was reactivated at Narok. 
Samson Lekakeny, B.S. 1966 in 
range management, Colorado State 
University, was appointed in 1968 
to organize a training program in 
range and stock management for 
his tribe, the Purko Masai. 

These extension officers are writ- 
ing short course syllabi and produc- 
ing 16 mm cinefilms on livestock 
improvement, range and ranch 
management, disease control and 
bush control. David Bishop and 
Roy Lewis are outfitting 4 mobile 
vans with A-V teaching equipment, 
using the pastoral tribal language. 

These vans are operated out at 
the manyattas (tribal settlements) 
by Range Certificate holders from 
the Animal Health and Industry 
Training Institute (AHITI). 

The range curriculum at the 
AHITI extends through 3 terms 
and includes biology, physics, chem- 
istry and forage crops in the first 
term. Terms 2 and 3 cover ecology, 
animal husbandry, range manage- 
ment, economics and ranch orga- 
nization. There are 2 weeks of field- 
trip and 12 of practicals. When 
employed these men will be paid 
$45 to $80 per month, about half 
as much as Egerton diplomates. 
Refugees from several countries are 
learning at AHITI.2 

2These details furnished by Samuel 
Chumo and George Ayiga, ex-Egerton 
1966, both of whom taught Range 
Management at AHITI. 
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Range Education in East Africa 

J. H. ROBERTSON, GENE F. PAYNE, AND C. V. JENSEN1 

Specialists in Range Managment, Egerton College, Njoro, Kenya. 

Highlight 

Range management instruction in 
East Africa is centered in the 3-year 
diploma course at Egerton College, 
Kenya. Since 1966, range diplomates 
have received AID Scholarships to 
study toward B.S. and M.S. degrees in 
the U.S.A. The return flow of range 
graduates began to replace expatriate 
range specialists in 1969. 

The newly independent nations 
bordering Lake Victoria-Kenya, 
Tanzania and Uganda-are referred 
to here as East Africa. 

The awareness of range manage- 
ment as a science and a dire neces- 
si ty prevails at all levels of govern- 
ment in East Africa, but especially 
in Kenya. This awareness can be 
traced to a few dedicated ex- 
patriate career officers in the Minis- 

IAll members of the West Virginia 
University-U.S.A. AID Contract Team 
Egerton College, Njoro, Kenya. Pres- 
ent addresses and titles are: Professor 
J. H. Robertson, Professor, Division 
of Renewable Natural Resources, 
University of Nevada, Reno, Nevada; 
Dr. Gene F. Payne, Professor, Animal 
and Range Sciences Department, 
Montana State University, Bozeman, 
Montana; Mr. C. V. Jensen is former 
Head of Department of Range Man- 
agement, Egerton College, N joro, 
Kenya. 

tries of Agriculture and the East 
African Agriculture and Forestry 
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of omitting others equally deserv- 
ing we will mention E. J. Russell, 
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United Nations Development Pro- 
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In Uganda the non-degree agri- 
cultural colleges at Arapai and 
Bukulasa and the Veterinary Train- 
ing Institute, Entebbe, and in Tan- 
zania, Tengeru Agricultural Train- 
ing Institute near Arusha have 
been turning out diplomates with 
incidental instruction in range 
management. The same is true of 
the agricultural college of Univer- 
sity of East Africa, Makerere, Kam- 
pala. Actually, senior students in 
agriculture at Makerere have done 
some very comprehensive range 
studies. 

The College of African Wildlife 
Management, Mweka, near Moshi, 
Tanzania, makes an important con- 
tribution to range education. We 
take the liberty of quoting from 
Leslie Robinette’s reply to an in- 
quiry. Robinette has taught range 
ecology there about 5 years. 

“We give only one course in 
range management but it consists 
of approximately 3 hours of lec- 
tures weekly for 28 weeks covering 
such topics as plant physiology and 
ecology in relation to grazing, vege- 
tation measurement techniques, 
enough statistics to appreciate 
what is involved in sampling, con- 
dition and trend, etc. Emphasis has 
been on range management as it 
relates to big game but competition 
between game and livestock is 
touched upon. On safari we applied 
many of the vegetative techniques, 
observed and discussed range con- 
dition and trend but again with 
much of the emphasis on game 
ranges. About 12 weeks are spent 
annually on safari and about one 
fourth of this time has been spent 
on range problems.” 

May we now return to examine 
Egerton College. It is a quasi- 
governmental boarding school es- 
tablished in 1939 for the sons and 
daughters of British farmers in the 
White Highlands. One of the most 
modern buildings is J. F. Kennedy 
Dining Hall. The last white stu- 
dent departed in 1965. The Col- 
lege is near Nakuru, seat of the 
Rift Valley Province. Although 
only 30 miles from the equator, 
the climate is pleasant, 50-80 F., 

owing to the elevation, 7,400 feet. 
The mean annual precipitation of 
36 inches is separated by two very 
dry seasons into the long rains and 
short rains. 

During 1965, a 2-year curriculum 
was devised with all the range 
courses coming the second year 
(Robertsoa and Jensen, 1966). 
Seventeen volunteers were received 
who had completed their first year 
in either crops or animal hus- 
bandry. Egerton students at that 
time numbered about 200, most 
of whom had Division II passes in 
the Cambridge secoadary certifi- 
cate. Division I passers usually 
accept employment, enter a uni- 
versity, or do higher certificate, i.e. 
specialized fifth and sixth years in 
secondary school. Examinations, 
pass levels and university admission 
standards are as described by Craig 
(1969). Most Egerton students are 
on bursaries (scholarships) from 
their governments, the remainder 
from institutions such as banks, the 
Agha Khan Fund and the Kenya 
Farmer’s Association. Nearly all 
the African students are from peas- 
ant families. The Asian students 
are frolm mercantile pursuits. They 
comprise 10-15s of the student 
body. About half of the range 
students come from outside of 
Kenya, mostly from Tanzania and 
Uganda. 

Two range courses are taught for 
non-range diploma streams. Gen- 
eral agriculture, animal husbandry, 
farm management and agricultural 
education majors are required to 
hear 20 lectures on “Range man- 
agement in East Africa.” Engi- 
neers have 10 lectures and 20 hours 
of practicals in “Range develop- 
ments.” Enrollment in these classes 
was 106 in 1969. 

The 2-year range diplo’ma pro- 
gram was in vogue only one year. 
While executing it, the S-year cur- 
riculum was framed. All curricu- 
lum planning was in consultation 
with the Division of Range Man- 
agement, Kenya Ministry of Agri- 
culture. 

Before elaborating upon the 3- 
year curriculum, we would like to 

try to communicate some feeling 
for the 2-year diploma holders who 
were posted as range officers, re- 
settlement officers, UNDP assist- 
ants, etc. Some were sent into 
situations as pioneers without suf- 
ficient supervision. The following 
excerpts are from a letter from a 
2-year diplomate, 3 months ex- 
Egerton, posted to a pastoral dis- 
trict. 

“It is not safe to move about. At 
the moment there is a curfew 6:30 
PM to 6:00 AM. I he 3 miles from 
town. We are 3 officers only and 
it is extremely lonely up here. We 
are open to danger at anytime and 
all means of communication with 
the rest is pretty poor. In these 
N. E. districts the people are being 
settled in villages. The ground is 
completely denuded except the 
evergreen Euphorbia fed on by 
camels. All the cattle are emaciat- 
ing at a very high rate. Security 
cannot allow these cattle to be 
grazed outside for they may act as 
a source of food for the Shifta. 

The Turkana, hopeless and hun- 
gry people are mainly immigrants 
and nobody accepts them. The 
number at the moment amounts to 
over 3,000 people. It is my duty 
to settle them, where, I do not 
know.” 

The Shifta (Somali raiders) prob- 
lem was settled by negotiation in 
1968 and long-delayed progress in 
range development is now possible 
in the wholly pastomral Northeast- 
ern Province, east of Lake Ru- 
dolph and north of the Tana 
River. 

This letter of October 1966 con- 
tained much more about the 
tribal hostility, conflicting religious 
beliefs, floundering ranching co- 
operatives, and malaria. 

The government of Kenya found 
by experience that young range 
officers from cultivator tribes were 
not well accepted by their pastoral 
constituents, because of language 
differences and lack of background 
in animal husbandry. Accordingly 
the selection board set pastoral 
background as one criterion 
whereas applicants for other di- 
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Table 1. Summary of subjects studied by range management students, Eger- 
ton College, Njoro, Kenya, 1969. 

rent United States range curricu- 
lum, Egerton is more rigid (Table 
1). 

Contact hours 

Agricultural engineering 
Hand tools, engines, machinery maintenance, 
surveying, hydrology, water development, 
engineering drawing 

Animal science 
Farm work, breeds, nutrition & feeding, 
veterinary management, livestock records, 
cattle-sheep-goat husbandry 

Botany 
General (agr. plants), physiology, 
taxonomy, ecology 

Chemistry 
Inorganic, biochemistry (basic organic 
plus physiological), soil & fertilizer, 
soil genesis, physics & classification 

Crops 
E.A. agriculture, general crop husbandry, 
forage crops 

Discussion 
Students may raise any subjects for 
discussions 

Economics 
General, prices & marketing, production, 
national development, credit, records & 
accounting, budget-analysis, labor & 
office management, range economics 

Electives 
English 
Extension 

Sociology, teaching methods, extension, 
history & policies 

Game management 
Government procedures 
Mathematics 

Arithmetic, basic algebra, graphics 
Range management 

Principles, forage values, inventories, 
improvements, management planning, 
literature, fire management, water 
supply, safari, seminar 

Soils 
Zoology 

94 

185 

80 

78 96 

70 

6 0 

210 

0 0 
32 0 
60 0 

84 136 
20 0 
32 0 

266 310 

40 
112 

188 

100 

40 

45 

0 

60 
72 

ploma streams were just selected The range curriculum was ex- 
on the basis of academic record and panded and further adapted to 
personality. The pastoral back- East African needs during 1967- 
ground u-i terion for range students 1969. In the S-year curriculum there 
is credited with bringing about the are 9 terms. Each term is 10 weeks 
lowest grade point average of all of instruction and one of examina- 
diploma streams, but the best ath- tions, except term IX which is 
letic records. Range has more than shortened to 5 weeks to allow for 
its share of sports captains. final exams. Compared with a cur- 

Range majors meet an hour per 
week for 6 weeks during the first 
term to get acquainted and find 
out what range management is 
about. Each student takes the floor 
to explain where he came from, 
why he is there and to stand ques- 
tioning. The 1967 intake of 26 
students represented 20 tribes. 
Secondary and college level board- 
ing schools in East Africa are ex- 
cellent melting pots. Much of the 
old tribal hostility is overcome, an 
important factor in political sta- 
bility in East Africa. 

Range management is not sched- 
uled in the second and fourth 
terms. Range instruction resumes 
in the third term with an intro- 
ductory course of 20 contact hours, 
half as lectures. The second and 
fourth terms are devoted to english, 
mathematics, engineering, biology, 
chemistry, forestry and animal hus- 
bandry. Range is taught in each 
of the last 5 terms. 

A 2-week range safari and 3 
weeks game management instruc- 
tion at the College of African Wild- 
life Management occupies the in- 
terval preceding the ninth term. 
Much of the wildlife experience 
is obtained on safari in game parks. 
Ten tage, cots, and utensils were 
donated to Egerton in 1966 by U.S. 
Agency for International Develop- 
ment. Use of this equipment has 
made it possible for the Govern- 
ment of Kenya to give vacation em- 
ployment on range projects-a very 
important part of range education. 

At the end of the ninth term, the 
students face 5 days of written and 
oral examinations. The five ex- 
aminations are: 

Range management I, vegeta- 
tion, physiology, ecology, and 
grazing systems. 
Range management II, im- 
provemen ts, surveys and 
sampling, and information 
sources. 
Animal health and hus- 
bandry. 



174 

4. 

5. 

Crop husbandry and agricul- 
tural engineering. 
Economics, extension, and 
farm management. 

Outside examiners are invited in 
to question each student and sub- 
mit their reports to the Principal. 
In borderline cases, they re-evalu- 
ate examination papers. In the 
event of a final grade just below 
passing, the student is usually per- 
mitted by the Academic Council 
to repeat the examinations after a 
month or more of study. 

At the time the range manage- 
men t curriculum was established, 
the ninth term examinations were 
the primary criterion for granting 
the diploma. Presently, the ex- 

% 

ANDERSON AND JERNSTEDT 

aminations count 25% while the 
grade point average (a recent in- 
novation) colunts 75% toward the 
final evaluation. 

Standards have been upheld and 
scholastic competition has been 
keen. About 80% of the intake 
have received diplomas. Of. the 14 
range diplomates, 3 have earned 
B.S. degrees and 2 M.S. degrees at 
the University of Arizona. David 
Mbuvi received his M.S. and is now 
a lecturer at Egerton. George Ayiga 
came over in September, after 3 
years in research and teaching in 
Kenya. Three from the class of 
1968 are studying range manage- 
ment, agricultural economics, and 
game management in the U.S.A. At 
least one from the 1969 class is 

9 

Evaluating Multiple Economic Effects of Forage 
Development and Management1 

E. WILLIAM ANDERSON AND MAURICE L. JERNSTEDT 

State Range Conservationist and State Resource Economist, 
Soil Conservation Seroice, Portland, Oregon. 

Highlight 

A multiple-effect approach is illustrated for evaluating the economic impact 
of a forage development and management project on a ranching enterprise. 
A nucleus project, such as an irrigated pasture, may result *in a chain reaction 
of other potential adjustments in land use, animal husbandry, and resource 
management. The economic benefits illustrated are considerably greater than 
those usually associated with range and pasture projects because multiple 
effects that accrue within the total operation are considered. This is an im- 
portant item for the ranch operator when making decisions on financing 
potential developments. Some broad guidelines are presented which are useful 
for evaluating economic aspects of land use, forage management and animal 
husbandry in conjunction with each other. 

A successful range livestock 
operation involves several major 
activities. Two of these are: (1) pro- 
ducing forage, which is primarily 
a function of managing plants, 
water, and soils (i.e., resource man- 
agement), and (2) converting a for- 
age crop into products useful to 
humans. The latter is primarily a 
function of managing animals. 

l Received December 19, 1969; ac- 
cepted for publication January 13, 
1971. 

How efficiently these activities are 
conducted conjunctionally influ- 
ences the profit-making ability of 
the total ranching enterprise. More 
attention, however, has been 
focused on animal management or 
husbandry than on potential land 
use adjustments and resource man- 
agement. Not nearly enough at- 
tention has been given to coordi- 
nating the two phases. 

We need to sharpen our thinking 
on how to assess fully the value of 

presently studying in the U.S. All 
of these people were awarded 
“AID” Scholarships strictly on 
merit. Neither political nor con- 
sanguineal criteria were applied in 
making these selections. 

Given the blessing of continued 
political stability, range education 
can be expected to flourish. Their 
need is greater than ours and their 
problems more formidable. 

Literature Cited 
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forage from range and pasture, par- 
ticularly under multiple use man- 
agement if grazing is only one use 
of the land. We especially need 
to know the benefits that accrue 
throughout the entire year’s opera- 
tion of a ranching enterprise if a 
greater volume or better quality of 
forage is developed and is available 
when needed. 

Historically, a “per-acre” ap- 
proach has been used to assess 
forage and feed values. This ap- 
proach deals in terms of animal 
unit months, pounds, bushels, or 
tons of production per acre which 
are converted to dollars and cents 
by applying a normal per-unit 
market value. This approach is 
oriented to the productivity of a 
specific area of land. It does not 
take into account the beneficial 
effects within the total ranching 
enterprise that result from increas- 
ing the volume and/or quality of 
forage at a season when it is espe- 
cially needed. Forage can be im- 
proved nutritionally and its avail- 
ability made more timely. The 
“per-acre” approach usually shows 
low returns on investments in 
rangeland improvements because 
the benefits from a single improve- 
ment that accrue to the total enter- 
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prise may be incompletely con- 
sidered. 

Table 1. Abbreviated summary of ranch operations and yearlong livestock/ 
feed balance for the initial situation of 200 cows. 

The purpose of this paper is to 
present guidelines for assessing a 
forage development and manage- 
men t program in terms of the 
several beneficial effects accruing 
to the total ranch operation. Bene- 
fits that result from fully develop- 
ing potential land use adjustments 
and resource management are em- 
phasized. These benefits augment 
those obtained from good animal 
husbandry and contribute markedly 
to 0,verall econo’mic gain. 

Developing irrigated pasture to 
meet a critical summer-forage situ- 
ation was used herein as the initial 
improvement to illustrate how one 
kind of forage development can 
trigger a chain of events. The 
principles in this analysis apply 
equally well, for example, to evalu- 
ating the total impact of a poten- 
tial crested wheatgrass seeding on 
the ranching operation. This type 
of analysis applies to public as well 
as private land improvements. 

cows 
T- 

BULLS REPIAC. YRLG. 
HEIFERS Totals 

Livestock 
Animal Unit Equivalent 
Number 
Animal Units 

Feed 8 Forage Needed 

1 .o 
200 
200 

1.3 

1’: 

0.6 
30 
18 

Pasture 
Spring 3/15-5/15 
Summer 5/15-lo/30 
Fall 1 l/l - 1 l/30 

“0~ 12/l -3/15 

400 AUM 26 AUM 
1,100 70 

200 13 
1,700 AUMs 109 AUMs 

300 tons 15 tons I 36 AUM 
100 

18 
154 AUMs 
40 tons I 460 AUM 

1,270 
230 

1,960 AUMs 
355 tons 

320 tons 1 I 
30 tons 

A simple procedure for develop- 
ing the data was used. First, we 
explained the problem and what 
we hoped to achieve by obtaining 
factual data and observations first- 
hand from ranchers. Next, we ob- 
tained their estimates of the num- 
ber of beef cows required in their 
locality to provide a minimum- 
sized cow-weaner calf operation. 
Third, we jointly developed the 
amount of different kinds of feed 
required yearlong for the major 
kinds of livestock in this cow-calf 
operation. Finally, we obtained 
their estimates of the acres of each 
kind of forage-spring, summer, and 
fall range; pasture; hay; crop after- 
math-required toI produce the feed 
and forage needed to support this 
cow-calf operation. Their experi- 
enced production rates were used. 

Seasonal feed and forage require- 
ments are shown for the major 
kinds of animals in this operation. 
Based on the ranchers’ experienced 
yields, about 11,000 acres of land 
would be needed to produce the 
various feeds required yearlong. 

Background Information 
Six Oregon cattle ranchers repre- 

senting typical ranching operations 
in three major ranching areas, each 
of whom operated both irrigated 
pasture and rangeland, were con- 
sulted jointly by the authors. The 
objective was to obtain basic data 
and to develop a typical ranching 
operation on which to base a study 
of forage values. It was considered 
important to find out what ranchers 
thought their management prob- 
lems, solutions, and benefits were 
and to express these in meaningful 
terms. These six ranchers provided 
personal knowledge and quantita- 
tive data such as seasonal weight 
gains and calf-crop percentages re- 
lated to their operations. Data ob- 
tained from these ranchers were 
surprisingly uniform from area to 
area, and their data have been sub- 
stantiated by later consultations 
with individuals and groups of 
ranchers in other ranching areas. 
Each of these ranchers had realistic 
opportunities to improve forage 
production and management. 

After developing the initial situ- 
ation in the model approach, we 
assumed that 100 acres of lower- 
elevation spring range of this 
typical ranch could be irrigated 
and had soils that would grow im- 
proved pasture or hay under in- 
tensive management. We asked, 
“what opportunities, alternatives, 
and benefits would this provide to 
the total ranching operation?” 

Collectively, these data represent 
an analysis of a hypo,thetical or 
typical cattle ranch for a locality. 
The info,rmation collected was re- 
corded on a summary of ranch 
operations and livestock feed for 
ready reference and study using a 
model approach. 

Land Use Adjustment 
Table 1 summarizes the initial 

situation developed with the 
ranchers which consisted of a cow- 
calf operation based on 200 cows. 

Table 2 summarizes the planned 
situation in which it was possible 
to increase the cow herd from 200 
to 300 head. This increase was 
made polssible primarily by the for- 
age derived from additional irri- 
gated acres which, in turn, pro- 
vided additional flexibility for 
adjusting seasonal use of the total 
forage crop. Note that estimated 
rates of production for crops other 
than improved pasture and hay are 
the same for the initial and planned 
situations. Increased potential pro- 
duction due to improved range 
and pasture management can be 
achieved in practice; however, in- 
creased production rates were not 
used in order to avoid this source 
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Table 2. Abbreviated summary of range operations and yearlong livestock/ 
feed balance for the planned*situationof 300 cows. 

cows BULLS REPLAC. YRLG. 
HEIFERS 

Totals 

Livestock 

Animal Unit Equivalent 
Number 
Animal Units 

Feed 8 Forage Needed 

Posture 

1.3 

:z I 0.6 
45 
27 I 067 AUM 

1,214 
1,040 
3,120 AUM 

452 tons 

sate for the resulting shortage of 
early spring range forage and to 
increase it enough for a larger 
number of livestock it was de- 
cided that a range seeding (450 
acres) of an adapted species was 
needed within the area of low- 
elevation range. 

Spring 4/l-6/15 
p;rner 6/15-9/30 
a 10/l-12/31 

“0~ l/1-3/31 

750 AUM 50 AUM 
1,050 70 

900 60 

2,700 AUM 

380 tons 

180 AUM 

67 AUM 
94 
80 

237 AUM 

52 tons 

Land Needed 

Range Seeding 
Spring range 
Summer mnge 
brig. posture 

Hay d crop aftermath 
Legume-grass hay 
Croplond 

Toiuls 

Est. Produ 

Acres Per Acre 

450 1 1/2A AUM 
4,575 / 1OA AUM 
5,570 5A/AUM 

:5 
6AUM/A 

12AUM/A 
(229;) 2AUM/A 

5T/A 
23 1 1/2T/A 

11,000 
owes 

of optimism. In balancing the sea- 
sonal forage supply, it was appar- 
ent that there was a shortage of 
spring forage. The alternative 
chosen to alleviate this problem 
was to make a range seeding in the 
lower-elevation rangeland that 
would be suitable for early spring 
grazing. About 450 acres of typical 
range seeding would be required 
to provide the needed spring forage. 

In the locality represented by 
the data used to develop the model 
ranch, spring range is typified by 
bluebunch wheatgrass (Agropyron 
s+xtum Pursh.), Sandberg blue- 
grass (Poa secunda Presl.), with 
varying amounts of chea tgrass 
brome (Bromus tectorum L.) and 
big sagebrush (A rtemisia triden ta ta 
Nutt.). Areas of soils on slopes 
suitable for range seeding or irri- 
gation are common in these lower- 
elevation areas. Summer range is 
typified by Idaho fescue (Festuca 
idahoensis Elmer.), pinegrass (Cal- 
amagrost is ru bescens Buckl.), blue- 
bunch wheatgrass, Sandberg blue- 
grass and abundant forb species. 
The irrigated pasture that produces 
about 6 animal unit months per 
acre consists primarily of Kentucky 
bluegrass (Poa pratensis L.) and 
white clover (Trifolium repens L.). 
The improved pasture consists of 
Latar orchard grass (Dactylis glom- 
erata L.) and Ladak alfalfa (Medi- 
cage sat iva L.). 

ion Seosonol Availability 

.I Resource Management Adjustment 

2. The range seeding, which is 
suitable for early spring grazing 
would, in turn, allow for de- 
layed spring grazing on the 
native range. This helps im- 
prove range condition. The 
range seeding, which can be 
grazed earlier in the spring than 
native range also might reduce 
the dry-lot feeding costs. 

Based on the nucleus develop- 
ment of 100 acres additional irri- 
gated land, the fo’llowing relational 
factors involving adjustment in re- 
source management of the total 
ranch were developed with the 
ranchers (Fig. 1). Although the po- 
tential production for the typical 
ranch was balanced with total live- 
stock feed requirements, only the 
management of cows is shown for 
the sake of simplicity. 
1. The amount of spring-range 

forage was reduced by using 100 

range (due to having a range 
seeding available) improves the 
forage volume that is available 
for the livestock at that time. It 
also improves the nutritional 
quality of the native forage be- 
cause of reduced “washiness.” 
The result could be an increase 
in weight gain per head per day 
while grazing the native range. 

4. The irrigated pasture would be 
ready for grazing in late spring. 
This provides the animals with 
high quality forage which re- 
sults in a good rate of animal 

3. This later-than-usual date for 
beginning grazing on native 

- 
acres for irrigation. To compen- production. It is ideal forage for 

TYPE OF SPRING 1 SUMMER 1 FALL 1 WINTER 
FEED 81 FORAGE -MAR. 1 APR. 1 MAY I JUNE I JULY I AUG. I SEPT: I OCT. I NOV. I DEC. I JAN. I FEB. 

SPRING RANGE 
SUMMER RANGE 
AFTERMATH 
FEEDLOT 

I INITIAL SITUATION 200 COWS 

,&X7 Grazing period 

PLANNED SITUATION 300 COWS 

RANGE SEEDING 
SPRING RANGE 
IRRIG. PASTURE 
SUMMER RANGE 
AFTERMATH 

FIG. 1. Changes in land use and resource management (cow herd) associated with 
development of irrigated pasture and managing the total resource for optimum 
forage quality, timeliness of availability, and production. 
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a breeding pasture. If used for 
this purpose it might result in 
an increased calf-crop percent- 
age and more uniform ages of 
calves. Confined breeding on 
high quality pasture also can re- 
duce the number of bulls re- 
quired which, in turn, reduces 
costs and increases incobme. 

5. The irrigated pasture would re- 
quire a period of regrowth in 
early summer after having been 
topped-off in the spring. Dur- 
ing this time, the cows and 
calves would be grazed on the 
summer range. This later-than- 
usual date for beginning grazing 
on the summer range increases 
volume and nutritional value of 
the forage, and, consequently, 
animal gains. It also improves 
range condition just as it did for 
the spring range. 

6. During summer and fall, the 
cow-calf herd is moved from the 
summer range back to irrigated 
pasture which would have re- 
covered from the previous graz- 
ing and would be in full pro- 
duction. During this hot-season 
weather, which is a critical for- 
age season, the animals would 
be on lush, green, irrigated for- 
age. This would maintain a 
good rate of animal gain, espe- 
cially on calves, instead of the 
gains tapering off as happens 
with native range forage during 
hot, dry weather. The result 
would be an increase in the total 
weaning weight of the calves. 
Calves are weaned off this irri- 
gated pasture in the fall. 

7. After the calves are weaned, the 
dry cows are returned to the 
summer range where they 
usually do better nutritionally 
as well as in their grazing dis- 
tribution than if the calves were 
with them. This, in turn, makes 
more efficient use of the sum- 
mer range forage, improves graz- 
ing patterns, and consequently 
helps improve range condition. 

8. In late fall the cows are taken 
off the summer range and re- 
turned to the base ranch. There 

they graze aftermath of hay 
fields and pastures and, if 
needed, regrowth on the range 
seeding. Some hay might be fed 
during this period. If aftermath 
and range grazing can be ex- 
tended into1 early winter, this 
reduces hay requirements and, 
consequently, the cost of dry-lot 
feeding. Also, if the need for 
aftermath grazing can be re- 
duced by providing abundant 
late-fall or early-winter range 
forage, the grazing of hay after- 
math can be controlled so as to 
leave about three inches stubble 
over winter. This protects the 
soil and plants frolm damage by 
freezing. With a good stubble 
cover, hay usually grows earlier 
the following spring. It also 
contributes to increased hay 
yields and longevity of the 
stand. 

9. Collectively, the increased vol- 
ume of forage created by estab- 
lishing additional irrigated pas- 
ture and range seeding, the 
gradually increased volume of 
range forage resulting from im- 
proved range condition, and the 
flexibility provided for adjust- 
ing the availability of forage 
accolrding to seasonal require- 
ments will result in a greater 
carrying capacity fo’r the total 
ranch. A larger herd of cows 
can be supported on the same 
number of acres. and with nearly 
the same facilities. This in- 
creases the net income. 

These observations, developed by 
discussion with ranchers, verify that 
there is a chain of interactions 
which takes place if more or better 
quality forage is developed as a 
single impro,vement. If a single im- 
provement is planned to be in- 
stalled, some other phase or item 
of the total ranching enterprise, 
when interdependent, will be af- 
fected physically, economically, or 
both. These interactions can be 
likened to the game of standing 
dominoes on end and tipping the 
first one. Sometimes the chain re- 
action ends short; other times it 

continues all the way down the 
line. Similarly, it is very likely that 
no two1 ranches will have the same 
set of interactions from a single 
improvement, such as a range seed- 
ing, although the improvements 
may be physically alike. 

Economic Effects 

The foregoing analysis illustrates 
how an initial change in the forage 
supply of a ranch can trigger a 
series of needed adjustments in 
land use and resource management. 
To obtain the optimum benefit, 
good animal husbandry must be an 
integral part of the program so 
the forage resources are converted 
efficiently to products for human 
use. Conversely, good resource man- 
agement also is a necessity to’ pro- 
duce the optimum from the land. 
Coordination, therefore, is based on 
(1) providing a balanced, year-long 
forage supply to meet livestock 
needs; (2) practicing good animal 
husbandry to meet the needs of the 
livestock and make them efficient 
in converting the forage crops into 
products for humans; and (3) using 
the forage crop to a proper degree 
and in a timely manner for nutri- 
tional quality, quantity, and main- 
taining or improving production. 

Based on the physical and man- 
agerial resource changes previously 
explained, the ranchers enumerated 
several changes that might be 
achieved which would directly 
affect the livestock herd. They are: 

1. Increased percentage of calves 
weaned. 

2. Increased weight of weaned 
calves. 

3. Shortened calving season. 
4. Increased number of cows. 
5. Reduced number of bulls re- 

quired per cow unit. 
6. Reduced costs per cow unit. 

These changes have an economic 
impact on the profit olr loss of the 
ranching enterprise because they di- 
rectly affect the marketable prod- 
uct, which is beef. For simplicity 
purposes, additional sources of 
added income associated with im- 
proved resource management, such 
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Table 3. Initial and potential factors derived from interview data. 

Factor 

Percent calves weaned (%) 
Weaner weight (Ibs.) 
Price per pound ($) 
Annual cost of operation per cow ($) 

Initial Potential 
situation situation 

80 90 
400 500 
0.25 0.25 

75 & 90 75 & 90 

as increased weight and quality of 
cows and bulls sold and longevity 
of cows and bulls, have not been 
included herein. 

Initial and potential factors de- 
rived from the interview data ob- 
tained from ranchers are shown in 
Table 3. 

These factors are typical for the 
ranching areas involved in the 
interviews. In the initial situation, 
a four-hundred-pound calf selling 
for 25$ per pound is worth $100. 
Only 80 percent of the cows wean 
calves, so the income per cow is 
$80. Therefore, the net return per 
cow from sale of calves is $5 when 
cow costs are $75. The same pro- 
cedure was used to establish other 
points from which curves were 
drawn. For other ranching areas 
these values may be higher or 
lower; however, the evaluation pro- 
cedure remains the same. 

75 80 85 90 95 
PERCENT CALVES WEANED 

FIG. 2. Net return/ or loss per beef cow 
from sale of calves as related to percent 
calves weaned, annual operating cost 
per cow, and weaning weights based on 
25e/lb. value. 

Figure 2 emphasizes the changes 
in net return or loss per cow from 
sale of calves that result from 
changing the percentage o,f calves 
weaned, the weaning weight, and/ 
or the annual cost per cow based 
on 25$/lb. value. 

The usefulness of this chart is 
illustrated by the following 
examples: At 25$/lb. value, a 
ranch with $75 cow cost and 400-lb. 
weaners requires 75 percent of the 
calves to break even. If the cow 
cost is $90 with 400 lb. weaners, 90 
percent calves weaned is required 
to break even. 

At 25$/lb. value, a ranch with 
$75 cow cost, 400-lb. weaners, and 
80 percent of the calves weaned has 
net return per cow frosm sale of 
calves of $5. If the percentage of 
calves weaned can be increased to 
90 percent the net return per cow 
from sale of calves on this ranch is 
increased to $15-three-fold. 

At 25$/lb. value, a ranch with 
$75 cow cost, 400-lb. weaners, and 
80 percent of the calves weaned has 
net return per cow from sale of 
calves of $5. If the weaner weight 
can be increased to 500 Ibs., the 
net return per cow from sale of 
calves would increase to $25-five- 
fold. 

At 25+!/lb. value, a ranch with 
$90 cow cost, 500-lb. weaners, and 
80 percent of the calves weaned has 
a net return per cow from sale of 
calves of $10. If the costs per cow 
can be reduced to $75, the net re- 
turn per cow from sale of calves 
increases two and a half times to 
$25. 

This illustration is useful for dis- 
cussing the economic impact that 
weaning weight, calving percentage, 
and cow cost have on profit or loss. 
It accentuates the importance of 
discussing the opportunities in 

land use, resource development 
and management, and animal hus- 
bandry that collectively will im- 
prove the economic situation of the 
total enterprise. Similar charts, 
using weaning weights and cow 
costs as the horizontal axis, can be 
developed as effective visual aids 
to clarify the importance of these 
factors. 

Increased Cow Numbers 
In general, the ranchers inter- 

viewed thought they had ranch 
resources that were under-used 
because of various limiting factors, 
mainly because of a feed shortage 
during a critical period. Existing 
ranch equipment and machinery, 
labor, corrals, and other facilities 
could be used more efficiently. Ad- 
ditional livestock could be sup 
ported on their ranches yearlong 
without much increase in fixed 
capital investment, provided a bal- 
anced seasonal forage supply was 
developed and the grazing program 
made more efficient. If cow num- 
bers can be increased without ma- 
terially increasing fixed costs, this 
is one way to reduce the annual 
operating cost per cow. It has the 
same effect as increasing net in- 
come. 

The typical ranch that was de- 
veloped had a cow cost of $75. Of 
this, $48 was considered to be 
variable and $27 fixed cost. AS 
used herein, fixed costs are those 
that would not increase as cow 
numbers increased. Investments and 
taxes on land, buildings, corrals, 
and some equipment are included. 
Variable costs increase with an in- 
crease of herd numbers. Included 
are hay, feed, veterinary services, 
and bulls and interest, taxes, and 
insurance on added investments. 
Some items in fixed and variable 
categories may change categories de- 
pending on the individual ranching 
operation. For example, an increase 
in cow numbers on one ranch may 
not require more of such items as 
machinery, transportation equip- 
ment, fences, labor, water develop- 
ments, telephone service, or elec- 
tricity singly or in co’mbination. 
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IO 20 30 40 50 
PERCENT INCREASE IN COW NUMBERS 

FIG. 3. Reduction in annual cost of opera- 
tion per cow resulting solely from in- 
creasing cow numbers without increas- 
ing acres, facilities or labor. Forage 
supply is adequate for increased num- 
bers. 

The same increase in cow numbers 
on another ranch might require 
more of such items. 

Figure 3 illustrates the effect of 
proportioning the $27 fixed costs 
to each cow in the herd. As the 
number of cows increases without 
increasing fixed costs, the propor- 
tion for each cow is reduced, thus 
increasing the net return per cow. 

Figure 3 illustrates an important 
point. The $90 cow-cost curve 
shows a steeper drop in costs as 
cow numbers are increased than 
does the $75 curve. This indicates 
that the effect from adding more 
cows is usually greater if the per- 
cow investment is high than if it is 
low, provided that adding these 
cows does not increase fixed costs 
significantly. A 501 percent increase 
in cow numbers reduces a $75 cow 
cost by $9.25, whereas it reduces a 
$90 cow cost by $14.25 per cow 
annually. Similar curves can be 
drawn for situations where these 
values do not apply. 

Economic Summary 

Table 4 summarizes changes in 
net return from sale of calves for 
the typical ranch as a result of com- 
bining land use adjustments, re- 
source development and manage- 
ment, and good animal husbandry. 

Table 4. Summary of changes in annual income derived from increased per- 
centage of calves weaned, increased weaner weights, and increased numbers 
of cows. 

Present income per cow from sole of calves 
Change #l: Increase % calves weaned from 80% to 90%. 
Change x2: lncreose weoning weights from 400 to 500 Ibs. 
Chonge #3: Increase cow numbers from 200 to 300 head. 

Income per cow from sole of calves 

Annual income from cows for entire ranch 

Increase in annual income for entire ranch 

Amount that ccm be invested today to realize the 
increased cmnuol income from sole of calves (in- 
creased annuctl income capitalized at 8% for 25 yrs.) 

Increase in per cow income 

Initial 
Situation 

k #l 

d 5.00 I$ 5.00 

5.00 15.00 

1,cOo.oo 3,000 .oo 

2,OOO.oo 

21,350.OO 

Annual cost of installing needed improvements . . . . . . . . . . . . . . . . . . . ,.......... . . . . . . . . . . . . . . . . . $7525 

with changes 

38.00 47.20 

7,600.OO 14,160.OO 

6,600.OO 13,160.OO 

70,450.oo 140,480.oo 

Increase in ranch income from sole of calves.. . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . , . . $6635 

The initial ranch supported 200 
cows and had an annual ranch in- 
come from sale of calves of $1,000. 
If it were possible to increase per- 
centage of calves weaned from 80 
percent to 90 percent without in- 
creasing cow cost, the result would 
be an annual ranch income from 
sale of calves of $3,000. If, in addi- 
tion, the weaning weight could be 
increased from 400 pounds to 500 
pounds without increasing cow 
cost, the annual ranch income from 
sale of calves would be increased to 
$7,600. So far, these changes have 
not involved an increase in cow 
numbers. 

If the total potential program of 
resource development and forage 
management were put into effect, 
this ranch would support a herd of 
300 cows. If this increase in cow 
numbers were attained in additioa 
to increasing the calf crop and 
weaning weights and without in- 
creasing fixed costs, the annual 
ranch net income from sale of 
calves would be $14,160. 

Increases in calf crop, calf 
weights, and cow numbers usually 
cannot be achieved without invest- 
ing money. It is important to know 
approximately how much can be in- 
vested to,day in order to realize the 
predicted increased annual income 
sometime in the future. Based on 
today’s interest rates, the annual 
increase in ranch income from sale 
of calves for each of the three po- 
tential improvements was capital- 
ized at 8 percent for 25 years. Ac- 
cordingly, $2 1,350 could be invested 
to increase weaning percentage; 

$70,450 to increase weaning per- 
centage and weaning weights; and 
$140,480 to increase weaning per- 
centage, weaning weights, and cow 
numbers to the extent indicated. 
This is in addition to the invest- 
ment in additional cows. 

Costs of land use adjustments and 
resource management vary. Addi- 
tional expenses commonly are in- 
volved. Using generous estimates 
of unit costs and amortizing capital 
improvements at 8 percent for the 
length of their expected life, an- 
nual cost of the complete develop- 
ment and management potential 
was $7,525 in the model developed. 

The annual cost of installing and 
managing 100 additional acres of 
irrigated pasture and hay amounted 
to $5,170. Included are such items 
as establishment, fences, irrigation 
water, labor, and fertilizer. The 
annual cost of installing and man- 
aging 450 acres of range seeding 
was $1,355. Included are such items 
as establishment, fences, stockwater, 
and management. The annual cost 
of intensifying the range manage- 
ment system on native range costs 
$1,000, all of which was considered 
to be additional labor. 

The complete program increases 
the annual ranch income from sale 
of calves by $13,160 ($14,160 minus 
$1,000 initially). In order tot obtain 
this increase, it cost $7,525 annually 
to install the improvements needed. 
As a result, the ranch income from 
sale of calves increased from $1,000 
to $6,635 ($14,160 minus $7,525), 
which is sixfold. 
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Per-acre Approach 

By comparison, a “per-acre” ap- 
proach to analyzing this program of 
land coaversion, resolurce develop- 
ment and managment would in- 
volve the following type of con- 
siderations (Tables 1 and 2): 

Four hundred fifty acres of 
range now producing 45 animal 
unit months (AUMs) annually 
would produce about 300 AUMs 
when converted to a range seed- 
ing. At $3/AUM market value, 
the increased production repre- 
sents $765 annually fro’m this 
improvement. As previously 
cited, the annual cost of install- 
ing and managing this seeding 
was figured to be $1,355. 

One hundred acres of rangeland 
were converted to irrigated im- 
proved pasture (85 acres), irri- 
gated improved hay (12 acres), 
and cropland (3 acres) in a crop 
rotation needed to systematic- 
ally replace old stands and 
thereby maintain production 
over the years. The 85 acres 
irrigated pasture would produce 
about 1,000 additional AUMs 
annually which at $5/AUM 
market value, would be worth 
$5,000. The 12 additional acres 
of irrigated hay would produce 
60 tons annually at $25/tori 
market value, olr $1,500. Some 
additional income would be de- 
rived from the 3 acres od crop- 
land depending upon what it 
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3. 

was used for. The annual cost 
of installing and managing 100 
acres additional irrigated land 
was figured to be about $5,170. 

For the total development of 
irrigated land, range seeding 
and additional range manage- 
ment needed, the annual cost of 
installation and management 
was figured to be about $7,500. 
Using the “per-acre” approach, 
the annual benefits would be 
about $7,800, making these pro- 
posals a questionable venture 
economically. 

Summary 

In conclusion, each forage de- 
velopment or improvement project 
within a ranching operation may 
act as a nucleus for a chain reaction 
of other adjustments in land use, 
animal husbandry, and resource 
management. The economic effect 
of the nucleus development, or of 
related potential developments, 
should be assessed oln the basis of 
benefits accruing to the total ranch 
operation. Some broad guidelines 
are presented in a simple manner. 
These are useful for evaluating 
economic aspects of land use, 
forage management, and animal 
husbandry in conjunction with each 
other. Animal husbandry is im- 
portant but alone cannot develop 
the full potential. Adjusting land 
use and resource management is 
an essential component of a total, 
balanced program designed for op- 

timum economic gain. The eco- 
nomic benefits illustrated are con- 
siderably greater than those usually 
associated with range and pasture 
projects because benefits that accrue 
within the total operation are 
considered. This is an important 
item for the ranch operator when 
making decisions on financing po- 
tential improvements. 

The over-all economic signifi- 
cance of the range livestock indus- 
try to rural communities as de- 
veloped by Bromley (1969) points 
to the urgency for strong public 
support for an aggressive program 
of forage development and man- 
agement, including those achieved 
through the use of public as well 
as private funds and on public as 
well as private lands. 
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2nd CALL FOR PAPERS, 25th Annual Meeting 

The Society’s Silver Anniversary meeting will be held 
February 6-l 2, 1972, in Washington, D.C. The theme 
selected for this meeting is Rangeland Resources and So- 
ciety’s Needs-A Look Ahead to the Zlst Century. 

The program schedule will accommodate approximately 
110 volunteer papers, with a delivery time of about 15 
minutes for each paper. Such volunteer papers may be in 
any of the following topical areas of rangeland: economics, 
ecosystems, education, improvement, hydrology, nutrition, 
physiology, planning, recreation, wildlife (birds), wildlife 
(mammals), grazeable forest land, and new uses of range 
plants. Insofar as possible, the papers to be presented 
should relate to the theme of the meeting. Specific pro- 
gram sessions will be set up after the committee has made an 
initial review of the submissions. 

A separate concurrent session for Student Conclave papers 
will be scheduled. 

Procedure-Those wishing to present papers at the 25th 
Annual Meeting should submit the following: (1) title of 
paper, (2) preliminary abstract of not more than 200 words, 
and (3) a supporting statement indicating the significance 
of the offered paper and specifying the method of presenta- 
tion and any special requirements. 

DeadZine No. I-One copy of the above must be sent to 
the Program Committee by June 4, 1971. (Preliminary 
abstracts of student papers are to be sent to the Program 
Committee by October 15, 197 1.) Address submissions to 
David G. Wilson, SRM Program Chairman, Bureau of Land 
Management (?90), U.S. Department of the Interior, Wash- 
ington, D.C. 20240. 

DeadEine No. Z-Authors of accepted papers will be 
notified not later than September 3, 1971. Revised abstracts 
and other material which the Program Committee may re- 
quest must be received by December 5, 1971. 



Shade for Improving Cattle Gains 
and Rangeland Use1 

E. H. McILVAIN AND M. C. SHOOP 

Agronomist and Range Scientist, Crops Research Division, 
Agricultural Research Service, U. S. Department of 

Agriculture, Woodzuard, Oklahoma. 

Highlight 

Shade increased summerlong gain of yearling Hereford steers on rangeland 
by a profitable 19 lb./head in a 4-year study. High summer humidity depressed 
steer gains much more than did high summer temperature. The combined 
effects of humidity above 45% and temperature above 85 F were especially 
harmful. Each “hot muggy day” reduced summerlong steer gains by 1 lb. 
Cattle eagerly sought shade during hot summer days. By manipulating shade, 
cattle were drawn to under-utilized areas of a pasture to reduce damaging 
spot grazing. Shade was nearly as effective as water location and supplemental 
feeding as a tool to promote uniform grazing within a pasture. South-facing, 
oDen sheds used as winter shelters did not increase steer gains, nor would 
t$e steers use them even during storms. 

El Uso de Sombreadores para 
Mejorar las Ganancias de 

Novillas y Pastoreo 
de Animales 

Resumen” 

El presente estudio se llev6 a cabo 
en la estaci6n experimental de Pla- 
nicios de1 Sur cerca de Woodward, 
Oklahoma, E.U.A., durante 10s adios de 
1959-1962 comprendiendo un period0 
de cuatro adios. 

Este estudio incluy6 sombreadores 
hechos a mano y novillas de la raza 
Hereford de un afio de edad. Se en- 
contr6 que 10s sombreadores no inf- 
luyeron en la producci6n durante el 
invierno pero las ganancias en peso 
aumentaron en 8.6 Kgs. durante el 
verano. Dicho aumento amortiz6 en 
dos adios el costo de 10s sombreadores 
a $9.00 (Dlls.) por novillo. 

Se registr6 mas efecto adverso en 
humedades altas que en las tempe- 
raturas altas. Los aumentos en peso 

lStudy conducted on the Southern 
Plains Experimental Range, Wood- 
ward, Oklahoma, by the Crops Re- 
search Division, Agricultural Research 
Service, U. S. Department of Agri- 
culture, in cooperation with the 
Oklahoma Agricultural Experiment 
Station. Received February 14, 1970; 
accepted for publication August 7, 
1970. 

2Por Dr. Donald L. Huss, Organiza- 
cion de las Naciones Unidas para la 
Agricultura y la Alimentacion (FAO), 
Dep. de Zootecnia, ITESM, Monter- 
rey, N.L., Mexico. 

fueron menores con mas de 45% de 
humedad relativa y 30°C de tempera- 
tura. Los animales buscaron sombra 
durante el verano y por eso fud precise 
poner en buena localizaci6n 10s som- 
breadores para tener uniformidad de 
pastorero de1 pastizal. 

Tools to manipulate the grazing 
patterns of beef cattle within a 
pasture are badly needed. It has 
long been observed that cattle in 
the Southern Plains eagerly seek 
shade during hot summer days. 
This study was conducted to answer 
two questions: One, can shade, par- 
ticularly artificial shade, be used 
as a tool to change grazing patterns? 
Two, can cattle gains in the South- 
ern Plains be economically in- 
creased by use of summer shade or 
winter shelter? 

Spot grazing is one of the most 
important factors that limits the 
production of beef on rangelands. 
This is especially true when a 
rancher uses conservative or mod- 
erate grazing on mixed grass or tall 
grass ranges or on ranges with 
variable soil and vegetative types. 
When severe spot grazing occurs, 
ranges are damaged by both over- 
use and underuse. We have found 
that spot grazing can also depress 
steer gains by as much as 80 pounds 
per head in summer (unpublished 
data). 
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Weather stresses are also impor- 
tant limiting factors to beef pro- 
duction (Ittner et al., 1954, 1958; 
Beakley and Findley, 1955a, 1955b; 
Cartwright, 1955). The climate of 
the Southern Plains is, rigorous; 
extremes of temperature are espe- 
cially great; and periods of high hu- 
midity, high winds, cold rains, and 
blowing snow greatly amplify tem- 
perature effects. 

Weather stresses may help 
explain why weaner steers on 
the Southern Plains Experimental 
Range gained 360 lb./head while 
related steers (from the same herd) 
gained only 260 lb. the following 
summer. Quantity of forage, fully 
adequate in both years, was judged 
to be of near-equal quality. 

Area, Livestock, and Methods 

The Southern Plains Experi- 
mental Range is located in north- 
western Oklahoma. Elevation is 
2000 ft above sea level. Annual 
precipitation averaged 23 inches 
during the past 85 years, but it 
varied from 10 to 42 inches. Pre- 
cipitation during the five consecu- 
tive driest years averaged 14.2 
inches (1952-56), and the five con- 
secutive wettest years averaged 30.6 
inches (1957-62). The highest tem- 
perature recorded was 114 F and 
the lowest -27 F. The evaporation 
isolgram (92 inches yearlong) that 
passes through Woodward also 
passes near Las Cruces, New Mex- 
ico, and into southeastern Arizona. 

Soils are mostly sands and loamy 
sands on and between rolling dunes 
now stabilized with sand sagebrush 
(Artemisia filifolia), blue grama 
(Bouteloua gracilis), sand dropseed 
(Spore bolus cryptandrus), little 
bluestem (Andropogon scoparius), 
sand bluestem (Andropogon hallii), 
several minor short, mid, and tall 
grasses, and a few forbs. About 18 
acres of rangeland is usually needed 
to graze a cow-calf unit for 1 year. 

The gain-response data were ob- 
tained with 9- to 11-head lots of 
steers during the 4 years, 1959- 
1962. The study was conducted 
with three replications for the first 
2 years and then with four replica- 
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tions. The Hereford calves, choice 
stocker grade, were obtained each 
year in October from the same 
ranch. They were weaned under 
uniform conditions, branded with 
individual numbers, vaccinated, 
and allowed to regain their gross 
weight at weaning before being 
allotted to treatment at random. 
Their average initial weight was 
492 lb. 

The steers were grazed continu- 
ously yearlong on about 8 acres/ 
head of native range. Their only 
feed in addition to grass was a 
daily winter ration of 1.5 lb. of 
41% protein cottonseed pellets, and 
salt free choice. 

Treatments were shelter in the 
winter and shade in summer. Open- 
faced sheds (14 ft by 16 ft by 14 ft 
high) were built facing south for 
winter use. The roof was pitched 
steeply to allow the sun to shine to 
the back wall at midday (Fig. 1). 
For summer shade the sheds were 
tipped over toward the south so’ 
that the open face became the floor 
of the shaded area (Fig. 2). A panel 
was removed from the south side 
so the wind could help cool the 
cattle and extend the range of 
physiologically tolerable tempera- 
ture (Thompson et al., 1954). 

Each steer had access to about 
30 ft2 of shade at midday, only 
about half that suggested by Ittner 
et al. (1958). In the morning and 
afternoon the side walls also made 
excellent shade. The steers never 
appeared to be crowded when 
under the shade. 

The sheds were constructed be- 
tween paired pastures so that by 
opening or closing gates, the treated 
steers could be grazed in either 
pasture with contmuous use of the 
shelter or shade (Fig. 3). Steers were 
rotated each two weeks throughout 
the year to minimize pasture dif- 
ferences. The pastures contained no 
trees or other major shade~produc- 
ing objects. 

Observations were made ol cattle 
grazing habits to determine the 
value of shade as a tool to’ pro- 
mote uniform grazing distribution. 
These observations were made on 
the Experimental Range and on 
neighboring ranches with different 
vegetative types such as shinnery 
oak, shortgrass, and river-bottom 
pastures. Some pastures had artifi- 
cial shade, some had natural shade, 
and some were without shade. 

To help understand and explain 
treatment differences, correlation 
coefficients were calculated for 
various combinations of steer gains 
on native range (witho’ut shade or 
shelter) and elements of weather 
for the period 1942-63. Correla- 
tions were first calculated between 
seasonlong gains of steers on mod- 
erately grazed (9 acres/head) and 
lightly grazed (I3 acres/head) pas- 
tures. During the 10 years, 194% 
51, the correlation of steer gains 
on the moderately and lightly 
grazed pastures was high (r. = .98 in 
winter and .94 in summer). There- 
fore, the gains of moderately and 
lightly grazed steers were averaged 
and used as the basic steer-gain 
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data. This minimized the possi- 
bility 01 lack of quantity of forage 
tram unduly influencing the corre- 
lation between steer gains and 
weather factors. For this same rea- 
son, data were excluded for the 
three severe drouth years of 195’2, 
1954, and 1956. 

Results and Discussion 

Winter Shelter 

The winter shelters had no mea- 
surable effect on steer gains. The 
4.winter average gain 01 steers with 
access to shelter was 39 lb./head 
and without shelter it was 41 lb. 
(Table 1). 

Even though all protein supple- 
ments were fed in the shelters, the 
steers did not use them during cold, 
windy days or during storms. In- 
stead, they usually bedded down in 
sagebrush near the base of south- 
east-facing dune slopes. 

It seems illogical that the cold 
winds and rains of winter do not 
produce environmental stress. Our 
correlation coefficients indicated 
that small stresses do exist, but 
apparently the shed shelters were 
ineffective because the steers did 
not feel as comfortable in them as 
they did in the protection of the 
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Table 1. Gain (lb.) of Hereford steers on rangeland as affected by availability 
of shelter in winter and shade in summer. 

Year 

Steers 
Per 

treat- 
ment 

Average gain per steer 

Winter Summer Advantage of 

No No 
Shelter shelter Shade shade Shelter Shade 

Number 
of hot, 
muggy 

days 

1958-59 30 30 36 321 304 -6 17 40 
1959-60 33 50 54 314 287 -4 27 60 
1960-61 40 22 22 364 360 0 4 30 
1961-62 36 56 54 291 261 2 30 50 

Total 139 

A% 39 41 323 304 -2 19 - 

sage and dunes (Table 2). Other 
types of shelters might give differ- 
ent results and should perhaps be 
studied. 

The correlations, with one excep- 
tion, were surprisingly small. Con- 
trary to expectations, the correla- 
tions indicate that low winter tem- 
peratures depressed steer gains 
little, whereas warm temperatures 
significantly increased gains. It ap- 
pears that an economical method of 
keeping the cattle warm could be 
beneficial. 

Summer Shade 

In contrast to the winter non-use 
of shelters, steers consistently sought 
the protection of summer shade on 
every hot, sunny day. Steers with 
access to the artificial shades out- 
gained steers without shade by 19 

Table 2. Correlation (r) between steer 
gains during winter and elements of 
winter weather, November through 
March 1942-63. 

Weather element Sfeer gain 

Total winter precipitation -.21 
No. days with above 

.25 inch of precipitation -.07 
Avg minimum winter 

temperature -.04 
Avg maximum winter 

temperature .48* 
Avg mean winter temperature .17 
No. days with max. 

temp. below 40 F -.13 

* Significant at 5% level. 

pounds during the summer. The 
advantage of shade varied an- 
nually from 4 lb. to 30 lb./steer 
(Table 1). The advantage increased 
as the number of hot-muggy days 
increased. 

Cartwright (1955) found that 
cattle from temperate zones begin 
to show signs of heat stress at about 
85 F. Obviously, under conditions 
at Woodward, relative humidity 
by itself influenced steer gains more 
than did temperature by itself 
(Table 3). 

High humidity in presence of 
high temperature severely lowered 
steer gains during 1942-63 (Fig. 4 
and Table 3). Each “hot muggy 
day” (days when temperatures 
above 85 F plus humidity in per- 
cent totalled 130 or more) reduced 
summerlong steer gains by 1 lb. 
Ehrenreich and Bjugstad (1966) 
found that the temperature-humid- 
ity index, used by the U. S. 
Weather Bureau to express relative 
human comfort, was highly corre- 
lated (r = -.97) with hours spent 
grazing. 

The increased sale value of added 
weight on each steer due to shade 
was about $5.00 at prices prevailing 
during 1965-69. The material 
costs for a well-constructed shade 
(creosoted poles, dimension lumber, 
and corrugated iron roofing) were 
about $9.00 per steer (allowing 40 
ft2). The estimated life of such 
shade is at least 20-30 years. The 
material cost for the improvement 
should be recovered in about 2 

Table 3. Correlation (r) between steer 
gains during summer and elements 
of summer weather, May through 
September 1942-1963. 

Weather element Steer gain 

Total summer precipitation 
No. days with above 

.25 inch of precipitation 
Avg minimum summer 

temperature 
Avg maximum summer 

temperature 

No. days with maximum 
temperature above 90 F 

Avg summer relative humidity 

No. days with relative 
humidity above: 

50% 
60% 
70% 

No. days with temperature- 
humidity index above:1 

120 
130 
140 
150 

-.05 

-.04 

.04 

-.02 

.oo 
-.21 

-.14 
-.53” 
-.45* 

-.42 
-.61** 
-.57** 
-.42 

+ Significant at 5% level. 
** Significant at 1% level. 
1 Index is degrees F plus percent hu- 

midiity. 

years and profits should result for 
many years. 

Shades must be properly designed 
to provide maximum relief to the 
steers according to Ittner et al. 
(1958). In their studies, hay held 
between wire nets was more effec- 
tive as a shade than was galvanized 

6AlN PER STEER, LB. 

Q ‘t:’ DAYS INDEX ABOVE 130 

300 R = -.61 

266 

FIG. 4. Summerlong steer gains in relation 
to number of hot muggy days (temper- 
ature-humidity index above 130), 1942- 
63. 
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iron, and construction costs should 
be less. 

It is highly probable that too 
little shade per steer could cause 
crowding and body heat would off- 
set cooling effects of the shade. 
Thin shades provided by slats or 
louvers (SllOW-fence type) were 
found by Ittner et al. (1958) to be 
of little value in increasing steer 
gains. 

Grazing Behavior 

Numerous observations of graz- 
ing behavior of cattle confirmed the 
value of shade as a grazing man- 
agement tool. Cattle were strongly 
attracted by shade and even on cool 
days they frequently loafed in its 
vicinity. 

Steers on the Experimental 
Range used every bit of natural 
and accidental shade that could be 
found-sagebrush, blowouts, steep 
dunes, brush thickets, cake houses, 
corral fences, and parked vehicles 
and machinery. Shade trees located 
one mile from water in one large 
pasture were consistently used in 
the summer. Steers in adjacent 
shadeless pastures spent the hot 
part of day near their watering 
pIaCeS. 

On short grass, sand sage, and 
seeded ranges where there was no 

shade, the cattle normally arrived 
at their watering places about 9:30 
A.M. and stayed until about 4:30 
P.M. Contrarily, when shade was 
rather abundant in pastures such 
as on shinnerj oak ranges, the 
cattle stayed in the shade until 
about noon, walked into water, and 
then returned to the shade until the 
coo’1 of evening (Fig. 5). 

In our studies the combined use 
of several livestock distribution 
tools was always more effective in 
promoting uniform forage use than 
was their “se singly. For instance, 
the “se of shade, salt, and cattle 
rubbing posts (for insect control) at 
one location attracted steers much 
more consistently than when only 
one tool was used. T\‘ater location 
was the single most cffecrive attrac- 
tant, supplemental feeding away 
from water was next, and it was 
Iollowed closely by shade. 

Conclusions 

Providing range steers in the 
Southern Plains with adequate, 
properly-designed shade is a profit- 
able animal husbandry practice. In 
addition, shade placed in relation 
tc, overuse and underuse of forage 
within a pasture is an effective tool 
to obtain more uniform forage “se. 

Man-made shade has several ob- 
vious advantages over either natural 
or planted shade. The location of 
the man-made shade can be care- 
fully chosen to maximize range “se 
and ranch profits. With a little 
effort and some cost, it can be 
moved. It provides immediate re- 
sults. It can and should he sci- 
entifically designed for maximum 
profits. 

Planted or natural trees are 
usually an efficient source of shade 
since their radiosity is less than flat 
roofs and they have a larger low- 
temperature ground area with good 
exposure to the cool, north sky, 
according to’ Kelly et al. (1950). In 
some pastures it might be profitable 
to remove natural shade that is 
close to overgrazed areas, providing 
that adequate shade is available in 
the undergrazed area. 
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Grassland Soils1 
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Highlight 

Very heavy grazing of fescue grass- 
land range at Stavely, Alberta, com- 
pared to light grazing, changed the 
color of the Ah horizon from black to 
dark brown and the pH from 5.7 to 
6.2, reduced the percent organic 
matter, reduced percent total P but 
increased NaHCOs-soluble P, and in- 
creased soil temperature but decreased 
percent soil moisture. Trends indi- 
cated that soil of the very heavily 
grazed field was being transformed to 
a soil characteristic of a drier micro- 
climate. 

The importance of soil as a reser- 
voir elf nutrients and moisture for 
the production of forage has been 
recognized since the beginning of 
range management as a science 
(Klemmedson, 1970). With the de- 
velopment of the range conditioa 
metho,d of range analysis (Dykster- 
huis, 1949; Smoliak et al., 1969), soil 
became an object of study in terms 
of soil-plant relations, its potential 
to produce a vegetative crop, and 
its resistance to damage. But, in 
the Fescue Grassland ranges of 
western Canada, there is still a 
dearth of soil infolrmation for use in 
management planning and in the 
improving or rehabilitating of de- 
teriorated or brush-infested ranges. 

The purpose of our study was to 
determine the nature of edaphic 
change resulting from the grazing 
of fescue grassland range by cattle. 

Materials and Methods 

The study site was at the Canada 
Department of Agriculture Re- 
search Substation, Stavely, Alberta. 
Vegetation is that of the Fescue 
Grassland Association (Coupland 
and Brayshaw, 1953; Moss and 
Campbell, 1947); soil is a member 

lReceived May 2, 1970; accepted for 
publication August 8, 1970. 

tion, 

of the Orthic Black subgroup of 
the Chernozemic Order and has a 
clay-loam to loam texture; climate 
is subhumid, without marked de- 
ficiency of precipitation at any sea- 
son. Annual precipitation averages 
about 55 cm. 

In 1949 the study site was divided 
into four fields and from 1951 
these fields were grazed by cows 
with calves from about May 15 to 
November 15 at four rates: light, 
0.8 hectares per animal unit month 
(AUM); moderate, 0.6 ha/AUM; 
heavy, 0.4 ha/AUM; and very 
heavy, 0.2 ha/AUM. (After about 
1962, because of deterioration of 
cover, the grazing seasoa on the 
very heavily grazed field varied 
from about 2% to 4 months.) Cattle 
were weighed on and off the graz- 
ing fields and at monthly intervals. 
Percent basal area was determined 
by the vertical point method. So,il 
temperatures at a 20.cm depth were 
obtained by means of 5 Weston 
thermometers grouped at one loca- 
tion in each field and read at ap- 
proximately 3-day intervals from 
May through October. From No- 
vember through April Brown Type 
602 Recording Thermometers were 
used. Plolts were clipped at inter- 
vals for yield determinations. 

In 1967, ten 15 m2 plots were 
randomly located in each of the 
grazing fields (Shantz, 1967). Soil 
samples were obtained from the 
Ah ho’rizon of the so31 profile of 
each plot. The following measure- 
ments were made: percent basal 
area of vegetation; soil moisture at 
a depth of lo-15 cm; average soil 
temperature at a 15.cm depth based 
on periodical measurements made 
during June to September; soil pH 
as measured in water (Peech, 1965); 
percent organic matter (OM), N 
and total P, and NaHCO,-soluble 
P (Atkinson et al., 1958); percent 
sand and clay; dry soil color (Mun- 
sell Color Charts, 1954); slope as 
expressed in degrees from hori- 
zontal; and aspect as expressed in 
degrees from true north. 

Results 

Vegetation 

Percent basal area of vegetation 
of ungrazed or lightly grazed fields 
changed from 1949 to 1967 from 
dominance by Danthonia paryi 
Scribn. to do’minance by Festuca 
scabrella Torr. (Table 1). F. 
scabre2Za was largely eliminated by 
very heavy grazing and the field 
was invaded by various species, 
including Taraxacum officinale 
Weber. Change in percent basal 
area of vegetation was accompanied 
by a change in yield as grazing be- 
came heavier. Plant litter largely 
disappeared under very heavy graz- 
ing. 

Estimated average utilization 
during the period 1951-67, inclu- 

Table 1. Average percentage basal area of vegetation of grazing fields at 
Stavely, 1949 and 1967. 

Species 

Danthonia parryi Scribn. 

Festuca scabrella Torr. 
Festuca idahoensis Elmer 

Other grasses 

Carex sp. 
Forbs and shrubs 

185 

Study sites in 1967 by grazing treatments 

Study sites Very 
in 1949 Ungrazed Light Moderate Heavy heavy 

8.3 4.9 5.0 4.0 3.8 3.7 

3.8 7.5 5.8 4.9 1.8 0.6 
1.4 0.8 1.0 1.3 1.2 2.0 

1.1 2.3 2.8 3.6 4.2 5.1 

1.8 0.8 0.7 0.8 0.6 0.9 

3.3 5.4 5.9 6.6 7.3 8.2 
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Table 2. Characteristics of Ah horizon of soil from fields grazed at 4 rates for 17 years, Stavely, 1967 (averages of 10 
samples*). 

Grazing 
treatment 

Color 
(dry) 

Sand 
(%) 

Clay 
(%) 

Soil Soil tem- Total NaHCO,- 
moisture perature PH OM soluble P 

(%) (C) (water) (%) (clglg) 

Light 

Moderate 

Heavy 

Very heavy 

IOYR 2/l 

IOYR 3/l 

1OYR 3/Z 

1OYR 3/3 

29 30 40a 

27 27 37ab 

30 24 31b 

30 28 24c 

13a 

15b 

15b 

17c 

5.7a 

5.8a 

6.0ab 

6.2b 

11.71a 

11.23a 

10.74a 

9.68a 

0.59a 

0.60a 

0.63a 

0.57a 

O.llla 

0.107a 

0.104a 

0.099a 

2.9a 

3.5a 

3.5a 

4.0a 

* Means followed by the same letter are not significantly different. 

sive, was 20, 50, 70, and 90% of the an indicator of range readiness in 
growth of forage of the current year the region, reached full bloom at 
from each of the light, moderate, a soil temperature of about 11 C. F. 
heavy, and very heavy grazing treat- scabrellu produced fertile culms at 
men ts. a soil temperature of about 13 C. 

Populus tremuloides Michx. en- 
croached upon grassland in the 
lightly and moderately grazed fields 
but encroachment was prevented by 
browsing and trampling in the 
heavily and very heavily grazed 
fields. 

Environmental Relationships 

Soil 
Color of the Ah horizon changed 

from black (10YR Z/l) under light 
grazing, to very dark gray (10YR 
3/l) under moderate grazing, to 
very dark grayish brown ( 1OYR 
3/Z) under heavy grazing, and to 
dark brolwn (IOYR 3/3) under very 
heavy grazing (Table 2). There 
were significant differences among 
fields in percent soil moisture, soil 
temperature, and pH. Although 
differences were not significant, 
percent OM and percent total P 
decreased as rate of grazing in- 
creased, while NaHCO,-soluble P 
increased. 

Simple correlations of 14 environ- 
mental factors sholwed that percent 
grass cover was negatively corre- 
lated with percent forb cover, sum- 
mer soil temperature, and total P, 
and positively correlated with per- 
cent OM and percent N (Table 4). 
Soil moisture was polsitively corre- 
lated with percent total P and nega- 
tively correlated with soil tempera- 
ture and percent sand in the Ah. 
Various other relationships among 
environmental factors are shown. 

Animals 

Average annual liveweight gain 
per hectare increased as rate 
of grazing increased (Table 5). 
Amounts of various elements re- 
moved by the grazing animals were 
small in relation to total amounts 
in the upper 15 cm of the soil pro 
file. 

Throughout the year, mean 
monthly soil temperatures under a 
light rate of grazing were cooller in 
summer and warmer in winter than 
under heavy or very heavy rates of 
grazing (Table 3). Soil temperature 
affected the growth of range species. 
Spring growth of F. scubrellu began 
when the soil temperature at a ZO- 
cm depth reached 3 C, that of D. 
parryi at about 5 C, and that of 
Festuca iduhoensis Elmer at about 8 
C. Dodecu t heon con jugens Greene, 
the flowering of which is used as 

Table 3. Mean monthly soil temperatures* (“C) at a depth of 20 cm under 
4 grazing fields at Stavely. 

Grazing 
Mean monthly soil temperature 

treatment JFMAMJJASOND 

Light -2 -1 -1 1 5 10 14 13 9 6 2 -1 

Moderate -6 -4 -3 -1 7 11 16 14 9 6 3 -5 

Heavy -5 -3 -2 -1 7 12 16 14 10 7 3 -4 

Very heavy -5 -3 -3 -1 7 12 17 14 9 7 3 -3 

* November-April temperatures recorded during winter, 1964-65; May-October tem- 
peratures recorded during summers, 196446. 

Discussion 

Vegetation changed from a cover 
dominated by F. scubrellu under 
light grazing to dominance by D. 
parryi under heavy grazing (Table 
1). Also, fobs and shrubs, includ- 
ing T. officinule, increased as rate 
of grazing increased. Neal (1969) 
detected substances that inhibited 
nitrifying bacteria in root extracts 
of grasses and fobs that increased 
in, or invaded, overgrazed grass- 
land soils. Apparently this is a 
mechanism whereby these plants 
conserve the low amounts of nitro- 
gen available in grassland soils 
(Neal, 1969). Plants that require 
higher rates of available N suffer 
as a result. 

Under heavy grazing more forage 
was consumed and removed from 
less forage grown, than under light 
or moderate grazing. Thus less 
forage was left as carryover and less 
mulch was returned to the soil 
surface. Also, since root growth is 
less when topgrowth is overgrazed 
(Johnston, 1961), it is likely that 
less GM and N were returned to 
the soil through decomposition of 
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Table 4. Correlation coefficients to show relationships among various environmental factors, Stavely, 1967 (n = 40). 

Factor (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 

(1) Grass cover (%) -0.51** 0.06 -0.47** -0.18 0.06 -0.23 0.16 -0.20 0.00 0.38” 0.40** -0.35* -0.10 

(2) Forb cover (%) 

(3) Soil moisture (%) 

(4) Soil temperature (C) 

(5) Slope (“) 
(6) Aspect (“) 

(7) Depth of Ah (cm) 

(8) Sand in Ah (%) 

(9) Clay in Ah (%) 

(10) pH (water) 

(11) OM (%) 

(12) N (%) 
(13) Total P (%) 

(14) NaHCO,-soluble P 
&g/g) 

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

- 

0.16 0.14 -0.11 0.06 0.20 -0.22 0.27 -0.02 -0.13 

- -0.61”* -0.12 -0.08 0.28 -0.38” 0.09 -0.64** 0.37” 

- - 0.12 -0.14 0.07 0.17 0.00 0.48*” -0.32” 

- - -- -0.06 0.18 0.00 0.02 0.17 -0.32* 

- - - - -0.12 0.25 0.35” 0.21 -0.21 

- - - - - -0.25 0.06 -0.17 -0.10 

- - - - - - -0.28 0.34* -0.16 

- - - - - - - -0.21 -0.27 

- - - - - - - - -0.22 

-0.17 0.00 0.05 

0.24 0.47** -0.08 

-0.18 -0.30 0.17 

-0.32* -0.16 -0.04 

-0.28 -0.14 -0.15 

-0.14 0.27 -0.23 

-0.01 -0.30 --il.03 

-0.57** -0.01 -0.44’” * 

-0.10 -0.44** 0.42** 

0.70** 0.03 0.06 

- 0.00 0.34” 

- - 0.20 

* Significant at P < 0.05. 
+* Significant at P < 0.01. 

roots. Higher NaHCO,-soluble P 
content in the Ah of the very 
heavily grazed field was pro,bably 
due to’ fewer plants being present 
to use the available P (Table 2). 

Hydrologic aspects of soils of the 
region have been studied. Beke 
(1969) concluded that, provided the 
soil was covered by vegetation, type 
of cover had little influence on 
water-intake rate and that soils of 
the region had the capacity to trans- 
mit more water than occurred dur- 
ing the maximum recorded storm- 
rainfall intensity. Coasumptive use 
of water by grass or aspen vegeta- 
tion of the region was similar and 
averaged for the growing season 
about 0.30 cm/day (Singh, T., 
1970. Personal communication). 
Johnston (1962) concluded that, as 
grazing intensity increased, water- 
intake rate decreased. Soil erosion 
by water began when about 15% 
of the soil surface became bare. 

!%il movement as a result of the 
activities of a burrowing animal, 
Thomomys talpoides talpoides 
(Richardson), was noted previously 
on the very heavily grazed field 
(Shantz, 1967) and an Ah horizon 
18 cm deep was observed down- 
slope. Lutwick and Johnston (1969) 
noted similar thick Ah horizons in 

downslope positions and suggested velopment of a biosequence of soil 
that soil creep within the grownd- profiles on the grazed fields. The 
water discharge zone could account color of the Ah changed progres- 
for the formation of the cumulic sively from black under light graz- 
soils. ing, to very dark gray under mod- 

Invasion of the lightly and mod- erate grazing, to very dark grayish 
erately grazed fields by P. tremu- brown under heavy grazing, and to 
Zoides affected the character of the dark brown under very heavy graz- 
soil profile (Beke, 1969; Dormaar ing (Table 2). The color change did 
and Lutwick, 1966) and soil fer- not affect the hue variable (Mun- 
tility (Lutwick and Dolrmaar, 1968). sell Soil Co’lor Charts, 1954). The 
The invasion resulted in the de- value variable is allied with altera- 
velopment of a biosequence of soil tions in parent material associated 
profiles ranging from Black through with amount and distribution of 
Dark Gray Chernozems to Dark organic matter, which is a func- 
Gray Luvisols (Dormaar and Lut- tion of the climate-vegetation inter- 
wick, 1966) and caused a pro- action (Buntley and Westin, 1965). 
gressive loss of organic P, N, and Thus, a change in value from 2 to 3 
other constituents (Lutwick and (Table 2) was in agreement with 
Dormaar, 1968). the change in OM, although the 

Our study revealed a similar de- latter was not significant. In an 

Table 5. Average annual liveweight gain of animals and estimated amounts of 
some elements removed from the soil of fields grazed at 4 rates for 17 years, 
Stavely (kg/ha). 

Grazing Average annual 
treatment liveweight gain 

Light 42.5 

Moderate 58.5 
Heavy 78.6 

Very heavy 131.6 

Estimated annual amounts of elements removed 

N P Ca K 

1.3 0.34 0.6 0.005 

1.8 0.47 0.9 0.010 

2.4 0.63 1.1 0.016 

4.0 1.05 1.9 0.026 
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orthic profile developed under 
grassland, chroma generally in- 
creases toward the lower horizons. 
In our study, chroma became 
brighter as grazing intensity in- 
creased, probably reflecting in- 
creased use of vegetation and loss 
of organic matter due to increased 
grazing pressure, and possibly re- 
flecting increased erosion. 

Seventeen years of continuous 
summer grazing at a very heavy 
rate changed the soil of the study 
location. There were indications 
that the character elf soil of the 
very heavily grazed field was being 
transformed to that of a drier 
microclimate. These indications 
were: a change in color of the Ah 
from black to dark brown; a change 
in pH from 5.7 to 6.2; lower per- 
cent OM; lower percent soil mois- 
ture; and higher soil temperature. 
Previous studies showed that heavy 
grazing resulted in lower yield of 
forage, less mulch on the surface, 
and reduced weight of roots (Johns- 
ton, 196 1; Jo,hnston, 1962). 

land results in the creation of an 
artificial ‘droughty’ condition in 
the fields being overgrazed. 

The results of our study demon- 
strate a tenet of range management, 
that overg-razing of native range- 
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Livestock grazing is the major 
use of the pinyon-juniper vegeta- 
tion type. In many areas it pro- 
vides critical spring and fall range 
for large numbers of cattle and 
sheep. Heavy grazing of pinyon- 
juniper ranges has not oaly caused 
a decline in forage production, but 
has been accompanied by increases 
in density and extent of tree stands. 
Invasion of grasslands by juniper 
trees and the thickening of es- 
tablished pinyon-juniper stands 
have been associated with the re- 
moval of grass co’mpetition by graz- 
ing (Nichol, 1943; Woodbury, 1947; 
Arnold, 1959; Mason, 1963), and 
also with the reduction of wood- 
land fires (Leopold, 1924; Pearson, 
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193 1; Parker, 1945; Arnold and 
Schroeder, 1955; Humphrey, 1962; 
Johnsen, 1962; Cho,ate, 1966). 

Owners and managers’ of pinyon- 
juniper rangelands seek ways to 
control these unwanted trees and 
convert woodlands to grasslands to 
increase forage production. Public 
agencies, in particular, are also in- 
terested in the improvement of 
wildlife habitat, increased water 
yields, and reduction of sediment 
yields in many parts of the pinyon- 
juniper region. 

A number of methods have been 
used to control pinyon and juniper 
trees to improve range production 
and watershed conditions. The ob- 
jectives of this study were: (1) to 
evaluate techniques used to con- 
vert pinyon-juniper woodland to 
grassland, and (2) to define the site 
conditions under which certain con- 
version methods should yield the 
best results. 

The author gratefully acknowl- 
edges the help of Farrel A. Bran- 
son and Lynn M. Shown, Water Re- 
sources Division, U.S. Geological 
Survey, Denver, Colorado; the late 
William L. Schroeder, Bureau of 
Indian Affairs, Valentine, Arizona; 
R. R. Humphrey, Tucson, Arizona; 
and personnel of the Bureau of 
Land Management districts where 
conversion practices were evaluated. 

Description of the 
Pinyon- Juniper Type3 

The pinyon-juniper woodland 
type covers about 65 million acres 
located largely in Arizona, Colo- 
rado, Nevada, New Mexico, and 
Utah (U.S. Dep. Agr., 1958). It 
varies from nearly closed stands of 
single tree species with almost no 
unders tory vegetation to wide- 
open stands of pinyon, juniper, or 
both, scattered among grasses and 
shrubs. A typical pinyon-juniper 
woodland has the aspect of a 
stunted coniferous fo,rest, with its 
many-branched trees often appear- 
ing more like shrubs. Pinyon and 
juniper trees are seldom more than 

3For more detailed descriptions of the 
pinyon-juniper type see Dortignac 
(1960) and Arnold et al. (1964). 

40 feet tall and are usually shorter 
than 20 feet, while trunk diameters 
rarely exceed 24 inches (Preston, 
1940). A pinyon-juniper stand 
usually doles not contain a large 
number of different plant species, 
but because of the wide distribu- 
tion of the type, the total associated 
flora includes a rich variety of 
woody and herbaceous plants. 

Pinyon (Pinus edulis) and either 
Utah juniper (Juniperus osteo- 
sperma) and one-seed juniper (J. 
monosperma) are the only impor- 
tant tree species in the community 
through most of its range. Utah 
juniper is the usual codolminant 
with pinyon in Nevada, Utah, west- 
ern Colorado and northwestern Ari- 
zona. One-seed juniper normally 
occurs with pinyon from north- 
central Ariiona through New Mex- 
ico and into Texas and parts of 
southern Colorado. However, since 
Utah juniper and one-seed juniper 
are so similar, both taxonomically 
and ecologically, the distinctions 
between them will be ignored, and 
hereinafter “juniper” will refer to 
either or both of these species. In 
Nevada, and at some localities in 
western Utah and northwestern 
Arizona, singleleaf pinyon (P. 
monophyltu) is the codominant 
with one of the junipers, and also 
frequently occurs in nearly pure 
stands. Rocky Mountain juniper 
(J. scopulorum) is found over most 
of the range of pinyon-juniper 
woodlands, usually at the upper 
altitudinal levels, but seldom as a 
dominant in the mixed community. 

Shrubs and half-shrubs which are 
commonly present with pinyon- 
juniper stands include: moun- 
tain-mahogany (Cercocarpus sp.), 
antelope bit terbrush (Purshia tri- 
den ta ta), serviceberry (Amelanchier 
sp.), big sagebrush (Artemisia tri- 
dent&a), black sagebrush (A. nova), 
rabbitbrush (Ch ysothamnus sp.), 
cliffrose (Cowania mexicana), 
Apache-plume (FaZlugia paradoxa), 
jointfir (Ephedra sp.), oak (Quer- 
cus sp.), yucca (Yucca sp.), prickly- 
pear (Opuntia sp.), snakeweed (Gu- 
tierrexia sarothrae), and eriogonum 
(Eriogonum sp.). 

Grasses common to the pinyon- 
juniper type are: Indian ricegrass 
(Oryxopsis hymenoides), needleand- 
thread (Stipu corn&a), squirreltail 
(Sitanion hystrix), junegrass (Koe- 
leria cristata), galleta (Hilaria 
jamesii), blue grama (Bouteloua 
gracilis), side-oats grama (B. curti- 
penduta), ringgrass (Muhlenbergia 
torreyi), western wheatgrass (Agro- 
pyron smithii), bluebunch wheat- 
grass (A. sfkatum), slender wheat- 
grass (A. trachycaulum), downy 
chess (Bromus tectorum), and three- 
awn (Aristida sp.). 

Most of the pinyon-juniper wood- 
land lies between 5,000 and 7,000 
feet altitude and receives 10 to 14 
inches of precipitation annually. 
Pinyon-juniper woodlands occur on 
a wide variety of underlying rocks 
including sandstone, limestone, ba- 
salt, and the soils derived from 
them. According to Woodbury 
(1947), the upper limits of the zone 
in Utah and northeastern Arizona 
vary from 6,500 feet o’n north-facing 
slopes o,n the Kaibab Plateau to 
about 8,400 feet on south-facing 
slopes of the Book Cliffs in east- 
central Utah. He gave 5,200 feet as 
the typical lo8wer limit for pinyon- 
juniper in the Great Basin and 
Colorado Basin, with a possible ex- 
treme low for the type in that 
region at 3,200 feet near St. George, 
Utah. Johnsen (1962) reported that 
one-seed juniper “may be found 
growing from about 3,000 feet in 
the upper parts of the deserts to 
above 7,500 feet in the ponderosa 
pine fo’rests.” Outliers of one-seed 
juniper occur down to 3,000 feet 
along the southeastern limits of 
the coniferous woodland in Texas. 
Pinyon pine is found up to an alti- 
tude of about 9,090 feet on the 
west side of Trout Creek Pass in 
Collorado. 

Evaluation of Conversion 
Practices 

The evaluation of conversion 
methods was aimed at the two main 
objectives of such treatments, kill 
of trees and production of grass 
forage. Techniques for killing pin- 
yon or juniper trees fit under 
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three general headings: mechanical 
means, chemical means, and fire. 
Mechanical methods and fire ef- 
fects were included in the present 
study. Chemical controls are rela- 
tively new in pinyon-juniper man- 
agement and were not evaluated. 

Mechanical treatments that were 
studied included single chaining, 
double chaining, and chaining fol- 
lowed by windrowing. Chaining, 
the most widely used method, in- 
volves attaching the ends of heavy 
anchor chain to a pair of crawler 
tractors, which then drag the loop 
of chain through the trees. Weight 
of the chain varies from about 45 
to 90 pounds per link, and lengths 
range from about 250 to 600 feet. 
Double chaining is the same proc- 
ess, repeated in the opposite direc- 
tion. The purpose of chaining is 
to knock down or rip out the trees 
and provide some scratching of the 
soil surface for coverage of grass 
seed. Windrowing is the scraping 
of downed trees, with some soil, 
into long ridges, or windrows, 
which leaves cleared ground over 
most of the treatment area. This 
method normally includes drilling 
of adapted grass species. 

Fire can be placed in two techni- 
cal roles in pinyon-juniper con- 
version. First, there are the so- 
called wild, or accidental fires 
which are a natural phenomenon of 
pinyon-juniper woodlands. The 
other kind of fire has similar ef- 
fects, but is directly and intention- 
ally caused by man in an effort to 
eliminate trees. Either type may 
fizzle in short time and burn very 
little or may sweep over a large 
area. The size depends on a num- 
ber of factors such as weather, 
vegetation, fire breaks, and the 
wishes of watchers. 

All of these techniques kill trees. 
How they differ in application, 
effectiveness and cost is what in- 
terests land managers and provides 
the framework for this evaluation. 

Bureau of Land Management 
district offices in Colorado, Utah, 
Arizona and New Mexico were 
asked to submit completed land- 
treatment reports for any pinyon- 
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FIG. 1. Variations in tree kill for differ- 
ent conversion practices. Percent change 
in number of trees per acre due to 
treatment is the ratio of the number 
of live trees per acre on a treated site 
to the number of live trees on an ad- 
jacent untreated site. Height and posi- 
tion of bar indicates range and degree 
of success for control method. 

juniper projects that were com- 
pleted prior to June 1963. Out of 
the 113 land-treatment reports re- 
ceived, about 50 sites were selected 
for examination during the summer 
and fall of 1964. Those selected 
gave a wide geographical range to 
the study and were representative 
of the group od projects reported by 
the Bureau of Land Management 
districts. 

Tree species, numbers, and height 
classes were sampled in one-fifth 
acre plots oa treated and adjacent 
untreated sites. Surface soil to 30 
centimeters was sampled and ana- 
lyzed for physical and chemical 
properties that might affect grass 
production. Yields of forage grasses 
on treated and untreated areas were 
estimated on a dry weight basis in 
pounds per acre. 

Results and Discussion 

Most of the sampling sites had 
received single chaining; next in 
number were double chaining 
areas; the third group represented 
the intensive chaining and wind- 
rowing technique. The study in- 
cluded three sites where fire had 
removed the tree colmpetition. 

Tree density on untreated sites 
ranged from 85 to 7 10 trees per acre 
for pinyon and juniper combined, 
with an average of 340 trees per 
acre. Untreated sites had an aver- 
age of 180 pinyon trees and 160 
juniper trees per acre. 

Figure 1 compares tree control 
efficacy of conversion practices. 
Average kill for single chaining was 
38 percent and for double chaining, 
60 percent. Estimates of kill for 
windrowing and burning ranged 
from 95 percent to 100 percent. 
Dashed lines are used on the graph 
bars for windrowing and burning to 
indicate that some windrowing 
treatments may not have killed 100 
percent of the trees, and that tree 
kill may not have been so low as 
95 percent for any of the burns. 
Two of the single chaining sites had 
more trees per acre on the treated 
area than on the untreated area, 
which accounts for the single chain- 
ing bar extending below zero kill. 

Forage production was consist- 
ently low in untreated woodlands, 
but varied greatly on treated sites. 
Some of the single-chaining areas 
showed little or no change in forage 
yield, but the average increase for 
the group was about 100 percent. 
However, the actual amounts of 
forage involved on chaining proj- 
ects were generally so low that the 
poor tree kills overshadowed any 
gains in grass production. One 
notable exception was a single- 
chaining project in northwestern 
Colo,rado which had a tree kill of 
about 95 percent and a boost in 
grass forage from about 100 pounds 
per acre before treatment to 500 
pounds per acre after treatment. 
Yields of grass from windrowed sites 
ranged from 500 to over 1,000 
pounds per acre. 

Recovery of grasses on the 
burned sites was dramatic. Forage 
production of desirable native 
grasses was 1,300 pounds per acre 
on one wildfire site and only about 
100 pounds per acre in the adjacent 
unburned woodland. At the other 
two fire sites examined, the pounds 
of forage per acre increased from 
an estimated 200 to1 over 600, at one 
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site, and from 25 to almost 500 
pounds per acre at the other. 

Conversion of woodland to grass- 
land must accomplish two func- 
tions almost simultaneously to be 
complete and successful. These are 
(1) removal or drastic reduction of 
tree growth and (2) replacement of 
trees by grass as the dominant vege- 
tation of the site. A complete kill 
of trees without establishment or 
equivalent release of a grass cover is 
not conversion of woodland to 
grassland; nor is an increase in grass 
production through means that kill 
some trees but leave most of them 
alive and reproductive. Arbitrary, 
quantitative levels for “success” and 
“failure” of pinyon-juniper con- 
version treatments suffer both from 
the vagaries of management goals 
and the fallibility of ecologic cri- 
teria. Vegetation manipulation is 
more an art than a science and 
appraisal of its results must neces- 
sarily be rather subjective. None- 
theless, pinyon-juniper conversion 
practices should be compared in 
terms of tree kill and grass estab- 
lishment, since ostensibly these are 
the main objectives of such treat- 
ments. Other results of pinyon- 
juniper control which may be de- 
sirable, such as the release of 
browse plants for wildlife, will re- 
quire different evaluation criteria 
(Plummer et al., 1968). 

Chaining 

Based on the criteria of killing 
trees and producing forage, there 
was only one successful chaining 
site among the many examined. 
Another project in Utah achieved a 
successful conversion with double 
chaining augmented by burning. 
The almost universal failure of 
chaining, without windrowing, to 
kill a high enough percentage of 
trees is the single most discourag- 
ing aspect of pinyon-juniper con- 
version efforts. 

Chaining often kills a majority 
of the older, larger trees in a stand, 
but usually leaves most of the 
young trees without damaging them 
seriously or preventing them from 
producing seed. 

Cotner (1963) found cabling to 
be “particularly adapted for even- 
aged stands” of pinyon-juniper, but 
also noted that, “in a mixed-age 
stand, the cable is lifted off the 
ground while the larger trees are 
pulled, thus missing smaller trees 
which bend and are passed.” He 
reported that, “cabling pulled 94 
percent of the trees in an even-age 
stand o,f trees, 15 to) 25 feet in 
height, on a shallow limestone site. 
In contrast, on a clay site, the count 
of dead trees was only 43 percent 
in a mixed-age stand on which 
originally better than half of the 
trees were seedling size to six feet.” 
Arnold et al. (1964) concluded that, 
“Cabling or chaining is probably 
the best method for uprooting 
dense stands of old pinyon-juniper 
trees,” but olbserved that “the cable 
slips over small trees (10 feet high 
and smaller) and merely tips over 
many intermediate-sized trees.” 
This normally killed the larger 
trees and left the smaller ones alive. 
According to Chilson, the smaller 
trees that survived had a post-treat- 
ment acceleration in grolwth, which 
meant that he was faced with 
“much the same problem of over 
supply of pinyon-juniper that was 
present before the initial cabling.” 
Plummer et al. (1968) observed that 
cabling was “less effective than 
chaining for eliminating young, 
flexible juniper and pinyon trees.” 

Data from the present study also 
show a relationship between size 
of trees and effectiveness of chain- 
ing. Among a group of five sam- 
pling sites, where the percentage of 
trees greater than 10 feet in height 
made up 50 percent or more of the 
stand, single chaining killed from 
46 to 84 percent of all trees. The 
kill average 61 percent in these 
older stands, or approlximately the 
degree of control obtained with 
double chaining. By comparison, 
single chaining killed an average of 
only 30 percent of all trees on proj- 
ects where over one-half of the trees 
on the untreated sites were less than 
10 feet in height. These results 
suggest that the probability of suc- 
cessful pinyon-juniper kills from 

chaining will increase in direct re- 
lationship to the percentage of trees 
10 feet tall and taller that are 
present in the untreated woodland. 

According to personnel in one 
Bureau of Land Management dis- 
trict, chaining may work better in 
mid-winter when the soil is frozen. 
Under these conditions a good kill 
was obtained on a mixed age stand 
in northeastern Utah. Recent in- 
novations have increased the effec- 
tiveness of anchor chaining. One 
such development is the “Ely 
Chain,” a 90-pound per link chain 
with 4O-pound railroad iron welded 
across each link. Treatments with 
the “Ely Chain” in eastern Nevada 
have demoastrated its value in con- 
trolling all age classes of pinyon 
and juniper (Cain, 1969). 

Many chained areas enjoy a flush 
of increased grass production soon 
after treatment, but regrowth and 
release of young trees cancels out 
the early forage gains. Small trees 
that are missed by cabling or chain- 
ing “grow two to three times as 
fast after release from the domi- 
nance of larger overstory trees” 
(Arnold et al., 1964). The young 
trees present a formidable challenge 
to follo,w-up control, unless effec- 
tive chemical contro,ls are de- 
veloped, and even if prescribed 
burning were allowed, the nature 
of some post-treatment stands pre- 
cludes anything else but additional 
mechanical treatment. Inexpensive 
chaining, which may kill a rela- 
tively high percentage of old trees 
while leaving most of the young 
ones and releasing seedlings, can 
create an ecologic situation that is 
harder and more expensive to treat 
than the original woodland. Trees 
that remain could be cut down in- 
dividually by hand or perhaps even 
burned, one by one. But these 
methods might be prohibitive in 
cost, depending on the degree of 
original conversion success and the 
forage potential for the site. Figure 
2 illustrates the problem of re- 
establishment of trees on a chained 
area. Six years after treatment the 
site had 275 1’ ive trees per acre, as 
compared with 215 on an adjacent 



untreated area. Ninetyfive percent 
of the trees on both areas were 
juniper. All of the trees sampled 
on the treated site were less than 
10 feet tall, and two-thirds of them 
were less than 5 feet tall. In the 
adjacent untreated stand two-thirds 
of the juniper trees were taller than 
10 feet. 

A major weakness of the chaining 
approach seems to lie with a mis- 
placed emphasis on saving money 
rather than producing benefits. The 

object of a pinyon-juniper con- 
version is, by definition, to get rid 
of trees in a given area and replace 
them with grxs. Any practice 
which does not accomplish these 
aims with ecologic and economic 
ctficiency is a failure as pinyon- 
juniper conversion, no matter how 
inexpensive it may stem to be. If 
different primary objectives for 
pinyon-juniper control are adopted, 
such as improvement of wildlife 
h;tbitat, then the above criteria for 

success and failure may not apply. 
In any case, it is unreasonable to 
assign broader meanings to these 
conversion standards than those in- 
tended in the present context. 

Windrowing 
C:omp;ired to chaining opera- 

tions, the intensive rhaining-wind- 
rowing-drilling technique, though 
more costly, is a far better mechnn- 
ical means of replacin,g trees with 
grass. Clearing the ground com- 
pletely, which is necessary for drill- 
ing, not only provides a clean kill 
of trees and a control on shrubs, 
but the resulting stands of grass 
surrounded by untreated woodland 
probably have as much aesthetic 
value to residents and travelers as 
does the typical pinyon-juniper 
scenery. The method is also eco- 
logically sound. Grass establishment 
is more dependable and tree reins 
w&m is less of a problem where 
clean scraping and drilling are prac- 
ticed. The windrowing site shown 
in Figure 3 typifies the outstanding 
pinyon-juniper conversions acLom- 
plished by Bureau of Land Man- 
ngement lxrsonncl in southwestern 
IJtZIh. 

Since the windrowing technique 
is essentially a form of dryland 
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grass farming, its success largely de- 
pends on soil and climatic factors. 
Choice of location and risk of 
drought are the main problems. Site 
requirements outlined by Cook 
(1966) for seeding of foothill ranges 
in Utah should be applicable to 
much of the pinyon-juniper type. 
He suggested that “annual precipi- 
tation should be at least 11 inches 
and preferably 13 to 14 inches if 
optimum returns are to be ob- 
tained.” Cook’s studies also indi- 
cated that the soil depth on seed- 
ing sites should be about 24 inches 
or more for full development of 
grass roots and to utilize expected 
annual precipitation. Shown et al. 
(1969) presented data from crested 
wheatgrass seedings in the sage- 
brush type which suggested that 
the average limit of rooting depth 
for herbaceous species was about 2 
inches for each inch of average 
annual precipitation in the ll- to 
14-inch precipitation zone. The 
latter study also showed that the 
highest yields of crested wheatgrass 
occurred on sites with sandy loams, 
loams, or silt lo’ams at the surface, 
and finer textured subsoils. These 
soils were reported to give an opti- 
mum balance between the proper- 
ties of moisture infiltration, mois- 
ture-holding capacity, and moisture 
availability to plants. Surface soils 
on the windrowing sites examined 
in the present study classified as 
sandy loam, silt loam, or sandy 
clay loam. 

Drilling of seed is preferred to 
broadcast seeding for establishment 
of grass in dry regions (Cook, 1966; 
Hull et al., 1952; Shown et al., 1969; 
Stoddart and Smith, 1955), but drill- 
ing requires sites that are relatively 
free of rocks and woody vegetation. 
Wilson et al. (1970), reported that 
seeds of crested wheatgrass planted 
at a depth of 1 inch germinated 
well because of relatively constant 
and favorable moisture conditions 
whereas seeds on the soil surface 
failed to germinate because of gen- 
erally unfavorable and rapidly fluc- 
tuating moisture conditions. Soil- 
moisture conditions were shown to 
have a critical effect on certain 

r 

metabolic processes essential to ger- 
mination. 

Thus, drilling can reduce the 
risk of a seeding failure by miti- 
gating climatic stress during ger- 
mination and establishment, but 
soil requirements limit the wind- 
rowing technique toI certain areas. 
The following criteria are sug- 
gested for selection of windrowing 
sites: 

(1) Soil Depth-Minimum soil depth 
should be 24 inches. 

(2) Soil Texture-Surface soil should 
be a sandy loam, silt loam, or silt. 

(3) Stoniness-Soil should be suffi- 
ciently free of rocks to allow 
drilling of grass seed. 

(4) Slope-Slopes should not exceed 
15 percent. 

There is an interesting and im- 
portant connection between wind- 
rowing conversions! and wildlife 
habitat. First, in order to use the 
windrowing technique intelligently 
and successfully, the land manager 
must make a thorough survey of 
site conditions in the proposed 
treatment locality. Selection of sites 
to treat should recognize certain 
basic ecologic criteria such as slope 
and stoniness o,f soil, as discussed 
earlier. By careful delineation of 
treatment areas, leaving out those 
woodlands that are too steep or too 
rocky for conversion to grassland, 
the manager will, in effect, be classi- 
fying the land resources into 
“natural” and “modified” areas. 
The untreated woodland sites will 
continue to provide the kind of 
habitat conditions that wildlife 
conservationists desire, whereas the 
adjacent converted areas will pro- 
duce needed forage, primarily for 
livestock, but not entirely avoided 
by deer. 

In a report on game habitat use 
in southern New Mexico, Reynolds 
(1964) stated that livestock range 
improvement can be coordinated 
with deer and elk habitat preser- 
vation by confining clearing of 
pinyon-juniper to slopes of less than 
15 percent, and leaving existing 
cover on northeastern exposures. 
Reynolds felt that elk and deer 

habitat might be improved by 
thinning trees, which overtop 
shrubs, where they exceed about 
150 trees per acre. 

A windrowing conversion pro- 
gram is essentially self-classifying, 
from a land-use standpoint, since 
ecologic criteria restrict the prac- 
tice to certain sites which will 
usually produce greater benefits 
when converted to grassland than 
if left untreated. Stony, wooded 
ridges and canyon slopes scattered 
among grass-covered valleys and 
mesa tops is the sort of vegetation 
pattern that will normally result 
from this conversion technique. 
Soils that are better suited to tree 
and browse production generally 
are not included with windrowing 
and drilling sites. Whenever large 
areas selected for windrowing do 
not contain enough stony, steep, or 
otherwise naturally unsuitable con- 
version sites to satisfy a legitimate 
need fo,r wildlife food and cover, 
the necessary islands of untreated 
woodland can easily be left any- 
where in the project. It is simply 
a matterof the land manager being 
sensitive to the desires for a bal- 
anced vegetation modification pro- 
gram and his being willing to re- 
fine the planning and execution of 
the conversion to accomodate a 
companion resource. 

The same reasoning could apply 
to the coordination of any con- 
version practice with other land 
values in the pinyon-juniper type, 
such as camping and picnicing 
needs, historical and archeological 
sites, areas of particular scenic or 
scientific interest, or any other fea- 
ture of a woodland that should re- 
ceive special attention. 

Burning 
Fire can be an effective tool in 

the conversion of pinyon-juniper 
woodlands to grasslands. Clean kills 
of trees and certain understory 
shrub species, notably big sage- 
brush, can be achieved with fire on 
a large part of the woodland type. 
Although only a few burned sites 
were reported by Bureau of Land 
Management district offices for in- 
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elusion in this study, the rather ob- , 
vious success of those examined per- i 
mits some latitude in attributing 
general usefulness to1 fire. Burning 
does not allow the high degree of 
site selection and treatment control 
that windrolwing does, but may 
have greater merit for improving 
combined livestock-wildlife range 
than would be imagined. For ex- 
ample, Arnolld et al. (1964) o’bserved 
from aerial views of pinyon-juniper 
burns that while tree kill often was 
“clean on flat to gently rolling ter- 
rain . . . in rough terrain, islands 
of unburned trees were left on hills 
and ridges.” Preferred deer browse 
species that resprout after a fire, 
such as birchleaf mountainmahog- 
any (Cercocarpus betuloides) and 
Wright silktassel (Garrya wrightii), 
may provide additional incentive in 
some areas to remove tree competi- 
tion with a controlled burning pro- 
gram (U.S. Dep. Agr., 1963). Other 
valuable browse species that toler- 
ate fire include: antelope bitter- 
brush, desert bitterbrush (Purshia 
glandulosa), Apache-plume, Saska- 
toon serviceberry (Amelanchier al- 
nifolia), blueberry elder (Sambacus 
cerulea), black chokecherry (Prunus 
virginiana) and Rocky Mountain 
smooth sumac (R hus gla bra cismon- 
tuna) (Plummer et al., 1968). 

A program of planned burning 
on the Hualapai Indian Reserva- 
tion in northern Arizona has dem- 
onstrated the effectiveness of this 
technique in pinyon-juniper con- 
version. Schroeder (1964) reported 
on a wildfire that burned off 16,000 
acres of pinyon-juniper woodland 
on the reservation in 1953. The 
burn was seeded to the following 
mixture in 1954: crested wheat- 
grass, 1 pound per acre; western 
wheatgrass, 3 pounds per acre; 
weeping lovegrass, l/2 pound per 
acre; and yellow sweet clover, 1 
pound per acre. Grazing was de- 
ferred for 3 years following seed- 
ing to allow the grasses to become 
fully established. Cost of the proj- 
ect was $3.60 per acre. Dry weight 
of forage in adjacent unburned 
areas averaged about 60 pounds per 
acre, while production on the 

seeded burn was 1,660 pounds per 
acre. 

Encouraged by the beneficial re- 
sults from an accidental fire and 
folllowup seeding, and aided by 
their government advisors and tech- 
nicians, the Hualapai Indians 
launched a controlled burning pro- 
gram to convert pinyon-juniper 
woodland to prolductive grassland. 
In the perio’d from 1955 through 
1963 they burned and seeded about 
17,000 acres of pinyon-juniper type 
at an average cost of about $4.50 
per acre. Forage production was in- 
creased an average of approximately 
500 lbs. per acre for the 33,000 acres 
of burned woodland and, accord- 
ing to Schroeder (1964), pinyon and 
juniper had shown little or no 
tendency to return on the con- 
trolled areas. The average increase 
in livestock carrying capacity was 
45 cow units, grazed yearlong, per 
1,000 acres treated. Steers grazed 
on burned and reseeded areas 
weighed, on the average, 78 pounds 
more than steers grazed on adjacent 
untreated native grass ranges, and 
brought their olwners an average of 
$21.75 more per steer at market 
time. 

The Hualapai Indians wanted 
to increase livestock production. 
Burning pinyon and juniper trees, 
then seeding adapted grasses, pro- 
vided the answer. However, on pub- 
lic lands where multiple-use goals 
are a policy requirement, managers 
may not be able to use fire to solve 
pinyon-juniper control problems. 
Nevertheless, the results of con- 
trolled burning programs should be 
studied objectively by those re- 
sponsible for management of pin- 
yon-juniper rangelands. 

No evidence was found to 
support a common notion that 
hot, tree-killing pinyon-juniper fires 
sterilize the soil, making it unfit 
for grass establishment. In fact, 
soil samples from “spots covered 
with ashes where a heavy accumu- 
lation of slash and debris had 
burned” were tested in a greenhouse 
and reported to have shown “some 
increased fertility due to burning” 
(Arnold et al., 1964). 

It is hard to reconcile the claims 
of soil sterilization from fires with 
reports that pinyon-juniper wood- 
lands are hard to burn; yet both 
opinions have been offered as par- 
tial arguments against prescribed 
burning in the pinyon-juniper type. 

Those who wish to discour- 
age pinyon-juniper burning, lean 
heavily on the argument that they 
have trouble getting a fire to carry 
through a typical woodland. More 
likely than not they are referring to 
a carefully controlled burning pro- 
gram attempted when atmospheric 
and vegetation moisture conditions 
are such that escape of the fire to 
adjacent areas would not readily 
occur. Even those who are experi- 
enced and sincere in their efforts 
to apply fire in pinyon-juniper con- 
version may have difficulty burn- 
ing trees when weather conditions 
are not favorable. For example, 
Schroeder (1964) reported that a 
1955 burn of 700 acres and a 
1958 burn of 300 acres, both on 
the Hualapai Indian Reservation, 
“were attempts that did not burn 
the acreage desired. Late wet 
springs and high moisture content 
in the shrubs are detrimental to a 
successful summer burn.” Arnold 
et al. (1964) reported that broad- 
cast burning of live stands of pin- 
yon-juniper at several locations in 
Arizona was difficult and required 
“special conditions.” They found 
that, even in stands having over 400 
trees per acre “fire will carry only 
during the hot, dry, windy weather 
when any burning is hazardous.” 
Dwyer and Pieper (1967) reported 
that only 24 percent of the juniper 
trees and 13.5 percent of the pin- 
yons were killed by a wildfire that 
covered 935 acres of dry grama 
grassland and open woodland in 
New Mexico. Humphrey (1962) 
pointed out that fire in an open 
pinyon-juniper stand “with even a 
scattered understory of perennial 
grasses” can increase forage produc- 
tion, but grazing can so reduce the 
potential fuel supply that it is diffi- 
cult to get fires hot enough to kill 
a large percentage of the trees. 

The Arizona Watershed Program 
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report of 1956, Recovering Rainfall, burning to be effective it must be 
stated that “Where fire can be done when weather conditions will 
used, it is the most effective method 
of juniper control,” The report 

encourage the spread of fire. This 

cxntioncd that “Human habita- 
usually means burning in June 

tions, intensively used recreational 
when temperatures are high and 
humidity is low, and when the risk 

areas, and the like should be rigor- 
ously protected.” However, it con- 

of escape is greatest. Adequate pre- 

tinued, “\Virh these exceptions, in 
cautions must be taken to prevent 

any place where juniper is dense 
the escape of planned fires and to 

enough to carry a fire, there are 
minimize the damages that might 
result. When this is done, the cal- 

no land values that require ex- 
clusion of this control agent.” The 

culated risks of n burning program 

Arizona 
are justified by the potential bene- 

researchers said “For fits.” l’hc same investigators esti 

mated that in the Salt River water- 
shed perhaps less than 10 percent 
of the pinyon-juniper type could be 
effectively burned. This somewhat 
discouraging note agrees with 
several comments heard by the 
writer during the present study with 
regard to the difficulty of burning 
pinyon-juniper woodlands, but does 
not square with observations of 
typical pinyon-juniper stands in 
Utah, Nevada, Colorado and many 
parts 01 Arizona and New Mexico. 
It is fair, if somewhat idle, to spec- 
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ulate that burning could have been 
used successfully on many of the 
chaining sites that were examined 
for the present evaluation. Sites 
with similar characteristics have 
had productive burns. Figure 4 
illustrates how an accidental burn 
in northwestern Colorado gave a 
clean kill on a relatively open 
stand of pinyon with an understory 
ol sagebrush and some grass. Nat- 
urally, where trees are closer to- 
gether, or where a heavy understory 
can help carry the fire, the chances 
of a successful burn will be better. 
Figure 5 shows the conditions 
before and after a wildfire had 
burned a dense stand of pinyon and 
juniper in Utah. No artificial seed- 
ing was applied. Natural recovery 
of grasses has produced valuable 
forage and in so doing has made 
more efficient use of the available 
water resource. Figure 6 shows the 
improved appearance obtained by 
chaining after a successful burn. 
One chaining site in Utah provided 
a vivid contrast between the merits 
of chaining and burning for re- 
moving trees and improving range. 

An accidental fire cleaned the trash 
off part of the chained area, pro- 
viding ideal conditions for aerial 
seeding of grass. This was done, and 
now a lush stand of crested wheat- 
grass grow along side the tangled 
debris and scant forage on the part 
of the treatment area that received 
only double chaining and aerial 
seeding. 

Land administrators will probe 
ably give more favorable considera- 
tion to conversion of pinyon-juni- 
per woodlands by fire whenever 
it is demonstrated that burning 
can be used safely and effec- 
tively without detrimental effects 
to environmental quality. These 
important aspects of burning are 
often closely interrelated, and may 
require new applications of fire 
that will satisfy all needs. Fire as a 
tool in pinyon-juniper conversion 
has sufficient ecologic and eco- 
nomic merit to warrant increased 
use of present burning techniques 
now, while further study of new 
methods may allow more general 
application of burning in the 
future. 

Summary and Conclusions 

Single chaining projects had the 
greatest variation in conversion re- 
sults and averaged only about 40 
percent kill on trees, lowest for all 
methods examined. Double chain- 
ing was less variable, but also was 
less than twice as effective in kill- 
ing trees. Windrowing and burning 
gave consistently high tree kills ot 
95 percent or better, and offer the 
best chances for pinyon-juniper 
conversion success. 

Controlled burning should be the 
primary pinyon-juniper conversion 
technique where vegetation is dense 
enough to carry an effective fire. 
Range managers and policy-makers 
should develop and maintain a bal- 
anced perspective on fire as a natu- 
ral and beneficial instrument in 
vegetation change. 

The windrowing technique is an 
excellent mechanical method for 
complete conversion, but should be 
used only where fire is legitimately 
prohibitive and where topography 
and soil properties allow intensive 
“grass farming” operations. 

Single or double chaining should 
be used only where other means are 
precluded for good reason, or where 
only partial tree control is accept- 
able, such as in some wildlife 
habitat improvement projects. In 
neither case would conversion of 
woodland to grassland be an ex- 
pected result. Chaining should be 
most effective where at least 50 
percent of the trees are over 10 feet 
in height. 

Any proposed conversion project 
should receive an appropriate eco- 
nomic evaluation of its benefits 
versus its costs (Eckstein, 1958; 
Gardner, 1962; Karl and Brannan, 
1967; LeBaron, 1965; Lloyd and 
Cook, 1960). This applies with spe- 
cial emphasis to’ the intensive 
windrowing method. 
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Plaque for A. W. Sampson 

The 60th Anniversary of the Great Basin Experimental Range will be cele- 
brated in conjunction with SRM’s 1972 summer meeting. As a part of the 
planned events, a plaque will be dedicated to Arthur W. Sampson, who was 
the first director of the Experimental Range (originally designated Utah 
Experiment Station). Many of Professor Sampson’s range management con- 
cepts were developed through his research at this station. 

The Utah Section, SRM, is serving as the recipient for funds for the proposed 
plaque. Contributions in any amount are being solicited and may be sent to 
A. T. Fillingim, Secretary-Treasurer, Utah Section, SRM, 850 North 10th East, 
Price, Utah 84501. 
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Highlight 

Aerial parts of the caespitose type of bluebunch wheat- 
grass (Agropyron spicutum) have been shown to direct 
rainwater and to concentrate it in the soil immediately 
beneath individual plants. The degree to which water 
collects beneath the bunches appeared to be related to the 
size of the canopy. 

It is possible that the rapid decline of bluebunch wheat- 
grass under heavy grazing is related to soil moisture 
redistribution caused by the removal of its aerial parts. 

Many workers have emphasized the importance 
of bluebunch wheatgrass (Agropyron spicatum) on 
the native ranges of western North America and 
considerable information is available on the re- 
sponse of this species to grazing pressure. In spite 
of the attention given to the productivity of the 
wheatgrass, little attention has been paid to the 
factors which enable the species to dominate well- 
managed ranges. 

Several reports have pointed out that bluebunch 
wheatgrass succumbs easily to heavy grazing and 
that under such conditions, the species is weakened 
and its habitat is invaded by annuals, such as cheat- 
grass (Bromus tectorum L.), and shrubs, such as 
big sagebrush (Artemisia tridentata Nutt.), (Tis- 
dale, 1947; Ellison, 1960; Harris, 1967; Ndawula- 
Senyimba, 1969). Harris (1967) pointed out that 
although cheatgrass seedlings often do better in 
competition with the wheatgrass seedlings, mature 
plants of the wheatgrass are resistant to the in- 
vasion of annual plants. 

In East Africa Glover and Gwynne (1962) 
and Gwynne (1966) demonstrated that aerial 
parts of a plant may collect rainwater and deliver 
it to the soil at the base of the plant. Earlier 
Glover (1950) had shown that the depth of rain- 
water penetration in the soil under a vegetation 
cover varied with the species composition of that 
cover. In 1962 Glover et al. also developed mathe- 
matical expressions which attempted to relate the 

lReceived May 15, 1970; accepted for publication July 13, 
1970. 

2 Research Officer, East African Agriculture and Forestry 
Research Organization, Nairobi, Kenya. 

depth of water penetration to the heights of plants 
of known species under specific soil conditions. 
Gwynne (1966) concluded that, in the dry savan- 
nahs of East Africa, many plants growing in arid 
places survive on very light rains by directing the 
water to their rooting zone. 

The question posed by the present work was 
whether or not a caespitose grass, such as blue- 
bunch wheatgrass, growing in an arid to semi-arid 
climate in a temperate latitude “collects” rainwater 
in much the same manner as do the caespitose 
species of the drylands of East Africa. 

Materials and Methods 

Bluebunch wheatgrass is the most important grass on the 
dry ranges of south-central British Columbia. The grass is 
perennial and generally caespitose in form, although 
rhizomatous varieties exist (Passey and Hugie, 1963). The 
culms are slender and the leaves are narrow and smooth 
with the inner surface (upper) grooved and slightly pubes- 
cent. 

On dry sites under climax conditions the species tends to 
form pure stands characterized by large bunches almost 
uniformly spaced. There are between neighboring bunches 
large areas which are bare or sparingly occupied by small, 
short-lived, shallow-rooted species such as sandbergs blue- 
grass (Poa secunda Presl.). Established bunches are rela- 
tively long lived and young seedlings are rarely seen in old 
stands. 

Field observations were made on bluebunch wheatgrass 
plants growing in the native grassland of the Thompson and 
Nicola valleys in south-central British Columbia. The cli- 
mate of the area is arid to semi-arid with an average annual 
precipitation varying from slightly less than 180 mm in 
the driest parts to 440 mm in the wettest parts. Most of 
the rains come in summer (Tisdale, 1947) in relatively 
gentle storms with no extensive run-off except on extremely 
steep or denuded slopes. 

Rainwater penetration of the soil under the bunches of 
the wheatgrass was demonstrated in the field as follows. 
Trenches about 30 cm deep were dug on level ground 
through selected bunches shortly after rain had fallen. The 
moisture front below the bunches and bare ground could 
usually be seen (Fig. 1). Penetration patterns were observed 
under light and heavy grazing at three sites in the Thomp- 
son and Nicola valleys. 

To confirm the water penetration patterns observed in 
the field, a trial was conducted in the greenhouse at the 
University of British Columbia. A wooden box, 45 cm x 
130 cm x 75 cm high, was filled with packed garden soil. 
As the box was filled with soil Bouyoucos moisture blocks 
(Bouyoucos et al., 1947) were set in three vertical rows at 
70, 50, 25 and 10 cm depths (Fig. 2). Two transplanted 
groups of bluebunch wheatgrass were planted on top of 
two of the three vertical rows of moisture blocks leaving 
the middle row of blocks (C) under bare ground as a control. 
One month was allowed to elapse before moisture readings 
were started to let the transplanted bunches establish. A 
mist spray system was constructed to discharge water fairly 
uniformly over the required area. The uniformity of 
the mist sprayed at the canopy level of the test plants was 
tested by replacing the test box with cans and measuring 
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FIG. 1. Moisture penetration in a soil profile after a 29 mm 
rainfall. The slope was 6% SE. 

the amount of water trapped in each can after a given time 
of spraying. The mist-spray system was used to prevent 
run-off and the tendency to over-saturate the soil along the 
walls of the box. 

Moisture applications and readings started one month 
after transplanting and continued for three and one-half 
months. In each test water was applied for one hour. The 
moisture status of the soil was measured with a wheatstone 
bridge immediately before and one hour after watering. 
Watering and moisture readings were undertaken biweekly. 
After testing four times, one group (B) was clipped to 
ground level and testing continued a further three times. - 

Since little lateral movement of water occurs in soil it was 
assumed that the moisture difference recorded in each row 
of blocks was due to the downward penetration of water 
applied. 

Results 

Field observations indicated that rainwater pene- 
trated deeper into the soil beneath the bunches of 
bluebunch wheatgrass than in the patches of bare 
ground between (Fig. 1). There seemed to be a 
relation between the size of bunches and the depth 
of water penetration in roughly sinusoidal mois- 
ture-fronts. For example, moisture penetration in 
the field, following a 29 mm rain, was 12 cm 
under bare ground in contrast to 15, 17, and 20 cm 
under plants 30, 40, and 53 cm tall. The moisture 
fronts beneath very small bunches of the wheat- 
grass in soil on the heavily-grazed areas were rela- 
tively uniform in depth. . - 

Observations in the greenhouse (Fig. 2) represent 
the average of four determinations of the levels at 
which moisture penetration was sensed after one 
hour of mist spraying when both groups (A and B) 
were intact and the average of three determinations 
made after Group B had been clipped. Results 
obtained in this experiment supported the obser- 
vation that rainwater penetrates deeper or at least 
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more rapidly beneath the bunches of wheatgrass 
than in ihe soil under bare ground. T ‘here seemed 
to be a relationship between the size of the plant 
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FIG. 2. Depths at which water was detected beneath wheatgrass 
plants (A and B) as compared with bare ground (C) between 

canopy and the depth to which moisture pene- 
trated. The fact that the clipped bunch gave 
similar readings to the control suggests that fluctua- 
tions in soil moisture penetration are related to the 
aerial parts of the plant. 

Discussion 
Observations made in the field and in the green- 

house support the belief that the deeper penetra- 
tion of water beneath individuals of caespitose 
bluebunch wheatgrass is due to a “funnelling” 
effect of the aerial parts, and that the plant canopy 
directs light summer rain into the rooting zone 
of an individual plant. It is also possible that 
bunches of the wheatgrass impede the movement 
of rainwater running over bare areas, thus increas- 
ing the amount of water which penetrates in the 
soil around the bunches. However, owing to the 
nature of the rains in the grasslands studied (Tis- 
dale, 1947), contribution to soil moisture from 
sheet flow may not be very great. 

The ability of the aerial parts of the wheatgrass 
to intercept and redistribute the incident moisture 
may have a bearing on the capability of the species 
to withstand grazing and interspecies competition. 
It is known that bluebunch wheatgrass easily suc- 
cumbs to very heavy grazing. In the seeding stage 
and under heavy grazing the plant does not com- 
pete well with annual invaders such as cheatgrass. 
However, it is clear that annuals rarely invade 
well developed stands of the wheatgrass (Ndawula- 
Senyimba, 1969). Although he suspected the com- 
petition to be for soil nitrates, Harris (1967) 
admitted that the wheatgrass did better when com- 
peting with cheatgrass in places receiving summer 



200 PUMPHREY 

rains. Whereas reduced nitrates may have a part COUPLAND, R. T., AND R. E. JOHNSON. 1965. Rooting 
to play in the annual-perennial grass relationship characteristics of native grassland species in Saskatchewan. 

soil moisture might play a very important role. J. Ecol., 53:475-507. 

It is possible that the extensive roots of mature ELL1SoN’ L* 1960. Influence of grazing on plant succession 
of rangelands. Bot. Rev., 26: l-78. 

b1uebunch wheatgrass (CouPland and Johnson, GLOVER p E 1950 Rainwater penetration in &-i&h 
1965) utilize all the moisture in the topsoil early 
in spring. If there are any recharges in the form 

Soma;iland soils. East African Agr. J., 16:26-33. 
GLOVER, P. E., AND M. D. GWYNNE. 1962. Light rainfall 

of rain most of the water received is concentrated and plant survival in East Africa. I. Maize. J. Ecol., 50: 
beneath the bunches. This would keep patches 111-118. 
of bare ground too dry for cheatgrass and other GLOVER, P. E., J. GLOVER, AND M. D. GWYNNE. 1962. 
species to colonize. When the aerial parts of Light rainfall and plant survival in East Africa. II. Dry 
caespitose species are removed annuals share the grassland vegetation. J. Ecol. 50: 199-206. 

uniformly distributed moisture in the topsoil and GWYNNE, M. D. 1966. Plant physiology and the future, 

competition is intensified. pp. 59-64. Davis, W. and C. L. Skidmore (ed.) In 
“Tropical Pastures.” 

Although it cannot be established that the HARRIs G A 
Faber and Faber, London. 

’ ’ ’ caespitose habit of bluebunch wheatgrass is simply 
1967. Some competitive relationships be- 

or solely an adaptive morphological feature which 
tween Agrofiron spicatum and Bromus tectorum. Ecol. 
Monogr., 37:89-l 11. 

relates the thriftiness of the species to a regime of NDAWULA-SENYIMBA, M. S. 1969. Fenceline ecology of 
limited soil moisture, the observations strongly four grassland sites in the southern interior of British 
suggest that the association is important. Columbia. M. SC. Thesis, Univ. of British Columbia, Van- 

couver. 101 p. 
Literature Cited PASSEY, H. B., AND V. K. HUGIE. 1963. Variations in blue- 

BOUYOUCOS, G. J., AND A. H. MICK. 1947. Improvements bunch wheatgrass in relation to environment and geo- 
in the plaster of paris absorption block electric resistance graphical location. Ecology, 44: 158-161. 
method for measuring soil moisture under field condi- TISDALE, E. W. 1947. The grasslands of the southern in- 
tions. Soil Sci., 63:455-465. terior of British Columbia. Ecology, 28: 346-382. 

Grass Species Growth 
on a Volcanic Ash-Derived Soil 

Cleared of Forest1 
F. V. PUMPHREY2 

Associate Professor of Agronomy, Eastern Oregon 
Experiment Station, Union, Oregon. 

Highlight 

Grasses producing high forage yields in a 20 to 28 inch 
precipitation zone of northeastern Oregon on volcanic 
ash soil (To10 silt loam) cleared of a stagnant forest were 
Greenar intermediate wheatgrass, Sherman big bluegrass, 
and Regar bromegrass. Tall oatgrass, meadow foxtail, and 
creeping meadow foxtail were high yielding when fertilized. 
Annually fertilizing with 60 lbs. N, 10 lbs. P, and 11 lbs. S/ 
acre increased the mean annual forage yield 1800 lbs./ 
acre. Fertilizing increased downy brome lin species not 
well adapted. Fertilized forage contained a slightly lower 
nitrogen concentration than non-fertilized forage. 

lContribution of the Oregon Agricultural Experiment Sta- 
tion as Technical Paper number 2852. Received February 
27, 1970; accepted for publication November 7, 1970. 

2 Present address is Associate Professor, Pendleto,n Experi- 
ment Station, Pendleton, Oregon 97801. 

Range managers and foresters readily agree that 
high priority must be given to revegetating forest 
land which has been denuded of vegetation either 
purposely or accidentally. A properly managed 
cover of grasses reduces erosion, provides grazing 
and income for several years, allows for the return 
to timber, and aids in eliminating “doghair” 
stands of trees (Rummell and Holscher, 1955). 
Adaptation and characteristics of the species seeded 
affect the success of the seeding and successional 
patterns during the gradual replacement of her- 
baceous plants by shrubs and trees. This paper 
reports forage and fertilizing results obtained 
from a grass nursery grown on a soil derived from 
volcanic ash which had been cleared of forest. 

Study Area and Methods 

This study was conducted in the ponderosa pine (Pinus 
ponderosa)-Douglas fir (Pseudotsuga menziesii)-grand fir 
(Abies grandis) forest-range zone of the Wallowa Moun- 
tains in northeast Oregon. Mean annual precipitation of 
this zone is 20 to 28 inches. The bulk of the precipitation 
occurs as rain or snow from October through June. July 
and August are warm and dry but summer showers do occur. 

The particular site was a north slope ae 3500 feet eleva- 
tion with a mean annual precipitation of 26 inches. The 
site had been cleared of a stagnant forest stand dominated 
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Annually fertilizing with 60 lbs. N, 10 lbs. P, and 11 lbs. S/ 
acre increased the mean annual forage yield 1800 lbs./ 
acre. Fertilizing increased downy brome lin species not 
well adapted. Fertilized forage contained a slightly lower 
nitrogen concentration than non-fertilized forage. 
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Range managers and foresters readily agree that 
high priority must be given to revegetating forest 
land which has been denuded of vegetation either 
purposely or accidentally. A properly managed 
cover of grasses reduces erosion, provides grazing 
and income for several years, allows for the return 
to timber, and aids in eliminating “doghair” 
stands of trees (Rummell and Holscher, 1955). 
Adaptation and characteristics of the species seeded 
affect the success of the seeding and successional 
patterns during the gradual replacement of her- 
baceous plants by shrubs and trees. This paper 
reports forage and fertilizing results obtained 
from a grass nursery grown on a soil derived from 
volcanic ash which had been cleared of forest. 

Study Area and Methods 

This study was conducted in the ponderosa pine (Pinus 
ponderosa)-Douglas fir (Pseudotsuga menziesii)-grand fir 
(Abies grandis) forest-range zone of the Wallowa Moun- 
tains in northeast Oregon. Mean annual precipitation of 
this zone is 20 to 28 inches. The bulk of the precipitation 
occurs as rain or snow from October through June. July 
and August are warm and dry but summer showers do occur. 

The particular site was a north slope ae 3500 feet eleva- 
tion with a mean annual precipitation of 26 inches. The 
site had been cleared of a stagnant forest stand dominated 
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Table 1. Forage yields (Ibs./acre, oven dry) of non-fertil- 
ized and fertilized grasses growing on volcanic ash soil 
cleared of forest. 

Mean annual forage yield1 

Species Variety 

Non- 
fertil- Fertil- 
ized ized3 

Intermediate wheatgrass 
(Agropyron in termedium) 

Intermediate wheatgrass 
(Agropyron in termedium) 

Tall wheatgrass 
(Agropyron elongatum) 

Pubescent wheatgrass 
(Agropyron trichophorum) 

Pubescent wheatgrass 
(Agropyron trichophorum) 

Beardless wheatgrass 
(Agropyron inerme) 

Crested wheatgrass 
(Agropyron desertorum) 

Crested wheatgrass 
(Agropyron desertorum) 

Siberian wheatgrass 
(Agropyron sibiricum) 

Big bluegrass (Poa ampla) 

Tall oatgrass 
(Arrhenatherum elatius) 

Bromegrass 
(Bromus biebersteinii) 

Red bromegrass 
(Bromus tomentellus) 

Smooth bromegrass 
(Bromus inermis) 

Mountain bromegrass 
(Bromus marginatus) 

Meadow foxtail 
(Alopecurus pratensis) 

Meadow foxtail 
(Alopecurus pratensis) 

Creeping meadow foxtail 
(Alopecurus arundinaceus) 

Timothy (Phleum pratense) 

Timothy (Phleum pratense) 

Orchardgrass 
(Dactylis glomerata) 

Orchardgrass 
(Dactylis glomerata) 

Orchardgrass 
(Dactylis glomerata) 

Greenar 2940 4980 

Amur 1850 3290 

Alkar 1250 3980 

Topar 2150 3880 

P-14942 1280 2670 

Whitmar 1840 3360 

Nordan 1250 3110 

P-13333 1090 2200 

P-27 1200 2430 

Sherman 1580 4360 

Common 1310 4080 

Kegar 1950 3940 

P-2447 1120 3140 

Manchar 1770 3080 

Bromar 1460 3010 

“HESA” 1250 3930 

P-5903 1360 3540 

P-14762 1160 3650 

Common 1250 3490 

Drummond 990 2830 

Pennlate 1390 2550 

Latar 1280 3120 

Sterling 1360 2440 

1 Mean annual yields for the years 1966-69. 
a Fertilized annually with 60 lbs. N, 10 lbs. P, and 11 lbs. S 

per acre. Highly significant difference (P = .Ol) between non- 
fertilized and fertilized occurred each year. 

Table 1 (Continued). 

Mean annual forage yield1 

Species Variety 

Non- 
fertil- Fertil- 

ized ized2 

Hard fescue 
(Festuca ouina var. duriuscula) Durar 1460 3340 

Chewings fescue 
(Festuca rubru var. commutata) Cbewings 1250 3140 

Tall fescue 
(Festuca arundinacea) 

Tall fescue 

Alta 1140 2740 

(Festuca arundinacea) 

Blue wildrye 

Fawn 940 1890 

(Elymus glaucus) P-2662 1430 3270 

5% L.S.D. (Varieties) 339 742 

by grand fir. Soil test values for available P were very 
high (86 and 83 ppm by the bicarbonate method for the 
O-8 and the 8-20 inch soil depths). The site was also high 
in available potassium; the soil test showed over 1500 
pounds of exchangeable K per acre to a depth of 8 inches. 
The surface soil had a pH of 6.1. The deep (40+ inches) 
soil derived from volcanic ash is classified as To10 silt 
loam. In the comprehensive soil classification system the 
To10 series is a member of the ashy over loamy, mixed, 
frigid family of Typic Vitrandepts. 

Volcanic ash is one of the major soil parent materials 
in the Pacific Northwest. The ash originated in the Cascade 
Mountains from northern California to central British 
Columbia with the bulk of the ash coming from Mt. 
Mazama (Crater Lake, 6600 years ago) and Glacier Peak 
(12,000 to 13,000 years ago) (Powers and Wilcox, 1964; 
Fryxell, 1965). Unique features of soils from volcanic ash 
in northeast Oregon are weak structural development, a 
narrow range of particle size which is dominantly silt, 
and high particle-size surface area. These features gen- 
erally enhance water retention and the amount of water 
available for plant use. 

The 28 grasses” listed in Table 1 were seeded individually 
in plots 8 by 20 feet. One-half of each plot received an 
annual application of N-P-S at the rate of 60 lbs. N, 10 lbs. 
P, and 11 lbs. S per acre. Plots and sub-plots were arranged 
to allow a randomized block split-plot analysis of the yield 
data. The nursery, containing two replications, was seeded 
in August following clear-cut logging and slash burning. 
Showers occurred soon after seeding providing moisture 
for immediate germination and seedling establishment. 
Bull thistles (Cirsium vulgare) were removed by hand 
hoeing in the spring following grass seeding as the primary 
objective of the nursery was comparing forage production 
of the grasses planted. 

Forage yields were determined when intermediate wheat- 
grass, which was the latest maturing grass, reached the hay 
stage (early flowering) of growth in late July. Sub-samples 

3Seed of most entries was obtained through John L. 
Schwendiman, Plant Materials Center, Soil Conservation 
Service, Pullman, Washington. 
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of the harvested forage of key species were taken for N 
analysis. Total N was determined by the modified micro- 
Kjeldahl method (Jackson, 1958). Aftermath growth was 
not sufficient to warrant an additional harvest in early fall. 

The nursery was fenced to exclude cattle, deer, and elk. 
Rodents were controlled by poisoning. 

Results and Discussion 

Forage yields were affected by species, varieties, 
and the fertilizer applied (Table 1). 

Greenar intermediate wheatgrass was the out- 
standing forage producer. Amur intermediate 
wheatgrass did not exhibit the outstanding yield- 
ing ability of Greenar. Differences in productivity 
between varieties are also expressed in the two 
pubescent wheatgrasses grown. Intermediate, 
pubescent, and tall wheatgrasses remained green 
and succulent longer than many of the other grasses 
in this nursery. Moisture at this site was in excess 
of what is needed by the drought tolerant, long- 
lived, bunchgrass types of wheatgrasses-crested, 
Siberian, and Whitmar. Thus, they did not 
demonstrate superior productiveness over most of 
the other species as is observed in the more arid 
areas of Oregon (Hafenrichter et al., 1968). 

Many grasses beside the wheatgrasses produced 
high yields of forage. Results in Table 1 and 
observations of Sherman big bluegrass support 
other results that this grass is widely adapted, pro- 
ductive, starts growth early in the spring, and 
remains green into the summer (Currie, 1969; 
Hyder and Sneva, 1963; Lavin and Springfield, 
1955). A recently introduced and released grass, 
Regar bromegrass, was among the high forage 
producers (Foster et al., 1966). This species pro- 
duced sufficient cover to suggest it is a weak sod 
former under these conditions. Its regrowth after 
cutting and fall growth were not superior to other 
grasses. Tall fescue on a comparative basis per- 
formed poorly on this site. Stands were deteriorat- 
ing and giving evidence that the planting will be 
short-lived on this site. Fourteen miles away on 
alluvial soil at the Eastern Oregon Experiment 
Station tall fescue is one of the most productive 
grasses (Richards and Hawk, 1945). Pure stands 
of timothy were deteriorating into mixed stands 
by the fifth year after establishment which is in 
agreement with other local observations. Pocket 
gophers, because of their apparent relish for the 
swollen base of the stem, are a serious menace to 
pure stands of timothy (Garrison and Moore, 
1956). 

Several grasses as timothy, tall oatgrass, and 
meadow foxtail were reseeding themselves in areas 
where plant competition was not severe. Little or 
no reseeding by other species occurred in inter- 
mediate wheatgrass, hard fescue, and big bluegrass 
plots. No observations were possible on the 

Table 2. Fertilizer effect on nitrogen (%) in the forage and 
nitrogen uptake (lbs./acre).l 

Annual N 
Species Fertilizep Nitrogen uptake 

Intermediate wheatgrass None 0.66 18 
Fertilized 0.62 34 

Creeping meadow foxtail None 0.73 15 
Fertilized 0.46 19 

Manchar smooth bromegrass None 0.85 15 
Fertilized 0.66 23 

Blue wildrye None 0.93 11 
Fertilized 0.81 24 

lData obtained from two replications for two consecutive years. 
a Annual application of 60 lbs. N, 10 lbs. P, and 11 lbs. S per acre. 

potential reseeding of intermediate wheatgrass as 
this species was harvested before seed matured. 

Fertilized grass started growth earlier in the 
spring and remained green longer in the summer. 
Fertilizing increased the density of stands but did 
not prevent stands of tall fescue and timothy from 
deteriorating. Density and growth of downy brome 
(Bromus tectorum) were increased several fold by 
fertilizing species not well adapted to this site as 
tall fescue and crested wheatgrass. 

Mean annual increase in forage produced by all 
grasses fertilized each year was over 1800 lbs./acre 
(Table 1). Two early maturing grasses-tall oat- 
grass and meadow foxtail-and Sherman big blue- 
<grass were among the outstanding responders to 
fertilization. Each averaged over 2500 lbs./acre 
increase in forage from fertilizing. The additional 
forage produced by fertilization, unless removed 
by grazing or as hay, would be a serious menace 
as a fire hazard during the dry summer months. 

A nitrogen-sulfur interaction response may have 
occurred as large responses from nitrogen and 
sulfur applied to wheat and sulfur applied to 
legumes have been obtained in eastern Oregon 
(Pumphrey, 1961, 1963) and in the Palouse Coun- 
try of Washington and Idaho. It is not likely that 
the grasses responded to the applied P since the 
soil test values for available P were very high. 
These results from fertilizing on this site support 
observations that forest soils developed on volcanic 
ash are low in organic matter and some nutrients 
essential to plant growth. 

Fertilized forage of the four species analyzed 
contained a lower nitrogen content at harvest time 
than did non-fertilized forage (Table 2). The 
forage yield increase from fertilizing was larger 
proportionally than the increase in nitrogen up- 
take from fertilizing. This resulted in a slight 
decrease in nitrogen concentration within the 
plant but an increase in nitrogen uptake. Percent 
uptake of the applied nitrogen was low from 
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Soil pH changes on plots fertil- 
ized with ammonium-containing com- 
pounds indicated possible detrimental 
effects on range plant communities. 
The mechanism for the pH change 
and possible solution for correction of 
the problem are discussed. 

Fertilization offers range man- 
agers a tool to manipulate for- 
age production. Herbage yield 
increases, particularly in wetter 
sections of the prairie, have been 
stimulated by nitrogen fertilization 
(Mader, 1956; Moser, 1964). Crude 
protein percentages and moisture- 
use efficiency have increased with 
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added nitrogen (Owensby, 1969). 
Those results have encouraged 
ranchers to plan use of nitrogen on 
native range in eastern Kansas. 

Weed control measures must be 
implemented to maintain desirable 
species in the stand because shifts 
in botanical composition frequently 
occur in True Prairie when nitro- 
gen is applied (Mader, 1956). How- 
ever, information concerning long- 
term effects o&f nitrogen fertilization 
on soil chemical properties is lack- 
ing. 

The purpose of this paper is to 
discuss the mechanism for pH 
change from acidifying nitrogen 
fertilizers and to present data on 
pH changes on nitrogen fertilized 
native range. 

Soil Acidification 
Increased soil acidity following 

nitrogen fertilization may result 
from 1) so-called “physiologic acid- 

9 

i ty” and 2) nitrification. Physio- 
logic acidity results when cations 
and anions are absorbed at dif- 
ferent rates from applied fertilizers 
(Adams and Pearson, 1967). Nitro- 
gen containing cations are taken up 
at a higher rate than the associated 
anions (SO*--, Cl-, NOs-). Leach- 
ing moves those anions with the 
cations (Ca++, Mg”, K+, Na+) to a 
lower part of the soil profile and 
thereby reduces base saturation of 
the leached surface zone. The im- 
pact of physiologic acidity is not 
fully realized until residual salts 
are leached from a particular soil 
horizon. 

Nitrification releases hydrogen 
ions (H+) which cause the soil to 
become acid (Tisdale and Nelson, 
1966). The ammonium ion (NH,+) 
is converted to the nitrite ion 
(NO,-) largely by a group of obli- 
gate, autotrophic bacteria, Nitro- 
somonas, which mediate this reac- 
tion: 

2NH4++ 3 02+ 
ZNO,-+II,O+4H+ 

Another genus of obligate auto- 
trophic bacteria, Nitrobacter, cause 
oxidation of nitrite to nitrate 
(NO,-), 
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fully realized until residual salts 
are leached from a particular soil 
horizon. 

Nitrification releases hydrogen 
ions (H+) which cause the soil to 
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1966). The ammonium ion (NH,+) 
is converted to the nitrite ion 
(NO,-) largely by a group of obli- 
gate, autotrophic bacteria, Nitro- 
somonas, which mediate this reac- 
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The amount of acidity produced 
by a given fertilizer varies with soil 
characteristics, plant community, 
environment, and fertilizer rate. 
The proportion of applied nitrogen 
taken up by the plant as ammonia 
also affects potential acidification. 

Bear (1953) presented potential 
acidity or alkalinity values varying 
from -148 to +62 in terms of cal- 
cium carbonate for 100 pounds of 
fertilizer material. Potential acidity 
associated with such nitrogen 
sources as anhydrous ammonia, 
urea, ammonium nitrate, ammo- 
nium sulfate, and ammonium phos- 
phate is high. Nonacidifying 
sources such as calcium cyanamide, 
calcium nitrate, and sodium ni- 
trate are less commonly used in the 
United States owing to low nitro- 
gen percentages, o,r, in the case of 
sodium nitrate, because it is detri- 
mental to soil structure. 

Research findings in tame pas- 
ture fertilization indicate that 
nitrogenous acidification is a 
serious problem. Coastal bermuda- 
grass (Cynodon dactylon (L.) Pers.) 
requires high amounts of nitrogen 
(500 to 1000 lb./acre) for sustained 
high production in the southeastern 
United States (Adams et al., 1967), 
where soil pH has been seriously 
reduced. Abruna et al. (1958) and 
Jackson et al. (1961) have reported 
stand reductions and decreased dry- 
matter yields of bermudagrass from 
highly acid soils. Their studies 
dealt with high nitrogen rates ap- 
plied only a few years. 

Reductions in pH were severe 
and availability of other fertilizer 
elements was increased on smooth 
brome (Bromus inermis Leyss.) 
plots fertilized 20 years with ammo- 
nium nitrate at annual rates up to 
200 lb. N/acre (Owensby et al., 
1969). So31 pH was reduced by 
rates of nitrogen above 60 lb./acre. 
As much as 20 to 30 tons per acre of 
lime were required to correct in- 
creased acidity on plots where high 
nitrogen rates had been used. Un- 
published data from the plots 
indicate herbage-yield reductions 
from high acidity soils from 6000 

lb./acre toI 300 lb./acre in June, 
1970. 

Reports on soil pH changes in 
native range are scant. Moser 
(1964) reported pH decreases over 
four years from pH 6.35 to, 6.10 
on Kansas native range fertilized 
annually with 100 Ibs. N/acre as 
ammonium nitrate. Soil data were 
taken from the 0 to 6-inch layer 
in 1963; fertilization occurred from 
195 1 through 1954; pH changes 
likely were tempered during the ten 
intervening years, by basic cations 
deposited at the surface in dead 
plant material. 

Materials and Methods 

Soil samples were taken from fer- 
tilization trials on native range at 
Manhattan and Hays, Kansas. Soil 
acidity was determined by adding 
5 ml of distilled water to 5 grams 
of soil, stirring, and reading after 
20 minutes with a pH meter. A 
description of each study area 
follows: 

Manha t tan.-Ammonium nitrate 
was applied to circular (4.5 ft 
diameter) plots at rates of 0 and 
50 lb. N/acre May 1, 1965, through 
1969 on loamy upland bluestem 
ranges (Smolan silty clay loam, 0 to 
1% slope). Vegetation consisted 
primarily of big bluestem (Andro- 
pogon gerardi Vitman.), little blue- 
stem (A. scoparius Michx.), Indian- 
grass (Sorghastrum nutan (L.) 
Nash.), Kentucky bluegrass (Poa 
pratensis L.), and numerous annual 
and perennial forbs. Four soil cores 
(% inch diameter) were taken from 
each plot to 12 inches deep. Each 
core was divided to 0 to 6-inch and 
6 to 12-inch increments and pH 
determined. Analysis of variance 
for four replicates was calculated. 

Hays #I. Ammonium nitrate 
fertilizer was broadcast at rates of 
0, 40, 80, and 120 lb. N/acre 
annually and biennially May 1, 
1965, through 1969 in paired, 6 x 
12 ft plots on a clay upland range 
site (Harney silty clay loam, 0 to 
1% slope). Vegetatioa was a mix- 
ture of blue grama (Bouteloua gra- 
cilis (H.B.K.) Lag. ex Steud.), 
buffalograss (Buchloe dactyloides 

(Nutt.) Engelm.), western wheat- 
grass (Agropyron smithii Rydb.), 
and associated weedy species, pri- 
marily Japanese brome (Bromus 
japonicus Thunb.) and western rag- 
weed (Ambrosia fxilostachya DC.). 
One soil core (X-inch diameter) 
was taken April 27, 1969, to 12 
inches deep from each plot. Each 
core was divided into 0 to 6-inch 
and 6 to 12-inch increments. Soil 
cores from like treatments, depths, 
and four replicate plots were com- 
posited for analysis. 

Hays #2. Single applications of 
ammonium nitrate at 20 to 1000 lb. 
N/acre were made on 12 x 25 ft 
plots on clay upland and breaks 
range sites May 8, 1969. The clay 
upland range site (Harney silty 
clay loam, 3 to 4% slope) supported 
a mixture of buffalograss, blue 
grama, western wheatgrass, Ken- 
tucky bluegrass, Japanese brome, 
and various forbs. Vegetation on 
the breaks range site (Brownell 
gravelly loam, 2 to 3% slope) con- 
sisted mainly of tall- and mid- 
grass species, i.e., big bluestem, 
little bluestem, Indiangrass, sideoats 
grama (Bouteloua curtipendula 
(Michx.) Torr.), hairy grama (Bou- 
teloua hirsuta Lag.), and numerous 
forbs. Three soil cores (% inch 
diameter) were taken in December, 
1969, from each plot to 6 inches 
deep, cornposited, and pH deter- 
mined. Analysis of variance was run 
on the data from three replications. 

Results and Discussion 

pH Changes 

Soil pH decreased on plots re- 
ceiving nitrogen at Manhatan and 
on plots with Harney silty clay 
loam soil at Hays. At Manhattan 
a total of 200 lb. N/acre applied 
at 50 lb./acre/year for four years 
lowered pH by 0.3 in the 0 to 6- 
inch soil layer, but had no effect on 
the 6 to 12-inch soil layer (Table 1). 

Cumulative applications of 160 
lb. N/acre or more appeared to re- 
duce pH after three years of nitro- 
gen application on Hays #l plots 
in the 0 to 6-inch soil layer (Table 
2). Application of 200 lb. N/acre 
or more on Hays #2 plots increased 
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Table 1. Reaction (pH) of 0 to 6 and 
6 to Winch soil layers of Smolan 
silty clay loam soil on plots near 
Manhattan, Kansas, fertilized May 1 
each year 1965 through 1968 at in- 
dicated rates (lb./acre) with ammo- 
nium nitrate. Soil samples taken in 
November, 1969. 

Nitrogen 
Depth 

rate CM inch 6-12 inch 

0 6.31 6.02 
50 6.0 6.0 

l LSD.,, = 0.1. 
s No significant difference. 

soil acidity on the Harney soil, but 
did not change soil pH on the well- 
buffered Brownell soil (Table 3). 

Nitrogen acidification was limited 
to the upper six inches of the soil 
horizon at both Hays and Man- 
hattan; however, Adams and Pear- 
son (1967) pointed out that in- 
creased soil acidity due to nitro- 
gen fertilization is not limited to 
the surface horizon. Abruna et al. 
(1958) found soil pH lowered two 
feet deep in a clay loam profile 
under napier-grass (Pennisetum 
fxo-pureurn Schumach). Acidity in 
lower horizons results fro’m nitro- 
gen compounds leaching before 
nitrification or from hydrogen or 
aluminum ions leaching into lower 
soil horizons. 

Nitrogen acidification may be 
more severe with nitrogen applica- 
tion amounts above consumptive 
potential of plants. Abruna et al. 
(1958) found that more acidity 
developed from each pound of ni- 
trogen applied above recommended 
rates. Heavy applications for use 

Table 3. Reaction (pH) of 0 to 6- 
inch soil layer of plots near Hays, 
Kansas, fertilized May 8, 1969, at 
indicated rates (lb./acre) with am- 
monium nitrate. Soil samples were 
taken in December, 1969. 

Soil series 

Nitrogen rate 

0 
20 
40 
60 
80 
100 
200 
400 
600 
800 
1000 

1 LSD.,, = 0.2. 

Harney Brownell 

6.51 7.62 
6.5 7.6 
6.5 7.6 
6.6 7.6 
6.5 7.6 
6.4 7.6 
6.3 7.6 
6.3 7.6 
6.2 7.6 
6.0 7.6 
6.1 7.5 

2 No significant differences. 

over several years apparently would 
be more likely to cause reductions 
in pH than annual applications of 
amounts near consumptive use. 

Other Nitrogen Sources 

Alternative nitrogen sources ap- 
pear to be needed, particularly for 
sites that do not inherently contain 
high amounts of calcium carbonate 
in the upper soil profile. Among 
the alternative sources are calcium 
cyanamide, calcium nitrate, and 
sodium nitrate, but using them 
would introduce alkalinity. Lack 
of availability and high cost per 
pound of nitrogen also limit use of 
these alternate sources. A possible 
solution might be to use a fertilizer 
rotation system that balances 
acidity and alkalinity that different 
nitrogen sources create. 

Table 2. Reaction (pH) of 0 to 6 and 6 to Winch soil layers of Harney soil 
series on plots near Hays, Kansas, fertilized May 1 from 1965 through 1968 
at indicated rates (lb./acre) with ammonium nitrate. Soil samples taken 
April 27, 1969. 

Nitrogen rate 

0 
40 
80 
120 

.4nnual application Biennial application 

O-6 inch 6-12 inch O-6 inch 612 inch 

6.9 6.8 6.8 6.8 
6.8 6.8 6.8 6.7 
6.7 6.8 6.7 6.8 
6.6 6.8 6.6 6.8 

Animal wastes from extensive 
feedlot operations might offer a 
new source of nitrogen, but high 
salt concentrations and ammonium 
(acidifying) nitrogen limits their 
usefulness. Feedlot wastes also 
could introduce detrimental weed 
seeds. 

Liming 

Liming also is a possibility for 
pH co,rrection, but it does not move 
in the profile of fine-textured 
soils. Peterson (1970) at Columbus, 
Kansas, reported little movement of 
lime out of the plow layer during 
15 to 20 years. Adams and Pearson 
(1969) showed lime movement in 
sandy soils into lower horizons. Be- 
cause range soils typically are not 
tillable, extra caution is needed to 
avoid creating a situation that 
cannot be rectified. 

Effect of pH on Range Communities 

Porter (1969), reviewing nitrogen 
use in grassland ecosystems, pre- 
dicted increased use of nitrogen 
fertilizers in the Great Plains. The 
present paper was prompted by his 
omission of recommendations for 
research on soil chemical property 
changes. Increased use of acidifying 
nitrogen fertilizers could greatly 
alter plant communities. 

An extensive review by Kline 
(1969) of the effects of soil reac- 
tions on plant responses and chem- 
ical properties of soil indicates that 
hydrogen ion concentration has 
little direct effect on plant growth, 
but that plant communities may be 
altered by changes in soil pH. How- 
ever, Spur-way (1941) listed pH pref- 
erences of plants indicating definite 
ranges of adaptation. 

Availability of other nutrients 
may also affect plant growth and 
plant community development. 
Only slight changes in soil reaction 
may make a particular element 
more or less available for plant 
growth. At certain soil pH levels 
some elements are toxic. Aluminum 
and manganese have been impli- 
cated as toxic at pH 5.0 or less 
(Kline, 1969). 

Soil microorganism activity also 
may be affected by soil PH. High 
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acidity may hinder decomposition 
of organic matter (Alexander, 1961). 
A buildup of undecompolsed plant 
material reduces nutrient cycling 
and can thus lead to, drastic botani- 
cal changes. Not all effects of soil 
pH on soil microorganisms are so 
drastic, but slight changes in soil 
reaction may impair microbe effec- 
tiveness in decompositioa. 

Range is a multi-species complex 
in which a slight alteration of one 
abiotic factor of the ecosystem may 
change community dynamics to the 
extent that species composition 
changes. Soil reaction changes due 
to acidifying fertilizers could dras- 
tically alter delicate balances now 
existing. 
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la Invasion de Mezquite en Texas Norte 

Resumen 
El estudio se llev6 a cabo en la estaci6n experimental de 

la Universidad de Texas A & M cerca de Spur, Texas, E.U.A. 
Se encontr6 que el n6mero de plantas de mezquite (Prosopis 
glandulosa Torr. var. gZanduZosa), dentro de una exclusi6n 
protegida de pastoreo desde el afio 1941, fuC solo 14% de1 
ntimero original. Conforme 10s anilisis de edad de 10s 
grboles de mezquite, no hubo plantas nuevas desde el afio 
de 1959. Los zacates buenos aumentaron en abundancia y 
es posible que su competencia impidiera el establecimiento 
de plantas nuevas de mezquite. 
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HONEY MFSQUITE INVASION 

Honey mesquite (Prompis @zndulosn Torr. var. 
glandvlosa) is estimated to Infest more than 56 
million acres of natural grasslands in Texas. It 
rapidly invades overgrazed rangelands due to wide 
dispersal of seeds by lagomorphs, rodents, wind, 
water, and especially by domestic livestock (Fisher, 
1950). 

Man and his grazing animals must he integrated 
into the aggregate of forces acting upon a range 
ecosystem (Dyksterhuis, 1958). After removal of 
grazing by domestic livestock from a range eco- 
system, secondary succession normally becomes 
operative. Existing vegetation, soil, and climatic 
variables influence the rate of vegetation change. 
Prevalence of woody plants in the disclimax com- 
munity can hinder return of herbaceous domi- 
nants. 

Data present in this pan~r WC-TP taku- from 2 
study initiated on the Tex as A&M IJnivrrsitv A~ri- -----/ --0-m 
cultural Research Station at Sour. Texas in 1941. 
Data taken since the establish&n; of the study has 
been reported periodically since 1941 (Fisher, 
1950; Fisher et al., 1946; Robison et al., 1968). 
The research area is located on the west edge of 
the Rolling Plains physiographic province about 
50 miles from the abrupt rise to the High Plains 
of Texas. The Rolling Plains occupies about 24 
million acres of northcentral Texas (Gould, 1969). 
Seasonal precipitation is variable with an annual 
average of 22 inches in this western portion. Honey 
mesquite is an invader in this region when natural 
vegetation is altered by overgrazing. 

Heavy rainfall, well distributed throughout the 
growing season following two years of below nor- 
mal rainfall and good seed crops in 1939 coupled 
with a sparse cover of perennial native grasses 
apparently favored germination and establishment 
of a high mesquite seedling population near Spur, 
Texas in 1941 (Fisher, 1950). Previous reports 
either stressed the ability of honey mesquite to 
invade rangelands or control of the species. The 
present objective was to study the mesquite pop- 
ulation and compare secondary succession in the 
exclosure, after protection from grazing by domes- 
tic livestock for 27 years, with the vegetation of an 
adjacent, grazed area. 

Materials and Methods 
The study area is a gently undulating upland site. The 

aoil is Ahilene clay loam having pH 8 and 2.9 percent 
organic matter. Tohoaa (Hilanrin mutica (Ruckl.) Bcntlr.) 
and buffalograss (Buchlor iiactyloidles (Nun) Englem.) are 
the dominant perennial grasses. In April 1941 all honey 
mciquie plants, except seedlings, that emerged in 1941 
were removed from a 160 acre pasture. A frnce was con 
arructed around approximately 1.2 acres to exclude al, do 
meatic livestock. However, no efforl was made to conwol 
tbc movemem of rodents and lagomorplrs from adjacent 
honey mesquite infested grarslands. 

In the mummer of 1968, study areas were re~cstahlisbed 
and each honey mesquite tree labeled. The number of 
plants, basal stems per plant and plants with new sprouts 
were recorded in July 1968. At the same time, 40 honey 
mesquite plants near the perimeter of the plots in the 
exclasure were excavated to six inches below the soil SUP 
face. Honey mesquite ages were estimated by growth ring 
counts of stems at approximately two inches below the 
soil surface. Ring counts were made after the cut stem 
surface was stained wilh a one percent solution of safranin-0 
in methanol. The circumference of this basal portion of 
each trunk was also recorded. 

In September 1968, July 1969, and September ,869, 
foliar cover was &mated from 40 inclined lo-point irame 
samples taken along two diagonal transects across the 
exclosure. Forty, 2 by 4.ft quadrats were clipped at ground 
level, the herhage oven~dried and weighed. Three transects, 
100 ft long, were established in an acx of cleared and 
grazed area adjoining the exclosure. Foliar cover and 
herbage yields were estima:ed from these transects at the 
same lime as the measurements within the exclosure 
occurred. 

Results and Discussion 
In 1941, about 2950 honey mesquite seedlings 

per acre were recorded in the exclosure (Fisher, 
1950). In the adjacent graxd area, which was 
cleared of all honey mesquite in 1941, new plants 
were removed periodically and the number re- 
corded (Robison et al., 1968). Since 1959, this 
adjacent area has been grazed moderately lrom 
May through October. 

In the exclosure, the number of honey mes- 
quite seedlings had decreased to about 400 plants 
per acre in 1968 or 14 percent of the original pop- 
ulation. Fisher (1950) reported 1250 honey mes- 
quite plants per acre or about 42 percent of the 
original population. IHoney mesquite plants in 
the exclosure ranged from 0.2 to 1.5 m in height 
in 1968 with an average of 0.5 m (Fig. 1). The 
avera,~e ,growth in haght since 1941 has been 
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FIG. 2. Relationship between estimated age by growth ring 
counts and circumference of the basal trunk of 40 honey mes- 
quite plants in the exclosure protected from grazing since 
1941 near Spur, Texas. 

about 2 cm per year. Thus, small honey mesquite 
plants regarded as seedlings may be several years 
old. 

No new seedlings were observed in the exclosure 
or grazed area from July 1968 through October 
1969. Based on the regression equation developed 
from ring counts and circumference of the trunk 
base (Fig. Z), establishment of mesquite plants 
in the study area has evidently not occurred since 
1959 (Fig. 3). Published reports show that 401 
honey mesquite per acre became established on 
the grazed area adjoining the exclosure from 1941 
to 1964 (Robison et al., 1968). It appeared that 
most of the mesquite plants remaining in the ex- 
closures in 1968 originated from the 1941 crop 
and additional emergence in 1952 (Fig. 3). 

Total annual precipitation was high in 1941, 
but not in 1952. These data indicated that the 
amount of annual precipitation for a given year 
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FIG. 3. Relationship between total annual precipitation and 
estimated year of establishment of honey mesquite plants since 
1941 in an exclosure in North Texas. 

Table 1. Percentage composition (C) and frequency (F) 
of the dominant grasses on September 17, 1968 in an 
exclosure after 27 years as compared to an adjacent, 
grazed area in north Texas. 

Species 

Exclosure Grazed area 

C F C F 

Buffalograss 13 21 4 7 
Tobosa 61 67 91 71 
Vine-mesquite 19 10 0 0 
Others 7 - 5 - 

was not indicative of a “good year” for the es- 
tablishment of honey mesquite irrespective of con- 
dition of grass cover on ranges. Temperature is of 
importance as interrelated with available moisture 
for germination of honey mesquite seeds (Scifres 
and Brock, 1969). Assuming a plentiful seed 
supply, a third factor becomes important. The 
presence or absence of climax perennial grasses and 
associated species must be extremely influential 
in honey mesquite establishment. 

Tobosa was the most frequent perennial grass in 
the area regardless of grazing treatment (Table 1). 
Foliar cover was essentially the same on both areas, 
94 percent in the exclosure and 98 percent in the 
grazed, hand-grubbed pasture, but buffalograss was 
more abundant in the exclosure than in the grazed 
area. However, utilization by grazing animals 
was not measured. Grazing evidently reduced 
buffalograss production since about three times 
as much was recorded in the exclosure (Table 2). 
Vine-mesquite (Panicurn ob tusum H.B.K.), a 
native, perennial mid-grass and unquestionably a 
part of the climax vegetation for the site, was not 
recorded in the grazed pasture. However, its pro- 
duction in the exclosure exceeded that of buffalo- 
grass. The total herbage yield of grasses was about 
the same in the two areas (2300 lb./acre). Yield 
was determined after some grazing of the range 
adjacent to the exclosure. However, when forbs 
were included, the total herbage production from 
the exclosure was about 4000 lb./acre as compared 
to 2700 lb./acre from the grazed area. Thirty-nine 
percent of the herbage from the exclosure was com- 

Table 2. Oven-dry herbage (lb./acre) of three species on 
September 20, 1968 in an exclosure protected from graz- 
ing for 27 years and an adjacent, grazed area in north 
Texas. 

Species Exclosure Grazed area 

Buffalograss 317 105 
Tobosa 1492 2209 
Vine mesquite 468 0 

Total 2277 2314 
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of honey mesquite growth forms 
branches at ground level and the 
within a form sprouting from the 

Table 3. Distribution 
based on number of 
percentage of plants 
base in 1968. 

Percentage Percentage 
of with basal 

Growth form class* population sprouts 

Single-stemmed plants 30 2 
Plants with 2 basal stems 34 11 
Plants with 3 basal stems 18 23 
Plants with 4 to 5 basal stems 13 50 
Plants with 6 to 8 basal stems 5 76 

R Number of mature stems originating at ground level. 

posed of some 10 species of broadleaf plants, in- 
cluding common broomweed (Xanthocephalum 
dracunculoides (DC.) Shinners), common sunflower 
(Helianthus annus L.), lambsquarter (Chenopo- 
dium album L.), Russianthistle (Salsoli kali L. 
var. tenuifolia), heath aster (Aster ericoides L.) and 
goldenweed (Croptilon divaricatum (Nutt.) Raf.) 
and annual grasses such as puff dropseed (Spore- 
bolus vaginif lows var. negZectus (Nash) Scribn.), 
little barley (Hordeum $wsiZZum Nutt.) and old- 
field threeawn (Aristida oligantha Michx.). 

Only 10 percent of the herbage yield from the 
<grazed area was contributed by species other than 
tobosa, buffalograss and vine-mesquite. Common 
broomweed contributed most of the other herbage. 
Many of the species noted in the exclosure were 
not detected in the grazed area, probably due to 
removal by domestic livestock. As previously 
noted, about 10 species of broadleaf plants were 
encountered in September 1968 in the exclosure 
as compared to primarily common broomweed and 
plains pricklypear cactus (Opun tia polyacan tha 
Haw.) in the grazed area. In May, 1969, there were 
20 broadleaf species recorded in the grazed pasture 
and over 30 in the exclosure. 

The growth form of honey mesquite in the ex- 
closure was exemplified by a multi-stemmed or 
bushy plant type (Table 3). Variation in growth 
habit was reported by Fisher et al. (1946) but they 
encountered few single-stemmed plants in the same 
general area. Seventy percent of the honey mes- 
quite plants in the exclosure had more than one 
stem arising from ground line. However, many of 
these were originally single-stemmed juvenile 
plants which incurred damage to the terminal stem 
(Fig. 4). It appears that once regrowth from the 
basal stem is stimulated, new growth is more likely 
to occur. Only about two percent of the single- 
stemmed trees had new basal sprouts in 1968 
whereas 75 percent of the plants with 6 to 8 stems 
had basal sprouts. 

Honey mesquite sprouts arise from the trunk 
base below ground line but above root tissue 

+‘57 or’58 Lf 
FIG. 4. Sketch of honey mesquite plant established in 1957 or 

1958 in the exclosure. Numbers indicate year of branch 
formation. Note stump which indicates removal of the cen- 
tral stem when the plant was two or three years old. 

(Fisher et al., 1946). Presumably, the honey mes- 
quite seedlings in the exclosure were affected by 
some force such as frost, or top removal by insects, 
rodents or lagomorphs shortly after emergence 
and this stimulated the multiple-stemmed growth 
form. Fig. 4 shows the rate of new branch forma- 
tion on one plant excavated from the exclosure. 
The plant was established in 1957 or 1958 and 
the main branch apparently was removed at 
ground line in 1960 or 1961. In 1968, there were 
five main branches arising at the ground line. 

These data indicate apparent affects of second- 
ary succession on rangeland as related to a dis- 
climax in which the honey mesquite was widely 
established 27 years earlier. The environment of 
the study area is climatically and edaphically con- 
ducive to invasion of honey mesquite. The rate of 
invasion may be dependent on the factors associ- 
ated with close grazing of the climax type of 
vegetation. Establishment and subsequent growth 
rate of honey mesquite seedlings is evidently 
greatly reduced by competition of herbaceous vege- 
tation higher in secondary succession than the vege- 
tation that characterized many ranges adjacent to 
the exclosure. Future observations should indi- 
cate if, in the absence of fire, there is a point at 
which mesquite will function as a part of a stable 
plant community of this site. 
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Highlight 

Soil temperature at the l&inch depth was the most 
important factor affecting response of honey mesquite to 
2,4,5-T application. Temperatures at this depth in the 
high 60’s F or low 70’s F resulted in no mesquite kills with 
the best results obtained if temperatures were over 80 F. 
Phenological development was essentially as important 
with plants having mature leaves and seed pods being 
easiest to kill. Trees with small and blooming spikes and 
those without flowers or pods were hardest to kill with 
2,4,5-T. Other variables usually considered important, 
such as soil moisture, were important only in combination 
with other variables. Mesquite trees growing on upland 
and sandy sites are apparently more susceptible to 2,4,5-T 
largely because the soil is usually several degrees F 
warmer than bottomland and clay sites. 

Because the translocation of growth regulating 
herbicides is closely associated with the transloca- 
tion of organic food materials, any environmental 
factor such as temperature, light,. water, and nu- 
trients that influence translocation of organic food 
materials would probably influence translocation 
of systemic herbicides (Tingey et al., 1967). Thus, 
the response of plants to a herbicide may be quite 
different if the plants are growing under different 
environmental conditions. This is precisely the 
conclusion of Fisher et al. (1959). They obtained 
more effective mesquite control in almost all tests 
when 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) 
was applied to trees growing on sandy soils or on 
upland sites. Mesquite kills were consistently 20% 
less if growing on clay or clay loam bottomland 
sites. A major objective of this study was to try 
to isolate the reasons why site differences influence 
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herbicidal kills of honey mesquite (Prosopis 
glandulosa var. glandulosa). 

Literature Review 

Herbicidal applications to mesquite in Texas, Arizona, 
and New Mexico indicate that low-volatile esters of 2,4,5,-T 
are more effective and less hazardous than many other 
closely related systemic chemicals (Fisher et al., 1959; 
Tschirley and Hull, 1959). More recently, field trials 
(Robison et al., 1970) with a mixture of picloram and 
2,4,5-T indicate that this mixture can considerably increase 
degree of control of mesquite as compared to 2,4,5-T alone. 
Regardless, it is known that the effectiveness of all systemic 
herbicides is conditioned by environmental and other 
factors that prevail at the time of application (Freed and 
Morris, 1967). 

Both Texas and Arizona researchers agree that despite 
its limitations, stage of growth is the best single method for 
determining maximum susceptibility of mesquite to foliage 
sprays. At Spur, Texas, the optimum treatment date is 
approximately 65 days after the first leaves appear in the 
spring. Apparently, this is during the time when the 
carbohydrate content of the roots is being replenished and 
10 to 15 days after the leaves are fully formed and turn 
from light to dark green (Fisher et al., 1959). Tschirley 
and Hull (1959) identify this period in Arizona as that 
time when the leaves have reached full size but are still 
succulent, flower development is complete, and pods have 
formed but are less than 1 inch long. In both states, this 
period of optimum growth stage may occur anytime from 
about mid-May to mid-July. Also, Crafts (1953), Barrier 
and Loomis (1957), and numerous others have found maxi- 
mum transport of 2,4-D and 2,4,5-T when the plants were 
actively accumulating reserves. 

While adequate soil moisture to prevent moisture stress 
within growing plants is generally believed desirable for 
the best control of plants with growth regulating herbicides, 
its importance in the herbicidal control of mesquite is still 
in doubt. Mesquite control in Texas is seemingly correlated 
with degrees of available soil moisture (Fisher et al., 1956; 
Fisher et al., 1959). However, Cox (1952) concluded that 
soil moisture did not have a significant effect on the long- 
term toxicity of phenoxy herbicides when applied to velvet 
mesquite (Prosopis velutina) in Arizona. Basler et al. (1961) 
demonstrated that relative turgidity of leaf tissue was a 
good indicator of the ability of bean plants to translocate 
2,4-D. But, Tschirley and Hull (1959) could find no 
correlation with percentage leaf moisture in velvet mes- 
quite and herbicidal effectiveness. Of interest, however, is 
that the correlation coefficient was much closer to being 
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easiest to kill. Trees with small and blooming spikes and 
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2,4,5-T. Other variables usually considered important, 
such as soil moisture, were important only in combination 
with other variables. Mesquite trees growing on upland 
and sandy sites are apparently more susceptible to 2,4,5-T 
largely because the soil is usually several degrees F 
warmer than bottomland and clay sites. 

Because the translocation of growth regulating 
herbicides is closely associated with the transloca- 
tion of organic food materials, any environmental 
factor such as temperature, light,. water, and nu- 
trients that influence translocation of organic food 
materials would probably influence translocation 
of systemic herbicides (Tingey et al., 1967). Thus, 
the response of plants to a herbicide may be quite 
different if the plants are growing under different 
environmental conditions. This is precisely the 
conclusion of Fisher et al. (1959). They obtained 
more effective mesquite control in almost all tests 
when 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) 
was applied to trees growing on sandy soils or on 
upland sites. Mesquite kills were consistently 20% 
less if growing on clay or clay loam bottomland 
sites. A major objective of this study was to try 
to isolate the reasons why site differences influence 
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herbicidal kills of honey mesquite (Prosopis 
glandulosa var. glandulosa). 

Literature Review 

Herbicidal applications to mesquite in Texas, Arizona, 
and New Mexico indicate that low-volatile esters of 2,4,5,-T 
are more effective and less hazardous than many other 
closely related systemic chemicals (Fisher et al., 1959; 
Tschirley and Hull, 1959). More recently, field trials 
(Robison et al., 1970) with a mixture of picloram and 
2,4,5-T indicate that this mixture can considerably increase 
degree of control of mesquite as compared to 2,4,5-T alone. 
Regardless, it is known that the effectiveness of all systemic 
herbicides is conditioned by environmental and other 
factors that prevail at the time of application (Freed and 
Morris, 1967). 

Both Texas and Arizona researchers agree that despite 
its limitations, stage of growth is the best single method for 
determining maximum susceptibility of mesquite to foliage 
sprays. At Spur, Texas, the optimum treatment date is 
approximately 65 days after the first leaves appear in the 
spring. Apparently, this is during the time when the 
carbohydrate content of the roots is being replenished and 
10 to 15 days after the leaves are fully formed and turn 
from light to dark green (Fisher et al., 1959). Tschirley 
and Hull (1959) identify this period in Arizona as that 
time when the leaves have reached full size but are still 
succulent, flower development is complete, and pods have 
formed but are less than 1 inch long. In both states, this 
period of optimum growth stage may occur anytime from 
about mid-May to mid-July. Also, Crafts (1953), Barrier 
and Loomis (1957), and numerous others have found maxi- 
mum transport of 2,4-D and 2,4,5-T when the plants were 
actively accumulating reserves. 

While adequate soil moisture to prevent moisture stress 
within growing plants is generally believed desirable for 
the best control of plants with growth regulating herbicides, 
its importance in the herbicidal control of mesquite is still 
in doubt. Mesquite control in Texas is seemingly correlated 
with degrees of available soil moisture (Fisher et al., 1956; 
Fisher et al., 1959). However, Cox (1952) concluded that 
soil moisture did not have a significant effect on the long- 
term toxicity of phenoxy herbicides when applied to velvet 
mesquite (Prosopis velutina) in Arizona. Basler et al. (1961) 
demonstrated that relative turgidity of leaf tissue was a 
good indicator of the ability of bean plants to translocate 
2,4-D. But, Tschirley and Hull (1959) could find no 
correlation with percentage leaf moisture in velvet mes- 
quite and herbicidal effectiveness. Of interest, however, is 
that the correlation coefficient was much closer to being 
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significant with the amine than with the ester formulation 
of 2,4,5-T. 

Probably the most neglected environmental characteristic 
affecting translocation within a plant is temperature. 
Temperature is known to have complex effects on plants 
and slight differences in temperature at critical periods 
may cause large differences in final growth responses, 
including flowering. The onset of flowering appears espe- 
cially critical to a plant’s response to chemicals. Also, tem- 
perature not only affects absorption and translocation but 
simultaneously alters the sensitivity of the plant to external 
stimuli (Muzik, 1967). 

Muzik (1967) was able to demonstrate that Amsinlzia 
intermedia plants grown at temperatures cool enough to 
reduce their growth rate either failed to respond to 2,4-D or 
responded much less than those plants grown at higher 
temperatures. However, when they were sprayed with a 
solution containing a metabolite, such as thiamin, which 
would increase growth at this temperature, the response 
to 2,4-D was markedly increased. He concluded that this 
lack of response to 2,4-D at low temperature was caused by 
a temperature induced shortage of thiamin rather than the 
reduction of 2,4-D entry and translocation per se. Tingey 
et al. (1967) f ound that a 100 F (37.5 C) environment con- 
siderably enhanced 2,4-D damage to Canada thistle roots 
compared to similar plants grown in a 65 F (18.5 C) en- 
vironment. 

Adding to the complexity of a plant’s response to tem- 
perature are the separate responses of leaf, stem, petiole, 
and root to changing temperatures. At low temperatures, 
the consumption of sugars in the root is slowed more 
than translocation to the root. Hence, sugars accumulate 
in the root deterring further transport to that organ. On 
the contrary, sugars are rapidly used in the respiration of 
both root and leaf at high temperatures and the leaf has 
but little material to export. Also, low temperatures applied 
to local areas on the stem or petiole greatly impedes trans- 
location. Within the bean plant, translocation is impeded 
at low temperatures but rises to a maximum between 68 F 
and 86 F (20-30 C), but decreases at still higher tempera- 
tures (Bonner and Galston, 1952). 

Relatively little work was found relating the influence of 
temperature to herbicidal effectiveness in the control of 
mesquite. Tschirley and Hull (1959) report that air tem- 
perature, relative humidity, and soil temperature at a depth 
of 10 inches (25 cm) did not significantly influence herbi- 
tidal effectiveness on velvet mesquite. 

One would expect that shaded sites, low sites holding 
extra water, and clay sites would be relatively cool sites, 
but one characteristic often overlooked that can affect soil 
temperature is CaCO, content of soils. As far back as 
1935, Rubel suggested that a physically light (or sandy) soil 
could be replaced as far as plants are concerned by a clay 
soil containing lime. He pointed out that the 2-valenced 
calcium ion brings about coagulation in the solid dispersion 
of a heavy clay soil effecting a change to a coarser state 
which could then physically behave more like a loam. 
Billings (1952) points out that limestone often allows cer- 
tain species to extend farther than normal into cold or 
wet climates. For instance, he reports that Shreve found 
that southern Arizona desert species such as ocotillo and 
creosote bush reach their upper limits from 900 to 1500 
feet higher on limestone soils than on granite soils. Also 

in the Great Basin, pinyon pine extends farther north and 
to higher elevations on soils derived from limestones and 
other rocks rich in calcium. This is generally interpreted 
to indicate that calcium imparts a more xeric characteristic 
to the site. However, lack of heat (or lack of cold toler- 
ance) also probably is partially limiting the northern dis- 
tribution of pinyon pine, ocotillo, etc. If calcium imparts 
the traits of a coarser textured soil to fine textured soils, 
then soils high in calcium should be warmer soils, partially 
accounting for the increased northerly distribution on such 
soils. 

Fisher et al. (1956) like the Arizoaa researchers, reported 
no particular influence from humidity on herbicidal effec- 
tiveness in aerial applications on honey mesquite. How- 
ever, it does have an influence on evaporation rates and 
may affect the entry of herbicides into a plant so its 
importance should not be discounted. 

Methods 
The study areas are on the Post-Montgomery (UU) 

Ranch near Post, Texas, in Garza and Lynn Counties. 
Fourteen sites varying in topography, soil type, and ex- 
posure were selected for study. Soil series ranged from 
Lincoln sand on a sandy bottomland site to an Arch clay 
loam on a deep harland site. Soil moisture electrical 
resistance cells were installed in all selected sites. Units 
were buried at 6, 12, 18, 24, 36, and 48 inches. Moisture 
and temperature readings were made from these buried 
units with a specially constructed ohm meter. 

During 1968, 2,4,5-T was applied to honey mesquite trees 
on all study sites on four different dates. Treatment dates 
were: June 11-13; July 2-5; August 29-September 4; and 
October 1 l-22, 1968. 

Five trees per site were individually sprayed at each 
treatment date. A 3% gal garden compressed air sprayer 
was used to apply the herbicide. Treated trees were no 
taller than 8 ft because larger trees could not be sprayed 
with the available apparatus. Manufacturer’s recommenda- 
tions were followed for the spray mixture. Basically it was 
one oz of Esteron (2,4,5-T, 4 lb. A.E./gal) dissolved in an 
oz of diesel oil and water added to make one gal (or 3 lbs. 
2,4,5-T ester/ 100 gal water). A 0.1% of surfactant (Trade 
name Tryad) was included. 

Phenological development was recorded for each tree 
treated. Air temperature, relative humidity, wind speed 
and direction and soil temperatures were recorded at the 
time of treatment. Gravimetric soil moisture samples were 
taken at 6-inch depth increments to a depth of 4 ft to 
accompany the electrical resistance readings. Also, depth 
to effervescence with 10% HCl and depth to a definite 
CaCO, layer were recorded. Trees were checked for root 
kill in October, 1969, following the second growing season. 

Results 
Our first 2,4,5-T applications were made about 

60 days after the first leaves appeared and shortly 
after they changed from light to dark green; i.e. 
the time assumed to be optimum for mesquite 
root kills in our area. To find out the kind of 
response that might be obtained during less than 
optimum conditions, other trees were sprayed on 
each site in July, August, and October. For top 
kills application date was much less important 
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Table 1. Mesquite root kills (%) from 2,4,5-T by site and 
application date. 

Effect on plants June July Aug. Oct. 

Dead 
Sandy soils 35 40 5 10 

South slopes 60 60 0 20 
North slopes 0 0 0 0 
Bottom 20 40 20 0 

Bottom sites (not sandy) 0 0 0 0 
Clay loam site 20 0 0 0 
Shallow sites 20 7 0 0 

Potter 0 20 0 0 
Other 30 0 0 0 

Intermediate sites 15 15 10 10 
All sites 20 17 4 6 

Sprouts 
Basal only sprouts 49 63 12 1 
Basal and stem sprouts 27 20 83 26 

Healthy 4 0 1 67 

Table 2. Correlation coefficientsa (r) relating plant root 
kill to various environmental measurements for the 
June and July herbicide treatments. 

Environmental measurements June July 

Soil Temperature 18” .715 (l)b .483 (3)” 
Phenological development 

(stage of growth) .613 (2) .495 (2) 
Soil Temperature 36” .550 (3) .430 (6) 
Time of Day -.426 (4) -.195 (21) 
Soil Texture (wilting coefficient) -.392 (5) -.561 (1) 
Soil Temperature 24” .349 (6) .467 (4) 
Water as “/o of the 30” storage capacity .324 (7) .113 (26) 
Depth to effervescence with 

10% HCl (CaCO,) -.314 (8) -.451 (5) 
Soil Temperature 12” .291 (9) .348 (8) 
Relative Humidity .241 (10) .178 (23) 
Available Water O-6” -.239 (11) .206 (18) 
Water as % of the 60” storage capacity .190 (12) .086 (27) 
Available water 19-24” .141 (13) .I35 (25) 
Air Temperature -.107 (14) -.032 (28) 
Soil Temperature 6” -.090 (15) .296 (11) 
Accumulated available water 12” -.087 (16) .343 (9) 
Depth to CaC03 layer .078 (17) .219 (17) 
Available water 3 l-36” -.073 (18) .189 (22) 
Available water 7-12” .065 (19) .352 (7) 
Available water 43-48l’ .065 (19) .196 (20) 
Accumulated available water 18” -.053 (20) .Yll (10) 
Available water 25-30” .035 (21) .196 (20) 
Accumulated available water 30” .022 (22) .253 (13) 
Available water 13-l 8” .018 (23) .136 (24) 
Accumulated available water 48” .017 (24) .229 (16) 
Accumulated available water 24” .014 (25) .256 (12) 
Accumulated available water 36” .006 (26) .243 (14) 
Accumulated available water 42” .005 (27) .235 (15) 
Available water 37-42” .ooo (28) .204 (19) 

* Coefficients (r) have to be .532 or greater to be significant at 
the 5% level. 

b Rank or order of importance. 

than for killing mesquite roots. Top kills were 96, 
100, 99, and 33”/“,, respectively, for the June, July, 
August, and October applications. Sprouts were 
almost entirely basal from June and early July 
treated trees, but sprouts following August and 
October applications occurred the full length of 
the branches. Following the October application 
sprouts were so profuse that 67% of the plants were 
rated healthy in 1969 (Table 1). 

Soil temperature at the 18 inch depth proved to 
be the site characteristic best correlated to mes- 
quite kill with 2,4,5-T in this study (Table 2). 
Chemical researchers in Texas have consistently 
indicated that the more mesic bottom sites and 
clay soil sites allow poorer mesquite kills with 
2,4,5-T than the more xeric upland and sandier 
soils (Fisher et al., 1959). This has been an appar- 
ent contradiction as most researchers working with 
growth regulating herbicides have found good 
moisture conditions at the time of herbicide appli- 
cation to enhance plant kills (Fisher et al., 1956). 
Despite the limited extent of our study, the find- 
ing that soil temperatures in some way accounts 
for these variations in herbicide response due to 
soil type offers at least a partial clue as to why 
mesquite kills respond differently on different 
sites. 

The roots of mesquite trees growing on warmer 
sandy soils were more easily killed than trees grow- 
ing on any other site regardless of topographic 
position. The roots of trees growing in cool sites, 
such as densely shaded bottom or lowland sites 
and soils with a high proportion of clay, were very 
difficult to kill with 2,4,5-T. Indications were that 
soil temperatures 18 inches deep should be at least 
75 F and preferably over 80 F for best results 
(Fig. 1). When soil temperatures were in the 60’s 

80 . 

I 

I 

. 0 . 

June 11-13 
/ 

SOIL TEMPERATURE - 18 inch Depth 

FIG. 1. Relationship of soil temperatures at the 18 inch depth 
to Mesquite kills with 2,4,5-T. 
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or low 70’s, 2,4,5-T applications were ineffective Table 3. Stage of growth ranked according to apparent 

except for top kills. susceptibility to 2,4,5-T. 

For both the June and early July applications, 
soil temperatures at the 18 inch depth varied as Growth stage Number rating 

much as 13 F from the coolest to the warmest site. Only young blooms 1 
The clay loam site was 8 and 7 F cooler, re- All ages of flowers 1 
spectively, for these two months than the warmest Wilted flowers only 2 
soils. Because bottom sites and clay soils normally NO flowers at all 2 
have more total water than other kinds of sites All ages of flowers plus pods 4 

and because water has a high specific heat, these Young blooms plus wilted flowers plus pods 5 

sites will always be relatively cooler. More dense Young blooms plus minute flower spikes 5 

mesquite thickets are also common on these sites Young blooms plus wilted flowers 5 

providing shade for greater cooling than occurs M!nute ‘pfkes Only 6 

under an average canopy cover. If it is indeed true Minute spikes plus pods 8 
Wilted flowers plus pods 10 

that sugar consumption or other metabolic func- Pods only 10 
tions are slowed with cool temperatures (Bonner 
and Galston, 1952; Muzik, 1967) resulting in less 
translocation to the root, then the apparent para- to obtain from trees with young blooms and those 
dox concerning the poor response of plants to totally without reproductive parts. Also, trees with 
herbicides on the wetter sites becomes more logi- any floral combinations that included young 
tally explained. blooms were relatively hard to kill. CohverSely, 

In addition to soil texture, slope direction, topo- 
graphic position, and density of vegetation, CaC03 

mesquite roots were easiest to kill when the plants 

is known to be a factor at least indirectly con- 
had seed pods and plants with floral combinations 
that included pods were relatively easier to kill 

tributing to soil temperatures. Billings (1952) in- than those without pods. Chi Square statistical 
dicates that limestone soils can allow plants to analyses were used to verify these conclusions. 
grow in colder and wetter sites than they normally Also, these conditions seem to closely approximate 
occupy. We also found that some sites were warmer the optimum stage of development for best kills 
than expected and some colder apparently because of velvet mesquite with 2,4,5-T in Arizona 
of the presence or absence of CaCOs. In one case, 
a relatively wet bottomland site, normally ex- 

(Tschirley and Hull, 19.59). 
If young, non-blooming, flower spikes were 

petted to be a cool site, had sufficient CaC03 con- small, they apparently did not alter the down- 
tent to effervesce with lO%HCl throughout the ward flow of carbohydrates as much as the larger 
soil profile. It was as warm at 18 inches as the spikes that were blooming. Therefore, until food 
normally warmer upland sites. In other cases, storage studies can be made, we assume that bloom- 
CaC03 content was confounded with slope direc- ing mesquite plants import foodstuffs from other 
tion and it is unlikely that we can separate the plant organs, thus at least partially inhibiting 
two; e.g. no mesquite root kill was obtained on translocation to the roots. The reverse should be 
a sandy upland, north slope site that was 7 F true for plants with pods. Similarly, Muzik (1967) 
cooler than a similar south facing site that had found that Amsinckia intermedia responded 
60% mortality with 2,4,5-T. The south slope sandy markedly less to 2,4-D when it began to flower. 
site was calcareous, but the north slope was not. Therefore, if our ability to relate carbohydrates 
While sufficient CaC03 to effervesce with 10% translocation patterns to stage of growth were more 
HCl appeared to contribute to a favorable corn- precise, we think that phenological development 
bination of factors necessary for mesquite mor- would be equally as good or probably a better 
tality, we obtained no significant correlation with character determining degree of mesquite mor- 
it by itself and mesquite mortality. tality from 2,4,5-T than soil temperature. 

Other studies now underway indicate that soil 
temperatures may, in large part, dictate relative 

Contrary to expectations, air temperature and 
relative humidity were poorly related to plant 

development of mesquite reproductive organs root kills with 2,4,5-T in this study. Root kills 
among sites. If so, soil temperature and growth were somewhat better related to time of day, at 
stage would largely be but different expressions least in the June applications, although not sig- 
of the same characteristic as far as susceptibility to nificantly so (Table 2). That is, the earlier in the 
2,4,5-T is concerned. Next to soil temperature, day the chemical was applied, the better the plant 
stage of development was best correlated to mes- kill. One would normally assume this would be 
quite root kills for this study. Mesquite plants due to the lower early morning temperatures and 
appeared susceptible to 2,4,5-T in the order listed higher relative humidity, but our data gave no 
in Table 3. Root kills with 2,4,5-T were hardest indication that such a relationship existed. Appar- 
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Table 4. Step-wise 
to 2,4,5-T kills of 

multiple 
mesquite 

regression 
roots. 

values important 

Multiple regression 

Step No. Variable entered R R2 

June applications 
1 Soil temperature 18” .72 
2 Phenological development .81 
3 Available water 37-42” depth .90 
4 Available water 7-12” .95 
5 Depth of CaCO, in inches .97 
6 Wilting coefficient (soil texture) .98 

July applications 
1 Soil texture (wilting coefficient) .56 
2 Soil temperature 6” .67 
3 Available water 13-l 8” depth .76 
4 Accumulative water in 24” .85 
5 Soil 24” temperature .92 
6 Available water 31-36” depth .93 
7 Phenological development 

(stage of growth) .95 

.52 

.66 

.81 

.90 

.94 

.96 

.31 

.45 

.58 

.72 

.85 

.86 

.90 

ently within the air temperature and relative 
humidity limits of our study, other factors in- 
fluencing plant growth, translocation and accumu- 
lation of carbohydrate reserves were more in- 
fluential. Also, we could find little relationship 
between soil moisture and mesquite root kills 
(Table 2). However, the soil was not extremely 
dry on any site for any date during this 1968 study. 

The ability to accurately predict percent root 
kill of mesquite following 2,4,5-T application has 
been, and will undoubtedly remain, an elusive 
skill because of the large number of variables that 
may alter the results. Nevertheless, the values in 
Table 4 indicate that plant kills with 2,4,5-T may 
be accurately predicted because almost all of the 
factors affecting plant response are accounted for 
if one can believe the R2 values, i.e. a R2 value 
of 1.00 would indicate that all of the variables 
affecting root kill are accounted for. Despite the 
desire to predict an actual root kill, most people 
working in mesquite control are satisfied if they 
know the requisites for a good kill. They can then 
pick the time best suited for them within this 
framework. If one were to choose a prediction 
equation, he would ideally use variables that are 
rapidly measured in the field. The values below 
may all be field measured within about a 10 
minute period, thus, they may be preferred to 
those that could be developed from the variables 
in Table 4 which may be more accurate, but could 
not all be quickly obtained in the field. 

For early June (optimum spraying period): 
Estimated y0 root kill = -197 + 1.30 (phenological 
development for 5 trees) + 3.43 (Temp. @ 18-inch 
depth) -0.04 (Time of day) -0.37 (relative humidity). 

For early July conditions (past optimum): 
Estimated root kill = -19.64 + 1.20 (phenological 
development for 5 trees) + 0.87 (% relative humidity) 
-0.97 (depth to effer. with 10% HCl) -0.002 (mean of 
soil temp. for 12 + 18 + 24 inch depths).2 

Multiple correlation coefficient (R) for the June 
and July periods are 0.84 and 0.80, respectively. 

Discussion and Conclusions 

Findings from this study agree in general with 
those of other mesquite control research in Texas 
and Arizona concerning the importance of correct 
time of application and the site characteristics 
needed to obtain acceptable mesquite root kills 
with 2,4,5-T. Our study indicates that soil tem- 
perature was the single most important factor 
affecting response of honey mesquite to 2,4,5-T 
application. However, little literature was found 
relating the influence of soil temperature to 
herbicidal effectiveness in the control of mesquite. 
In fact, only one field study has been found to 
date. Tschirley and Hull (1959) report that air 
temperature, relative humidity and soil tempera- 
ture at a depth of 10 inches (25 cm) did not sig- 
nificantly influence herbicidal effectiveness on 
velvet mesquite. Although they measured soil tem- 
perature it was at only the 10 inch depth which 
was found to be non related. Likewise our 6 (15 
cm) and 12 (30 cm) inch depth temperature mea- 
surements indicated no relationship to herbicidal 
effectiveness; but, when we used the 18 inch (46 
cm) depth soil temperature, we found a close 
relationship between increasing temperature and 
2,4,5-T effectiveness for the range of temperatures 
included. We assume this response is due to differ- 
ence in rate, quantity, and quality of movement of 
foodstuffs within the plants as affected by soil 
temperatures. Janick et al. (1969) report that high 
soil temperatures are needed for optimum cell 
division or meristematic activity. We also know 
that certain B-vitamins are needed for root growth 
which are produced in the leaves and that low 
temperatures applied to local areas on plant stems 
greatly impedes translocation (Bonner and Galston, 
1952). Therefore it seems logical that if herbicide 
translocation is related to B-vitamin translocation 
as found by Muzik (1967) and carbohydrate trans- 
location as indicated by Crafts (1953), then both 
soil temperatures and the lower stem temperatures 
should be tremendously important in herbicide 
translocation to the roots. We have not measured 
the stem temperatures to verify this, however. 

Both Texas and Arizona researchers agree that 
stage of growth is the best single criterion for 
determining maximum susceptibility of mesquite 
to foliage sprays. Despite the first place ranking 
of soil temperature in our study, we believe that 
phenological development would have been as 
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important, if not more so, if we had a better knowl- 
edge of how to quantify stage of growth. As it is, 
it is our second best measurement of susceptibility 
to 2,4,5-T. Tschirley and Hull (1959) felt that 
leaf maturity was more important than flower de- 
velopment in gauging velvet mesquite suscepti- 
bility to 2,4,5-T but once honey mesquite leaves 
have become mature, i.e., turned dark green, 
de<gree of flower and fruit development are the 
only usable guides remaining for determining 
stage of growth as a guide to herbicide suscepti- 
bility. Most all studies of carbohydrate storage in 
plants indicate that storage organs are more 
rapidly recharged following reproduction, and that 
recharge is considerably slowed, if not stopped, 
during flowering. Likewise, our study revealed 
that honey mesquite trees with young and bloom- 
ing spikes and those without flowers or pods were 
hardest to kill and mesquite plants with pods were 
easiest to kill. 

Other environmental measurements thought im- 
portant during this study, such as soil moisture, air 
temperature, relative humidity, and time of day 
were not significantly correlated to mesquite root 
kills as individual measurements. However, we 
assume they are very important in combination as 
each are known to affect the physiological processes 
within all plants and anything that affects the physi- 
ological processes at least indirectly affects the 
movement within the plant of growth regulating 
herbicides. As indicated in Table 4, the proper 
combinations of variables can apparently account 
for most variation affecting mesquite root kills. 
During optimum spraying conditions, soil tem- 
peratures and phenological stage of development 
apparently account for two-thirds of the variation 
affecting mesquite plant kills. Soil texture, topo- 
graphic position, and degree of shade are the 
physical environmental traits that combine to 
provide the conditions necessary for variation in 
these two traits. Our current challenge is to find 
ways to overcome the unfavorable soil tempera- 
tures that usually prevail on bottom sites, clay soils 
and densely shaded sites during the optimum spray- 
ing season. 
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Highlight 

Certain saltbush taxa can be established by direct seeding and may reduce 
fire hazards on fuel-breaks in California chaparral areas. Four-wing, allscale, 
and Gardner saltbushes were seeded at depths of 95 and 1 inch on four spring 
dates 2 to 4 weeks apart on noncalcareous soils at two test sites. A planting 
depth of l/2 inch gave better results than 1 inch, and late spring when mean 
soil temperatures range between 60 and 65 F is apparently the best time for 
seeding if moisture is adequate. Fourwing saltbush produced the best stands 
and largest plants. The saltbush species and strains from sources closer to the 
planting site, or similar to it, or have the widest distributional range and 
tolerance to soil salts are most likely to be established by direct seeding and 
grow satisfactorily on neutral to slightly acid soil. 

The research program aimed at 
developing fuel-breaks in southern 
California has included a search for 
woody plants to replace the highly 
flammable chaparral. Among the 
more promising plants are salt- 
bushes (A triplex). These shrubs 
furnish browse for livestock and big 
game, cover and food for upland 
game birds, and are useful to stabi- 
lize soils and improve the land- 
scape. A few saltbush species have 
high fuel moisture levels and some 
are low growing, features which 
would make them more acceptable 
to fire fighters than the native 
brush. 

Saltbush species occupy vast areas 
from the western Great Plains and 
southern Saskatchewan, Canada, 
into California and Mexico. They 
withstand drought and many toler- 
ate severe cold. They are generally 
found in saline and alkaline soils 
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publication September 2 1, 1970. 
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Technician, Intermountain Forest 
and Range Experiment Station, 
Forest Service, U.S. Department of 
Agriculture, Ogden, Utah, stationed 
at Missoula, Montana. 

3 Forest Service, U.S. Department of 
Agriculture with headquarters at 
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(pH 7.0 to 8.6), but not all species 
are restricted to these conditions 
(Vosler, 1962; McLean, 1953; Gates 
et al., 1956). Growth habits range 
from erect to squat. When the 
seed source is adequate, they in- 
vade and occupy extremely eroded 
or disturbed areas; thus they might 
be expected to survive the harsh 
conditions in southern California 
fuel-breaks. However, for plant- 
ing to’ be economical over extensive 
areas, methods must be developed 
for establishing stands by direct 
seeding. 

Fourwing saltbush (A. canescens)4 
was considered a good po’ssibility to 
improve selected western range- 
lands as early as 1870. But results 
of direct seedings have been erratic. 
Failures have been attributed to low 
seed germination, planting at the 
wrong depth or time of year, poor 
growing conditions, inadequate 
seedbed preparation, and removal 
of seeds or clipping of young plants 
by rabbits and rodents (Bridges, 
1941 and 1942; Reynolds et al., 
1949; Plummer et al., 1968; Spring- 
field, 1963). 

4Nomenclature used in this report is 
that followed by Holmgren and Re- 
veal (1966). 
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Little information is available on 
how to plant the seed of native 
saltbushes, other than the fourwing 
saltbush, to obtain satisfactory 
stands. Springfield and Bell (1967) 
recommended seeding depths of % 
to 1 inch for fourwing saltbush in 
New Mexico. However, Cassady 
(1937) and Bridges (1941) reported 
seedling emergence by this species 
declined when seed was sown more 
than % inch deep. 

General agreement is lacking as 
to the best time for seeding any 
saltbushes. Springfield and Hous- 
ley (1952) found that April and 
June seedings of fourwing saltbush 
made at 7,000 ft or higher eleva- 
tions in New Mexico were more suc- 
cessful than later plantings. In 
Utah, Plummer et al. (1968) re- 
ported better stands generally fol- 
lowed seedings made in fall and 
winter, but in some instances spring 
plantings were also successful. 

A study of temperature effects by 
Springfield (1966) showed better 
germination of fourwing saltbush 
at both 63 and 49 F than at 85 F. 
Moisture stress had less effect on 
germination at 63 F than at other 
temperatures. Hervey and Boyd 
(1953) reported 95% of fourwing 
saltbush seedlings emerged in 21 
days or less when planted at %-inch 
depth where temperatures ranged 
between 63 to 72 F. The most 
favorable temperatures for allscale 
or desert saltbush (A. poZycar@.z) 
seed germination were between 60 
and 80 F (Chatterton, 1970; Cor- 
nelius and Hylton, 1968). 

To determine if feasible methods 
can be developed to establish salt- 
bushes successfully by direct seed- 
ing, we designed a study to test the 
effects of depth and time of seeding 
on seedling emergence, growth, and 
survival on noncalcareous soil in 
southern California. The species 
used were chosen to represent dif- 
ferent growth forms and different 
source locations; they included two 
ecotypes of fourwing and allscale 
saltbushes and one each of Gard- 
ner (A. gardneri) and “falcata” (A. 
fnlcutu) saltbushes. 



Planting Sites 

The study was carried out on two 
plots-Nixon and Vista Grande-in 
the North Mountain Experimental 
Area, near Beaumont, Riverside 
County, California. Earlier plant- 
ing trials mostly by potted trans- 
plants showed a number of saltbush 
species could be established and 
grown successfully at these loca- 
tions, which are in the San Jacinto 
Mountain Range at 3,600 ft 
(Nixon) and 5,000 ft (Vista Grande). 

The mean annual precipitation 
at the Nixon plot is about 23 inches 
and at the Vista Grande plot, 32 
inches. Most rainfall comes between 
October and April; summers are 
hot and dry. Between September 
1965 and January 1966, total esti- 
mated precipitation was 15 inches 
at the Nixon plot and 19 inches at 
Vista Grande. From February to 
April, when seedlings were develop- 
ing, an additional 3 inches of rain 
fell on each site but practically 
none thereafter. 

Vegetation near the plots is 
mixed chaparral. The prin’cipal 
plants include scrub oak (Q2uercus 
dumosa), manzanita (Arctostaphy- 
10s spp.), chamise (Adenostoma fas- 
ciculatum), ceanothus (Ceanothus 
SPP4 and mountain mahogany 
(Cercocarpus betuloides), with 
abundant annual grasses and forbs. 

Both planting areas lie on mod- 
erately broad, gently sloping moun- 
tain ridgeline saddles with southerly 
exposure. The soils at the two plots 
are formed in alluvial fan sedi- 
ments from granodiorite. They are 
very deep, moderately coarse-to- 
coarse textured and rapidly perme- 
able. The soil at the Nixon plot is 
in a coarse-loamy, mixed, mesic 
family of Typic Haploxerolls, that 
at the Vista Grande plot in a sandy, 
mixed, nonacid, mesic family of 
Typic Xerofluvents (U.S. Soil Con- 
servation Service, 1967). 

Though the top 2 inches of soil 
at the two plots contain similar 
amounts of clay (4 to 5%) the Nixon 
plot has 9% clay between 10 and 
40 inches whereas the Vista Grande 
plot has only 4%. The organic 
carbon content of the soil is higher 
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near the surface but lower at depths 
below 2 inches at the Nixon plot 
than at the Vista Grande plot. 
These differences in clay and 
organic carbon counterbalance so 
that the cation exchange capacity 
of the two soils is nearly the same. 
Base saturation of the soil at the 
Nixon plot is 83 to loo%, that at 
Vista Grande only 43 to 59%. The 
soil on the Nixon plot is medium 
acid to neutral in reaction (pH 5.8 
to 7.1), that at Vista Grande is 
slightly acid (pH 6.1 to 6.4). The 
top 2 inches soil contained 9.1 me/ 
1OOg Ca and 1.9 me/lOOg Mg at 
Nixon, and 4.0 me/lOOg Ca and 
0.5 me/lOOg Mg at Vista Grande. 

Water content of the surface 2 
inches soil at the Nixon plot ranged 
between 10 to 14% from March 10, 
when the first records were taken, 
until April 21; thereafter it was 
less than 7%. At the Vista Grande 
plot, water content was from 7 to 
9% throughout March and then de- 
clined to 6% or less except on April 
21 when water content was just 
over 8%. Water retention of these 
soils showed the wilting point (15 
bars) was 5.2 and 3.4%, respectively, 
at Nixon and Vista Grande plots, 
and field capacity (% bar) was 11.4% 
for soils at both plots. Water re- 
pellency analysis made by L. F. 
DeBano, U.S. Forest Service, Glen- 
dora, California, showed the liquid 
solid contact angles of the surface 
soils were 72”58’ at Nixon and 
67’43’ at Vista Grande. The liquid- 
solid contact angle is an index to 
the relative wettability of soils 
which, in southern California, are 
frequently hydrophobic and may 
have an adverse effect on seed ger- 
mination and plant establishment. 
A large contact angle decreases the 
rate of water entering the surface 
of the soil, while a smaller contact 
angle increases the rate of water 
entry (Letey et al., 1962; Osborn 
et al., 1967). 

Mean soil temperatures measured 
at l-inch depth for 21 day periods 
were 59, 67, and 65 F at the Nixon 
plot following saltbush seedings 
made on March 3 and 22 and on 
April 6, respectively. At the Vista 
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Grande plot, soil temperatures were 
55 F following the March 4 seeding 
and 62 F following the March 24 
and April 7 seedings. 

Methods 

The plots were disc-plowed dur- 
ing early winter, and the soil was 
allowed to settle until planting 
time. Before seeding, the surface 
soil was scalped and smoothed to 
make a uniform seedbed and re- 
duce competition from plants which 
had germinated during the interval 
between tilling and planting. 

Seedings were made at %- and 
l-inch depths on February 4-5, 
March 3-4, March 22-24, and April 
6-7, 1966. Five replications with 5 
seed spo4s at 1-ft intervals in rows 
3 ft apart were seeded for each 
time, depth, and kind of plant 
tested at each plot. Random selec- 
tion determined the row segment 
representing time of seeding within 
a replication, and the position of 
the 5 seed spots within each row 
which represented depth and kind 
of seed. Fourwing saltbush seed 
used had been scarified to remove 
winged bracts and graded to pass 
through %4 X % inch slotted sieve 
openings (Nord and Whitacre, 
1957); no treatment was applied to 
seed of the other species. Several 
seeds were planted at each spot in 
wedge-shaped openings. An equal 
volume of seed was measured for 
each species or strain, but the num- 
ber of seed varied between these 
groups. The number planted were 
based upon the total amount of 
seed available for some species or 
strains and not primarily on their 
potential germination (Table 1). 
Seed was covered with soil and the 
surface tamped lightly to enhance 
moisture conductivity of unsatu- 
rated soil. Spots were covered with 
wire mesh domes to protect seed 
and seedlings from animals. Com- 
peting plants were removed by 
rototilling between the rows twice 
during the summer. 

Tallies of spots on which one or 
more seedlings had emerged were 
made at l- toI 2-week intervals be- 
tween March and June. At the 
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Table 1. Source, germination potential (%), and number of saltbush seeds used in seeding tests, North Mountain Experi- 
mental Area, California. 

Specie& 
Source location Year seed Potential Seeds plan ted 
and elevation collected germination each spot 

Fourwing saltbush (Atriplex cunescens) Moreno Valley, Riverside 
Co., Calif. 1,000 ft 

1965 35 20 

Fourwing saltbush (A triplex canescens) Cactus Flat, San Bernardino 
Co., Calif. 5,800 ft 

1965 (“) 18 

Allscale or desert saltbush (A. polycarpu) Casa Grande, Pinal Co., 
Arizona 1,400 ft 

1965 60 12 

Allscale or desert saltbush (A. polycarpu) Little Lake, Inyo Co., 
Calif. 3,000 ft 

1965 60 34 

“Falcata” saltbush (A. fulcutu) Battle Mountain, Lauder 
Co., Calif. 4,500 ft 

1965 6 20 

Gardner saltbush (A. gardneri) Ephraim, Sanpete Co., 
Utah 5,500 ft 

1963 10 36 

1 Nomenclature used is that followed by Holmgren and Reveal (1966). 
9 Germination data not available. 

same time, five samples of soil at O- 
to Z-inch depths from each plot 
were collected and soil moisture 
was determined. 

Beginning in early March, auto- 
matic recording instruments mea- 
sured soil temperatures at l-inch 
depth at both sites. Precipitation 
after early March was measured 
with standard rain gauges. 

Maximum height and average 
foliar crown spread were measured, 
and flowering or fruiting by the 
plants was determined at the con- 
clusion of the first season’s growth. 
The root systems of representative 
plants of three species were exca- 
vated at the Nixon plot to deter- 
mine the kind and extent of root- 
ing. 

Analysis of variance using arc 
sin transformations and Duncan’s 
Multiple Range Test of data tested 
effects of time and depth of plant- 
ing on percentage of seedling 
emergence and subsequent plant 
development. Chi square tests were 
used to evaluate effects of these 
factors on incidence of flowering. 

Results 

Seedling Emergence 

Seedling emergence varied con- 
siderably according to the plot, spe- 

cies, strain, depth, and time of 
seeding. Higher emergence de- 
veloped at Nixon than Vista 
Grande for all species and condi- 
tions tested. More fourwing salt- 
bush plantings emerged than plant- 
ings of any other species, with 90 
and 65% maximum, respectively, 
from seed spots at Nixon and Vista 
Grande. All plantings of “falcata” 
saltbush failed at bo,th plots. Plant- 
ings of Gardner saltbush and Ari- 
zona strain allscale saltbushes at the 
Vista Grande plot also failed as 
did-to a certain extent-those at 
the Nixon plot. Therefore, these 
results were not used except as 
appropriate for further analysis or 
evaluation of the data. 

Seedling emergence of all salt- 
bushes tested was significantly af- 
fected by bo,th time and depth of 
seeding. Emergence from %-inch 
depth was generally greater than 
from l-inch depth at both plots, 
and for most planting dates (Table 
2). Seeding depth effects were more 
pronounced on plantings made in 
February and March than on those 
made in April. More seedlings 
emerged from $&inch depth for the 
first three plantings than at the l- 
inch depth, but essentially the same 
number developed from both 

depths for the April planting. The 
average percentages of seed spots 
with one or more seedlings by depth 
classes, irrespective of planting 
dates, were as follows: 

Nixon Vista Grande 
l/2 inch 1 inch l/2 inch 1 inch 

Fourwing (2 strains) 
73 63 30 15 

Allscale (1 strain) 
22 9 22 9 

Gardner (1 strain) 
47 19 (l) - 

lseedings failed at the Vista Grande 
site. 

Time of seeding was an impor- 
tant factor in the number of salt- 
bush seedlings that emerged. More 
seedlings were produced from plant- 
ings in late March at the Nixon 
plot or in early April at the Vista 
Grande plot than from any other 
plantings (Table ‘2). Analysis of 
the pooled data showed these differ- 
ences between dates were statisti- 
cally significant (5% level), however, 
this significance did not necessarily 
apply for each species or all condi- 
tions tested. For example, there was 
some overlap between dates and in 
a very few instances between plant- 
ing depths as to which seeding dates 
produced the higher emergence. 
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Table 2. Seed spots (%) stocked with 1 or more seedlings in saltbush plantings 
at two sites, by species, depth, and time of seeding, North Mountain Experi- 
mental Area, California. 

Time of seeding 

Site, species, depth Feb. 4-5 March 3-4 March 22-24 April 6-7 

Nixon 

Fourwing saltbushl 

l/ inch 52bcs 83de 90e 67cd 
1 inch 19a 50bc 30ab 73cde 

Allscale saltbushl 

% inch 22cde Sabc 40e 35de 
1 inch Oa la 12bc 14cde 

Gardner saltbush 

% inch 73c 35ab 73c 8a 
1 inch 19ab 8a 44bc 8a 

Vista Grande 

Fourwing saltbushl 

% inch 18ab 36bc 25bc 43c 
1 inch 4a 6a 5a 46c 

Allscale saltbush 

%I inch 1 Oabc 27bc 3ab 48c 
1 inch la 3ab Oa 31bc 

l Two strains. 
a One strain. 
3 Values followed by the same letter do not differ significantly at the 5% probability 

level within each species and plot according to Duncan’s Multiple Range Test. 

planting and 90% total seedling 
emergence-by fourwing and all- 
scale saltbush at the Nixon plot. 
Depth of seeding and strain ap- 
peared to have only a limited effect 
in this respect. Fourwing saltbush 
seeded on February 5 and March 3 
took 4 and 2 weeks longer to reach 
90% emergence than did March 24 
or April 7 seedings. The average 
interval for stands to develop 
ranged from 50 days for plantings 
made on February 5 to 23 days for 
both the March 24 and April 7 
plantings. The period was inter- 
mediate for the March 3 planting. 

There were differences in rate 
of stand development between four- 
wing saltbush strains. Seedling 
stands of the Moreno strain de- 
veloped in 1 to 3 weeks less time 
than those of the Cactus Flat strain 
for plantings made on February 5 
and March 3; subsequent seedings 
showed practically no differences 
between rate of stand development 
for these two strains. 

Stand development by allscale 
saltbush was 5 to 14 days ahead of 
fourwing saltbush. The average in- 
tervals required by this species to 
develop stands were 41 and 15 days, 
respectively, for February 5 and 
April 6 plantings. The intervals- 
nearly the same for both March 
plantings-were intermediate be- 
tween those for the other seedings. 
We were unable to determine any 
effects that depth or strains may 
have on rate of stand development 
by allscale or Gardner saltbush be- 
cause of the scarcity of seedlings 
from some of these plantings. 

Seedling Survival and Stand 
Development 

Most saltbush seedlings present 
in late June on the Nixon plot sur- 
vived and grew satisfactorily, but 
survival to late June varied by spe- 
cies, time, and depth of seeding. At 
Vista Grande only about a dozen 
fourwing saltbush plants lived 
through the first growing season; 
all other saltbush seedlings died, 
generally within 3 weeks after 
emergence. The near absence of 
plants on this plot precluded any 
further observations at the site. 

Seedling survival from emergence 
until late June averaged 88% by 
fourwing, 60% by allscale, and 68% 
by Gardner saltbushes at the Nixon 
plot (Table 3). With a few excep- 
tions, a larger proportion of seed- 
lings survived from the X-inch 
planting depth than from the l- 
inch depth. No allscale saltbush 
seedlings survived from plantings at 
1 inch on the two earliest dates; 
60% or higher of those planted at 

1h inch on these dates survived. Sur- 
vival from subsequent seedings of 
this species was, nearly the same 
from both planting depths. Except 
for the earliest planting date, when 
Gardner saltbush seedling survival 
was low from both planting depths, 
survival rates were at least 50% 
higher from 1/ inch than from 1 
inch. 

Date of seeding was an impor- 
tant factor in rate of stand develop- 
ment-the interval in days between 

Table 3. Saltbush seedling survival (%) in late June at Nixon plot, North 
Mountain Experimental Area, California, planted at two depths. 

Planting 
dates 

February 5 

March 3 

March 24 

April 6 

Average 

Fourwing saltbush Allscale saltbush Gardner saltbush 
(2 strains) (2 strains) (1 strain) 

l/2 inch 1 inch ‘/z inch 1 inch l/ inch 1 inch 

100 92 72 0 53 40 
97 76 60 0 100 66 
93 69 84 86 88 62 

90 91 90 91 100 33 

95 82 76 44 85 50 
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Table 4. Effect of seeding depths and planting dates on first season’s growth 
and flowering by fourwing and allscale saltbushes at Nixon plot, North 
Mountain Experimental Area, California. 

Dates seeded 

Species and strain Feb. 5 March 3 March 24 April G 

Volume index size of plants (ft3) 

Fourwing saltbush (average for 2 strains)1 

%-inch depth 57.8a2 35.3b 
l-inch depth 32.3b 44.3b 

Allscale saltbush (I/-inch depth only) 

Casa Grande, Arizona strain 1.3 
Little Lake, Calif. strain 21.1 (;.g 

Pistillate and staminate flowering (%) 

34.3b 26.6b 
39.7b 31.lb 

2.0 1.1 
17.6 11.3 

Fourwing saltbush (average for 2 depths)4 

Moreno, Calif. strain2 43a 56a 49a 5b 
Cactus Flat, Calif. strain Ob 7b 3b Ob 

Allscale saltbush (G-inch depth only) 

Casa Grande, Arizona strain2 40a 37a 33a 25a 
Little Lake, Calif. strain 0 0 0 0 

1 No significant differences between size of plants according to fourwing saltbush strains 
tested. 

2Values followed by the same letter within each category and line do not differ sig- 
nificantly at 5% level as determined by Duncan’s Multiple Range Test for size of 
plants, and by chi-square analysis for test of flowering. 

3 No data available on size of allscale saltbush plants from seedings on March 3. 
4 No significant differences between the two seeding depths for frequency of flowering 

by fourwing saltbush. 

Growth and Reproduction 

There was evidence that time, 
depth of seeding, and strain affected 
ultimate plant size and amount of 
flowering in fourwing saltbush and 
to a limited extent in allscale salt- 
bush. Early season plantings gen- 
erally produced the larger plants 
(Table 4). Fourwing saltbush plants 
from seedings at 1/2 inch on Febru- 
ary 5 averaged 44 inches tall with a 
volume index of 58 ft3, and were 
significantly larger than plants from 
other seeding dates or from seed- 
ings at 1 inch depth. There were 
small but not significant differences 
in plant size between strains of 
fourwing saltbush. Differences in 
growth of the two strains of all- 
scale saltbush were pronounced. 
The Little Lake strain had an aver- 
age volume index of 14.9-as com- 
pared to 2.0 for plants from the 
Casa Grande strain (Table 4). 
Plants of both strains which de- 
veloped fro’m seedings made in 
February or March were nearly two 

times larger than plants from the 
April seeding. 

The incidence of flowering, 
either staminate or pistillate, varied 
according toi the strains. In the 
Moreno strain of fourwing and the 
Casa Grande strain of allscale salt- 
bushes, between 25 and 56% of 
plants flowered. There was prac- 
tically no flowering on plants of the 
other strains of these species, or on 
any Gardner saltbush. Date of 
planting affected flowering only for 
the April seeding of the Moreno 
strain of fourwing saltbush, which 
resulted in significantly fewer 
plants with flowers than earlier 
seedings. The amount of flowering 
by the Casa Grande strain of all- 
scale saltbush was essentially the 
same for all four seeding dates. 

Root Systems of Saltbush Plants 

Roots were more extensive in all 
respects than the area1 portions of 
the three species studied (Fig. 1). 
A fourwing saltbush plant that was 

3% ft tall with a 4-ft diameter foliar 
crown had roots 6% ft deep and 
laterals that extended over a lo-ft- 
diameter area in the soil (Table 5). 
Roots of allscale and Gardner salt- 
bushes were less extensive. Plants 
that were 2% and 2 ft tall and 
nearly the same across the crown 
had roots that were 4% to 3% ft 
deep and spread 5 to 7 ft outward. 
Gardner saltbush produced suckers 
to fo,rm new plants. These shoots, 
which emerged up to 24 inches out- 
ward from the plant, originated 
from lateral ro’ots that were less 
than 12 inches below the surface 
(Nord et al., 1969). 

Discussion and Conclusions 

Results of this study demon- 
strated that certain saltbushes can 
be established successfully in south- 
ern California by direct seeding and 
may grow satisfactorily on soils that 
are slightly acid in reaction even 
though their native habitat is gen- 
erally on basic soils. Establishment 
depends on the species and strain, 
time and depth of seeding, soil 
moisture and soil temperatures, 
among other factors. The optimum 
conditions for seeding these salt- 
bushes in southern California ap- 
pears to be late in the spring when 
mean soil temperatures range be- 
tween 60 and 65 F if moisture is 
adequate and seeds are planted at 
%-inch depth. 

Saltbush species and strains from 
sources closer to the planting site, 
or similar to it, or have the widest 
distributional range and tolerance 
to soil salts are most likely to be 
established successfully by direct 
seeding and grow satisfactorily on 
neutral to slightly acid soils. This 
was evident with fourwing saltbush 
that produced the best stands and 
the largest plants, and its roots ex- 
tended deeper and wider than those 
of either allscale or Gardner salt- 
bushes. Flowering by plants during 
the first season was observed on 
single strains of both fourwing and 
allscale saltbush. Flowering by the 
other strains of these and Gardner 
saltbushes was rare or did not occur 
at all during the first season. 
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Table 5. Foliar and root system development of representative saltbush plants 
at the end of the first growins season at Nixon plot, North Mountain Exprri- 
mental Area, California. 

Fourwing saltbush 
Moreno, Calif. 42 41 40.1 

Cactus Flat, Calif. 38 42 41.2 
Allscale saltbush 

Casa Grande, Ariz. 17 16 2.0 
Little Lake, Calif. 28 36 14.9 

Gardner s&bush 
Ephraim, Utah 5 6 0.1 

’ Product of height X foliar crown diameter. 
S Data not available on root syswns of these saltbush stuins. 
a Lateral ro0tS contained suckers which formed new plants. 

Differences in performance 
among the saltbush species and 
strains tested can be attributed 
largely to their inherent adaptabil- 
ity to the conditions on the planted 
sites. Performance of the species 
and strains tended to be inversely 
related to the distances between 
seed source origins and the planted 
sites. This applied to fourwing, 
allscale, and Gardner saltbushes 
which produced good, fair, and 
poor stands, respectively. Four- 
wing came from a nearby source, 
allscale was intermediate, and Gard- 
ner came from farthest away. The 
same trend appeared between the 
two strains of allscale saltbush. The 
Little Lake strain produced better 
stands than the Casa Grande strain, 
which came from a more distant 
location. The differences in per- 
formance appeared to be directly 
related to the extent of the native 
range and tolerance tom soil salts of 
the various species and strains. 

As indicated earlier, soils on the 
test sites are neutral to slightly acid, 
whereas soils where these s&bushes 
occur naturally are generally basic. 
Of the three species, fourwing salt- 
bush has the most extensive distri- 
bution and the widest tolerance to 
soil salts, allscale is intermediate, 
and Gardner saltbush ranks lowest 
in both respects (Branson et al., 
1967; Hall and Clements, 1923). 
The Vista Grande plot, with 
low base saturation and smaller 
amounts of Ca and Mg, may not 
have been as favorable for these 
species as the Nixon plot, which 
had a higher base saturation and 
more Ca and Mg. 

It was evident that differences in 
soil moisture and soil temperatures 
were responsible for the differences 
in seedling emergence for all strains 
between Vista Grande and Nixon. 
At the Nixon plot, where satis- 
factory stands developed from most 
plantings, both soil moisture and 
temperatures were higher than at 
Vista Grande during the spring. 
For corresponding dates or periods, 
soil moisture was, for the most part, 
50 to 110% higher and soil tempera- 
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tures 3 to 5 F warmer at Nixon 
than at Vista Grande plots. 

Another factor may have been the 
larger proportions of organic 
matter, especially in the 0- to 3- 
inch level, and % clay throughout, 
at Nixon as compared to Vista 
Grande. To judge by the soils where 
they generally occur in the south- 
western United States, saltbushes 
probably have high calcium and 
magnesium requirements for 
growth. The Nixon plot has more 
calcium than the Vista Grande plot. 

Water repellency of the soil could 
not be associated with the differ- 
ences in moisture content of the 
soils on the two plots. The higher 
liquid-solid contact angle of the soil 
at the Nixon plot indicates it may 
be more repellent than soil at the 
Vista Grande plot (Letey et al., 
1962). 

Total rainfall or its distribution 
did not account for the differences 
in soil moisture between the two 
sites. Only 2 inches rainfall was 
received shortly after the earliest 
seedings and 1 inch came from three 
intermittent sto,rms. 

The higher temperatures that 
occur near the surface when heat is 
moving downward in the spring 
(Russell, 1950) are probably re- 
sponsible for better germination 
and better seedling establishment 
at % inch seeding depths. Avail- 
able soil moisture could not account 
for these differences. If it did, 
one would expect more seedlings 
from deeper planting depth where 
soil moisture content remains 
longer in a favorable range. 

Lower seedling survival from l- 
inch depth is attributed to the 
weakened condition of the seedlings 
because they exhaust food reserves 
in the seed during the longer 
period from initial germination 
until the plant can manufacture its 
own supply. Such seedlings are 
more susceptible to damping-off, 
soil drying, and other adverse fac- 
tors than seedlings that are healthy 
or more advanced in development. 
Allscale saltbush had the smallest 
seed and probably the lowest food 
reserve of the species tested. No 
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seedlings of this species survived 
from plantings made at 1 inch 
earlier in the season, whereas sur- 
vival was 60% or more when 
planted at %-inch depth or at both 
depths later in the season (Table 
3). 

The results from these field plant- 
ings follow the pattern described 
earlier as reported by Springfield 
(1966), Hervey and Boyd (1953), 
and Chatterton (1970) from labora- 
tory germination tests. There was a 
similarity in the response to mois- 
ture conditions and planting depth 
to the findings of Springfield (1966) 
and Springfield and Bell (1967) 
that moisture stress has least effect 
on saltbush seed germination when 
temperatures are near optimum. 

It is apparent that dates recom- 
mended for fourwing saltbush seed- 
ings in other areas are not directly 
applicable to sonthern California. 
Our late spring plantings are more 
likely to be successful than the 
earlier planting dates generally 
recommended by Stroh and Thorn- 
burg (1969) for Montana, Plummer 
et al. (1968) for Utah, and Cassady 
(1937) for New Mexico. Late spring 
seeding should provide for more 
rapid germination and seedling 
emergence, minimize the dangers 
of frost heaving and damping-off, 
and allow opportunity to reduce 
competition by other plants. Al- 
though no field seeding tests were 
made during the fall or early win- 
ter, there is good reason to believe 
such plantings would be damaged 
by lack of adequate moisture and 
low temperatures such as were 
present following the February 
seedings. It is also likely that salt- 
bush seedlings would be suppressed 
or crowded out by the profuse 
stands of annual herbaceous plants 
that generally develop during the 
winter. 
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Sideoats grama can be successfully interseeded into 
abandoned cropland on the High Plains of Texas. The 
use of fertilizer and alfalfa with planting did not increase 
the stand, plant size, or production of sideoats grama. 
It is concluded that interseeding can increase total forage 
production but the inclusion of fertilizer and alfalfa in 
this particular study was an added expense that could 
not be justified. Livestock showed a definite preference 
for the forage on the interseeded areas over that on the 
non-seeded areas. Species utilization by cattle was found 
to be highest for kochia, followed by silver bluestem, side- 
oats grama, western wheatgrass, sand dropseed, red three- 
awn and tumble windmillgrass. 

The purpose of this study was to evaluate an 
interseeded sideoats grama (Bouteloua curtipend- 
ula (Michx.) Torr.) stand four years after it 
had been interseeded. Specific objectives were to 
evaluate the change in forage yield of the area 
following the interseeding of sideoats grama; to 
determine stand, spread and basal area of sideoats 
grama plants established with three different cul- 
tural practices; and to determine the degree that 
each of the major grasses, forbs and minor grasses 
was utilized by livestock. 
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Methods and Procedures 

This study was conducted on the Texas Tech University 
Research Center near Amarillo, Texas. The research area 
was an 84-acre abandoned cropland pasture in an advanced 
stage of secondary succession (Fig. 1). This field was 
cultivated until the early 1940’s when farming was dis- 
continued. It was then grazed extensively by cattle but not 
reseeded. The soil is a Pullman silty clay loam. The vege- 
tation in the seral community consisted primarily of western 
wheatgrass (Agropyron smithii Rydb.), silver bluestem 
(Andropogon saccharoides Swartz), buffalograss (Buchloe 
dactyloides (Nutt.) Engelm.), red threeawn (Aristida Zongi- 
seta Steud.), sand dropseed (Sporobolus cryptandrus (Torr.) 
Gray) and tumble windmillgrass (Chloris verticillata Nutt.). 
Other species common to the High Plains of Texas were 
present in small amounts. 

In 1963 a study was begun on the area to evaluate certain 
interseeding techniques for increasing the productivity of 
abandoned cropland or depleted ranges (Robertson and 
Box, 1969). Premier sideoats grama (Fig. 2) was seeded at 
the rate of three pounds of pure live seed per acre using an 
interseeder described by Dudley, Hudspeth, and Gantt (1969). 
In addition to the pure stand of sideoats grama, one treat- 
ment included a dryland legume (Nomad variety of alfalfa). 
A third treatment consisted of 30 pounds of nitrogen 
applied in the form of ammonium nitrate. A fourth area 
was left untreated as a control. Each of the treatments 
and the control was divided into two blocks in a randomized 
block design. 

Production and utilization of the four areas were eval- 
uated in 1967 during the fourth growing season after stand 
establishment. Five paired plots in each experimental unit 
were established by the random location of a plot and the 
selection of a similar plot based on species composition and 
production (Klingman et al., 1943). The paired plots 
were located within 10 to 20 feet of each other. A coin 
was then tossed to determine which plot could be grazed 
and which would be caged for exclusion of grazing. In 
the interseeded areas each cage was set directly over the 
row of sideoats grama; likewise, the plot to be grazed was 
marked with a stake driven nearly flush with the ground in 
the center of the row. Yearling heifers were then put into 
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Sideoats grama can be successfully interseeded into 
abandoned cropland on the High Plains of Texas. The 
use of fertilizer and alfalfa with planting did not increase 
the stand, plant size, or production of sideoats grama. 
It is concluded that interseeding can increase total forage 
production but the inclusion of fertilizer and alfalfa in 
this particular study was an added expense that could 
not be justified. Livestock showed a definite preference 
for the forage on the interseeded areas over that on the 
non-seeded areas. Species utilization by cattle was found 
to be highest for kochia, followed by silver bluestem, side- 
oats grama, western wheatgrass, sand dropseed, red three- 
awn and tumble windmillgrass. 

The purpose of this study was to evaluate an 
interseeded sideoats grama (Bouteloua curtipend- 
ula (Michx.) Torr.) stand four years after it 
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grama plants established with three different cul- 
tural practices; and to determine the degree that 
each of the major grasses, forbs and minor grasses 
was utilized by livestock. 
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Methods and Procedures 

This study was conducted on the Texas Tech University 
Research Center near Amarillo, Texas. The research area 
was an 84-acre abandoned cropland pasture in an advanced 
stage of secondary succession (Fig. 1). This field was 
cultivated until the early 1940’s when farming was dis- 
continued. It was then grazed extensively by cattle but not 
reseeded. The soil is a Pullman silty clay loam. The vege- 
tation in the seral community consisted primarily of western 
wheatgrass (Agropyron smithii Rydb.), silver bluestem 
(Andropogon saccharoides Swartz), buffalograss (Buchloe 
dactyloides (Nutt.) Engelm.), red threeawn (Aristida Zongi- 
seta Steud.), sand dropseed (Sporobolus cryptandrus (Torr.) 
Gray) and tumble windmillgrass (Chloris verticillata Nutt.). 
Other species common to the High Plains of Texas were 
present in small amounts. 

In 1963 a study was begun on the area to evaluate certain 
interseeding techniques for increasing the productivity of 
abandoned cropland or depleted ranges (Robertson and 
Box, 1969). Premier sideoats grama (Fig. 2) was seeded at 
the rate of three pounds of pure live seed per acre using an 
interseeder described by Dudley, Hudspeth, and Gantt (1969). 
In addition to the pure stand of sideoats grama, one treat- 
ment included a dryland legume (Nomad variety of alfalfa). 
A third treatment consisted of 30 pounds of nitrogen 
applied in the form of ammonium nitrate. A fourth area 
was left untreated as a control. Each of the treatments 
and the control was divided into two blocks in a randomized 
block design. 

Production and utilization of the four areas were eval- 
uated in 1967 during the fourth growing season after stand 
establishment. Five paired plots in each experimental unit 
were established by the random location of a plot and the 
selection of a similar plot based on species composition and 
production (Klingman et al., 1943). The paired plots 
were located within 10 to 20 feet of each other. A coin 
was then tossed to determine which plot could be grazed 
and which would be caged for exclusion of grazing. In 
the interseeded areas each cage was set directly over the 
row of sideoats grama; likewise, the plot to be grazed was 
marked with a stake driven nearly flush with the ground in 
the center of the row. Yearling heifers were then put into 
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the pasture. The stocking rate was regulated so that 
approximately 50% utilization resulted. 

Following the first GO days of grazing, the total weight of 
herbage and that of each specie5 was determined for each 
plot. Currcrrt growth was clipped from a 3.1 It square area 
within each plot and the weight was converted to pounds 
per acre. This iniomation was used in the determination 
of production and utilization. Paired plots were then 
randomly relocated. These new plots were used for de 
termination of regrowth production and utilization for an 
additional GO days. 

Utilization was calculated by substracting the amount 
of forage on each graxd plot from tlrat of the paired plot. 
Total utilizttion consiarb d the hum of the utilbation for 
the two GO-day periods. 

The forage inside the exclosures at the end of the first 
GO-day period represents the production from the beginning 
of the .growing season until the estimation date. When the 
plots were established for the second 60.day period, ocular 
estimates oi the forage present at that time were made of 
the plots to be caged. Production in cacb caged plot for 
the second GO~day period was then calculated as the differs 
exe between this estimated amount present at the begirl- 
ning of the second grazing period and the clipped amounts 
at the end of the period. The sum of tho production of 

both periods was used as total production to the time the 
last estimates were made. 

Forty plots were randomly established on each of the 
two blocks in each treated arca for the determination of 
itand, spread toward the row middles, and basal area of 
rideoats grama plants. Each plot consisted of five feet of 
row length. Stand was determined by counting individual 
plants in each of the 5.foot plots. Spread toward the middle 
was calculated by tire measurement (in inches) of the lateral 
spread of each plant toward row middles. Basal area was 
determined by direct measurement of each plant in the 
5.foot plots. 

An analysis of variance was used to statistically analyze 
rbe data from each measurement following procedures out- 
lined by Snedecor and Cochran (1967). Whenever a sign 
nificance for treatments was found in the F test of the 
analysis of variance, Duncan’s multiple range test (LeClerg, 
1966) was used to compare each treatment mean with every 
other treatment mean to determine where the significance 
lay at the .05 level. 

Results and Discussion 

Stand and Plant Characteristics 

There was a significant reduction in stand 
density from 1963 to 1967, but the stand density 
relationships were the same as reported by Robert- 
son and Box (1969) for first-year establishment. 
Original stand density was higher in alfalfa and 
sideoats grama-only treatments than in the fertil- 
izer treatment. The two treatments still main- 
tained similar stand densities at the time of this 
study (Table 1). 

The largest sideoats grama plants, both in aver- 
age basal area and spread were found in the areas 
interseeded with sideoats grama-only (Table 1). 
Despite these differences, spread of the plants 
toward the row middles was minimal for all treat- 
ments. 

Vqaative Competition 

Sideoats grama appeared to be competing 
favorably with the forbs, sand dropseed, red three- 
awn, tumble windmillgrass and other minor 

Table 1. Average stand (plants1100 ft row), spread 
(inches), and basal area (square inches) per plant of 
sideoats grama plants. 

With alfalfa 3lG.5a3 124.6~ 2.09a 
With iertilizer lG6.5b 9Z.Gb 2.92b 
Alone 342.5a 111.4a 3.67~ 

1 Average of 40 samples as reported by Rubrrtson. 
a Average of 80 samples. 

6.98a 
13.55b 
18.07c 

= Any two means of the same comparison not followed by the 
same letter are significantly different at the 0.05 level of sig- 
nificance. 
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grasses. These plants showed very low vigor when 
in competition with sideoats grama. In the more 
productive stands of sideoats grama, these plants 
showed very definite signs of mortality or reduced 
<growth. 

Western wheatgrass and silver bluestem showed 
fair vigor when growing in direct competition 
with sldeoats grama. However, there was a notice- 
able reduction in vigor as compared to plants of 
the same species growing outside of the interseeded 
areas. 

Few sideoats grama plants survived when grow- 
in<g in direct competition wit11 buff&grass. There 
were several small dense stands of buff&grass 
within the interseeded plots. The number and 
vigor of sideoats grama plants within these stands 
were considerably less than in adjacent sideoats 
stands (Fig. 3). It is apparent that sideoats grama 
should not be interseeded into dense stands of 
buflalograss. 

Forage Production 

The interseeded areas produced significantly 
more total forage than the non-seeded control area 
(Table 2) but there was no significant difference 
in production among the interseeding treatments. 

Table 2. Average herbage yield (Ibs./acre, oven-dry) on 
unseeded and interseeded abandoned cropland. 

Treatment Total SideoaLs otklcr 

Sideoats grama with alfalfa 1371a’ 87% 492.x 

Sidcoats grama with fertilizer 1401a 1059a 34% 

Sideoats gram, only 14F6a 1012% 454a 

C0IXlDl 8951, 0 895b 

1 Any two mrans not followed by the SarnC ,etwr are significantly 
different at the 05 level of significancr. 

Table 3. Average utilization of total available forage and 
sideoats grama, expressed in weight (lbs./acre, oven-dry) 
and percent utilized, in different trratment areas. 

with alfalfa 

Sidcoats grama 

505.XbC 36F.Fa 36.9 41.7 

with fertilizer fiOO.9ac 398.0x 42.9 37.6 

Sidcaats grama alone 801.&I 619.1a 54.7 61.2 

Control 282.4b 0 31.5 0 

‘Any nv” *“cans not followed by the same lcltrr are significantly 
different at the 0.05 level of significance. 

No difference was found in sideoats grama pro- 
duction among the seeded areas. There is appar- 
ently no residual effect of the 30 pounds of nitro- 
gen application or beneficial effect of alfalfa in 
the mixture. The value of alfalfa in the mixture 
cannot be judged conclusively, however, because 
only trace amounts became established. The use 
of alfalfa has been recommended by several re- 
searchers (Rams et al., 1952; Dahl et al., 1967 and 
Hervey et al., 1960). 

The species which comprised the vegetation on 
the non-seeded area made up approximately % of 
the total production on the seeded areas (Table 2). 
These species produced only about ‘/ that which 
they did on the non-seeded areas. Total produc- 
tion averaged 433 pounds more on the interseeded 
areas than on tlrc non-seeded areas. 

Forage Utilization 

Differences in species utilization were found on 
the interseeded areas (Table 3). When the cattle 
were allowed free choice of the different areas, 
they grazed more pounds of forage and a larger 
percent of what was available in the sideoats 
gram-only and fertilized areas than from the non- 
seeded area. It is apparent that the larger amount 
of desirable species present in these two plots con- 
tributed to their having been grazed more. The 
large amount of sideoats grama on the seeded areas 
was a factor contributing to more use of these areas. 
The lower production on the non-seeded area 
would also account for less forage removal. 

Although statistical analysis did not show sig- 
nificant differences in sideoats grama utilization 
among treatments, these differences appear real, 
especially for sideoats grama-only over the other 
treatments (Table 3). 
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Table 4. Utilization (5%) of the different species growing 
in the research pasture. 

Species 

Forbsr 
Silver bluestem 
Sideoats grama 
Western wheatgrass 
Sand dropseed 
Red threeawn 
Tumble windmillgrass 

0 ther grasses 

1 Primarily kochia. 

Utilization 

58.9 
49.4 
46.9 
45.1 
38.7 
28.6 
28.0 

16.3 

Utilization of Major Species 

The degree of utilization varied considerably 
among the different species (Table 4). Both silver 
bluestem and forbs (mostly Kochia scoparia (L.) 
Schrad.) were utilized more heavily than sideoats 
grama while western wheatgrass received similar 
use. The other grasses were used less, indicating 
lower preference by the grazing animals. 

The cattle showed a definite preference for 
kochia when they first were introduced into the 
pasture. As kochia started to mature in July, 
grazing changed to sideoats grama and sand drop- 
seed through July and to the middle of August. 
Preference was shown for sideoats grama, western 
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Five grass species were fall seeded on dryland under 
three cultural treatments-summer fallow, tilled stubble, 
and standing stubble-in 1966, 1967, and 1968. Seedling 
emergence was recorded the following spring on each of 
the seedbeds. Significant differences in emergence were 
found among the grasses and the seedbeds with the sum- 
mer fallow treatment generally producing more seedlings. 
For practical purposes of stand establishment and area 
occupancy, however, all cultural treatments produced ade- 
quate stands. Interactions among years, seedbeds, and 
grass species were too great to permit predictions of con- 
sistency for any one cultural treatment. Dramatic sup- 

l Received May 27, 1970; accepted for publication Septem- Successful establishment of grasses on difficult 
ber 17, 1970. sites varies widely in spite of the application of 
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wheatgrass and silver bluestem during the latter 
part of the growing season. Use was made on red 
threeawn, tumble windmillgrass and other minor 
grasses only in the early part of the grazing season. 
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pression of rhizome extension of western wheatgrass oc- 
curred under the crop residue treatments. This suppression 
was too severe to be attributed entirely to nitrogen de- 
ficiency. Phytotoxicity of the plant residue is suspected 
as a contributing factor. 

Seeding grasses on abandoned cropland, or 
land converted from cash crops into permanent 
pasture, is a common practice in submarginal dry- 
land areas of the Great Plains. Cultural methods 
and seedbed preparation techniques are well es- 
tablished with summer fallow, tilled grain stubble, 
and standing <grain stubble the three most recom- 
mended and used (Anderson et al., 1957; Barnes 
et al., 1952; Clark and Heinrichs, 1941; Douglas 
et al., 1960; Launchbaugh, 1966; Parker, 1961; 
Sittler, 1958; Stark et al., 1946; Staten, 1943). Their 
primary purpose is the conservation of soil mois- 
ture for germination and growth of the seedlings. 
The added advantage of wind or water erosion 
control is achieved with the tilled stubble and 
standing stubble techniques. 
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curred under the crop residue treatments. This suppression 
was too severe to be attributed entirely to nitrogen de- 
ficiency. Phytotoxicity of the plant residue is suspected 
as a contributing factor. 

Seeding grasses on abandoned cropland, or 
land converted from cash crops into permanent 
pasture, is a common practice in submarginal dry- 
land areas of the Great Plains. Cultural methods 
and seedbed preparation techniques are well es- 
tablished with summer fallow, tilled grain stubble, 
and standing <grain stubble the three most recom- 
mended and used (Anderson et al., 1957; Barnes 
et al., 1952; Clark and Heinrichs, 1941; Douglas 
et al., 1960; Launchbaugh, 1966; Parker, 1961; 
Sittler, 1958; Stark et al., 1946; Staten, 1943). Their 
primary purpose is the conservation of soil mois- 
ture for germination and growth of the seedlings. 
The added advantage of wind or water erosion 
control is achieved with the tilled stubble and 
standing stubble techniques. 
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Table 1. Numbers of seedlings emerging from five grasses 
seeded at a rate of 10 PLS per row foot across three 
cultural treatments. Seeded October 1966, emergence re- 
corded June 1967. Averages of three replications. Octo- 
ber through June precipitation was 10.09 inches. 

Cultural treatments 

Summer Tilled Standing 
Grass species fallow stubble stubble Average 

Green needlegrass 11.4 8.9 8.3 9.5a* 
Western wheatgrass 6.1 4.3 3.8 4.7b 
Switchgrass 4.5 4.4 3.9 4.3b 
Thickspike wheatgrass 4.8 5.3 4.4 4.8b 
Prairie sandreed 2.4 1.3 1.7 1.8~ 

Average 5.8 4.8 4.4 5.0 

x” Y Y 

* Duncan’s Multiple Range Test @ P = .Ol, values with the same 
letters following are not significantly different. 

these cultural methods. Failures are most often 
attributed to adverse weather conditions even 
though these methods supposedly reduce the effects 
of weather (Launchbaugh, 1966). Occasionally a 
study of cultural methods shows an adverse effect 
of seeding in small grain stubble. Douglas et al. 
(1960) found that seeding grasses into wheat stubble 
produced good stands but plant development was 
retarded. Five years were required for the grass 
to reach full production, as compared to three 
years for seedings on fallowed land. 

The purpose of this study was to evaluate emer- 
gence of range grasses under summer fallow, tilled 
stubble, and standing stubble cultural methods 
under the very dry conditions of southern Mon- 
tana, and to determine the most consistently suc- 
cessful method over a period of years. 

Methods and Materials 

The three cultural methods of summer fallow, tilled 
stubble, and standing stubble were applied on a Heldt 
silty clay loam soil at Bridger, Montana, during 1966, 
1967, and 1968. This was a dryland site with a 50-year 
mean annual precipitation of 10.35 inches. Each of the 
study areas had been sown to spring wheat the year prior 
to treatment. In the treatment year each study area was 
spring plowed and one-third of the area summer fallowed 
throughout the season as needed to prevent weed growth. 
Two-thirds were replanted to spring wheat and mowed to an 
8-inch stubble height at the post-bloom stage with the cut 
material left on the site. One-half of the wheat area was 
then incorporated into the surface 4 inches of soil and the 
other half left standing. These three treatments were re- 
peated on separate areas for each of the three years indicated. 

In October of each year that the cultural treatments were 
established, five grass species were seeded across the three 
seedbeds: thickspike wheatgrass (Agropyron dasystachyum), 
western wheatgrass (A. smithii), prairie sandreed (Cala- 
movilfa Zongifolia), switchgrass (Panicum virgu turn), and 
green needlegrass (Stipu viridulu). The grasses were seeded 

Table 2. Numbers of seedlings emerging from five grasses 
seeded at a rate of 10 PLS per row foot across three cul- 
tural treatments. Seeded October 1967, emergence re- 
corded June 1968. Averages of three replications. Octo- 
ber through June precipitation was 12.20 inches. 

Cultural treatments 

Summer Tilled Standing 
Grass species fallow stubble stubble Average 

Green needlegrass 10.5 9.2 16.2 12.0a* 
Western wheatgrass 6.5 3.9 5.0 5.lb 
Switchgrass 6.4 4.0 7.8 6.lb 
Thickspike wheatgrass 3.4 2.8 2.9 3.oc 
Prairie sandreed 0.3 0.2 0.3 0.3d 

Average 5.4 4.0 6.4 5.3 

x* Y x 

* Duncan’s Multiple Range Test @ P = .Ol, values with the same 
letters following are not significantly different. 

with a grain drill at a calibrated rate of 10 pure live seed 
(PLS) per foot of row in 7-inch row spacings . The seeding 
rates were calibrated on the basis of laboratory germination 
tests. The experimental design used for each planting was 
randomized split-block with three replications using the 
grass species as main blocks and the cultural treatments 
as split blocks. The split-block was 8 by 70 feet. No fertil- 
izer was used in this study. 

In late June following each fall planting the number of 
seedlings emerged per row foot were counted. Ten 3-foot 
samples from each split-block were taken, averaged, and 
reduced to the number of seedlings per row foot. The 
I966 and 1968 plantings were plowed in the fall of the same 
year the seedlings emerged. The 1967 planting was allowed 
to grow through the second (1969) season. 

Results and Discussion 

The cultural treatments showed highly signifi- 
cant differences in the numbers of seedlings emerg- 
ing per row foot each year (Tables 1, 2, and 3). 

Table 3. Numbers of seedlings emerging from five grasses 
seeded at a rate of 10 PLS per row foot across three cul- 
tural treatments. Seeded October 1968, emergence re- 
corded June 1969. Averages of three replications. Octo- 
ber through June precipitation was 11.25 inches. 

Cultural treatments 

Summer Tilled Standing 
Grass species fallow stubble stubble Average 

Green needlegrass 12.0 9.6 6.8 9.5a* 
Western wheatgrass 2.5 1.8 1.3 1.9b 
Swi t&grass 0.8 0.8 0.5 0.7cd 
Thickspike wheatgrass 2.5 1.6 0.8 1.6bc 
Prairie sandreed 0.9 0.4 0.5 0.6d 

Average 3.7 2.8 2.0 2.9 

x” Y Z 

* Duncan’s Multiple Range Test @ P = .Ol, values with the same 
letters following are not significantly different. 



228 STROH AND SUNDBERG 

Table 4. October through June monthly precipitation Table 5. Three-year average emergence of seedlings from 
(inches) at Bridger, Montana.1 five grasses seeded at a rate of 10 PLS per row foot across 

three cultural treatments. Seeded October 1966, 1967, 
Precipitation in inches and 1968; emergence recorded June 1967, 1968, and 

Month l!X6-67 1967-68 1968-69 1969, respectively. Averages of three replications. 

October .89 1.05 .33 Cultural treatments 

November .52 .91 
December .84 1.72 

.48 Summer Tilled Standing 

.57 Grass species fallow stubble stubble Average 

January 
February 
March 

April 

May 
June 

.86 1.61 1.27 Green needlegrass 

.66 .23 .03 Western wheatgrass 

.55 .61 .57 Swi tchgrass 

11.3 9.2 10.4 10.3a” 
5.0 3.3 3.4 3.9b 
3.9 3.1 4.1 3.7b 

1.55 .51 .96 Thickspike wheatgrass 3.6 3.2 2.7 
.79 1.74 1.54 Prairie sandreed 1.2 0.6 0.8 

3.43 3.82 5.50 Average 

3.2b 
0.9c 

5.0 3.9 4.3 4.4 

Total 10.09 12.20 11.25 x* Y XY 

l From precipitation records maintained at the SCS Plant Ma- * Duncan’s Multiple Range Test @I P = .Ol, values with the same 
terials Center, Bridger, Montana. letters following are not significantly different. 

The summer fallow treatment was highest in seed- 
ling emergence two of the three year< The stand- 
ing stubble treatment was lowest in seedling emer- 
gence two of the three years. The average planting 
emergence and the individual treatment emer- 
gences within each planting were not related to 
October through June precipitation. Rainfall 
patterns by months were essentially the same for 
all three periods as seen in Table 4. Capture and 
retention of snow by the standing stubble in the 
1968-69 planting did little to increase seedling 
emergence under that treatment the following 
spring. No snow was captured by this treatment 
during the other two winters. Apparently soil 
moisture was not the prime limiting factor in 
affecting differences in seedling emergence among 
cultural treatments or among years. 

Green needlegrass produced the highest number 
of seedlings in each of the three years, and ex- 
ceeded the calibrated seeding rate of 10 PLS 
under the summer fallow treatment each year and 
the standing stubble treatment in 1968 (Tables 
1, 2, and 3). This was due to the inherent embryo 
dormancy of the seeds, some of which is normally 
broken during the winter cold temperature period 
following planting. 

The western and thickspike wheatgTasses and 
the switchgrass emergence in 1967 and 1968 was 
approximately half of the pure live seed planted. 
No explanation for the poor emergence in 1969 
is available. 

The performance of prairie sandreed was very 
poor under all cultural treatments and in all years. 
We thought that fall seeding of this warm-season 
grass caused a loss of seed viability and subsequent 
poor emergence, but other spring seedings and a 

variety of other soils and climates have shown 
the same poor emergence.2 

The interaction of cultural treatments and spe- 
cies was not significant in 1967 but was highly 
significant (P = .Ol) in 1968 and 1969. Never- 
theless, all species generally emerged better under 
the summer fallow treatment. 

Summer fallow resulted in the greatest number 
of seedlings per row foot over the three-year period 
(Table 5). The treatment producing the least 
seedlings was tilled stubble. The additional mois- 
ture that might be expected to be available under 
the crop residue treatments did not provide better 
stands of grass over the summer fallow treatment. 
The tilled stubble was, in fact, a statistically dis- 
tinct detriment. We did not determine if this 
detriment was due to a phytotoxicity of the crop 
residue, lower soil temperatures, shading, or some 
other factor. 

For practical purposes of forage production and 
erosion control, on the other hand, all treatments 
achieved acceptable levels of seedling stands in 
this study. Stands of four to five plants per row 
foot, or seven to nine plants per square foot, were 
achieved with seeding rates one-third to one-half 
lower than those usually recommended for this 
type seeding. Since all interaction combinations 
of years, species, and cultural treatments were 
highly significant (P = .Ol), a single approach to 
seeding grasses on dryland sites that will assure 
the greatest success appears impractical. 

Growth Suppression 

The fall 1967 seedin g was allowed to grow 
through the seedling year (1968) and into the sec- 

2 Unpublished data, Soil Conservation Service, Plant Ma- 
terials Center, Bridger, Montana. 
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ond growing season (1969). A good stand of wst- 
em wheatgrass was adjacent to a poor stand of 
prairie sandreed. During both the seedling and 
second growing seasons rhizomes of the western 
wheatgrass extended vig.orously into the essentially 
empty area of the prame sandreed. By the begin- 
ning of the second season these rhizomes had ex- 
tended seven feet under the mummer fallor\, treat- 
ment but only 1% to 2 feet under the tilled stubble 
and standing stubble treatments (Figs. 1 and 2). 
Rhizome extension was measured from the center 
of the row adjacent to the empty area. This dra- 
matic suppression of growth is attributed to the 
presence of the wheat straw residue. A deficiency 
of available nitrogen under the crop residue treat- 
ments may account in part for the poor rhizome 
spread, as well as the possibility of phytotoxicity 
from the residues. 

Considerable evidence is available to show that 
many crop residues have a toxic effect on germina- 
tion and growth of seedlings of crops that follow. 
The toxicity is caused partly by soil microor~ga 
nisms which require certain plant residues as a 
substrate to elaborate toxic compounds (Behmer 
and McCalla, 1963; Norstadt and McCalla, 1968). 
Soluble substances in the plant residues can also 
cause poor seedling performance without the pres- 
ence of microorganisms (Guenzi and McCalla, 
1962; Guenzi et al., 1967; Behmer and McCalla, 
1963). The most obvious phytotoxic symptoms are 
lower germination, loss of root geotropism, short- 
ened first internode, stunting of the seedling, and 
general unthriftiness (Guenzi and McCalla, 1962; 
M&alla and Dudley, 1950; Norstadt and McCalla, 
1968; Patrick and Koch, 195X; Behmer and Mc- 
Calla, 1963). Phytotoxicity is most active during 

moist weather, or under the moist conditions 
promoted by the crop residue itself. 

Growth suppression under crop residues was 
noted in one species in only one year of this study. 
No measurements ~vere made on the four other 
speaes. We suggest further study of this phe- 
nomenon is needed. 

Summary and Conclusions 
The results of this investigation show that 

mummer fallow culture will provide consistently 
better grass stands; but, for practical purposes, ade- 
quate grass stands can be established under any of 
the three cultural methods presently recommended; 
that a dramatic suppression of growth can occur 
under a crop residue culture; and that the partic- 
ular soil, land condition, previous crop, moisture 
availability, and wind or water erosion hazard 
mut be considered in rhe decision to use any one 
cultural treatment. 
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Effect of Spraying with 
2,4-D upon Abundance of Pocket Gophers in 

Franklin Basin, Idaho1 
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Highlight 

Four 50 )( 50 foot plots were sprayed 
with 2 lb./acre 2,4-D in 1959, 1960, 
1965 and 1969 to kill fleshy-rooted, 
spring-growing plants and annuals. 
These plants are the major source of 
food for pocket gophers. Averaging 
the IO-year period, 1960-69, spraying 
reduced gopher mounds by 93% and 
winter casts by 94% when compared to 
the unsprayed areas. 

Most investigators have found 
that fleshy roots and underground 

l Cooperative investigations of Crops 
Research Division, Agricultural Re- 
search Service, U. S. Department of 
Agriculture; U. S. Forest Service, U. S. 
Department of Agriculture; and Utah 
Agricultural Experiment Station. 
Utah Agricultural Experiment Sta- 
tion Journal Paper 985. Received 
March 21, 1970; accepted for pub- 
lication September 25, 1970. 

3The author thanks those who assisted 
with the field phases of this work, 
and those who made helpful com- 
ments on the manuscript. Special 
thanks are due to Wesley and Arvel 
Bitters and Bernard Thurston, who 
did much of the field work. 

stems are the main food of pocket 
gophers (Moore and Reid, 195 1; 
Garrison and Moore, 1956; Ward 
and Keith, 1962; Hansen and 
Ward, 1966). During the growing 
season, however, gophers prefer the 
above-ground parts of plants (Ward 
and Keith, 1962; Hansen and 
Ward, 1966). 

Julander et al. (1969) suggest that 
reducing the food supply by herbi- 
tidal spraying may be a good 
method of reducing the number of 
pocket gophers. Keith et al. (1959), 
the Colorado Gopher Project 
(1960), and Hansen and Ward 
(1966) found that spraying a peren- 
nial forb range with 2,4-D in Colo- 
rado reduced the gopher popula- 
tion by 87% the year after spraying. 
They attributed the gopher de- 
crease to a decrease in forbs which 
were their main source of food. 
Spraying temporarily increased 
grass production. In succeeding 
years as forbs increased and grass 
decreased on the sprayed area, the 
gophers increased. Reduced gopher 

numbers on sprayed areas was not 
from the toxicity of the herbicides, 
but the reduced food supply made 
treated areas unattractive to go- 
phers. 

Garrison and Moore (1956) found 
that good seedbed preparation 
which destroys broad-leaved herbs, 
renders new seeding sites unattrac- 
tive to gophers. If this is also true 
on other range areas, then good 
seedbed preparation will not only 
help control gophers but will help 
insure successful range seedings by 
killing competing plants. 

Gopher damage has often been 
severe on experimental seedings at 
Franklin Basin (Hull and Cox, 
1968). Many experimental methods 
of seedbed preparation did not kill 
all fleshy-rooted plants and enough 
remained to induce gophers to re- 
main on the seeded areas. This 
present study was to determine go- 
pher activity over a lo-year period 
on areas where fleshy-rooted peren- 
nial plants were controlled with 
2,4-D. 

Procedures 

The experiment was conducted 
on an opening dominated by an- 
nual plants in the spruce-fir type 
in Franklin Basin in southeastern 
Idaho. The area is at 8,400 feet 
elevation and the annual precipita- 
tion averages 46 inches. Snow 
reaches a depth of 7 to 10 feet 
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Four 50 )( 50 foot plots were sprayed 
with 2 lb./acre 2,4-D in 1959, 1960, 
1965 and 1969 to kill fleshy-rooted, 
spring-growing plants and annuals. 
These plants are the major source of 
food for pocket gophers. Averaging 
the IO-year period, 1960-69, spraying 
reduced gopher mounds by 93% and 
winter casts by 94% when compared to 
the unsprayed areas. 

Most investigators have found 
that fleshy roots and underground 
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stems are the main food of pocket 
gophers (Moore and Reid, 195 1; 
Garrison and Moore, 1956; Ward 
and Keith, 1962; Hansen and 
Ward, 1966). During the growing 
season, however, gophers prefer the 
above-ground parts of plants (Ward 
and Keith, 1962; Hansen and 
Ward, 1966). 

Julander et al. (1969) suggest that 
reducing the food supply by herbi- 
tidal spraying may be a good 
method of reducing the number of 
pocket gophers. Keith et al. (1959), 
the Colorado Gopher Project 
(1960), and Hansen and Ward 
(1966) found that spraying a peren- 
nial forb range with 2,4-D in Colo- 
rado reduced the gopher popula- 
tion by 87% the year after spraying. 
They attributed the gopher de- 
crease to a decrease in forbs which 
were their main source of food. 
Spraying temporarily increased 
grass production. In succeeding 
years as forbs increased and grass 
decreased on the sprayed area, the 
gophers increased. Reduced gopher 

numbers on sprayed areas was not 
from the toxicity of the herbicides, 
but the reduced food supply made 
treated areas unattractive to go- 
phers. 

Garrison and Moore (1956) found 
that good seedbed preparation 
which destroys broad-leaved herbs, 
renders new seeding sites unattrac- 
tive to gophers. If this is also true 
on other range areas, then good 
seedbed preparation will not only 
help control gophers but will help 
insure successful range seedings by 
killing competing plants. 

Gopher damage has often been 
severe on experimental seedings at 
Franklin Basin (Hull and Cox, 
1968). Many experimental methods 
of seedbed preparation did not kill 
all fleshy-rooted plants and enough 
remained to induce gophers to re- 
main on the seeded areas. This 
present study was to determine go- 
pher activity over a lo-year period 
on areas where fleshy-rooted peren- 
nial plants were controlled with 
2,4-D. 

Procedures 

The experiment was conducted 
on an opening dominated by an- 
nual plants in the spruce-fir type 
in Franklin Basin in southeastern 
Idaho. The area is at 8,400 feet 
elevation and the annual precipita- 
tion averages 46 inches. Snow 
reaches a depth of 7 to 10 feet 



FIG. 1. Plot arrangement and treatme”tS 

for the gopher study at Fnnklin Basin. 

and normally covers the area from 
early November to’early June. 

The dominant species is cluster 
tarweed (Madia glomeratn Hook.) 
with considerable bushy knotweed 
(Polygonurn ramorissimf~m Michx.), 
collomia (Collomia lineuri.~ Nutt.), 
panicle willowweed (Epilobium 
paniculatum Nuu.), and lambs- 
tongue grou”dscl (Senwio inw 
gerrinws Nutt.). 

In the spring there is a thick 
growth of fleshy-rooted plants such 
as lanceleaf spring beauty (Clny- 
tonia lanceolatn Pursh), dogtooth 
violet (Erylhronium grnndiflorum 
Pursch), woodland star (Litho- 
phragma lenelln Nott.), bicolor 
biscuitroot (Lomntizrm ieptocnrpwn 
(Torr. and Gray) C. and R.), desert 
parsley (Lomntium gnyi C. and R. 
and I.omatium nuttallii (A. Gray) 
Macbr.), Indian potato (Orogenia 
linearifolin S. Wats.) and tuber star- 
wart (Slellnrio jnmesiam Torr.). 

The present vegetation, coupled 
with observations by early loggers 
and stockmen indicate heavy graz- 
ing, depletion of desirable vegeta- 
tion, and soil loss on this area. 

Eight plots, each 50 x 50 feet, 
were laid out to avoid large sur- 
face rocks (Fig. 1). Four of the 
plots were sprayed with 2 lb./acre 
of low-volatile ester of 2,4-D in the 
early spring of 1959’. The only 
live vegetation after spraying was 
scattered plants of oniongrass 
(Melica bulbosa Geyer) and slender 
hairgrass (Deschampsia elongata 
(Hook.) Munro ex Benth.). Plots 
were sprayed again in 1960, 1965, 
and 1969 to control annual plants. 

Winter Casts and wnmer mounds 
of pocket gophers (Thomomys tal- 
poides) were tabulated each Octo- 
ber. Following counting, all plots 
were harrowed to destroy casts and 
mounds. 
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Results and Discussion 

Gopher mounds and casts varied 
by years. The highest was 19fi8 
when unsprayed plots had 23 
mounds and 77 feet of casts/100 ft2 
(Fig. 2). The lowest was 1961 with 
4 mounds and 14 feet of casts. 
Averaging the 10 years, spraying 
gave highly significant reductions 
of 93% in summer mounds and 
94% in winter casts when compared 
to the unsprayed plots. As mounds 
are a good index of gopher popu- 
lations (Keith et al., 1959; Richens, 
1965; Hansen and Ward, 1966; and 
Reid et al., 1966), gopher numbers 
were undoubtedly similarly re- 
duced (Table 1). There was no 
indication that 2,4-D was toxic to 
gophers, but rather that gophers 
found that a” area with no food 
was a” undesirable place to live. 

Gopher food caches at Franklin 
Basin are mainly underground 
stenx of spring-growing, fleshy- 
rooted plants (Fig. 3). Spraying 
with 2,4-D killed these food plants, 
and there was then little gopher 
activity on the sprayed plots. There 
was no sprayed strip or buffer zone 
around sprayed plots, and the casts 
and mounds were usually just in- 
side the edge of the plot. Obser- 
vations showed no increase in 
gopher activity on the unsprayed 
plots when compared to surround- 
ing unsprayed areas. 

Within the exclosure where this 
study is located, there are many 
experimental grass and legume 
mixtures which have been seeded 
by many different methods each 
year from 1957 to’ the present. 
Where spraying with 2,4-D or 
machine seedbed preparation killed 

Table 1. Linear feet OC winter casts and number of summer mounds of Pocket 
gophers Per 100 f@. Average and range for the IO.year Period, 1960-1969, 
at Franklin Basin. Differences between sprayed and not sprayed are sig- 
nificant at the 1% level. 

Sprayed iwx sprayed 
Avg. Range Avg. Range 

Winter casts 2 l-4 32 8-77 
Summer mounds 1 .1-s 15 4-23 
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the vegetation and where a good 
stand of seeded species resulted, 
gophers have done little damage 
to the seeded stands. Gophers eat 
some of the crowns during the 
winter and cut above-ground parts 
Car nesting materials, but over a 
12.year period this has not reduced 
yields of seeded stands. Major 
plants in these mixtures are: 
Smooth brome (Bromus inermis 
Leyss.), timothy (Phleum patense 
L.), meadow foxtail (Alopecurus 
$Iratensis L.), tall oatgrass (Ar- 
rhenatherrrm elatius (L.) Presl.), 
and orchard grass (Dactylis glo- 
meratn L.). 

Where seedbed preparation did 
not destroy the fleshy-rooted spe- 
cies, gophers have remained on the 
area and damaged the seeded 
stands. Also the native plants not 
killed during seedbed preparation 
have been severe competition for 
the seeded plants. Thus, good con- 
trol of fleshy-rooted species not 
only reduced gopher populations 
but also killed plants which would 
compete with new seedings. 
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Nominations for the SRM Outstanding Accomplishment and Service Award 

This award is granted annually by 
the Society to one or more individuals 
whose careers or contributions to the 
science and art of range management 
have become eminently noteworthy. It 
may be presented to Society memben 
or to persons from outside the So- 
ciety who have rendered distinguished 
service. 

Any person who has contributed 
signiiicantly to the conservation and 
management of rangeland resourcrs 
is eligible Ior consideration, except that 
members of the Board of Directors or 
Awards Committee are not eligible 
while srrving in such positions. 

A person may be nominated for the 
award by two or more members in 
good standing. Nominations should be 
typed on plain paper and conlain the 
following information: 
1. Name and address of nomince 
2. Brief bioeral,hv of nominee. in- 

cluding y ’ ’ 
la\ date and date of birth \, I 

(b) education and training 
(c) professional positions and *c- 

sponsibilities 
(d) previous awards and honors 
(e) membership and activity in 

other so&ties and organizations 
(f) service to SRM 

3. Summary statemcnf on importance 
of nominee’s accomplishments and 
contributions to range manage- 
ment, including publications and 
activities 

4. Names, addresses, and signatures of 
nominators. 

The Awards Committee will consider 
all complete and valid nominations, 
but may also consider other worthy 
persons. Nominations should be re- 
ceived by the committee no later than 
June 30, 1971. They should be sent 
directly to Melvin S. Morris, IJniver- 
sity of Montana, Missoula, Montana 
59801. 



TECHNICAL NOTES 

Measuring Vegetation 
Changes on Fixed Quadrats 

by Vertical Ground 
Stereophotography’ 

K. F. WELLS2 

Highlight 

A photographic technique for re- 
cording changes in vegetation on small 
fixed quadrats has been modified and 
improved. Two 35 mm cameras fired 
simultaneously are used instead of one 
to take stereophotographs. Trans- 
parencies are viewed directly by trans. 
mitted light under a zoom stereoscope 
and plant cover measured by point 
counts made on the photographs with 
the aid of a counter connected to an 
electrically operated stage. Assess- 
ment of species composition and herb- 
age weight is also possible from the 
photographs which themselves form a 
permanent record of vegetation on 
the quadrats. 

Until recently photography in vege- 
tation studies has been used mainly 
for pnrposes of illustration. Most 
ground3 photography shows plants 
more or less in profile, although verti- 

‘Received June 8, 1970. 
%The co-operation and assistance of 

Mr. E. Slater and Mr. C. Totterdell, 
photographers of the Divisions of 
Wildlife Research and plant Indus- 
try, respectively, and Mr. T. Hall and 
personnel of the Divisional Work- 
shop, Black Mountain, are gratefully 
acknowledged. Thanks are also due 
to Mr. D. Wimbush and Dr. A. Costin 
for encouraging the work and to the 
Division of Land Research for allow- 
ing me use of the zoom stereoscope. 
The suggestion that the point count 
method might be appropriate came 
originally from Mr. R. Pitt, then a 
geologist with the Bureau of Mineral 
ReSOoKeS. 

3The term “ground photography” is 
used to save confusion with aerial 
photography, the type of photography 
commonly associated with vertical 
stereophotographs. 

RC I. 35 mm CameraS mounted car vertical ground stereophotography. Notr dual 
shutter release mechanism. The frame is made of drilled U inch aluminron plate 
Cm lighlness with strength. 

cal and oblique photographs have 
sometimes been taken. Winkworth et 
al. (1962), comparing methods for esti- 
mating plant cover in an arid grassland 
community, noted that photographs 
taken from the top of a stepladder 
gave excellent projectional representa- 
tion of dre ground flora. However, 
when they attempted to estimate cover 
from the pbatographs planimetrically, 
they found themselves having to sim- 
plify plant outlines quite arbitrarily, 
so abandoned the idea. 

In 1967, Wimbush et al. described 
a technique for using vertical color 
stereophotography to record changes 
in alpine flora under grazed and on. 
grued conditions. Pairs of photo- 
graphs taken with a single camera 
mounted on a four-foot high stand 
were analysed to provide data on spe- 
cies composition and g-round cover on 
quadrats just under one square 
meter in area. A method which has 
been developed for measuring changes 
in rangeland vegetation in western 
New South Wales, although based on 
that of Wimbush et al., is sufficiently 
different, particularly in the approach 
to analysis of photographs, to wanant 
separate description. 
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Taking Stereophotos 
Vertical stereophotographs can be 

taken with a single camera as long as 
the camera is moved between photo- 
graphs a distance roughly equal to the 
separation of a man’s eyes. While 
such photography may be quite satis- 
factory in some circumstances, there 
are a number of reasona why the use of 
a stereocamera or twin cameras fired 
simultaneously is to be preferred: 
stereo-pairs so obtained are unaffected 
by fluctuations in light conditions or 
movement of plant parts “wing to 
wind and time needed for photograph- 
ing is reduced. 

As suitable stereocameras were not 
available in Australia two identical 
35.mm cameras fitted with 25 mm M 
wide angle lenses were mounted as 
illustrated in Figure 1. Four one inch 
diameter 16 gauge aluminum legs fit 
onto the frame to support the cameras 
some 132 cm above the ground: with 
lens ceoters approximately I5 cm apart 
this allows stereophotography of a 
quadrat I x lx% meters. Fig. 2 shows 
the equipment being used to photo 
graph a quadrat in scrub infested 
rang-eland in northwestern New South 
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Wales. Details such as quadrat nun- 
her, date of photography etc. are i-c- 
corded in chinagraph pencil on the 
white plastic card. 

Viewing the Photographs 
The simplest way of viewing sfere”~ 

photographs is with a pocket stcreo- 
&cope over a light table; however this 
doa not allow examination in suffix 
cient detail for lull interpretation and 
analysis. The method of Wimbush 
et al. of projecting images from below 
3 glass-topped table on T” tracing 
paper, while pe’rmiuing adequate en- 
largemcnt, has the disadvantage that 
image sbarpne~ is lost. This drawback 
is inhrrcnt in any projection technique. 
A good way to view a single trans- 
parency with facility for enlarging por- 
tions of it to the limit set by the grain 
Gz of the film is by mans of a dis- 
secring microscope fitted with a zoom 
or intercbangeablc lens system and 
using transmitred light. This allows 
frawres of the vegetation and ground 
surface to be seen in considerable de- 
tail though not in three dimensions. 

Recently 3” instrument has become 
available which, in similar manner to 
the dissecting microscope, allows mag- 
nification of transparencies viewed di- 
rectly by transmitted light but, in 
addition, permits pairs of photographs 
L” be viewed stereoscopically. This is 
the zoom stereoscope described by Sims 

Retrieving data 
Information which can bc obtained 

frum pho’“graph$ includes: 
1. Spec iea composition 

(a) OLcurrenLe 
(b) Ahondance 

2. Percent C”YU 
(a) Individual species 
(b) Groups of specie* 
(C) ‘rota1 

9. Ilerbage weight 
(a) Broad subdivision, \ay, into 

grasses and herbs 
(b) Total. 

Species Composition 
IdentiliLation of species from photo- 

graphs alone may not always be poasi- 
ble; it is therefore advisable LO make a 
collection of plants which are flowery 
ing in thr arca whenever there is 
opportunity. Once plants are posi- 
tively identified, it is generally easy f” 
recognize them again in color photo- 
graphs, particularly when they are seen 
in three dimensions. When counting 
individual plants it is hclpfol r” 
superimpose a grid of fine threads or 
lines etched on glass or clear plastic 
over one of the transparencies. 
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Table 1. Estimates of ground cover (Number of “hits” and %) on two 1.5 
square meter quadrats from point counts of color stereophotographs. 

Herbs Litter Bare 
Total 

Hits Percent Hits Percent Hits Percent count 

1. 126 30 19 5 11 3 264 63 420 
121 30 21 5 4 1 254 64 400 
115 29 26 6 16 4 243 61 400 

3 

2 

184 63 293 
177 63 280 
172 62 280 

3 

142 65 217 
147 69 214 
146 66 220 

2. 77 18 17 4 6 327 77 427 
76 18 16 4 5 334 77 431 
71 17 18 4 6 325 78 420 

per quadrat are compared for two 
quadrats. Results agree closely both 
within replications and between count- 
ing rates suggesting that, for this type 
of cover, counting more than 200 points 
is an unnecessary labor. A count of 
this number of points can be ac- 
complished in 5 to 10 minutes. Where 
cover of individual species is required 
a considerably higher rate of counting 
might have to be used.4 

In good seasons and on ungrazed 
sites it may be necessary to correct for 
over-estimation of plant cover: this 
type of error is inherent in photo- 
graphic methods of assessment and in- 
creases as plants grow taller according 
to the relationship 

47 16 10 3 4 1 235 80 296 
48 17 9 3 3 1 220 79 280 
51 19 15 6 5 2 199 73 270 

apparent cover H2 
=---- 

true cover (H - h)2 

where H is the height of the camera 
lens above the ground and h is the 
height of the plant. 

1 
1 

Herbage Weight 

- 

183 79 232 
173 76 231 
181 78 231 

sured distance, bringing a new point on 
the picture beneath the cross hairs. 
This procedure is repeated until a 
traverse of the picture has been com- 
pleted, when a new traverse position is 
selected. In this fashion the whole 
quadrat can be systematically surveyed. 

Figure 3 is a close-up of an elec- 
trically-operated stage unit which can 
be used in conjunction with a point 
counter to move transparencies be- 
neath the zoom stereoscope. While 
this piece of equipment is not essential 
to the method it is particularly con- 
venient and automatically ensures that 
the stage is moved between counts. 
Each time a button on the counter is 
depressed the stage shifts to the left 
a measured distance, in this case 1.25 
mm. At the end of a traverse the 
operator turns knob B to select a new 
traverse position and slides the stage to 
the right as far as it will go by means 
of knob C. Knob B is fitted with an 
indexing ratchet so that movement 
(by l/3 mm steps) can be felt instead 
of having to be measured, allowing 
the operator to continue to view the 
picture before him. A micrometer 
stage from a microscope can be adapted 
to serve almost equally as well. 

Weight of herbage per unit area is a 
measure of pasture productivity and 
as such is essential to, rangeland studies. 
Because clipping and weighing is a 
laborious and time-consuming job, 
most workers, if they have extensive 
areas to assess, estimate herbage weight 
by eye more or less after the method of 
Pechanec and Pickford (1937). Stereo- 
photography can be employed for esti- 
mating herbage weight in this manner 
with the advantage that a “bank” of 
reference stereophotographs (photo- 
graphs of vegetation which is after- 
wards clipped and weighed) can be 
used to assist in keeping estimates 
tolerably accurate. A pocket stereo- 
scope and light table is all the equip- 
ment necessary for retrieving this kind 
of information from transparencies. 
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In Table 1 estimates of vegetation 
cover from thrice replicated counts of 
approximately 200, 300 and 400 points 

“See R. Brewer’s discussion of accuracy 
of grain counts on pages 46-50 of 
Brewer, 1964, but remember that it 
cannot be assumed that plants are 
randomly distributed. 

Quadrat 
Number 

Grass 

Hits Percent 

83 28 17 6 9 
87 31 14 5 2 
88 31 14 5 6 

62 29 10 5 3 
56 26 9 4 2 
61 28 7 3 6 

37 16 9 4 
45 19 10 4 
43 19 6 3 

3 
3 

Percent Cover 
The method outlined below differs 

materially from that used by Wim- 
bush et al. for estimating cover from 
vertical ground stereophotographs. It 
employs a technique used for many 
years by geologists and soil scientists 
for mineral analysis of rocks and soils, 
and more recently by Heady and 
Tore11 (1959) for measuring composi- 
tion of clipped and grazed forage sam- 
ples. In principle it is identical with 
the point quadrat method of vegeta- 
tion analysis (except that only first 
“hits” can be recorded), but in prac- 
tice it is faster, more convenient and, 
because of the much greater number 
of points which can be assessed, more 
accurate. 

The transparencies to be studied are 
fixed in position on a moveable stage 
beneath a zoom stereoscope and the 
stage adjusted so that cross hairs in 
one eyepiece are over one corner of 
the stereo-image. Alternatively, a 
single transparency can be so located 
beneath a binocular dissecting micro- 
scope. According to which species or 
class of vegetation (or bare earth) is 
directly beneath the cross hairs, a “hit” 
is recorded in an appropriate column 
in a notebook or by pushing a button 
on a bank of post office counters. The 
stage is then moved laterally a mea- 
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species varies with season, year, loca- 
tion, and growing conditions. Flower- 
ing dogwood (Cornus florida) was se- 
lected for testing because it occurs 
widely, is important to game, and has 
easily recognizable current-year twigs. 

Highlight 

Ratios of twig weight or twig plus 
leaf weight to twig length 3n flowering 
dogwood plants vary meaningfully by 
season, geographic location, and year. 
Where the weight of new growth is 
predicted from twig lengths, the ratio 
of weight to length should be de- 
termined for the population being 
studied. 

Estimating browse production by 
clipping and weighing twigs from 
sample plants is expensive, and since 
clipping may disrupt or alter growth, 
new plants must be found for each 
sample. It is usually more convenient 
to predict weight from an easily mea- 
sured and closely associated plant 
character, such as twig length. Length 
can be measured quickly and ac- 
curately, and it is closely correlated 
with weight (Kinsinger and Strickler, 
1961; Basile and Hutchings, 1966; and 
Schuster, 1965). The study reported 
here was done to learn whether the 
ratio of weight to length for a plant 

In 1963, 440 l-year-old flowering dog- 
wood seedlings were planted in an 
open abandoned field near Nacog- 
doches, Texas, and the same number 
on a site near Asheville, North Caro- 
lina. Beginning in 1964 near Asheville 
and in 1965 near Nacogdoches, a pre- 
determined but variable number of 
twigs with their leaves attached (cur- 
rent season’s growth) were clipped 
from one-half of the plants in late 
winter (March) and from the rest of 
the plants in summer (July). Twigs 
were then clipped at l-year intervals 
through 1968 from all surviving plants. 
In addition, during 1967 and 1968 
twigs were taken from a set of 200 
plants growing naturally in a mature 
pine-hardwood forest near Nacog- 
doches. 

For each collection, the number and 
length of twigs were recorded for each 
plant. Twig diameters were measured 

Table 1. Ratio of twig weight (g) to twig length (mm) for planted dogwoods 
in open fields. 

Time of 
collection 

Nacogdoches, Texas 

Mean Std. error 

lReceived August 10, 1970; accepted 
for publication October 16, 1970. 

2Maintained by t he Forest Service, U. 
S. Department of Agriculture. The 
Wildlife and Silviculture Laboratory 
at Nacogdoches, Texas is in coopera- 
tion with the Stephen F. Austin State 
University, and the Wildlife Habitat 
Improvement Laboratory at Blacks- 
burg, Virginia is in cooperation with 
Virginia Polytechnic Institute. 

Winter 
1964 
1965 
1966 
1967 
1968 

- - 

0.00296 0.00008 

0.00424 0.00017 

0.00418 0.00012 
0.0035 1 0.00012 

Summer 
1964 
1965 
1966 
1967 
1968 

- - 

0.00218 0.00005 

0.00203 0.00005 

0.00201 0.00005 

0.00154 0.00003 

Longmont Seed Co. 
We Buy & Sell Western Range Grass 

& Legume Seeds 
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LONGMONT, COLORADO 80501 
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in 1965 at Nacogdoches. The clipped 
twigs and their leaves, when present, 
were ovendried at 65 C and weighed 
separately to the nearest 0.1 g. 

Various functions of stem diameter 
and length were explored as potential 
predictors of weight through regression 
analyses. Total length was the best 
single variable for predicting weight 
(r = 0.977). Schuster (1965) showed 
that multiple variables gave a signifi- 
cantly better prediction of weight than 
twig length alone, but in the present 
study addition of a second variable did 
not greatly increase the accuracy of 
estimates. 

Curvilinear trends in the relation 
between length and weight were not 
apparent and both data and reasoning 
suggested that the equation pass 
through the origin. Plottings of the 
weight over length relationship also 
indicated that the standard deviation 
of weight for a given value of length 
increased in a linear fashion with the 
length value. These circumstances sug- 
gested a model with the mean of the 
ratios (Freese, 1962) as regression co- 
efficient. 

Asheville, N. C. 

Mean Std. error 

0.00193 0.00010 
0.00264 0.00028 

0.00220 0.00016 

0.00278 0.00028 

0.00224 0.00020 

0.00116 0.00008 

0.00122 0.00008 

0.00097 0.00004 

0.00126 0.00011 

0.00124 0.00007 
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species varies with season, year, loca- 
tion, and growing conditions. Flower- 
ing dogwood (Cornus florida) was se- 
lected for testing because it occurs 
widely, is important to game, and has 
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Ratios of twig weight or twig plus 
leaf weight to twig length 3n flowering 
dogwood plants vary meaningfully by 
season, geographic location, and year. 
Where the weight of new growth is 
predicted from twig lengths, the ratio 
of weight to length should be de- 
termined for the population being 
studied. 

Estimating browse production by 
clipping and weighing twigs from 
sample plants is expensive, and since 
clipping may disrupt or alter growth, 
new plants must be found for each 
sample. It is usually more convenient 
to predict weight from an easily mea- 
sured and closely associated plant 
character, such as twig length. Length 
can be measured quickly and ac- 
curately, and it is closely correlated 
with weight (Kinsinger and Strickler, 
1961; Basile and Hutchings, 1966; and 
Schuster, 1965). The study reported 
here was done to learn whether the 
ratio of weight to length for a plant 

In 1963, 440 l-year-old flowering dog- 
wood seedlings were planted in an 
open abandoned field near Nacog- 
doches, Texas, and the same number 
on a site near Asheville, North Caro- 
lina. Beginning in 1964 near Asheville 
and in 1965 near Nacogdoches, a pre- 
determined but variable number of 
twigs with their leaves attached (cur- 
rent season’s growth) were clipped 
from one-half of the plants in late 
winter (March) and from the rest of 
the plants in summer (July). Twigs 
were then clipped at l-year intervals 
through 1968 from all surviving plants. 
In addition, during 1967 and 1968 
twigs were taken from a set of 200 
plants growing naturally in a mature 
pine-hardwood forest near Nacog- 
doches. 

For each collection, the number and 
length of twigs were recorded for each 
plant. Twig diameters were measured 

Table 1. Ratio of twig weight (g) to twig length (mm) for planted dogwoods 
in open fields. 

Time of 
collection 

Nacogdoches, Texas 

Mean Std. error 

lReceived August 10, 1970; accepted 
for publication October 16, 1970. 

2Maintained by t he Forest Service, U. 
S. Department of Agriculture. The 
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tion with the Stephen F. Austin State 
University, and the Wildlife Habitat 
Improvement Laboratory at Blacks- 
burg, Virginia is in cooperation with 
Virginia Polytechnic Institute. 

Winter 
1964 
1965 
1966 
1967 
1968 
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0.00296 0.00008 

0.00424 0.00017 

0.00418 0.00012 
0.0035 1 0.00012 
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in 1965 at Nacogdoches. The clipped 
twigs and their leaves, when present, 
were ovendried at 65 C and weighed 
separately to the nearest 0.1 g. 

Various functions of stem diameter 
and length were explored as potential 
predictors of weight through regression 
analyses. Total length was the best 
single variable for predicting weight 
(r = 0.977). Schuster (1965) showed 
that multiple variables gave a signifi- 
cantly better prediction of weight than 
twig length alone, but in the present 
study addition of a second variable did 
not greatly increase the accuracy of 
estimates. 

Curvilinear trends in the relation 
between length and weight were not 
apparent and both data and reasoning 
suggested that the equation pass 
through the origin. Plottings of the 
weight over length relationship also 
indicated that the standard deviation 
of weight for a given value of length 
increased in a linear fashion with the 
length value. These circumstances sug- 
gested a model with the mean of the 
ratios (Freese, 1962) as regression co- 
efficient. 

Asheville, N. C. 

Mean Std. error 

0.00193 0.00010 
0.00264 0.00028 

0.00220 0.00016 

0.00278 0.00028 

0.00224 0.00020 

0.00116 0.00008 

0.00122 0.00008 

0.00097 0.00004 

0.00126 0.00011 

0.00124 0.00007 



Ratios of weight to length were com- 
puted for each plant at each collection, 
and averages of these ratios were com- 
puted for each geographic source at 
each season. Both weight of twigs and 
weight of twigs plus leaves were con- 
sidered when data were available. 

Results 

Ratios of twig weight to length 
were inconsistent among years. They 
differed by as much as 30% for dog- 
woods clipped during the winter at 
Nacogdoches (Table 1). For twigs 
clipped in summer the ratios in Nacog- 
doches were quite similar for the first 
3 years of the study, but in 1968 the 
ratio was 26% less than the average 
for the previous years. For the dog- 
woods at Asheville the differences be- 
tween ratios ranged up to 30% for 
winter-clipped twigs and 23% for 
summer-clipped twigs. 

Weight/length ratios for twigs col- 
lected during the winter were approx- 
imately twice as large as those de- 
veloped from summer twigs at both 
Nacogdoches and Asheville (Table 1). 

Weight/length ratios developed for 
dogwood in the open field at Nacog- 
doches averaged about 60% larger 
than those at Asheville (Table 1). 
Likewise, the ratios for dogwood grow- 
ing in the open at Nacogdoches were 
about twice those for plants growing 
naturally in the woods (Table 2). 
Thus, weight/length ratios developed 
for one locatibn cannot be used to 
predict twig weight from length at 
another location. 

The twig plus leaf weight/twig 
length ratios were larger but showed 
the same general relations amo,ng years 
and locations as did the twig weight/ 
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Table 2. Ratio of twig weight (g) to twig length (mm) for plants grown in an 
open field and in the woods at Nacogdoches, Texas. 

Time of 
collection 

Winter 
1967 
1968 

Summer 
1967 
1968 

Open field Woods 

Mean Std. error Mean Std. error 

0.00418 0.00012 0.00103 0.00003 

0.0035 I 0.00012 0.00175 0.00004 

0.0020 1 0.00005 0.00 132 0.00003 

0.00154 0.00003 0.00106 0.00004 

Table 3. Ratio of twig plus leaf weight (g) to twig length (mm) for dogwoods 
at Nacogdoches, Texas. 

Year of 
collection 

1965 
1966 

1967 

1968 

Open field 

Mean Std. error 

0.01208 0.0002 1 

0.01000 0.0002 1 

0.01136 0.00019 

0.01220 0.00025 

Woods 

Mean Std. error 

- - 

- - 

0.00962 0.00035 

0.00680 0.00018 

length ratios. At Nacogdoches when Literature Cited 
samples were taken from the same 
plants each year (open field), the ratios 

BASILE, J. V., AND S. S. HUTCHINGS. 
1966. Twig diameter-length-weight 

differed by as much as 18% between relations of bitterbrush. J. Range 
years (Table 3). Manage. 19:34-38. 

The magnitude of differences among FREESE, F. 1962. Elementary forest 
years, seasons, and locations indicates sampling. U.S. Dep. Agr. Agr. Hand- 

that ratios developed for dogwoods book 232. 91 p. 

at a particular time and place are not KINSINGER, F. E., AND G. S. STRICKLER. 

reliable for predicting twig and twig 1961. Correlation of production 

plus leaf weights at another time or 
with growth and ground cover of 

place. When yields are to be pre- 
;7yy,;ge. J. Range Manage. 14: 

dieted from twig lengths, the ratios SCHUSTER, ' J_ L_ 1965. 
should be calculated currently by 

Estimating 
browse from twig and stem measure- 

double-sampling of plants within the ments. J. Range Manage. 18:220- 
population being studied. 222. 

VIEWPOINTS 

The Status of Successional left the impression that certain older 

and Systems Analysis Ecology concepts such as ecological succession, 
and newer innovations, such as systems 

Logical criticism and review of con- analysis of ecosystems are separate, un- 
cepts and principles are necessary for related entities. Dr. Jameson indi- 
growth and understanding of any sci- cated that his paper was intended to be 
ence, especially for a developing science “provocation rather than accuracy.” 
such as ecology. A recent review Our response is to point up certain 
(Jameson, 1970) may, however, have of his inconsistencies and to concur 

with his observations that much of our 
background information is in terms of 
successional theories, and to “make 
greatest use of this information we 
should seek integration of the various 
schools of thought.” 

Regardless of the author’s viewpoint, 
it seems unnecessary to destructively 
criticize one concept in order to pro- 



Ratios of weight to length were com- 
puted for each plant at each collection, 
and averages of these ratios were com- 
puted for each geographic source at 
each season. Both weight of twigs and 
weight of twigs plus leaves were con- 
sidered when data were available. 

Results 

Ratios of twig weight to length 
were inconsistent among years. They 
differed by as much as 30% for dog- 
woods clipped during the winter at 
Nacogdoches (Table 1). For twigs 
clipped in summer the ratios in Nacog- 
doches were quite similar for the first 
3 years of the study, but in 1968 the 
ratio was 26% less than the average 
for the previous years. For the dog- 
woods at Asheville the differences be- 
tween ratios ranged up to 30% for 
winter-clipped twigs and 23% for 
summer-clipped twigs. 

Weight/length ratios for twigs col- 
lected during the winter were approx- 
imately twice as large as those de- 
veloped from summer twigs at both 
Nacogdoches and Asheville (Table 1). 

Weight/length ratios developed for 
dogwood in the open field at Nacog- 
doches averaged about 60% larger 
than those at Asheville (Table 1). 
Likewise, the ratios for dogwood grow- 
ing in the open at Nacogdoches were 
about twice those for plants growing 
naturally in the woods (Table 2). 
Thus, weight/length ratios developed 
for one locatibn cannot be used to 
predict twig weight from length at 
another location. 

The twig plus leaf weight/twig 
length ratios were larger but showed 
the same general relations amo,ng years 
and locations as did the twig weight/ 
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Table 2. Ratio of twig weight (g) to twig length (mm) for plants grown in an 
open field and in the woods at Nacogdoches, Texas. 

Time of 
collection 

Winter 
1967 
1968 

Summer 
1967 
1968 

Open field Woods 

Mean Std. error Mean Std. error 

0.00418 0.00012 0.00103 0.00003 

0.0035 I 0.00012 0.00175 0.00004 

0.0020 1 0.00005 0.00 132 0.00003 

0.00154 0.00003 0.00106 0.00004 

Table 3. Ratio of twig plus leaf weight (g) to twig length (mm) for dogwoods 
at Nacogdoches, Texas. 

Year of 
collection 

1965 
1966 

1967 

1968 

Open field 

Mean Std. error 

0.01208 0.0002 1 

0.01000 0.0002 1 

0.01136 0.00019 

0.01220 0.00025 

Woods 

Mean Std. error 

- - 

- - 

0.00962 0.00035 

0.00680 0.00018 

length ratios. At Nacogdoches when Literature Cited 
samples were taken from the same 
plants each year (open field), the ratios 

BASILE, J. V., AND S. S. HUTCHINGS. 
1966. Twig diameter-length-weight 

differed by as much as 18% between relations of bitterbrush. J. Range 
years (Table 3). Manage. 19:34-38. 

The magnitude of differences among FREESE, F. 1962. Elementary forest 
years, seasons, and locations indicates sampling. U.S. Dep. Agr. Agr. Hand- 

that ratios developed for dogwoods book 232. 91 p. 

at a particular time and place are not KINSINGER, F. E., AND G. S. STRICKLER. 

reliable for predicting twig and twig 1961. Correlation of production 

plus leaf weights at another time or 
with growth and ground cover of 

place. When yields are to be pre- 
;7yy,;ge. J. Range Manage. 14: 

dieted from twig lengths, the ratios SCHUSTER, ' J_ L_ 1965. 
should be calculated currently by 

Estimating 
browse from twig and stem measure- 

double-sampling of plants within the ments. J. Range Manage. 18:220- 
population being studied. 222. 

VIEWPOINTS 

The Status of Successional left the impression that certain older 

and Systems Analysis Ecology concepts such as ecological succession, 
and newer innovations, such as systems 

Logical criticism and review of con- analysis of ecosystems are separate, un- 
cepts and principles are necessary for related entities. Dr. Jameson indi- 
growth and understanding of any sci- cated that his paper was intended to be 
ence, especially for a developing science “provocation rather than accuracy.” 
such as ecology. A recent review Our response is to point up certain 
(Jameson, 1970) may, however, have of his inconsistencies and to concur 

with his observations that much of our 
background information is in terms of 
successional theories, and to “make 
greatest use of this information we 
should seek integration of the various 
schools of thought.” 

Regardless of the author’s viewpoint, 
it seems unnecessary to destructively 
criticize one concept in order to pro- 
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mote validity of another. The reference 
to Clements as a “sand hill” ecologist 
will, we believe, be ignored by those 
with some knowledge of the breadth of 
his field experience, research interests, 
and synthesis of ecological postulates 
now accepted as universal principles. 

The statement that progression 
toward climax, particularly in a forest, 
does not necessarily equal a progression 
toward better range condition is accept- 
able. However, to suggest that some 
agencies use this concept in a re- 
stricted and impractical way is false. 
The system of range condition classi- 
fication, used primarily by the Soil 
Conservation Service, is based on the 
concept of succession, but as indicated 
by Dyksterhuis (1949) : 

“It will be appreciated that if the 
climax for a certain site is forest, 
secondary successio,n would finally 
result in loss of grazing values. 
Accordingly, the concept being pre- 
sented (i.e., range condition) is 
limited to soils and climates where 
the climax vegetation is suitable for 
grazing.” 

Awakening from a dream, people are 
often unsettled because they do not 
immediately realize where they are 
(identity in space) and what time it is 
(orientation in time). The same is true 
of an ecologist if he cannot identify 
his data in a time-space system. Peri- 
odicity is the basis for the concept of 
time while continuity the basis for 
the concept of space; these principles 
are universally applicable. Perhaps the 
greatest contribution of successional 
ecology is the ability to locate biologi- 
cal systems in Z-dimensional thought. 
If a systems analysis ecologist is not 
thus oriented, he cannot hope to apply 
knowledge gained from research. With- 
out successional ecology as a base, 
systems ecology can produce a mass of 
perhaps interesting quantitative data, 
but lacking spatial and temporal 
orientation. 

It may appear that the Clementsian 
successional approach differs fro,m the 
systems approach in intensity of local- 
ized study. While the successional 
ecologist considers climates, soils, life- 
forms and broad trends, the systems 
ecologist attempts to quantify the de- 
tailed energy dynamics and biogeo- 
chemical cycles of ecosystems. Much 
of the data used for these analyses 
however, are derived from information 

gathered by successional ecologists. In 
this co,nnection it is appropriate to con- 
sider statements by Poore (1962): 

“When the main framework is de- 
termined . . . not earlier, is the 
proper stage for entry of more 
strictly quantitative methods.” 

He discussed the method of “successive 
approximation.” That is, as new in- 
formation is obtained and new tech- 
niques made available, concepts and 
procedures require re-evaluation, and 
if necessary, modification. It seems 
that trophic-dynamic ecology is a logi- 
cal evolution from successional ecology 
and is likely to modify but hardly 
replace it. The two seem not to be 
mutually exclusive but necessarily 
complementary. Woodwell and Whit- 
taker’s (1967) use of trophic-dynamics 
to explain certain characteristics of 
ecological succession would appear to 
be a more fruitful approach to in- 
creased ecological knowledge. Theirs 
is an attempt to show the comple- 
mentary nature of these approaches to 
ecological investigations. 

Utility of the systems approach is 
the development of models with com- 
ponents whose interactions may be 
identified and evaluated, and may 
eventually have predictive value. It is 
doubtful the simple linear approach, 
regardless of the number of variables 
considered, will be adequate to ex- 
plain ecosystem dynamics, and pre- 
dictability may for some time continue 
to evade our most ardent efforts; how- 
ever, if we can begin to understand 
the rangeland ecosystem as a dynamic 
renewable resource, the efforts of the 
systems ecologist will be fruitful. Mean- 
while, efforts also need to be oriented 
toward, and a diligent effort made, to 
evaluate factors which influence di- 
rection and rate of succession. 

Modeling is the highest level of de- 
velopment in systems ecology (Darnell, 
1968). As Dr. Jameson noted, a com- 
munity is indeed very complex. Ecolo- 
gists have only recently been able to 
construct a model which simulates the 
energy dynamics of a single leaf 
(Knoerr and Gay, 1965). If this is the 
extent of development of energy bal- 
ance modeling, is it rational to present 
the modeling of an entire ecosystem 
as having outmoded earlier ecology? 
Should a field of study still in its in- 
fancy be presented as replacing a field 
as well-developed as successional ecol- 

ogy, especially when considered with 
regard to management of natural re- 
sources? The answer must be “certainly 
not.” 

It is agreed that much current re- 
search should be directed toward eco- 
system analysis and application of 
systems analysis to ecology, although 
certainly not to the exclusion of suc- 
cessional and other aspects of ecology. 
However, management decisions, for 
the present at least, will continue to 
be guided by the fundamental concepts 
developed by successional ecologists. 

Systems ecology will doubtless pro- 
vide vital management ideas in the fu- 
ture, but as it develops might it not 
well be that it does so because of, not 
in spite of, successional ecology?-0. B. 
Collins and F. E. &wins, Department 
of Range Science, Texas A & M Uni- 
versity, College Station, Texas. 
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OVERSEAS OPPORTUNITIES 
Volunteer positions in Morocco for men 
with degrees in range management (or 
closely related field) in livestock and 
rangeland improvement program. Ranch 
or farm background valuable. Contact 
Personnel Officer, International Volun- 
tary Services, Inc., 1555 Connecticut 
Ave., NW, Washington, D.C. 20036. 
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An Analysis of State-Owned Range- 
land Resources for Multiple-Use 
Management in Southeastern 
Oregon. By Charles E. Poulton 
and Arleigh G. Isley. Miscella- 
neous Publication, Range Man- 
agement Program, Agricultural 
Experiment Station, Oregon State 
University. 125 p. illus. 1970. 
paperbound. 

The new State of Oregon was given 
an original grant of 4,309,425 acres of 
land by the Federal Government for 
the support of public education. Pres- 
ently most of the lands not yet sold 
are in the rangeland category and in 
the past have been commonly con- 
sidered as “near wasteland and of 
little value to the State.” The authors 
of this book have specifically written 
to describe the values of these lands in 
“a total resource analysis” of the re- 
maining 700,000 acres in State owner- 
ship. 

An Oregon State Land Board has 
functioned since 1899 in the role of 
salesman of state lands and subsequent 
investment of the revenue. This book 
describes an effort by the Oregon State 
University, supported by the Oregon 
State Legislature, to survey these lands 
and recommend alternatives for dis- 
posal, consolidation and management. 
The first section of the book describes 
the major findings of the survey in the 
form of a statistical summary of the 
land by ecological province, county, 
size of parcel, physical features, land 
use, broad vegetational types, range 
condition class, potential for improve- 
ment, physical facilities, potential and 
recommendations for retention, dis- 
posal and management. Reference is 
made to a single file folder for each 
parcel of land. Each folder contains 
detailed aerial photo maps, a location 
map, a status checklist for resource 
analysis, field check data (20% of the 
sites), and development potential 
sheets. Examples of legends, field 
forms, office forms, aerial photomaps 
and comprehensive data summary 
sheets are shown. Ecological boundaries 
are emphasized wherever possible in 
lieu of political boundaries. 

Recommendations to the State Land 
Board call for cooperation with ad- 
joining landowners, consolidation of 
holdings, development of management 
plans within the framework of the 
multiple-use concept, flexibility in 
rule-making and policy decisions to 
enhance management effectiveness, and 
the discouragement of sales as a final 
solution. The development of long- 
term realistic management units is 
emphasized to provide sound land use 
and continued revenue to the state. 

Appendix A is the proposal to do 
the work. The proposal was done 
with a great deal of forethought and 
provides a look at the problems that 
can arise from unmanaged ownership 
of large land holdings that are not 
blocked. Appendix B includes brief 
but rather complete descriptions of 
the principle ecological provinces in 
which the state lands are found. Appen- 
dix C contains a useful classification 
along with descriptions of Physical 
Landscape Characteristics. This is a 
valuable contribution for those who 
have a difficult time adequately de- 
fining landforms and exposures as they 
relate to productivity and land use. 
These descriptions are an incentive 
and inspiration for better landform 
classification. 

The usefulness of photographic 
techniques for studying rangeland use 
was emphasized. Legend descriptions 
for land use and improvement maps 
were described but tend to be some- 
what difficult to follow on first read- 
ing. However, continued study and use 
of the considerable statistical data avail- 
able at Oregon State University and 
the Division of State Land’s field 
office in Burns, Oregon, will be en- 
hanced by this manuscript. The au- 
thors suggest that this study of state 
lands was “in a sense a total resource 
analysis.” However, there is relatively 
little information on recreation and 
wildlife resources and essentially none 
on either small mammal populations 
or invertebrates. 

This work serves as a useful ex- 
ample of a means of rangeland re- 
source inventory and will be of special 
interest to those interested in using 
the much larger file of statistical data 
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available on Oregon’s State-owned 
rangelands. Others will be able to 
obtain ideas for similar rangeland 
evaluations to be conducted in other 
states or in other parts of the world. 

There were few typographical errors 
for a mimeograph publication of this 
kind. Black tabs provide easy access 
to the important sections of the manu- 
script.-Paul T. Tueller, Reno, Ne- 
vada. 

8 

Selected Weeds of the United 
States. By Agricultural Research 
Service, U. S. Department of Agri- 
culture. Agriculture Handbook 
No. 366. 463 p. 1970. Super- 
intendent of Documents, U. S. 
Government Printing Office, 
Washington, D. C. 20402. $4.00. 

Selected Weeds of the United States 
includes 224 species of weeds. How- 
ever, since this is only about 13% of 
those listed by the Weed Science Society 
of America, everyone should be aware 
of important omissions. For example, 
important range shrubs are really 
scarce-mesquite and rabbitbrush. 
Nevertheless, many of the prevalent 
herbaceous weeds in croplands, graz- 
ing lands, noncroplands and aquatic 
sites are included. Nearly everyone 
interested in weeds can find some of 
his favorites. The format includes a 
brief description and distribution map 
on one page (prepared by Clyde F. 
Reed, Research Botanist and Plant 
Explorer), and excellent drawings (by 
Regina 0. Hughes, Scientific Illus- 
trator) on the facing page. This for- 
mat is very useful and attractive, but, 
of course, does not include everything 
needed for identifying weeds. A 
person must know the botanical or 
common name to find a species, be- 
cause the handbook does not include 
a key. Descriptions and drawings help 
verify identifications of mature weeds, 
but, like most other books, does not 
help one identify seedlings or new 
vegetative growth.--E. E. Schweizer and 
D. N. Hyder, Fort Collins. 
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Ecology of The Subarctic Regions. 
Proceedings of the Helsinki Sym- 
posium. 364 p. 1970. Published 
by the United Nations Educa- 
tional, Scientific and Cultural 
Organization. Distributed by: 
Unipub, Inc., P.O. Box 433, New 
York, N. Y. 10016. $16.00. 

After a rather lengthy and somewhat 
disconcerting discussion of the prob- 
lems associated with the definition and 
geographical differentiation of the sub- 
arctic region, the papers of this sym- 
posium proceed with authority to 
elaborate a great deal of ecological in- 
formation about the region. The sub- 
arctic is obviously not as simple to 
define and delimit as most temperate 
zone ecologists might wish to believe. 

Of 68 scientists attending the Hel- 
sinki Symposium sponsored by the 
Government of Finland and UNESCO 
in cooperation with the International 
Geographical Union, 54 were from 
Fennoscandia and other parts of 
Europe, 12 were from North America, 
and one each from Argentina and 
Chile. From the standpoint of the his- 
torical necessity to deal with the prob- 
lems of the use of the subarctic region, 
the imbalance toward Scandinavian 
scientists was appropriate. 

Although results of specialized re- 
search on somewhat restricted areas 
characterize most of the papers, the 
possible extrapolation to broader 
regions is apparent. 

After two papers on definition and 
geographic considerations the order of 
topics follows traditional lines, with 
climate, geomorphic processes, soils, 
vegetation, fauna, and man’s use and 
conservation of the region presented 
in that order. Almost half of the 36 
papers are on geomorphic processes 
or use and conservation. Two papers 
deal more with arctic-alpine floras 
than subarctic, and one contribution 
treats remote sensing as a broad eco- 
logical tool. As with many published 
proceedings, some of the most interest- 
ing comments are contained in the re- 
corded “Discussion” between partici- 
pants after individual papers. 

The papers are concluded with an 
appeal not unlike that heard for other 
major biogeographic regions-more re- 
search and more areas preserved for 
long-term studies. 

Any symposium of this magnitude 
is apt to have some irregularity in con- 

tribution, but there is no question 
that the proceedings represent a sig- 
nificant assembly of information and 
thought on an important region.- 
R. T. Ward, Ft. Collins, Colorado. 

The Ecosystem Concept in Natural 
Resource Management. Edited 
by George M. Van Dyne. Aca- 
demic Press, New York and Lon- 
don. 383 p. Illus. 1969. $16.50. 

This volume is a collection of papers 
presented as a symposium at the Zlst 
Annual Meeting of the American 
Society of Range Management. The 
purpose of the book is to “explain and 
evaluate the ecosystem concept and 
its application to research, manage- 
ment, and training in the natural re- 
source sciences.” 

The ten chapters are divided into 
four sections. In Section I, (Chapter 
I and II), Stephen H. Spurr and Jack 
Major discuss the classical European, 
traditional American, and contempo- 
rary ecosystem concepts. 

Section II (Chapters III-V) gives 
examples of research developments and 
results from applying ecosystem con- 
cepts. R. T. Coupland, R. Y. Zach- 
aruk, and E. A. Paul give procedures 
for a productivity study of a grassland 
ecosystem with the Canadian Matador 
Project as an example. F. H. Bormann 
and G. E. Likens discuss nutrient 
cycling with the Hubbard Brook Eco- 
system Study as an example. Arnold M. 
Schultz develops a case history from 
the arctic-tundra ecosystem, and ex- 
plains the language of systems and 
models. Within a model framework, 
results of cyclic lemming populations 
were related to cycling of forage 
quality. 

Section III (Chapters VI-IX) views 
natural resource fields through the eco- 
system concept. James K. Lewis begins 
with a thorough review of range man- 
agement including definitions and 
philosophies. The major part of the 
chapter is devoted to the various 
aspects of range in an ecosystem 
framework. He includes spatial and 
temporal change, induced regression, 
including its effects on range re- 
sources and grazing animals; and 
induced progression, including graz- 
ing management, and vegetation 

manipulation. E. V. Bakuzis presents 
the “Forest as an Ecosystem.” The 
author describes energy flow and 
cycling of matter in forest organisms. 
Population dynamics of competition, 
distribution, and reproduction are 
graphically related to ecosystem co- 
ordinates of moisture, nutrient, heat, 
and light. In the chapter on fish and 
game management, Fredric H. Wagner 
discusses the implications of single 
species exploitation, vegetation com- 
position and secondary production of 
ungulates, and population regulation 
as applied in wildlife management. 
Charles F. Cooper points out steps 
involved in the system approach to 
problem solving in watershed man- 
agement. Empirical and predictive 
models are described. Cost, benefit, 
and optimization procedures are ana- 
lyzed. 

Section IV contains a final chapter 
by George M. Van Dyne, who presents 
some new ideas on training programs 
in the Natural Resource Sciences. De- 
velopments in ecology and computers 
have stimulated the need for addi- 
tional studies. An example of the edu- 
cational program needed to accomplish 
this training is given for the under- 
graduate, graduate, and continuing 
education levels. 

This book is well organized and 
effectively written. References given 
in each chapter are excellent sources of 
information on a wide variety of topics 
in several languages. 

The word “ecosystem” was defined 
as a theoretical concept and as a 
spatial unit. Bakuzis defined the eco- 
system level for forestry as the “forest 
communities which respond homoge- 
neously to treatment.” In the re- 
viewer’s opinion, this is the most logical 
definition presented. 

The authors explain the philosophy 
of the ecosystem concept. However, 
more examples of the application of 
the concept in resource improvement 
and management should have been 
presented. This book is an excellent 
reference for some of the intergrative 
courses in the curriculum suggested by 
Van Dyne. The concepts presented 
will also enlighten students in the tra- 
ditional curriculum in resource man- 
agement. Those in research will be 
stimulated to interpret their results in 
the ecosystem context and not as iso- 
lated studies with little or no effect 
on the total environment.-Richard 
E. Eckert, Jr., Reno, Nevada. 
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