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RANGE MANAGEMENT 

Range Management in the General 
Economy of Greece 

HAROLD H. BISWELL 
Professor of Forestry (Range Management), University 
of California, Berkeley. 

Highlight 
This article discusses fhe status of 

range management in Greece and its 
relationship fo other aspects of fhe 
general ecvnomy. Since the general 
economy is improving rapidly, in- 
creased attention is being given fo 
range management and forestry, and 
especially fo teaching, research and 
demonstration. The Greek govern- 
meni is doing a great deal toward 
improving 1 iv e s i o c k and gra<zing 
practices. 

During the academic year 
1961-62, I taught the first course 
in range management ever given 
in a Greek university. It was 
offered at the Aristotelion Uni- 
versity in Thessaloniki, under 
the Fulbright Program. The 
three lectures per week, attend- 
ance at which was optional, drew 
up to thirty forestry students at 
a time. The course covered the 
basic principles of range man- 
agement. 

Since range management in 
Greece is a responsibility of for- 
esters in the Government Forest 
Service, a special two-week short 
course was also given for prac- 
ticing government foresters, at 
the invitation of Mr. Nikolaos 
Metaxas, former Director Gen- 
eral of Forests of the Ministry 
of Agriculture. Of the 204 pro- 
f essional foresters then employed 
by the Forest Service, 75 were 
sent to take the course at gov- 

ernment expense. This is indica- 
tive of the considerable attention 
being given to range manage- 
ment in Greece. In the two-week 
short course, two lectures of one- 
and-a-half hours each and a two- 
hour discussion period each day 
covered essentially the same 
material as that given in the 
longer course. 

The lectures were translated 
into Greek by Dr. L. G. Liacos, 
and were published as a text- 
book, co-authored by Biswell 
and Liacos. The title is a single 
Greek word; “Levathoponeke,” 
meaning “economy of range 
management.” The chapter on 
range economics and that on 
range livestock husbandry were 
prepared entirely by Dr. Liacos. 

For nearly two years before 
we went to Greece, we studied 
the Greek language off and on- 
a language that few foreigners 
try to learn. We did not become 
fluent, but our efforts obviously 
contributed to the success of the 
Fulbright project, and we were 
personally repaid by our added 
enjoyment of the country and by 
the friendliness with which we 
were accepted. 

Range conditions and practices 
in Greece are closely tied with 
the pattern of living and with 
the economy and development of 
the nation as a whole. Therefore, 
many things other than range 
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itself must be considered if the 
story of range management and 
improvement is to be fully un- 
derstood. 

Country and People 

Greece is a beautiful country 
of mountains and shorelines sur- 
rounded by deep blue waters. It 
is small (about the size of Ala- 
bama), with an area, including 
the islands, of 51,682 square 
miles. About 90 percent of the 
country is hilly and mountain- 
ous; only 25 percent is arable- 
much of it dry and rocky. The 
land area is classified as follows: 
high mountains, 25.6 percent; 
semi-mountainous, 42.4; semi- 
plains, 15.4; and plains, 16.6 per- 
cent. Generally, Greece has mild 
wet winters and hot dry sum- 
mers. The climate is similar to 
the Mediterranean-like areas of 
California, but varies consider- 
ably between the south and the 
islands and the northern part of 
the country. The temperature is 
rarely extreme. 

The Greeks are a friendly, 
hospitable, and sociable people 
who like to read, and are inter- 
ested in politics. They are justly 
proud of their ancient and dis- 
tinguished heritage which, even 
today, doubtless influences their 
approach to twentieth century 
problems. The population is ap- 
proximately 9,000,000, with about 
60 percent of the people living in 
villages of less than 5,000. Nearly 
2,000,OOO live in the metropolitan 
area of greater Athens, and near- 
ly 400,000 in Thessaloniki. An- 
other half dozen cities have 
populations of 50,000 to 75,000. 

About 50 percent of the people 
work on farms, in contrast to 
only 8 percent in the United 



FIGURE 1. Left-Students of first class in range management, Aristotelion University, Thessaloniki, Greece. 
government foresters who took two-week short course in range management. 

States. There is much under-em- 
ployment in farm areas; that is, 
on small farms people can keep 
busy only 25 percent to 50 per- 
cent of the time. Many of the 
small villages are in the moun- 
tains where land for cultivation 
is scarce, and much of it is on 
steep slopes. In such places the 
economy is based largely on 
range livestock grazing and for- 
estry, but there is a need to de- 
velop alternative sources of in- 
come. The capacity of the moun- 
tainous lands to support people 
is not high, and many of the 
young people are moving to the 
cities and to more productive 
lands where they can increase 
their income. 

In 1940, Greece was invaded 
by the Italians, who were pushed 
out by the Greek army, and a 
little later it was overrun by 
Hitler’s armies. War, and the 
burden of four years of Nazi, 
Italian and Bulgarian occupation 
left the Greek nation devastated. 
In that period of national weak- 
ness, the communists made two 
attempts to pull Greece behind 
the Iron Curtain. The first was 
defeated by British intervention 
in 1944 and 1945. The second, in 
mid-1946, backed by the Soviet 
satellite nations, was repulsed in 
1949, with extensive American 
assistance. Since then, Greece 
has developed steadily and 
rapidly. However, since Greece 
is bounded on the north by the 
Communist countries of Bul- 

garia, Yugoslavia, and Albania, 
she must maintain a strong mili- 
tary force in that area at great 
expense and drain on the econo- 
my. 

Industry.-Greece is undergo- 
ingrapid industrial development. 
Hydroelectric power provides 
cheap electricity for industrial 
and agricultural development, 
and refrigerators, electric stoves, 
fans, irons, and other such items 
are becoming common. Many 
such items are now manufactured 
in Greece, whereas a few years 
ago most of them were imported. 
Greece has recently built three 
large sugar-producing plants and 
two fertilizer factories, and simi- 
lar developments are taking 
place in other industries. There 
are large deposits of lignite now 
under exploration and recent 
discoveries of rich uranium de- 
posits are of great importance. 

Industrial development is im- 
portant in providing employment 
opportunities, thereby helping 
relieve pressure on the range 
and forest lands. In other words, 
fewer people will have to depend 
on production from these lands 
for their livelihoods. 

Tourism.-Greece with its long 
history, beautiful landscape, 
pleasing climate, and friendly 
and hospitable people, is a tour- 
ist attraction supreme. The many 
new hotels are excellent, and 
room and lodging are relatively 
cheap. The main roads are good 
to excellent. Tourism activities 
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employ many people, provides a 
use for the country’s livestock 
and agricultural products within 
its own ecosystem, and brings in 
foreign currency. The govern- 
ment is aware of the importance 
of tourism and is devoting large 
sums of money to developing 
this phase of the economy. With 
tourism flourishing, more money 
will be available for industrial 
and agricultural development, 
and this in turn will reduce the 
pressure on agricultural lands 
and on ranges and forests. 

Agricultural Production. - In 
1947, Greece produced only 
700,000 tons of wheat; in 1963 the 
total was 1,800,OOO tons. In 1951, 
79,000 tons of cotton and 131,000 
tons of citrus were produced; in 
1963, the totals were 253,000 tons 
and 312,000 tons respectively. 
Comparable figures could be 
given for fruits such as apples, 
peaches, and raisins; and for 
tobacco, corn, and other products. 
A few years ago agricultural 
products had to be imported; 
now many are being exported 
for foreign exchange. Along with 
the increase in agricultural pro- 
duction, the number of tractors 
has tripled in the past six years. 
Although most farms are too 
small for large farm machinery, 
one afternoon in the plains 
southeast of Thessaloniki, we 
saw five wheat combines at one 
time-a scene reminiscent of the 
rolling grainlands of central Ne- 
braska. 



Although great progress has 
been made in agricultural pro- 
duction, much remains to be 
done in developing such projects 
as irrigation and reclamation, 
improving pastures and poultry 
production, and establishing soil 
conservation on the cultivated as 
well as on the range and forest 
lands. 
Pattern of Land Ownership and 

Management 
The land uses of Greece are 

classified as follows: farming 
land, 17.0 percent; grasslands, 
33.0; woodland pastures, 24.5; 
forests, 21.7; and non-productive 
3.8 percent. 

Farming La&S.-The farming 
or cultivated lands of Greece are 
in private ownership, and the 
people go from the villages by 
donkey or other means, to tend 
them. The average size of the 
farm is about eight acres, and 
many of these are fragmented. 
Sometimes a farm may consist 
of as many as 15 to 20 or more 
scattered plots. Often the plots 
are long, and extend up and 
down slopes. This pattern exists 
because, throughout the centu- 
ries, each father has attempted 
to distribute his land equally 
among his children. Such a di- 
vision assured each child the 
same amount of good and poor 
land. 

The many problems involved 
in tending and utilizing these 
scattered, small parcels of land 
are slowly being overcome by 
the Ministry of Agriculture 
through a program of land re- 
distribution. In this program 
each farmer turns all his bits 
and pieces into a central pool, 
and receives in return land of 
equal value, as determined by 
the villagers themselves. At pres- 
ent, many of the small and frag- 
mented farms can be tilled only 
with hand tools. Obviously, in 
such cases, the farmers’ income 
will be small so long as crops 
such as grains have to be har- 
vested by hand and the vine- 
yards cultivated by spades and 
hoes. 

RANGE GREECE 

Range and Forest Lands.- 
About 65 percent of the range 
and forest lands is public; the 
remainder is community and pri- 
vate. The villagers usually graze 
their animals over the ranges, 
and pay rent to the community. 
The villagers are assisted and 
advised by professional govern- 
ment foresters. Range and forest 
lands are not fenced, and the 
livestock must be herded. Most 
village farmers own a few live- 
stock. The cattle are gathered 
each morning into small herds, 
and the flocks and herds are 
shepherded over the ranges dur- 
ing the day and returned to the 
villages at night. In some cases 
big operators may own several 
flocks of sheep or a herd of cat- 
tle. In early morning and late 
evening one can see many ani- 
mals leaving and returning to 
the villages. Of course, tram- 
pling and extremely heavy graz- 
ing occur near the villages a sit- 
uation that is difficult to avoid 
under the village system and 
pattern of land ownership and 
management. To fence the ranges, 
thereby eliminating the need for 
shepherds, is probably not eco- 
nomically feasible at present. 
Furthermore, many wolves in- 
habit the mountains, and can be 
serious predators on unattended 
range livestock. 

The livestock are usually 
grazed for part of the year on 
rangelands and for part on agri- 
cultural lands. Herding livestock 
over small and fragmented areas 
is difficult, and the land redis- 
tribution program should help 
solve the grazing problem. 

Greece has an active program 
in forestry. About 5,000,OOO trees 
were planted by villagers during 
the season 1961-62. New planta- 
tions must be protected against 
livestock for a few years, thus 
creating a temporary hardship, 
at least, for people already hard 
pressed for livestock products. 
Were it not for this, more trees 
would certainly be planted each 
year. Fortunately, areas of cer- 
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tain shrub types such as those 
dominated by Erica spp., are not 
so good for livestock browsing, 
but are highly productive of for- 
ests. In such cases the conflicts 
between forests and grazing are 
at a minimum. 

The forests are most abundant 
and productive in northern 
Greece. Their most important 
product in the past has been fuel 
wood for both cooking and heat- 
ing, but this is gradually being 
replaced by oil. The forests of 
the future certainly will be used 
more for pulpwood and lumber 
production than in the past. Al- 
ready two pulpwood industries 
have been established and efforts 
are being made to increase lum- 
ber production to save exchange. 
The reduction in use of fuel 
wood may work a hardship on 
some of the mountain people 
employed in cutting and hauling 
it, but this slack will probably 
be taken up through greater gov- 
ernment contributions to plant- 
ing and other care of the forests. 

The Forest Service provides 
work opportunities for villagers 
of the mountains, thus eliminat- 
ing some of the pressure on the 
range and forest lands. It may 
also furnish fruit trees at no cost, 
as well as forest seedlings. Fuel 
wood is offered by the Forest 
Service at a minimum charge, 
and also more efficient stoves 
are being furnished at little cost 
in order to reduce the amount of 
fuel needed. Cheap materials for 
livestock shelters, water storage 
facilities, and the like are other 
contributions made by the For- 
est Service. 

Water from the range and for- 
est lands probably constitutes 
the greatest natural resource of 
the country, and big efforts are 
being made in watershed man- 
agement and torrent control to 
make more water available for 
use. 

Forage and Livesftxk 

Forage.-Range forage is simi- 
lar to that in California and con- 
sists of herbaceous plants, both 
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annual and perennial, and 
shrubs. The annual plants and 
shrubs are particularly well 
adapted to the Mediterranean 
climate, just as in California. 
However, in northern Greece I 
was impressed by how quickly 
the perennial grasses replace 
weedy forbs under protection 
and managed grazing. Legumes 
are abundant, especially on the 
calcareous soils, which are wide- 
spread. These soils produce good 
quality forage, and the milk and 
cheese from these areas are in 
demand because of their fine 
taste and high quality. 

Brushlands are widespread in 
Greece, with scrub-oak (Quer- 
cus coccifera), the most abun- 
dant browse. This plant usually 
grows to a height of 3 to 5 feet. 
It sprouts vigorously and in- 
creases in density by means of 
shoots from underground stems. 
The shrub furnishes particularly 
good browse for goats, which 
like it, just as goats like sprouts 
of interior live oak (Q. wisli- 
xenii) in California. Sheep are 
not fond of it, however, and cat- 
tle scarcely eat it at all. The 
abundance and distribution of 
goats in Greece are related close- 
ly to those of scrub-oak browse. 
Research by Dr. Liacos proved 
that goats are more productive 
in scrub-oak brushlands than are 
sheep, and that they yield a 
greater income per animal. 

The scrub-oak is also valuable 
as fuel, especially for outdoor 
ovens. The sprouts are cut close 
to the ground and are hauled in 
by donkey or mules. A good 
stand of scrub-oak yields more 
than a half ton of fuel per year. 
In fact, a few years ago brush- 
lands that yielded this much 
fuel per acre were considered 
forests. Of course, when such 
lands are used for both fuel and 
grazing, there can be consider- 
able conflict in use. Many of the 
coppice forests of oaks and 
chestnut are being changed to 
tall-growing forests for in- 
creased lumber production. 
However, many coppice forests, 

managed intensively under short 
rotations like those of chestnut 
on Mt. Athos, probably provide 
higher net returns than many 
high forests. 

I had expected that fire might 
be used in brushlands to improve 
conditions for livestock grazing; 
however, fire is seldom used. If 
the brush becomes too tall for 
good browse, it is cut for fuel 
for the ovens and stoves. In fact, 
there has been a shortage of fuel 
in most places and it would be 
foolish to control burn on the 
range. 

All over Greece one is im- 
pressed by the abundance of 
thorny plants and weeds of neg- 
ligible palatability. Selective 
livestock grazing over thousands 
of years has led to this sort of 
plant cover. Greece is not alone 
in this respect; we also have 
many spiny and near-zero pala- 
tability plants like the thistles 
in the United States, and they 
are probably increasing in num- 
ber and abundance. 

Livestock. - Greece has about 
l,lOO,OOO cattle, 9,000,OOO sheep, 
4,600,OOO goats, and 60,650 water 
buffalo. One of the primary 
products of livestock is milk, 
from all kinds of animals-cat- 
tle, sheep, goats and water buf- 
falo-and usually the young are 
slaughtered early so that hu- 
mans can have the milk. The 
cow’s milk is used for drinking, 
the milk of sheep for cheese be- 
cause Greeks like the cheese 
“phaeta” and the best phaeta is 
made from sheep’s milk; the 
milk of goats for first quality 
butter for cooking because it is 
very aromatic (goats browse 
aromatic plants mostly on rocky 
sites). Goats’ milk is also used 
for drinking, and the milk of the 
water buffalo is used for cream 
because it is very rich. 

As to the meat, there is an in- 
creased preference for beef. 
Lamb meat is also liked by 
Greeks, and barbecued goat-kids 
are very good, especially along 
with good wine and Greek 
dances. 

The trend is toward relatively 
more sheep and cattle and fewer 
goats where the forage is mainly 
herbaceous. Where the forage is 
mainly browse from scrub-oak, 
however, we find little change 
in numbers or kinds of animals. 
The villagers are attempting to 
improve their flocks and herds 
through introducing better 
home-bred breeds of goats and 
other kinds of livestock, and the 
government is assisting in this 
work. Where appropriate, the 
government pays a subsidy to 
villagers who dispose of their 
goats and graze sheep instead. 

Most of the sheep are breeds 
that tend to graze together and 
are therefore easily herded. 
Since the small fields are not 
fenced, the shepherd has to be 
very careful to keep the sheep 
in their proper places. Some- 
times the animals are taken to 
the mountains during the sum- 
mer, where they always stay on 
public grazing lands. However, 
the government is making an ef- 
fort to stop this practice because 
the villagers higher in the moun- 
tains need the forage for their 
livestock. In some operations, 
the animals (usually sheep) are 
herded toward the mountains in 
northern Greece during the sum- 
mer and toward the plains in 
southern Greece during the win- 
ter-a sort of nomadic grazing 
system. The government is also 
trying to stop this practice, and 
is making good progress. 

Soil Consexvafion 
In America we hear a great 

deal about soil erosion in Greece. 
Certainly erosion can be ex- 
pected since the country is hilly 
and mountainous and has been 
grazed and farmed for centuries. 
Furthermore, during the wars 
the forests were heavily cut and 
burned. Some of the summer 
and early fall storms are intense. 
Greece is also a rocky country. 
A saying in Greece goes, “When 
God created the earth, he used 
a sifter and made the valleys in 
all the other countries. When he 
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was through, he threw the rocks 
in his sifter over his shoulder, 
and it was these rocks which 
created Greece.” I concluded 
that the rocks have both their 
good and bad features. In many 
places soil between the rocks 
produces good forage. However, 
at a distance the landscape may 
seem one of solid rocks. The 
rocks may be helpful in prevent- 
ing gully formation and “bad- 
land” conditions. In many rocky, 
calcareous soils the infiltration 
capacity is high, and springs at 
the edges of the plains and val- 
leys are numerous. 

Considerable current erosion 
was observed in some places 
and very little in others, about 
as we find here in America. Ap- 
parently soil erosion has been 
observed for centuries. This was 
pointed out by Bruce Lansdale, 
Director of the American Farm 
School in Thessaloniki, in his 
January 1964 article in American 
Forests entitled “Now Look 
Here-Mr. Stuart.” Bruce men- 
tioned that the philosopher Plato 
(427-347 B.C.) had something to 
say about soil erosion in his 
“0% eas,), more than 2000 years 
ago: “At the period, however, 
with which we are dealing, 
when Attica was still intact, 
what are now her mountains 
were lofty, soil-clad hills; her so- 
called shingle plains of the pres- 
ent day were full of rich soil, 
and her mountains were heavily 
afforested-a fact of which there 
are still visible traces. There are 
mountains in Attica which can 
now keep nothing but bees, but 
which were clothed, not so very 
long ago, with fine trees produc- 
ing timber suitable for roofing 
the largest building; the roofs 
hewn from this timber are still 
in existence. There were also 
many lofty cultivated trees, 
while the country produced 
boundless pasture for cattle. The 
annual supply of rainfall was 
not lost, as it is at present, 
through being allowed to flow 

FIGURE 2. Top-Typical of grasslands of northern Greece grazed by sheep and cattle. 
Bottom-Woodland pasture of dense scrub-oak best utilized by goats. Deep frac- 
tured rocky soils of this sort are well suited to growth of shrubs. 

over the denuded surface into 
the sea, but was received by the 
country, in all its abundance, 
into her bosom where she stored 
it in her impervious potter’s 
earth, and so was able to dis- 
charge the drainage of the 
heights into hollows in the form 
of springs and rivers with an 
abundant volume and a wide 
territorial distribution. The 
shrines that survive to the pres- 
ent day on the sites of extinct 
water supplies are evidence for 
the correctness of my present 
hypothesis.” 

It is interesting that Greece 
is still an important country in 
bee culture. It ranks fourth 
among all countries in honey 
production, and probably the 
best honey in the world comes 
from this area. Most of the good 
honey producing aromatic plants 
such as lavendar, the salvias, 
etc., are worthless as forage 
plants for livestock. It is con- 
ceivable, therefore, that a con- 
flict could arise in some areas 
between management for honey 
production and improvement of 
ranges for livestock production. 
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Fufure Development of 
Range Management 

Range development in Greece 
is closely related to the whole 
economy of the country, and 
particularly that of the moun- 
tains. More intensive agricul- 
ture in the plains and valleys, 
industry, and tourism, will do 
much to give the people more 
employment and to relieve pres- 
sure on the range and forest 
lands which are rather low in 
potential production. 

Aside from these develop- 
ments, other advancements in 
range management will come 
through teaching and research. 
Greece is moving forward in 
these two areas. The Aristotelion 
University in Thessaloniki is 
taking steps to establish a chair 
of range management in the 
school of agriculture and for- 
estry. Animal husbandry and 
livestock problems are taught in 
the university both at Thessalo- 
niki and Athens, and a closer 
cooperation between foresters 
and agriculturists is being estab- 
lished. 

In research, a new branch of 
the experiment station was es- 
tablished in Thessaloniki during 
1963, with Dr. Liacos, director. 
The first range research at this 
station is being directed toward 
the ecology and economic im- 
portance of the native forage 
plants and weeds, with special 
attention to the browse species, 
both native and introduced. 
Once the ecology of the species 
is known, control tests can be 
conducted to evaluate grazing 
management as a range im- 
provement method. At the same 
time, attention can be given to 
various methods of weed con- 
trol, reseeding, and and other 
cultural treatments to improve 
the ranges. 

An important contribution in 
range management would be the 
development of ways and means 
to bring about rather strict live- 
stock control and the initiation 
of grazing systems to improve 
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the ranges. This will involve 
grazing each range type with the 
kind of livestock best suited to 
the particular kind of forage, 
controlling the number of live- 
stock and their distribution for 
proper intensity of utilization, 
and grazing at the seasons best 
suited for the forage and soil. 
Most of this development must 
take place through foresters, 
trained in range management, 
working with the village people 
who own and manage the live- 
stock. 

The American Farm School in 
Thessaloniki, under the director- 
ship of Bruce M. Lansdale, is 
doing excellent work for the 
village people. The school, with 
headquarters at 36 East 61st 
Street, New York, is endowed 
by private funds. Its enrollment 
includes 200 in its four-year 
course and over 1000 in short 
courses. The students are 
brought in from villages all over 
Greece, usually two or three 
from a village, to learn all about 
modern methods of farming, im- 
proved pastures, soil conserva- 
tion, range management, live- 
stock and poultry production, 
farm machinery operation and 
maintenance, and many other 
subjects. Most of the boys go 
back to the villages from which 
they came. 

In conclusion, the future of 
range management in Greece ap- 
pears largely dependent upon 
two things: first, the general 
economic development of the 
country as a whole, which is 
being brought about by intensive 
agriculture on the fertile plains, 
and by industry and tourism; 
and second, the development of 
good range management prac- 
tices, as achieved by teaching, 
research, demonstration and ex- 
tension programs in the univer- 
sity, and conservation programs 
sponsored by the government. 
The government already has a 
definite program of action in the 
mountainous areas, which is 
briefly outlined as follows: 

(4 

(W 
(c) 
(4 

(e) 

( f ) 

(g) 

8) i 

Recognition of the village 
as the unit of develop- 
ment. 
Program of public works. 
Controlled grazing. 
Improved utilization of 
mountain pastures. 
Increased production of 
stored fodder for use dur- 
ing winter. 
Change in composition of 
livestock output. 
Improvement of livestock 
composition. 
Home Economics studies. 
State assistance for tech- 
nical training. 
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Highlight 
Improving iechnical assistance in 

range management abroad requires 
a consistent orienfation which fakes 
fully info account major obstacles 
in lesser developed countries. It de- 
mands participation of technicians 
well qualified fo analyse and deal 
with problems ai various levels. 

Probably the greatest single 
problem facing mankind is the 
imbalance between food supplies 
and actual needs for human 
health and vigor. Application of 
public health and medical knowl- 
edge has freed population growth 
from former controls. Ignorance, 
poverty, age-old customs, the 
basic environments and other 
factors prevent a corresponding 
growth in food supply. Mean- 
while, peoples in developing 
countries, awakening to the hope 
of a better life, are no longer 
passive to hunger. This fact has 
changed the time dimension of 
the problem to one of urgency, 
the implications of which have 
not been well understood by 
either developed or developing 
countries. The urgency to in- 
crease animal protein production 
is particularly compelling. 

By the year 2,000 the world’s 
population is expected to double. 
If these six billion inhabitants 
are to have an adequate diet the 
lesser developed regions of the 
world will need from four to six 
times the amount of edible ani- 
mal products they now consume, 
according to FAO’s Third World 
Food Survey. Meeting this goal 
will require an annual increase 
of six to ten percent in produc- 
tion. Inasmuch as the present 

IPaper presented at the Annual 
Meeting, American Society of Range 
Management, Wichita, Kansas, Feb- 
ruary 10-14, 1964. 

annual increase in edible animal 
produce is rarely more and often 
less than two or three percent 
(according to the 1962 FAO Pro- 
duction Yearbook), it is evident 
that intelligent, concerted action 
is essential to even approximate 
requirements. 

Meeting the animal protein re- 
quirements will depend to no 
small extent upon better use of 
that one-fifth of the world’s land 
surface which we call the range- 
lands. As pressure for food in- 
creases, one can expect that 
more of these lands will be 
plowed, and that many arable 
lands now being used for graz- 
ing will be restricted to crop 
production. Improvements in 
veterinary assistance and such 
developments as watering points 
and emergency feeding, when 
not combined with control of 
animal numbers, increase aver- 
age grazing pressure. The de- 
crease in available range, and 
the tendency for animal num- 
bers to increase, plus rising de- 
mand for animal products, pose 
the problems with which range 
managers must grapple. Because 
time is short, better approaches 
and methods of work than those 
used in the past must be devised. 

International technical assist- 
ance, especially U.S. AID, has 
pioneered the introduction of 
range management into the les- 
ser developed countries. Con- 
sidering that this has been done 
in less than two decades, it is no 
mean feat. Nevertheless, what 
has been accomplished to date is 
not commensurate with the 
needs nor equal to expectations 
raised by the results of range 
management in the USA. Cer- 
tainly there are too few places 
in the lesser developed countries 
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where one can point to greater 
stability and higher range pro- 
duction, and improved water- 
shed conditions achieved through 
the application of range manage- 
ment. There is every reason to 
believe, however, that better re- 
sults can be achieved. It is our 
purpose here to explore some of 
the ways in which this might be 
done. 

Admittedly, it is harder to im- 
prove the management of range- 
lands than to improve many 
other aspects of agriculture, and 
the results are slower and not so 
easy to demonstrate. This does 
not, however, justify the view 
that efforts to improve and sta- 
bilize forage supply should be 
limited to the cultivated lands. 
With increasing competition for 
arable lands such a policy seems 
still less realistic, even though 
integration of livestock and crop 
agriculture offers good possi- 
bilities and should be encour- 
aged in many areas. It must be 
recognized that in most of the 
lesser developed countries the 
great bulk of the grazing comes 
from native grasslands and will 
continue to do so in the foresee- 
able future. The question is how 
can we progress more effectively 
towards securing increased and 
more stable yields from these 
lands in the future, and more 
immediately, stop deterioration. 

Major Obstacles 
There are certain characteristics 

generally applicable to lesser-de- 
veloped countries which have an 
over-riding influence on what 
should, and what can, be done. 
Failure to take these characteristics 
sufficiently into account helps to ex- 
plain the lack of impact of many 
range management programs in the 
past. 

Lack of basic data.-Improvement 
of grazing management requires 
certain minimum information often 
lacking or deficient in newly de- 
veloping countries. These include 
knowledge of the composition and 
distribution of major range types, 
growth rate and phenology of im- 
portant forage species, and the rela- 
tive degree of utilization by animal 
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species by seasons and in relation to 
various degrees of hunger stress. In- 
formation on the physical environ- 
ment, while scattered and inade- 
quately interpreted, can usually be 
obtained in sufficient detail to per- 
mit useful deductions. Few data 
are available on the influence of 
grazing treatment on the vegetation 
and on the responses of animals to 
current management and to the nu- 
tritional and physical environments. 
Lack of basic data impedes the work 
of range specialists and, especially 
in short assignments, frequently 
leads to failure-prone attempts to 
apply practices developed elsewhere 
without being adapted to the local 
milieu. 

Dispersion of effort.-Lack of con- 
tinuity and consistency in programs, 
priorities and personnel makes much 
of the work ineffective. These de- 
ficiencies grow out of such factors 
as lack of clear-cut, realistic goals, 
competition for human and finan- 
cial resources, failure to define the 
relative worthwhileness of alterna- 
tive programs, lack of experience, 
and political instability. Foreign ex- 
perts too may add to the dispersion 
by giving contradictory advice. On 
the positive side is the fact that ir- 
respective of the various factors 
tending to produce a dispersion of 
effort, the basic problems inherent 
in the production process in any 
given environment are relatively 
constant. Therefore, if these basic 
problems are well understdod and 
clearly defined and programs laid 
out accordingly, dispersion of effort 
can steadily be reduced. This aspect 
is discussed further under “Analysis 
of Problems.” 

Deeply ingrained social and cul- 
tural customs and patterns.-Modern 
agriculture is characterized by flex- 
ibility and capacity to adopt new 
techniques as conditions demand. 
Livestock production in the lesser 
developed countries, on the con- 
trary, is usually bound by fixed 
patterns. The extreme case is own- 
ership for numbers rather than pro- 
duction, for reasons of prestige or 
religion. Most commonly, the old 
patterns persist due to lack of mar- 
ket incentives, inadequate financial 
resources, including credits, and 
other negative factors. Ways of han- 
dling the animals and grazing sys- 
tems associated with a historic way 
of life are not readily changed. 
Nomadism is a case in point. Its 

PETERSON 

persistence is reinforced by its ad- 
mirable adaptation to the utilization 
of a harsh and variable environ- 
ment. However, the subsistence 
grazing practiced by most nomads 
is not adequate to present-day 
needs. Ways of changing and im- 
proving the system must be found. 
It is first necessary to understand 
the system as a whole and in detail 
in order to know its specific ad- 
vantages and weaknesses. Separa- 
tion and even hostility, which often 
prevails between graziers and crop 
farmers, contribute to the perpetua- 
tion of outmoded practices, and 
make difficult the development of 
alternative sources of feed, stratifi- 
cation of livestock, fattening, etc., 
which are essential for the best use 
of the range. 

Shortage of skilled manpower. - 
Available skilled manpower limits 
what can be done at a given mo- 
ment. Often the few people trained 
in range management are put into 
administrative posts, or other jobs 
given higher priority but not di- 
rectly related to their specialization. 
Even where a country’s economy is 
strongly dependent upon grazing of 
native ranges one rarely finds more 
than two or three individuals ac- 
tively working in the field. Animal 
husbandry specialists and ecologists 
are also deplorably few. While more 
training is needed, as widely recog- 
nized by the countries, it is clear 
that the first step is close collabora- 
tion among the few individuals 
available in related fields, Defi- 
ciency of skilled manpower is ac- 
centuated by the lack of adequate 
contact among those few working 
in the field. Without the stimulus 
from such contact, stagnation and 
resignation are ever-present dan- 
gers. 

Deficiency of organixation.-Con- 
sidering the shortage of skilled man- 
power and relative isolation, it is 
not surprising that appropriate or- 
ganizational channels are usually 
weak or non-existent. Further, those 
organizations which exist are rarely 
capable of dealing with the whole 
problem. For example, it is not un- 
common to find that the unit re- 
sponsible for the development of 
watering points is completely inde- 
pendent of that dealing with graz- 
ing management or vegetation sur- 
vey. Under these circumstances, 
water development is frequently a 

handicap rather than an aid in the 
management of the range. In other 
instances, the only range unit is 
within the Forest Organization. 
There it may be little more than 
vestigial, even when grazing is the 
most important use of the forest. 
Impact from technical assistance 
cannot be expected to be great if 
there is no adequate organization to 
serve as a vehicle of continuity. 

Research organizations for the 
study of range and pasture problems 
suffer from understaffing and lack 
of orientation towards the basic 
problems. Organization for research 
has been retarded by the oft-ex- 
pressed view that the lesser de- 
veloped countries should put their 
limited resources into application of 
“what is already known.” This posi- 
tion ignores the fact that principles 
pertinent to given environments 
may be transferred but the combi- 
nations of materials (forage value 
of species, plant/animal inter-rela- 
tionships, growth period, etc.) vary 
so much that many critical studies 
are inevitably needed. Nor does the 
position against research take into 
consideration its essential role in the 
development of skilled manpower 
and competent leadership. Fortu- 
nately, most developing countries 
are more and more appreciating 
their need for research and that re- 
search needs to be linked closely to 
practical problems and extension 
activities. 

A chronic shortage of financial 
resources. - Governments, tribes, 
villages and individuals are charac- 
teristically short of finances. In the 
competition for available capital, 
range management receives a dis- 
proportionately small part of the 
total. Growth in international cred- 
its through the World Bank and 
other sources is a hopeful trend. The 
result is an increasing need for tech- 
nicians to provide the technical basis 
upon which credit may be extended, 
and to advise how to make signifi- 
cant improvements with minimum 
expenditure. 

Nor can the question of financial 
resources be separated from the 
need to improve all aspects of mar- 
keting, stabilize prices within rea- 
sonable limits, work out better land 
tenure systems, etc. Not the least 
of financial needs is that of improv- 
ing salaries for national technicians. 

Lack of clear-cut ownership pat- 



terns of the land or other basis for 
control, lack of administrative re- 
sponsibility and failure on the part 
of the government authorities to 
appreciate the importance of the 
range resource, are other obstacles 
that will often beset the range man- 
ager. 

Analysis Of Problems 
In view of the obstacles, making 

effective advances in range manage- 
ment requires some unifying guide 
to relate the pertinent aspects of 
the problem into a meaningful 
whole without restricting flexibility 
of action. This guide should permit 
the assignment of priorities, show 
the action required to overcome the 
various obstacles and give direc- 
tion, continuity, and constancy to 
all programs relating to production 
from grazing lands. 

Ideally, general problems and 
goals should first be defined and the 
relative importance of various pro- 
grams indicated through an eco- 
nomic analysis. Detailed pre-invest- 
ment surveys are useful to indicate 
the most convenient action locally. 
Ecological studies are of great value 
to provide estimates of the potential 
of the resource, given the introduc- 
tion of certain improvements, and 
for clarifying certain critical rela- 
tionships concerning the environ- 
ment and the vegetation. 

It is also necessary to analyze and 
relate all the major factors which 
go into the production of animal 
products. These include: the en- 
vironmental factors controlling the 
vegetation, the major characteristics 
of the vegetation and their variation 
spatially and in time, degree and 
time of utilization, efficiency of uti- 
lization and conversion to the mar- 
ketable product, etc. Account must 
be taken of the practices used in 
animal management such as breed- 
ing, weaning and culling. The aim 
is to describe and identify the major 
sources of losses in the production 
process to be able to suggest where 
corrections can most feasibly be 
made. 

The analysis should not be re- 
stricted to the native grazing lands, 
although these lands would nor- 
mally be the focus of the problem. 
Other aspects of feeding and man- 
agement which could influence the 
output of the country or an area as 
a whole should be included. For ex- 
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ample, grazing on range is normally 
deficient during certain times of the 
year, especially for young and lac- 
tating animals. It is necessary to 
know the alternative sources of feed 
to reduce losses and increase output 
from the range. This might require 
improving yields of food crops on 
the better lands so that more of the 
marginal croplands could be sown 
down to pasture. It might also re- 
quire adjusting charges for use of 
the range to encourage the produc- 
tion of cultivated forage crops. Bet- 
ter use of agricultural by-products 
can be a useful means for increas- 
ing animal production and reducing 
the pressure on the range. 

Once this overall analysis has 
been made, detailed analyses of the 
range itself may be needed to set 
priorities of action. 

In no case should it be supposed 
that all the desirable data must be 
available before a meaningful anal- 
ysis can be made. A surprising 
number of deductions can be made 
if the scattered information avail- 
able, or readily acquired, is properly 
related. 

The analyses must draw upon 
available local knowledge and in- 
volve the participation of the peo- 
ple directly concerned, so as to in- 
crease the possibilities of unified 
action. Very little of this has been 
done in the past, and it is in my 
opinion a major reason why range 
management technical assistance 
has so often not had a significant 
carryover effect. 

Some feel that “the problems are 
already known, so why go through 
such an analysis.” I insist, however, 
that the problems are known only 
in a most superficial sense and not 
in operational terms. How else can 
one explain, for example, that in 
developing countries comparisons 
are common between rotation (clas- 
sical type, with rest between graz- 
ings of about 30 days) and con- 
tinuous stocking? This, although ro- 
tation grazing may be expected to 
have little economic benefit and be 
difficult to apply. In these same 
places substantial increases may 
often be achieved by solving critical 
aspects of the grazing problem. A 
similar lack of understanding of the 
problem is illustrated by the de- 
velopment of expensive water- 
spreading devices in places where 
runoff is negligible, or where no ef- 
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fective control over the flocks can 
be expected. 

Clearly, understanding of the 
problems is the backbone of any 
program. Along with analysis of 
problems, other programs-experts, 
training courses, meetings, publica- 
tions, etc.-should help make certain 
that: basic facts are gathered, dis- 
persion of efforts is reduced, tradi- 
tional behavior is taken into account, 
scarce manpower is effectively used, 
and economic factors are properly 
considered. 

Application Of Concepts 

The program of the Pasture 
and Fodder Crops Branch in the 
Plant Production and Protection 
Division of FAO tries to take 
into account the various obsta- 
cles discussed, and I should like 
to mention some of the ways in 
which this is done. 

Field Officers-Individual ex- 
perts are supplied to countries 
upon request within a quota un- 
der the Expanded Program of 
Technical Assistance, or under 
the UN Special Fund, or trust 
funds set up by individual coun- 
tries. There are now about 35 
field officers and this number 
is rising steadily. Most of them 
deal directly or indirectly with 
range problems, although less 
than a third are designated as 
range management specialists. 
In addition to their specific 
terms of reference, they are en- 
couraged to: make an analysis 
of the problems so as to provide 
guidance for their own and fu- 
ture programs; assist in the de- 
velopment and orientation of re- 
search so that basic data needed 
for action programs will be 
made available; promote coop- 
eration among national special- 
ists dealing with various phases 
of animal production; assist in 
the development of an organiza- 
tion to deal with range manage- 
ment and other aspects of for- 
age production; and carry out in- 
service and other forms of train- 
ing. Countries are normally en- 
couraged to keep the expert for 
at least three years in order to 
give him time to develop a pro- 
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gram and assure some measure 
of continuity. 

Stress is placed on the applica- 
bility of the expert’s recom- 
mendations and whenever pos- 
sible follow-up for implementa- 
tion is provided. 

Meetings.-The Branch has a 
working party on range, pasture 
and fodder development in each 
of three regions - Tropical 
America, the Mediterranean and 
the Near East. Similar working 
parties will eventually be or- 
ganized in the Far East and in 
Africa south of the Sahara. 
Meetings are held every two to 
four years. These provide a 
forum for the discussion and 
definition of grazing and forage 
production problems, with em- 
phasis on: ecological and geo- 
graphical features; setting of pri- 
orities to concentrate efforts, 
make more efficient use of lim- 
ited manpower, and assure con- 
tinuity of programs; appraisal of 
social and economic features in- 
fluencing range management 
and other phases of forage pro- 
duction and utilization; organi- 
zation of cooperative undertak- 
ings such as studies of forage 
value, exchange of plant materi- 
als, etc.; and presentation of 
current research. 

Close collaboration is main- 
tained with the Animal Produc- 
tion and Health and other Divi- 
sions of FAO in meetings and 
other undertakings of common 
interest in order to stimulate the 
broader cooperation of all con- 
cerned with animal production. 

Collection and Correlation of 
Basic Data. - The basic param- 
eters of forage production and 
utilization are considered as 
those set by the character of the 
vegetation in the context of the 
physical environment, Therefore 
much value is placed on ecologi- 
cal studies. Studies of the plant/ 
environment complex are re- 
lated as much as possible to ani- 
mal responses and requirements 
on the one hand, and the possi- 
bilities for cultivated agriculture 

on the other. In some regions 
the major emphasis is on the in- 
tegration of pastures with crop 
agriculture and the development 
of cultivated pastures. One study 
in agroclimatology has been car- 
ried out in the Near East in co- 
operation with the World Me- 
teorological Organization and 
the United Nations Educational, 
Scientific and Cultural Organi- 
zation, and another is under way 
in Africa south of the Sahara. 
These help to define the condi- 
tions prevailing for plant growth 
and indicate the approximate 
potential. FAO Agricultural 
Study No. 49 on “The Grass 
Cover of Africa” and similar 
studies planned or under way in 
other regions help to clarify cer- 
tain central characteristics of 
rather large regions. These 
efforts, along with those made by 
other Divisions of the Organiza- 
tion and by the countries them- 
selves, are gradually giving us 
the climatic, ecological and agro- 
nomic facts needed to understand 
regional and local problems. 

PubZications. - The publica- 
tions of the Branch are designed 
to help in the understanding of 
problems related to specified 
ecological conditions and to pro- 
vide guidance on how these 
problems may be attacked. Un- 
der preparation are manuscripts 
on the management and im- 
provement of semi-arid grazing 
lands; on utilization and im- 
provement of tropical pastures 
in Central Africa; on the status 
of knowledge on grazing and 
pasture problems in East Africa; 
and a bibliography on studies of 
tropical pastures and native 
grasslands. 

Other considerations. - While 
meetings improve interchange of 
ideas among technical workers, 
it is also necessary to increase 
the number of technicians in the 
field within each country and re- 
gion. This is furthered through: 
training courses; exchange of 
communications; and grouping 
of Special Fund projects within 

a region so that visits may be 
facilitated among the technical 
personnel. For example, one UN 
Special Fund project on research 
is under way in Uruguay, and 
another has been approved for 
the provinces of Entre Rios and 
Corrientes in Argentina, just to 
the west of Uruguay. Work at 
these two projects will be co- 
ordinated and related to re- 
search being carried out in 
southern Brazil. Thirty or more 
technicians will be involved, all 
within about one day’s drive of 
each other. This should provide 
a group large enough to give the 
strong stimulus so essential to 
sustained and creative effort. 

More short courses are needed, 
as an effective means for devel- 
oping common understanding, 
concerted action and an awak- 
ened public consciousness, In 
April and May of 1964 the Soviet 
Union sponsored a group fellow- 
ship course on grassland man- 
agement and utilization in semi- 
arid regions, under the Ex- 
panded Program of Technical 
Assistance. This provided an op- 
portunity for studying the ap- 
proach and methods used by the 
Russians on their semi-arid 
lands. Continuity of training and 
adequate follow-up of the stu- 
dents is needed in each major 
region. Funds, however, are 
hard to come by. One wonders 
if the Society of Range Manage- 
ment could not be instrumental 
in promoting such courses, per- 
haps in conjunction with the 
Freedom-from-Hunger Cam- 
paign. 

We have made little progress 
in systematically relating im- 
plementation of practices to the 
various social-cultural systems. 
Let me refer again to the no- 
madic tribal system. Before ra- 
tional progress towards improv- 
ing this system can be made, we 
need to know the answer to such 
questions as: How effective is the 
nomadic system from the stand- 
point of utilization of the vege- 
tation? Could utilization be im- 



proved with scientific evalua- 
tion of rainfall pattern and for- 
age growth, enabling one to fore- 
cast forage availability in differ- 
rent areas? How can the coop- 
eration of the nomads be se- 
cured? What kinds of changes 
could be most readily introduced 
into their system to improve 
productivity ? At the FAO Con- 
ference (the governing body of 
FAO) last November, one of the 
delegates suggested that FAO 
and UNESCO should consider a 
joint project to study in depth 
the whole question of nomads. 
Very useful and widely applica- 
ble results could come from such 
a project. 

Throughout our program we 
recognize that close cooperation 
is essential with all international 
and bilateral technical assistance 
agencies, in striving for the goal 
of properly feeding a protein- 
hungry world. Even with the 
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best of collaboration, we may not 
succeed. Separately we will cer- 
tainly fail. 

A major difficulty is finding 
experts able to analyse and deal 
with problems at various levels. 
In this connection, American 
Universities, with their persis- 
tent drive towards specializa- 
tion, do not foster the develop- 
ment of an individual who can 
see problems in terms of their 
inter-related parts. Range man- 
agement training, while less at 
fault in this respect than train- 
ing in most other fields, still 
needs, I believe, to place more 
emphasis on the focusing of the 
problems at different levels, and 
on the discovery of alternative 
and complementary solutions. 

Another major difficulty is 
that not enough highly qualified 
individuals make themselves 
available for technical assistance 
work abroad. As members of the 

Features of a Grassland Theory’ 
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Highlight 
The leading grassland authority in 

Germany outlines his views on grass 
associations and competitive ability 
of individual species as influenced 
by management. 

In Germany the exploration of 
grassland in a true sense, i.e., 
the behavior of a permanent 
grass sward as a plant commu- 
nity, has developed slowly and 
only recently. After intense 
stimulation from botanists (Steb- 
ler and Schriiter 1887 a,b,c; 1892; 
1898; Weber and Emmerling, 
1917) “it is to find a remarkable 
silence (in agricultural litera- 
ture) about grassland after 1900” 
(Baur, 1930). Up to the time of 
the first world war questions of 
the single plant, its biology and 
breeding, seed production, and 
forage value were in the fore- 

ground. They dominated the 
textbooks and teaching with 
long discussions about culture- 
technics, seed mixtures and har- 
vesting met h o d s . Fertilization 
and cropping procedures were 
also discussed. At this point, 
grassland theory withdraws from 
the facts and the causes of im- 
proper methods in research and 
teaching become evident. In the 
scientific view, the historical 
orientation toward arable farm- 
ing doubtless makes difficult the 
comprehension of the special 
character of grassland. 
Crop Farming and Grassland Theory 

The scope of the cropping sys- 
tem is relatively solid with clas- 
sical parts on soil preparation, 
fertilization, seeds and cultiva- 
tion. The special system of in- 
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American Society of Range Man- 
agement, we should recognize 
that range management is in a 
sense on trial. Can it do the job 
demanded of it? Since joining 
FAO I have frequently heard 
doubt expressed that range man- 
agement as practiced is adequate 
to the problems of the lesser de- 
veloped countries. Certainly 
range management has not pro- 
duced the results hoped for and 
I have tried to show how I think 
it might be more effective. There 
is need for this Society to ac- 
tively encourage its best quali- 
fied members to take foreign 
assignments and facilitate their 
being able to do so by all means 
possible. The challenge is im- 
mense, and so are the satisfac- 
tions that come from helping 
countries anxious to find ways 
of improving the stability and 
quantity of production from 
their rangelands. 

struction for plant production 
stands next to it in traditional 
form. The theories of cropping 
and plant production on culti- 
vated soils represent a coherent 
frame upon which it is possible 
to assimilate new systems with- 
out difficulty. 

Such a solid base was long 
lacking for the grassland plant 
community. The special theory 
of plant production of grassland 
plants in single crop cultures was 
indeed far developed but it was 

1 This article was published in Wis- 
senschajtliche Zeitschrijt der Uni- 
versittit Jena 7:67-81.1957/58. It 
was translated by Privatdozent Dr. 
D. F. R. Bommer, lnstitut jiir 
Griinlandwirtschajt und Futter- 
bau, University Giessen, Germany, 
as a contribution to the discussions 
held during 1962 with many sci- 
entists and research workers in 
U.S.A. The translator is greatly in- 
debted for careful reading and 
linguistic improvements in the 
manuscript to Mr. E. J. Woolfolk, 
formerly Editor, Journal of Range 
Management, and presently Project 
Manager, Centro de lnvestigaciones 
Agricolas Albert0 Boerger, La 
Estanzuela, Colonia, Uruguay. 



proved with scientific evalua- 
tion of rainfall pattern and for- 
age growth, enabling one to fore- 
cast forage availability in differ- 
rent areas? How can the coop- 
eration of the nomads be se- 
cured? What kinds of changes 
could be most readily introduced 
into their system to improve 
productivity ? At the FAO Con- 
ference (the governing body of 
FAO) last November, one of the 
delegates suggested that FAO 
and UNESCO should consider a 
joint project to study in depth 
the whole question of nomads. 
Very useful and widely applica- 
ble results could come from such 
a project. 

Throughout our program we 
recognize that close cooperation 
is essential with all international 
and bilateral technical assistance 
agencies, in striving for the goal 
of properly feeding a protein- 
hungry world. Even with the 

TECHNICAL ASSISTANCE 

best of collaboration, we may not 
succeed. Separately we will cer- 
tainly fail. 

A major difficulty is finding 
experts able to analyse and deal 
with problems at various levels. 
In this connection, American 
Universities, with their persis- 
tent drive towards specializa- 
tion, do not foster the develop- 
ment of an individual who can 
see problems in terms of their 
inter-related parts. Range man- 
agement training, while less at 
fault in this respect than train- 
ing in most other fields, still 
needs, I believe, to place more 
emphasis on the focusing of the 
problems at different levels, and 
on the discovery of alternative 
and complementary solutions. 

Another major difficulty is 
that not enough highly qualified 
individuals make themselves 
available for technical assistance 
work abroad. As members of the 
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used on arable soils with meth- 
ods of cropping and not under 
the conditions of the dense grass 
sward composed of many species. 
So it was new ground on which 
the younger grassland research 
had to develop new ways from 
very different viewpoints. This 
process had to lead sooner or 
later to a synthesis, to a realiza- 
tion of the basic facts, i.e., to a 
general and a special grassland 
theory. The subject of the first 
would be the rules generally fol- 
lowed by the grass sward under 
the influences of the environ- 
ment, including man and his 
stock. The subject of the latter 
would be the behavior of the 
single plant species in the com- 
munity. Both are necessary not 
only for the biology and the 
technics of treatment of the grass 
sward but for viewpoints on 
economy, harvesting methods, 
and forage value. While the soil 
and its treatment and the treat- 
ment of the single plant species 
(or of most simple, short-lived 
mixtures) are the raw material 
and tools of cropping, the treat- 
ment of a “permanent commu- 
nity” is the scope of grassland 
management and must be largely 
without cultivation. 

Character of the Grassland 

With very few exceptions the 
grassland, like the cropland, is not 
“natural”. It developed only by the 
effects of man and his animals. The 
original vegetation, mostly forest 
but also moor and reed banks, fell 
back against the ax, fire, mowing, 
and grazing. And only regular mow- 
ing and grazing sufficiently used 
will keep the original vegetation 
from coming back (Davies, 1948; 
Klapp, 1954). With decreasing in- 
tensity of utilization, reinvasion by 
the most adapted vegetation will 
take place. Prom the phytosociologi- 
cal viewpoint the agriculturally used 
grass sward is a “replacing commu- 
nity” (Braun-Blanquet, 1951; Ellen- 
berg, 1956). It replaces another com- 
munity which would be present 
without agricultural use of the area. 
Its composition is unstable particu- 
larly in its dependence on the inten- 
sity of utilization. So, the grass 

sward is more closely related to the 
original vegetation than to the crop- 
land (Davies, 1948). It is separated 
from the latter particularly by the 
continuous resting of the soil with 
all the following effects, but also- 
not less important for the manage- 
ment-by the fact of the plant com- 
munity, the species mixture. 

Density 

The more or less complete den- 
sity of the grass sward largely ex- 
cludes danger of erosion. Its effect 
on the soil climate slows down de- 
composition of the organic material 
in spite of the high biological ac- 
tivity (Franz, 1950; Wehsarg, 1935). 
Both make possible a permanent 
friable state with highly valuable 
contributions to soil structure (Mor- 
genweck, 1941/42). 

For a long time the small possi- 
bility of using mechanical cultiva- 
tion on the grassland was called a 
weak point. But as a rule the main 
purpose of tillage, soil loosening, is 
unimportant under a grass sward. 
Here, loosening and building of soil 
structure are better done by the 
plant cover and soil fauna than by 
mechanical treatments. Rep eat e d 
and deep mechanical treatment of 
the grassland soil leads to conditions 
of arable soils, i.e., to increased de- 
composition of the organic material 
and to weakness of the soil structure 
(Klapp, 1942/43; Klitsch, 1932/33; 
Morgenweck, 1941/42; Schi.inemann, 
1933). Likewise the opinion that 
working and mixing fertilizer into 
the soil is necessary to obtain ade- 
quate utilization of the fertilizer 
nutrients must be supposed as dis- 
proved (Klapp, 1944). Even surface 
application of fertilizer nutrients are 
utilized by the grass sward just as 
well or often better than by arable 
crops (Klapp, 1954). Principally the 
nutrient supply of the plant need 
not pass through the soil. The nu- 
trient turnover in a tropical jungle 
takes place to a large extent in the 
succession of leaf-leaf dropping- 
roots-leaf and makes possible a 
luxurious growth even on very poor 
soils. This is true also in the grass 
sward, tihere a sufficient nutrient 
supply may produce high yields 
even without noticeable enrichment 
of the soil. In this respect the large 
concentration of roots in a thin sur- 
face layer plays an important role 
(Klapp, 1958). 

Dr. Ernst Klapp studied Agricultural 
Science at Gottingen and Munchen. After 
his Doctor thesis in 1923 at Munchen and 
especially as Director of the Institut fur 
Acker-und Pflanzenbau, University Jena 
and later of the Institut fur Pflanzenbau, 
University Bonn, he was engaged in the 
development of modern Grassland Science. 
He is still the leading scientist in this field 
in Germany. In addition to other publica- 
tions his books “Wiesen und Weiden” (2nd 
Ed. 1954) and “Lehrbuch des Acker-und 
Pflanzenbaus” (5th Ed. 1958) are well 
known. 

Perennialify 

The perenniality of the grass 
sward by no means implies invaria- 
bility. True survival for decades of 
the same plant on the same place 
occurs relatively seldom. There is a 
constant growing and passing away, 
a change in place especially con- 
spicuous in species with stolons and 
rhizomes. It also occurs in bunch 
types. With self-incompatible species 
(legumes) this change in place sup- 
plants the temporal crop rotation in 
arable fields (Briinner, 1956; Klapp, 
1954). It also makes possible the 
covering of bare spaces after dying- 
off of some or all individuals of one 
species (e.g. short-lived plants) and 
after decreases of some species by 
weather extremes, flooding and 
management mistakes. 

Otherwise the development and 
life of the species, determined in 
the botanical garden or the experi- 
mental field, or in other words in a 
single plant crop, does not prevail 
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in the dense grass sward. Thus, as 
Linkola (1935) has shown, the mini- 
mum juvenile phase alone (until 
the first flowering) is often 3 to 8 
or more years in different species. 
The slow juvenile development of 
grassland plants is very important. 
It may be accelerated very much by 
improving growing conditions. The 
presence of numerous individuals in 
an early vegetative stage represents 
a yield reserve and is likewise a 
base for great possibilities of grass- 
land improvement by fertilization. 

The maintenance of a grassland 
sward through many decades or 
even centuries may be enigmatical 
with the limited perenniality of 
grassland plants, particularly when 
seed production is lacking and re- 
production by stolons or rhizomes 
is unimportant. This may be the 
case for instance with intensively 
used ryegrass (Lolium) pastures and 
lawns. But there are many possi- 
bilities of self rejuvenation. In many 
grasses known as pure bunchgrasses, 
stolons have been observed, also 
tillers pulled off by grazing animals 
or machines may be able to root 
under favorable conditions (De 
Vries, 1943; Weber, 1929). The seed 
source in grassland soils is generally 
large (Champness and Morris, 1948; 
Foerster, 1956). Even though possi- 
bilities of germination may be low 
and mortality of seedlings very high, 
every disturbance of the sward and 
every covering with soil carries op- 
portunities for development. In ad- 
dition the seed source of the grass- 
land soil is supplemented by seeds 
carried in by grazing animals, by 
farmyard manure, wind, floods, and 
so on (Foerster, 1956; Lennartz, 
1957). Where there is neither a seed 
source of long-lived grassland plants 
nor the opportunity to spread seeds 
by animals, we do not find a typical 
grass sward even under suitable en- 
vironmental conditions. In the cool 
temperate regions of Chile where 
originally a native grassland flora 
is lacking, the development of a 
perennial grass sward in our sense 
is possible only after a base of seed 
distribution has been established by 
the introduction of suitable Euro- 
pean forage plants. Only then are 
typical “European” grass swards de- 
veloped (Klapp, 1956). 

On the other hand, long summer 
drought periods in some countries 
prevent the growth of a grassland 

flora typical of cool temperate an original uniform sward bloom- 
regions. The permanent grassland rich meadows, pure green pastures, 
in such cases has quite another char- good and poor stands, swards of 
acter. It is often composed of sum- trample plant communities and bush 
mer or winter annuals which re- communities. This means it is possi- 
produce by seeds. This may require ble to direct the composition of the 
protection from grazing during some grass sward, theoretically and in 
time of the year up to seed shatter- most cases practically too, in any 
ing and is one of the reasons for desired direction. At any rate the 
deferred grazing of such grasslands. presence of a multinumber of dif- 
In some countries a similar system ferent species is the supposition of 
was introduced in the shifting use this plasticity. There are on one side 
of the arable land, e.g. the careful tall grass meadows very poor in 
management of crimson clover, (Tri- species number, on the other side 
folium incarnatum), allowing suffi- intensive pastures with very few 
cient annual seed maturation and species. Both types at least for some 
shattering for reproduction (Klapp, time are less changeable, but they 
1956). With the dominance of peren- are exceptions. As a rule the sward 
nial species similar to long-lived is composed of several or many 
arable crops like alfalfa, the grass species, grasses, legumes and other 
sward requires exploitation for herbs, with different requirements. 
maintenance of growth. Effects are (This division in three parts has 
followed by after-effects. No man- been criticized as unnatural, but it 
agement procedure is without such is justified in the view of grassland 
an after-effect in the regrowth of management. With all the differ- 
the same or the following year. ences within these three groups each 
Light and heavy use, starvation and is rather well characterized by its 
plentiful fertilization are expressed specific behavior under fertiliza- 
for a long time in the behavior of tion and exploitation, by peculiar- 
the grass sward. ities of harvesting and forage value.) 

Plasficify 

The mixture of numerous plant 
species in the grass sward is its 
third and perhaps most substantial 
characteristic. Its advantage is not 
only that of other mixed crops such 
as better exploitation of the soil and 
environmental conditions, more se- 
curity, many-sided forage value and 
so on. But the species association to- 
gether with the perenniality causes 
above all the plasticity of the sward 
(Klapp, 1954). A crop field of pota- 
toes or of wheat keeps its character 
as such with orderly management, 
whether fertilized light or heavy, 
with or without nitrogen and in wet 
or dry years. A pure stand of Italian 
ryegrass (Lolium multiflorum) re- 
mains such, even though grazed, cut 
early for silage, or cut late for hay. 
The grass sward on the other hand 
changes its composition at least in 
relation to the quantity of the 
species, with every change in fertil- 
ization, in kind of utilization, with 
fluctuation of the ground water level 
and annual weather conditions. This 
plasticity of the sward, its tendency 
to develop an equilibrium with the 
environment, is the most important 
fundamental of all grassland man- 
agement. Depending on the treat- 
ment, it is possible to develop from 

First, the plasticity of the grass 
sward is surprising. We would as- 
sume that species in the same loca- 
tion would generally have the same 
growth requirements. But there are 
no two species which finally cor- 
respond in their requirements; they 
are only similar. The similarity of 
the requirements, too, is valid only 
for a specific combination of the 
environmental factors. When this is 
changed the species equilibrium of 
the plant community will be shifted 
together with the effect of the en- 
vironmental factors. There is no soil 
change, no kind of fertilization and 
exploitation, no change of annual 
weather conditions or of water sup- 
ply, which will affect all species of 
the grass sward in the same way. 
Promotion of one species means re- 
tardation of others. Generally these 
relationships become more pro- 
nounced with the increasing inten- 
sity of management. The community 
becomes poorer in species composi- 
tion the more effective and one- 
sided the treatment, e.g. heavy ni- 
trogen application or controlled 
grazing with high pressure. 

Density, perenniality and plasticity 
are those characteristics of the grass 
sward which prohibit the use of 
many, even most practices used on 
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arable crops. As the fundamentals 
of grassland management these 
characteristics ask for the develop- 
ment of a general and specific grass- 
land theory, a theory less about the 
individuality of the single species 
but much more about the behavior 
of a plant community. 

Species-Specific Behavior 
of Grassland Plants 

In order to learn accurately the 
behavior of the single species, which 
is very important for the change of 
the grass sward, it would be neoes- 
sary strictly speaking to study it in 
the formation of the grass sward 
(Caputa, 1948; Ellenberg, 1956; 
Knapp, 1955; Remy and Vasters, 
1931; Vohl, 1935). At first, we should 
study the behavior of the species in 
mixed stands of uniform composition 
under the effect of different factors 
and different habitats. But it is very 
difficult to make experiments of that 
kind. Every specialist knows how 
difficult it is even to develop new 
seedings to homogeneous stands. Ex- 
periments with mixtures even of few 
species and only a few problems 
necessitate an unusual expenditure 
of work for the botanical analysis. 

The solution of the simple prob- 
lem, how does speices A behave in a 
five-species mixture, under cutting, 
under grazing and under cutting and 
grazing combined with different fer- 
tilization, keeps one person busy 
during several vegetation periods. 
The countless possibilities of sites 
and species composition do not allow 
thorough studies even of the most 
important problems. It is typical that 
the testing of the forage plant 
varieties generally even today re- 
nounce the testing of pasture plants 
under grazing in mixtures. 

Field experiments may include the 
whole range of species combinations 
and environmental conditions. But 
rarely are two cases strictly com- 
parable in all qualities outside the 
factor to be tested. Yet we owe to 
plant ecology and phytosociology as 
the inductive methods, many im- 
portant viewpoints in the behavior 
of species (Ellenberg, 1952; 1956; 
Klapp, .1949; Schmithi_isen, 1942; 
Tiixen, 1939). 

In addition we turn to the study 
of single species in pure cultures or 
even in single plantings to observe 
fundamental tendencies in their be- 
havior. One must be aware of the 
sources of error in such tests. One 
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should do the simple experiment of 
giving different grasses increasing 
amounts of nitrogen in pure stands 
on the one hand and in mixtures on 
the other. In the first case all species 
will show a very similar percentage 
growth increase; in the second, some 
species will be especially promoted, 
others nearly suppressed. The dif- 
ferent behavior of the species in 
pure stands may be explained by the 
lack of competition or perhaps by 
the lack of protection given by the 
dense sward. Furthermore, it may 
be recalled that the development 
and life duration of the species in a 
dense sward differs widely from a 
field experiment (Linkola, 1935). 
Tillering, creeping and heading show 
a different picture in the field ex- 
periment than in the grass sward. 
Also in many cases the species in 
the sward suffer less from extremes 
of utilization and weather than in 
pure field stands or single plantings. 

Life Duration 
Summer and winter annuals are 

undesirable especially in meadows 
because most of them produce ripe 
seed before or during the time of 
hay curing. Then their forage value 
is reduced to that of straw and they 
may moreover behave like weeds. 
But they are by no means always 
worthless. They colonize at least 
temporarily the open spaces caused 
by frost, water and overuse. Annual 
bluegrass (Pea annua) in pastures, 
racemose chess (Bromus racemosus) 
and even soft chess (Bromus mollis) 
are examples. A large occurrence of 
short-lived species is mostly caused 
by an insufficient density of the 
sward in our climate. 

Long-lived species support the 
continuity of the grassland produc- 
tivity. The consideration necessary 
for the maintenance of the vitality 
mentioned before applies fully to 
them. 

Storage and Exhaustion 
The precondition for maintenance 

of vitality-the ability of regrowth- 
from one year to another, even from 
one time of utilization to another- 
is the accumulation of reserve stor- 
age material (Klapp, 1941/42; 1958; 
Klapp and Schulze, 1957; Smelow, 
1937). In this respect the species 
show large differences in the start 
and the time needed for storage. 
Moor grass (Molinia caerulea) must 
have undisturbed assimilation and 
storage up to late fall if development 

the following year is to be normal. 
The application of two cuts is the 
main reason that this once widely 
distributed grass has practically dis- 
appeared from better meadows. Con- 
versely it forms vigorous stands in 
the litter-meadows of the alps fore- 
lands, if cut only once during straw 
ripening in September-October. 

On the contrary, perennial rye- 
grass (Lolium perenne) stores ade- 
quate food reserves even under very 
frequent grazing and an intensive 
system of lawn cutting. Flowering 
and seed ripening with infrequent 
utilization are important for survi- 
val of moor grass but are rather 
detrimental for the longevity of 
perennial ryegrass. 

Most other grassland plants are 
between these two extremes. After 
effects of frequent cutting systems 
for two years in an experiment with 
large pots are shown in Table 1 
(Klapp, 1941/42; Klapp and Schulze, 
1957). 

White clover cut each time in the 
“ready-for-grazing stage” withstood 
best multiple exploitation. Birdsfoot 
trefoil was eliminated under the 
same system. The rank of the grasses 
corresponds about to the resistance 
against grazing and cutting observed 
in practice. 

The causes of the differences in 
sensitivity to frequency of utilization 
of grassland plants are not com- 
pletely known. The different growth 
habits, especially spatial distribution 
of assimilation organs, are a useful 
work hypothesis (Klapp, 1941/42; 
1958). Vigorously tillering grasses 
always keep a considerable leaf area 
for assimilation even under frequent 
utilization. In comparison grasses 
with few basal leaves or leaves on 
long culm-tillers (tall grasses, e.g., 
reed canary grass, tall oat grass) 
lose almost their whole leaf area 
with every cut. Grasses of the first 
kind are able to store almost with- 
out interruption. Those of the second 
kind need long rest periods as in a 
two- to three-cut system to store 
sufficiently. 

White clover is especially favored 
because its stolons are also able to 
assimilate and are practically never 
removed by utilization. On the con- 
trary all climbing legumes such as 
vetches (Vi&a, Lathyrus) leave only 
remnants of the culms and are 
especially sensitive to exploitation. 
Comparable differences are found 



GRASSLAND THEORY 313 

Table 1. Relative yields with 6 fo 13 cuts over two years.1 ___~ 
Species Leaves Stubble __- 
White clover, 
(Trifolium repens) 51.9 72.2 
Red fescue, 
(Festuca rub-a) 24.8 51.2 
Perennial ryegrass, 
(L&urn perenne) 22.5 26.7 
Kentucky bluegrass, 
(Poa pratensis) 34.8 17.7 
Reed canary grass, 
(Phalaris arundinacea) 19.4 7.2 
Tall oat grass, 
(Arrhenatherum elatius) 9.2 4.9 
Birdsfoot trefoil, 
(Lotus corniculatus) annihilated 
1 Yield from system with infrequent 2 to 4 cuts=lOO. 

Roots 

27.7 

31.8 

24.9 

14.9 

10.4 

3.6 

among the majority of the other 
herbs. High bush-like forms are sen- 
sitive while rosette forms are re- 
sistant to utilization. Rosette leaves, 
being close to the soil surface, escape 
the scythe or the bite of the grazing 
animal. 

It is evident in Table 1 that fre- 
quent utilization reduces the amount 
of underground organs more than 
the production of leaves. This is also 
the rule and the source of important 
peculiarities of heavy used grass 
swards. Rhizomes behave similarly. 
Although they have to be considered 
in many cases as storage organs they 
are not important for the resistance 
of the species against utilization. 
Grasses with such huge rhizomes as 
reed (Phragmites) and reed canary 
grass are very sensitive to grazing. 
Wehsarg (1935) gives obvious ex- 
planations for the inferiority of 
species with deep growing rhizomes 
in the grassland. Kentucky bluegrass 
and red fescue are no exceptions. 
Their rhizomes are very shallow. 
Both species prefer loose soils and 
on heavy soils are inferior to non- 
creeping perennial ryegrass under 
continuous trampling. 

One example, calculated from 
more than 2000 vegetation studies, 
may give a picture of the behavior 
of some species under different sys- 
tems of utilization in the field as 
shown in Table 2 (Klapp, 1954). 

Meadow foxtail, vetchling and 
hawk’s_beard are meadow plants 
very sensitive to grazing. Perennial 
ryegrass and plantain are highly 
resistant and yarrow seems to be 
indifferent. 

Duration of the productive growth 
period is of some importance. Peren- 

Table 2. Behavior of species in 
permanent pasture undea differ- 
eni systems of ufilizafion: occur- 
rence in meadows equals 100. 

Species 

Tall oat grass 
Meadow foxtail 

Steadi- 
ness Amt. 

20 5 

(Alopecurus pratensis) 39 37 
Kentucky bluegrass 122 268 
Perennial ryegrass 291 2440 
Yellow vetchling 
(Lathyrus pratensis) 22 3 

White clover 119 540 
Biennial hawk’s_beard 
(Crepis biennis) 10 2 
Common yarrow 
( AchiZZea millefolium) 96 92 
Common plantain 
(Plantago major) 1200 2300 

nial ryegrass and rough-stalked 
meadow grass (Poa trivialis) have 
the ability to produce new tillers 
in the fall and thus provide abun- 
dant fall grazing especially in the 
zone of ocean climate. Kentucky 
bluegrass and red fescue on the 
other hand cease growth relatively 
early especially at some distance 
from the ocean. Among the hay 
grasses, those species equipped for 
repeated tiller elongation during the 
year are of special importance for 
regrowth. Finally in the sea climate 
area the presence of winter-green 
species is of advantage not only for 
spring growth of pasture but also 
for the possibility of winter grazing 
-the English “Foggage System” 
(Davies, 1948a; Hughes, 1953) . 

For the numerous other char- 
acteristics of grassland species only 
the principal differences of nutrient 

uptake and accordingly of nutrient 
content may be emphasized here. 
Grasses are relatively poor in pro- 
tein and minerals except for potas- 
sium but high in crude fiber as 
compared to legumes which have 
double the amount of protein, cal- 
cium, and magnesium in comparable 
stages of development. Other herbs 
in total show the highest mineral 
contents and are always richer in 
protein than the grasses and have 
high contents of trace elements 
(Ahrens, 1957; Bender, 1940; Klapp, 
1954). Even with this rough evalua- 
tion the considerable differences 
within groups of species can not be 
overlooked. 

Nutrient content does not mean 
the same as palatability and it may 
not be especially wholesome. Some 
known or suspected poisonous plants 
are marked by high nutrient con- 
tent. The preference of animals for 
the different species is not certain 
in-so-far as they are actually eaten 
as forage. Regardless, the palata- 
bility differences of grazed and 
avoided plants are of principal im- 
portance for pasture and range man- 
agement. To be avoided by the graz- 
ing animal is synonymous with be- 
ing saved. Thorny, prickly, sharp- 
edged, pungent and therefore avoided 
species force the grassland farmer to 
many tricks to create and keep an 
even and high-grade grass sward. 

The Species Association and 
Shifts of Its Balance; 

Selective Ef f ecfs 
Let us return from the behavior 

of the single species to the species 
association of the grass sward. It is 
not always an association unit in the 
sense of phytosociology and still less 
often an “association individual” 
( Braun-Blanquet, 195 1; Ellenberg, 
1956; Klapp, 1949). Younger seedings 
have not yet reached the stage of 
equilibrium with their environment. 
They contain many accidental com- 
ponents. Stands supposed to be simi- 
lar are those which have been badly 
injured or whose environment has 
been substantially changed, for in- 
stance by water regulation. But also 
in older stands, well characterized 
association individuals are almost 
exceptions. Transitions and mixtures 
are the rule. This corresponds to the 
many-sided character and the often 
rapid spatial change of environ- 
mental conditions. A variety of 
species combinations from the sea 
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coast to the mountains is hidden by 
temporary green color, their only 
common character. Often in a few 
meters distance the extremes will 
have not even one species in com- 
mon. 

Given a certain constant manage- 
ment, the mosaic of species com- 
binations in a single case is never- 
theless in a certain balance with 
environment. But this balance is un- 
stable, at least for the proportions 
of the associated species. This limi- 
tation on proportion is important 
since quantitative changes do not 
qualitatively impair the character- 
istic species combination of a special 
location. This means, even economi- 
cally, that considerable changes in 
the mass proportions leave the 
orginal plant community recogniz- 
able for the phytosociologist. Prin- 
cipal changes of the environment, 
e.g., lowering of the ground water 
table or uncommon changes in the 
management, e.g. multiple utiliza- 
tion with high fertilization, are 
necessary to eliminate the last char- 
acteristics of the original plant com- 
munity. 

Smaller differences which scarcely 
influence the species combination 
occur with extreme annual weather 
conditions (De Vries, 1940, 1942). A 
dry summer followed by a cold 
winter favors species with inclina- 
tion to continental conditions and 
pushes back species of the more 
maritime region. This is especially 
evident with perennial ryegrass 
after winter damage. Even the lay- 
man will recognize the annual fluc- 
tuation in the proportion of the 
conspicuously flowering common 
buttercup (Ranunculus acer) and 
ragged-Robin (Lynchnis jlos cuculi) 
in the changing color mosaic of a 
meadow. Moist years followed by 
mild winters and wet, cold springs 
bring these and other moisture pre- 
ferring species to visible predomi- 
nance. 

Temporary high ground water 
tables, floodings, and particularly 
standing water have conspicuous 
effects-sometimes for many years 
-on the mass proportion of species 
(Krause, 1953; Schwarz, 1933; Steb- 
ler and SchrSder, 1887 a). The 
effects of environmental factors 
upon a population in the sense of 
plant breeding, i.e. selection (Klapp, 
1954), are obvious when there is a 
great depression or even a temporary 
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loss of some species, an increase or 
invasion of others. The plasticity of 
the grass sward is based only to a 
small extent upon wide “ecological 
adaptability” of the single species, 
but to a larger extent upon the 
selective effects of the environ- 
mental influence. The more effective 
the selective factor the farther the 
selection encroaches from quantita- 
tive to qualitative changes in the 
grass sward, from changes in the 
mass proportion to those of species 
combination. 

The most effective selection comes 
from man and his stock. Its direction 
and control are the cardinal points 
of grassland management (v. Both- 
mer, 1953; Fenton, 1951/52; Jones 
and Jones, 1930; Klapp, 1954; Kane- 
kamp and Kiinig, 1929). 

Ferfilizaaion 

The selective effects of grassland 
fertilization, particularly meadow 
fertilization, are the most simple 
and today the best known (Klapp, 
1931; 1954; Konig, 1950; Stebler and 
Schriiter, 1887 c). The species of a 
grassland plant community which 
are in equilibrium with their en- 
vironment seem to have similar re- 
quirements. It would be better to 
say that the species of the grass 
sward are satisfied with similar re- 
quirements in their balanced en- 
vironment under conditions of mu- 
tual competition. These environ- 
mental conditions may moreover be 
below the physiological optimum of 
the species. (More information about 
the differences of the physiological 
optimum in pure stands and the 
ecological behavior in the plant com- 
munity is given by Ellenberg 
(1956)). 

Species with high fertility re- 
quirements often are found in un- 
fertilized meadows. Their fertilizer 
requirement for high production is 
not met and their growth is poor, 
the more so since they have to 
compete with less ambitious species 
above and below the soil surface. 
Otherwise these are able to grow 
well not only on account of their 
excellent ability to utilize the soil 
nutrients, but also because the com- 
petition pressure of ambitious species 
is low. 

But there is no kind of fertilizer 
with single nutrients or nutrient 
combinations equally useful for all 
species of the plant community. Each 
species is an individual in respect to 

nutrient requirement, adaptability 
and utilization. Application of fertil- 
izer to a previously unfertilized 
meadow will break up the existing 
balance in the grass sward for the 
benefit of species “ambitious” for 
fertilizer. This “gratitude for fertil- 
izer” consists not only in a particu- 
larly high fertilizer requirement but 
often also in the ability to take up 
more easily the nutrients lacking in 
the applied fertilizer. 

Meadow fertilization with potas- 
sium and phosphate favors particu- 
larly the legumes, because this group 
is not able to take up enough of 
these nutrients in poor soils or under 
strong competition. Otherwise they 
are better able to collect the nitro- 
gen “lacking” in the potassium- 
phosphate fertilizer the more abun- 
dant the supply with P205 and KsO. 
If some species of the parsley family 
(Umbellijerae) overgrow all others 
with strong one-sided application of 
nitrogen and potassium in liquid 
manure, it is obvious that they are 
able to take up the soil phosphate 
better than other species. 

Every time any kind of fertiliza- 
tion favors some single species or 
species groups whose competing 
ability is increased, other species or 
species groups are depressed. It is 
a question of the intensity and dura- 
tion of the fertilizer effect. In the 
extreme it may come to the develop- 
ment of swards with very few 
species because every fertilization 
diminishes the number of species. 

The depression of species by fer- 
tilization does not need to be ac- 
tually harmful. Physiological dam- 
age by fertilization occurs very sel- 
dom, disregarding mistakes of ap- 
plication, e.g. by a heavy shift in the 
reaction of soils poor in bases fol- 
lowing heavy fertilization over many 
years with acid fertilizers. As a 
rule the receding species are only 
indirectly affected, i.e. ecologically 
by the increased competition for 
light and nutrients. Nitrogen appli- 
cation is not generally detrimental 
to the legumes. This is known from 
crop farming. Here, in pure cultures 
with competition eliminated, peas, 
beans, and even clover species well 
repay a nitrogen fertilization. If 
there is competition in a crop field, 
for instance in a grass-clover mix- 
ture, heavy nitrogen rates are un- 
favorable to the clover because of 
increased competition from the 
grasses. 



Consequently fertilization as a 
selection factor has a partly positive 
and a partly negative effect upon 
the members of a plant community 
without direct physiological damage 
to the decreasing species. This fact 
opens some possibilities of changing 
species composition, for instance the 
proportion of clover and grass. 
Otherwise we may conclude that 
undesirable changes of the balance 
can be prevented or restricted by 
counteracting the vigor of competi- 
tion by grazing or cutting of the 
species favored by fertilization. 

The example of fertilization shows 
an effect of fertilizers not applicable 
to pure cultures of the crop field. 
Fertilization of pure stands influ- 
ences directly the yield and the 
composition of the plant. In a plant 
community a third indirect effect is 
added, i.e. the alteration of the 
chemical composition of grassland 
yield with the alteration of the pro- 
portion of the species. The content 
of protein and minerals in the crop 
rises more with the increase of the 
clover proportion than by the direct 
increase of the content in the single 
species (Klapp, 1954). 

Selective Effects of Utilization 
The selective effects of utilization 

are less universally known than 
those of fertilization, although they 
are more effective and more im- 
portant economically. It may be 
recalled that meadows and pastures 
owe their origin only to selection by 
scythe and grazing during which 
predominantly woody plants are the 
victims. (The presence of dwarf 
shrub heaths seems to point to the 
contrary). 

The bases of selection by the kind 
of utilization are the species differ- 
ences in rhythm of storage and ex- 
haustion of reserve material, of de- 
foliation and regeneration. Certainly 
the assumption of the selective in- 
fluence on a species is that it is 
actually affected by the utilization. 
The difference between the effects 
of mowing and grazing becomes 
immediately clear with the compari- 
son of a two-cut meadow and a pas- 
ture at the same location. The mead- 
ow has more species, more high 
bushes and is poorer in low growing 
grasses and legumes, its sward is 
less dense than that of a pasture. 

Mowing Effects 
Cutting a meadow twice allows 

undisturbed growth during two 
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and more months between cuts and 
favors species with very different 
kinds of development. Mostly these 
are the undesirable early-flowering 
species, chiefly annuals and bien- 
nials, dependent on seed propagation. 
But predominantly those species 
which are able to store sufficient 
reserve material for regrowth or 
overwintering derive benefit from 
the two-cut system. This is true for 
tall grasses like tall oat grass and 
meadow foxtail, for all climbing or 
tall growing legumes, as well for 
numerous large bushes of the Com- 
positae, Umbelliferae and Rosaceae. 

Some short grasses, particularly 
perennial ryegrass, the low grow- 
ing white clover, and many other 
low growing species are handi- 
capped. Therefore the sward of a 
vigorous two-cut meadow is mostly 
very scattered and offers good possi- 
bilities for seedling establishment. 
In total, the picture of a blossom- 
rich average meadow is a true ex- 
pression of selection by a two-cut 
system, i.e., a mild kind of utiliza- 
tion. 

In view of the decisive importance 
of uninterrupted storage of reserve 
material it seems that a one-cut 
system would be particularly ad- 
vantageous for the desirable mead- 
ow plants. But this is not the case. 
One late cut favors quite another 
category of meadow plants than a 
two-cut s y s t em , namely species 
which need a particularly long time 
for reserve storage or seed ripening. 
These species, with very few excep- 
tions, are without forage value. This 
may be generally on account of their 
late harvest. Some of them are es- 
pecially valuable as litter, particu- 
larly moor grass. This grass reaches 
almost a man’s height without fer- 
tilization and with late cuts; to- 
gether with other similar reacting 
species, it produces remarkable 
yields and displaces the typical two- 
cut plants. (For details of the selec- 
tion by late cuts of the litter mead- 
ows refer to Stebler and Volkart, 
1898). 

The selection runs still differently 
with an increase in number of cuts. 
This is frequently recommended for 
improvement in forage value, but 
as a rule has been without convinc- 
ing demonstration. A large number 
of the best forage plants common in 
two-cut meadows is repressed or 
even displaced under a regular 
three-cut system. This is true of tall 
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oat grass and other tall grasses as 
well as the climbing legumes. Their 
place is occupied not only by short 
grasses but also by light-wanting 
and cut-resistant herbs, particularly 
those with rosette growth. The 
length of the rest periods between 
cuts is insufficient under average 
conditions for storage of reserve 
material by the typical two-cut 
plants. the result is mostly a lasting 
depression in yield (Schulze, 1954). 

The moisture-preferring grasses 
of the stream valleys forming ex- 
tremely vigorous stands, call for the 
three-cut not only because of the 
forage value but also because of 
their resistance to it. This is true 
for reed canary grass and showy 
manna-grass (Glyceria mazimu). 
Their quick growth greatly restricts 
competition of other species. 

As a rule the locally used cutting 
system is based on experience. Gen- 
erally it may not be wise to recom- 
mend a change, especially to increase 
the cutting sequence, except for a 
substantial increase of vigor (better 
supply of water and nutrients). In 
such case the effects described above 
for the three-cut may occur only 
with a four-cut system. Even then 
selective effects of many cuts, but a 
large reduction in yield, can not be 
avoided with optimum fertilization. 
The relatively frequent cut green- 
feeding meadows of the high rain- 
fall areas are usually very poor in 
grasses and dominated by tall herbs. 
The productivity of these meadows 
is maintained by high applications 
of liquid and semi-liquid manure. 
The attempt to exercise a frequent 
cut system without sufficient sup- 
plies of water and nutrients will 
lead without exception to the dis- 
appearance of the best forage plants. 

It might appear surprising that 
maintenance of dense lawns pre- 
ponderantly composed of grasses is 
possible in spite of quick succeeding 
cuts or even that grasses may grow 
here which otherwise would be de- 
stroyed by three to five cuttings. To 
understand this, let us compare the 
condition of the sward of tall grown 
grasses with that of a lawn after 
cutting. In the first case, there re- 
mains only pale stubble without 
leaves or ability to assimilate. There- 
fore the plants must develop new 
functioning leaf blades. In the lawn 
the stubble is normally green and 
ready to assimilate immediately. The 
lawn is so short that enough light 
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always reaches the lowest leaves 
and culm portions for chlorophyll 
production. Here one important fac- 
tor of the competition, shading, is 
eliminated. The very intensive tiller- 
ing facilitates, so to speak, the 
“adaptability” of the growth form 
to the close cut, by which a large 
portion of the assimilating leaf area 
escapes. The development of leaves 
close to the ground is further fa- 
vored by rolling after every cut. 

But if regular water and nutrient 
supply (at least by a fertile soil) 
are lacking, the lawn effect fails to 
develop and a special and heavy 
selection starts. Plants are selected 
which are only incompletely cut or 
which in spite of the frequent cuts, 
are able to set seed, common and 
hoary plantain, common dandelion 
(Taraxacum officinale), English 
daisy (Bellis perennis) and others. 
So, even in the classical lawn coun- 
try, England, we often find a plan- 
tain pavement instead of a lawn. 

The selection effects of various 
cutting frequencies on the aerial 
plant parts show a parallel in the 
subterranean plant development 
(Klapp, 1958; Troughton, 1957). 
With few exceptions there are in- 
teractions between plant height and 
root depth, between the total aerial 
production and the amount of roots. 
The tall grasses sensitive to frequent 
cutting, root deeper than the less 
sensitive short grasses. The gradua- 
tion of the root depth becomes 
shallower when the tall grasses are 
displaced by frequent cutting. The 
analogy is also true for less deeply 
rooted and more cut-resistant spe- 
cies. With increasing cutting fre- 
quency the concentration of the root 
mass close to the soil surface be- 
comes more and more pronounced 
and is accompanied by a reduction 
in root weight. In park and sport- 
field lawns kept short, only a very 
shallow soil layer is rooted through. 
Deep rooting is not at all important 
for a grass sward with sufficient 
water and nutrient supply. The ease 
of transplanting thin pieces of a turf 
without great interruption of the 
growth is proof of that. In this way 
some good pasture sward with a 
minimum of soil was transported 
over hundreds of miles for the es- 
tablishment of sport lawns. The most 
important selection factor in mowed 
swards is the frequency of cutting 
combined with the time of cutting. 
Both are effective through the spe- 
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cific time requirement for reserve 
storage of each species. Mowing 
meets all plants at the same time 
and leaves a stubble poor in chloro- 
phyll and not able to assimilate. This 
is the most substantial difference be- 
tween pasture use and cutting. It is 
not the contrast between the cut 
and the bite of the grazing animal 
that earlier was thought to be de- 
cisive. Frequent cutting in a park 
lawn may have effects similar to 
intensive grazing so far as a suf- 
ficient assimilating leaf area being 
left is concerned. 

Behavior of the Grass Sward 
Under Grazing 

This is closely correlated with the 
behavior of the grazing animal 
(Klapp, 1954; Voisin, 1953; 1957; 
Wehsarg 1935). Grassland research 
and no less the breeding and testing 
of pasture plants should not over- 
look this fact. In utilization by graz- 
ing the storage requirement of the 
plant is affected both by the taste, 
and by the kind of bite and tram- 
pling of the grazing animals. The 
requirements of the plant do by no 
means coincide with those of the un- 
controlled animal. That alone makes 
understandable the particularly 
heavy selection of the grazing ani- 
mal. The greatly different effects of 
the animal on plant species and the 
local variation of floristic compo- 
sition and productivity of the grass 
sward give great variability to the 
total grazing effect. But some basic 
facts are always maintained. Simply 
stated the grazing animal eats what 
it likes and disdains what it does not 
like. That means protection and 
strengthening for the disdained 
plant insofar as it is not hurt by 
trampling. 

What does the grazing animal 
like? This question is not less dif- 
ficult to answer than is the question 
of the taste of men. Attempts have 
been made to answer it by grazing 
experiments on fields with pure 
stands of various grasses and other 
forage plants. The results correspond 
very little to the behavior of the 
animals on common pastures and 
are partly misleading. In such ex- 
periments the time that grazing be- 
gins decides the “palatability range” 
of the tested species and varieties. 
The first quick growth is always 
preferred. Early growing and there- 
fore important species are disdained 
by a late start of grazing and so on. 

Otherwise under common pasture 
conditions less palatable species are 
grazed too, if they grow in a mix- 
ture, for instance, with white clover. 
Relatively few species are willingly 
grazed or otherwise disdained under 
all conditions. The rank of palata- 
bility of the species will change with 
the season, the time of day weather 
conditions, the accompanying flora, 
the water and nutrient conditions of 
the soil. Breed and individuality of 
the grazing animal may cause prin- 
cipal differences of their taste. Age, 
level of fill, conditions of the ani- 
mals, and other things affect it fur- 
ther. Animals observe an individual- 
ly differing menu, if various crops 
are accessible, indicating that the 
palatability of plants is not certain. 
British experiments (Ivins, 1952; 
Jones, 1952; Milton, 1953; Reid, 1951) 
are particularly informative. The 
results of retort and microscop, e.g., 
anatomical-morphological char- 
acters, give only little evidence in 
this respect for the evaluation of 
varieties. Only long-term observa- 
tions of a large number of animals 
under changing conditions give reli- 
able results (Bohne, 1955). 

We will discuss only briefly the 
grazing effect of the single animal 
species by their bite and trampling 
and by the kind and deposition of 
their e x cr e t a (Johnston-Wallace, 
1950; Klapp, 1954; Wehsarg, 1935). 
Grazing by cattle, avoiding serious 
mistakes, easily develops and main- 
tains satisfactory pasture swards. 
The grazing hog may develop very 
good pasture swards, if it is curled 
or otherwise prevented from root- 
ing. Horses, sheep, and geese are 
particularly detrimental as the only 
animals on permanent pastures. If 
they graze as a minority together 
with cattle the total effect may be 
favorable. 

With uncontrolled grazing the 
preference of palatable plants leads 
to their overuse so far as an equilib- 
rium is lacking between forage pro- 
duction and forage needs of the 
grazing animals. Good growing con- 
ditions and a low stocking rate allow 
sufficient possibilities to store re- 
serve material even for the pre- 
ferred species. But with low pro- 
ductivity and heavy stocking the 
preferred species are grazed so often 
and so heavily that the storage of 
reserves is insufficient and their 
vitality is weakened to the death of 
the plants. 



Very ample forage growth of a 
pasture is by no means favorable 
for the maintenance of a good and 
even sward with uncontrolled graz- 
ing. The pasture is not equally 
grazed and a part of the forage be- 
comes superseded particularly in 
places by rank growth. These are 
the starting points of “weedyness” 
with disdained species. The animals 
have enough forage, space and pos- 
sibilities to move around to keep off 
the places of the ample growth. The 
same is true for any plant growing 
outside the dung places; it may 
be poisonous, thorny, woody or 
heavy smelling. Thistles in our area, 
thornbushes in other countries are 
the sign of underuse. 

As mentioned before, low forage 
productivity of the pastures or con- 
tinuous over stocking leads in the 
long run to exhaustion and disap- 
pearance of the preferred species. 
Those species which are never 
touched are spared, e.g. dwarf 
shrubs, juniper and such plants not 
reached by the bite of the grazing 
animal, and those, such as rosette 
plants which are resistant against 
trampling (v. Bothmer, 1953). But 
finally these plants do not persist, 
bare soil increases and the overuse 
becomes a dangerous cause of ero- 
sion. 

There are no sharp boundaries be- 
tween under- and overuse. Both 
may be observed side by side. So 
we find large patches of spared 
weeds mostly on horse pastures 
(since there is no force to search 
all over and trample them down), 
but beside them always preferred 
and overgrazed places. 

At the extreme, both forms of 
grazing mistakes may be easily re- 
cognized; the thistle hordes of un- 
dergrazed fattening pastures on the 
one hand; juniper, heaths and mat- 
grass (Nardus stricta) ranges on the 
other hand. 

But the great possibilities of com- 
binations of sites, flora, kinds of 
grazing animals and grazing systems 
correspond to a similar large range 
of selection effects. In some over- 
seas countries cattle grazing leads 
to an unrestrained increase of black- 
berry (Rubus fruticosus) bush es , 
but goat grazing to their disappear- 
ance (Klapp, 1956). 

The basic principle remains al- 
ways the same; weakening or at 
best maintenance of the palatable 
plants and sparing, i.e. strengthen- 
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ing of the disdained and ungrazed 
plants. 

This process is so enduring that 
it determines the physiognomy of 
the landscape and may remodel it 
by a change of the animal hus- 
bandry. Today’s appearance of the 
Scottish highlands (Fenton, 1951/52) 
but also of many high mountain 
pastures (Kerner, 1941) reflects the 
qualitative and quantitative changes 
in the animal husbandry of the 19th 
and 20th centuries. 

Whatever the grazing animal dis- 
dains becomes a weed for the grass- 
land farmer or rancher. Woody 
plants of various kinds from juniper 
to broom, hard grasses, thistles and 
restharrow, rough bushes and poi- 
sonous plants even supersede forage 
plants of the dung patches. Their 
detrimental effect becomes of indi- 
rect and particular importance by 
the shelter offered to various insect 
pests and parasites. The decisive 
importance of bad pasture manage- 
ment for the origin of pest calamities 
was recently impressively shown 
(Richter, 1952; 1955). Rosette plants 
which escape the bite become weeds 
too. Otherwise the grazing animal 
cleans up the grass sward of numer- 
ous species which are weeds under 
meadow use. But the grazing ani- 
mal makes some meadow weeds into 
valuable pasture plants, because it 
likes them and eventually their dis- 
advantages for hay curing become 
meaningless on the pasture. For- 
tunately the scythe and the cutter 
bar select differently or even op- 
posite from bite and trampling. Only 
many cuts and overgrazing approach 
one another in the selective effect 
by promoting plants close to the 
ground, which escape both cut and 
bite. 

Defects in Soil Structure 

Finally disadvantageous effects in 
selection start from defects in soil 
structure. These may originate in 
the natural soil and water condi- 
tions, in weather extremes or in 
management mistakes. A conspicu- 
ous example is the invasion by 
rushes (Juncus sp.) on hard pan 
soils (Gaedeke, 1941; Reincke, 1933). 
It may be originated by the natural 
tendency of a soil for compactness 
(pseudo-gley, very decomposed bog 
soil). But here and on soils without 
the tendency to compaction it is 
usually the consequence of rolling, 
grazing and driving over at the 
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wrong time. Rushes grow much 
better with reduced air and in- 
creased water content of the soil 
than the desirable forage plants. 
Trying to loosen compact grassland 
soils with cutting or ripping equip- 
ments will produce only an increase 
of annual weeds (Klapp, 1932) be- 
side a direct damage of the sward 
as a rule. Like the effect of a hoe 
in grass seed production fields 
grown together, rending of the grass 
sward leads to heavier flowering and 
seed set only of the grasses. Addi- 
tionally there is made a seedbed for 
seeds of all kind. The loosening of 
too compact grassland soils needs 
methods suited to the grassland. 

Excessive looseness and aeration 
are found predominantly on soils 
rich in humus, mostly less decom- 
posed bogs. Generally the soil of a 
hay meadow is more loose than the 
soil of a heavily-used pasture. Apart 
from the natural tendency of some 
soils to self-loosening, heavy frosts 
may cause undesirable loosening. 
The unusual enlargement of soil 
porosity, i.e. essentially of the over- 
capillary pores, involves more aera- 
tion and even heavier nitrification 
in humus soils. The result is a quick 
spread of plants which prefer a loose 
soil (also in respect to an uninter- 
rupted rhizome development) or are 
favored by abundant nitrogen; sting- 
ing nettles (Urtica dioica), meadow 
bedstraw (G&urn mollugo), Um- 
belliferae, also yarrow and meadow 
knotweed (Polygonurn bistorta) . On 
large areas, particularly well drained 
bogs, these weeds of the loose soil 
are a serious danger for new seed- 
ings on a plowed old sward. So 
again compaction and loosening pro- 
duce specific selection effects. We 
should use them diagnostically and 
learn the possible counter-effects. 

New Seedings 
Changes of the greatest degree ac- 

company any new seeding left to 
itself (Klapp, 1954; Stapledon and 
Davies, 1928). They compare with 
the quick change in clear-cut for- 
ests left to natural succession. In 
both cases the removal of the old 
plant cover causes increased decom- 
position of the soil. In plowed grass- 
land soil loosening is even more ef- 
fective. The more rapidly growing 
species there are in the seed mix- 
ture the more the developing stand 
resembles a pioneer vegetation. At 
first the quick-growing species dom- 
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inate the field. They occupy the air 
and root space to the disadvantage 
of the slow and short growing 
species. If there are shortlived 
species like red clover (Trifolium 
pratense) or Italian ryegrass in the 
mixture their disappearance in the 
second winter leaves large bare 
spaces. Native species, both valuable 
and worthless, invade. The break- 
down of the pioneer stage is de- 
layed with longer-lived species. Yet 
the greater use, particularly of pe- 
rennial ryegrass, often results in a 
disastrous formation of blanks and 
weedyness on unsuitable locations. 
One unusually hard winter will 
cause such changes in perennial rye- 
grass. But even a well-adapted mix- 
ture according to existing opinion, 
is not exempt from large changes, 
the development of blanks, and the 
invasion by native flora. The sever- 
ity of competition may be recog- 
nized from the fact that often only 
five to ten percent of the plants 
present the first year are found in 
the third or fourth year after seeding 
(Volkart, 1933). All the rest suc- 
cumb to competition. This fate hits 
even robust species, which at first 
might have competed well. At first 
this is surprising but we must not 
forget that the plowed soil also goes 
through great changes (Klapp, 1954). 
In the fresh, loose, plowed soil large 
amounts of organic substances, stub- 
bles and roots, and the soil fauna 
which die with the plowing (Franz, 
1950) are quickly decomposed. The 
quick and tall growing species of 
the seed mixture may draw on 
plentiful resources. They pillage the 
nutrient and water resources of the 
soil to the disadvantage of the slower 
growing species. The waste of hu- 
mus and the impoverishment of the 
edaphon lead to soil compaction. 
The ample first growth diminishes 
more so the quick-grown pioneers 
finish their life cycle earlier than in 
an already closed grass sward. The 
slow growing species have more 
space with the reduction or even 
disappearance of the fast growing 
ones. But there is left only a com- 
pact soil, deteriorated in nutrients 
and those species are not able to 
compete aggressively with the in- 
vading native species, the seeds of 
which are practically ubiquitous. 
Only gradually the process goes 
through these “years of hunger” 
with increasing formation of humus 
and edaphon to a new friable state 
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of the grassland soil (Grtinlandgare) 
and to a well adapted plant com- 
munity i.e. to an equilibrium with 
the environment. 

We have spoken here explicitly 
of new seedings “left to themselves.” 
The more we learn about the after- 
effects of plowing on the soil and 
the community metabolism the more 
we may open possibilities of counter- 
acting especially to reduce the mur- 
derous competition and the deteri- 
oration of the soil. These facts are 
characteristic of the “years of hun- 
ger” and are not entirely mistakes 
in soil preparation, fertilization and 
mixture composition of the reseed- 
ing. 

Conclusions 
We have shown the reaction of 

the grass sward to changes in the 
environment and management by a 
number of examples. But the possi- 
bilities are much more manifold 
without establishing an essential 
change of the basic principles. These 
basic principles may be the frame- 
work of a general grassland theory, 
i.e. of the counterpart to the general 
cropping theory. Let us recall once 
more the differences. The raw ma- 
terial of cropping is the soil, its 
cardinal aim to create the best 
growth conditions in the form of a 
friable soil. The tools of cropping 
are soil preparation, fertilization and 
cultivation (including weed con- 
trol) . All serve the single plant 
species in a pure stand, at least with 
cash crops, and even the single plant 
with widely-spaced crops. 

The raw material of grassland 
management is the grass sward; its 
cardinal aim to create a productive 
plant community. Its tools are fer- 
tilization, mowing, and grazing. The 
importance of the soil is very much 
reduced. Soil preparation is an ex- 
ception, since the current renovation 
of the friable state of the soil is not 
necessary. The object of the work 
is not the single plant and the single 
plant species but the side-by-side 
and joint existence of a large num- 
ber of species varying from site to 
site. 

Particularly, fertilization is com- 
mon to both forms of plant produc- 
tion, although its application and ef- 
fect show large differences in both 
cases. Also, weed control at least 
in its aim, is common to both forms. 
In cropping it is a special measure 
and in the grass sward it corre- 

sponds to a large extent with man- 
agement procedures, i.e. “harvest- 
ing technics” and fertilization, leav- 
ing out chemical weed control. On 
the other hand harrowing and hoe- 
ing as control procedures are not 
applicable. 

Above all we have to realize that 
the annual cash crops of arable 
fields do not need consideration for 
regeneration, regrowth and hiberna- 
tion while the grass sward always 
needs this consideration. Perennial 
forage crops and field crops such 
as beets and potatoes for seed pro- 
duction have something in common 
with the grass sward in this respect. 

The most important character of 
the mixed plant community for 
grassland management is its plas- 
ticity, i.e. the unstable equilibrium 
between numerous competitors. The 
competition pressures of the differ- 
ent species are only temporarily 
compensated with stable environ- 
mental conditions. Any influence, 
or interference from outside, shifts 
the relation of the forces, has selec- 
tive effects, favors some species, and 
is detrimental to others. Fertiliza- 
tion effects on storage and exhaus- 
tion of reserve material and on 
plant regeneration are especially ef- 
fective. Here, I suppose is the most 
important point for the treatment 
of the grass sward. It is necessary 
to direct competition and selection 
in such a way that the desirable 
plants, but not the undesirable ones, 
get the opportunity for sufficient re- 
generation. 

Considering all influences, those 
effecting storage as well as the less 
decisive ones, the aim is to increase 
the competitive ability of all species 
most valuable for the intended pur- 
pose. The purpose, for instance graz- 
ing, may require reduction in the 
competitive ability of high-class 
meadow plants when they are un- 
important for grazing. 

Important plant characteristics in 
the competition are rate and ulti- 
mate height of growth. Each rapid 
and tall-growing species competes 
strongly with its neighbors, first 
by inhibition of the assimilation 
process, through shading and also 
by horizontal expansion. Tall-grass 
meadows typically show much bare 
soil as a result of shading. The re- 
action of various species to specific 
fertilizer treatments is similarly im- 
portant. The increased competitive 
ability of some tall grasses by ap- 
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plications of N-, of climbing leg- 
umes by KzO-PzOs- and of some 
Umbelliferae by one-sided liquid 
manure fertilization are typical ex- 
amples. Species peculiarities of re- 
generation, rooting, bunch and rhi- 
zomatous growth and other charac- 
ters further determine competitive 
ability. Some species with a low 
light requirement such as rough- 
stalked meadow grass are able to 
compete even against tall-growing 
species if other conditions are favor- 
able. The competitive ability of a 
species is of course not absolute but 
largely dependent upon habitat, spe- 
cies composition, and management. 
If height growth of a species is con- 
tinuously kept short, it loses a great 
deal of its superiority. In this way 
it is understandable that grazing 
creates another or even opposite 
rank of the competitive ability than 
hay cutting. Likewise the kind of 
fertilization involves shifting of the 
mutual competitive ability. So fer- 
tilization, mowing and grazing offer 
very differently directed aids to 
govern competition, which is the 
foundation of sward management. 
But in the case of very wet meadows 
the impossibility of grazing prevents 
full control. In countries adjusted 
only to grazing, the ungrazable wet 
meadow is little more than waste 
land. 

Herbs may increase greatly in 
exclusive meadows for various rea- 
sons so that grasses and legumes 
are almost completely absent. In 
other cases poor grasses dominate. 
Fertilization is the most important 
tool for improvement. In many but 
not all cases it may drive back the 
undesirable species, particularly 
those typical of poor grassland, by 
encouragement of their more pre- 
tentious competitors. Fortunately 
the majority of the high value for- 
age plants are likewise pretentious. 
So, the poor meadow is the most 
profitable object for fertilization but 
the one-sided, overfertilized meadow 
the most unprofitable one. Occa- 
sional successes may be obtained 
with the correct use of the roller 
on suitable soils. There are very 
few possibilities of using only utili- 
zation as the most effective measure 
for the life of the grass sward. We 
have seen that changes in time and 
frequency of mowing are very lim- 
ited. But the fact is too little known 
that an effective close cut is very 

bad for some bunch grasses, e.g., 
tufted hairgrass (Deschampsia cae- 
spitosa). In these species the regu- 
lar disturbance of the tillering zone 
leads at least to a large reduction. 
In humid areas with greatly sub- 
divided land properties, frequent 
mowing of the heavy fertilized green 
forage meadows is an aid in that 
the dominant herbs are always used 
as forage in the young, high value 
growth stage. Its limited economic 
possibilities of nitrogen application 
are the weakest point of the exclu- 
sive meadow, at least in the average 
clover-rich meadow. High rates of 
nitrogen here bring the most vigor- 
ous tall grasses to dominate at the 
expense of the legumes and thus 
extend the uniformity of the plant 
community. Apart from the reduc- 
tion of the forage value there is 
developed in this way a pretentious 
and labile plant community depen- 
dent on continuous heavy fertiliza- 
tion and with unstable productivity. 
This one-sided selection may be at 
best countered by laborious frequent 
mowing. But again this causes new 
unfavorable selection effects, One 
proven way out is alternating fertil- 
ization (Klapp, 1954; Ziirn, 1951) 
insofar as it succeeds in sufficient 
recovery of the short grasses and 
legumes in the years without nitro- 
gen application. Altogether the ex- 
clusive meadow offers too few pos- 
sibilities of directing competition 
and plant selection. Therefore the 
most important aim is sufficient 
drainage where conditions are too 
wet and consolidation where sub- 
divisions of agricultural units ex- 
clude grazing use. 

Almost unlimited and so far 
hardly exploited possibilities to di- 
rect the grass sward are otherwise 
offered on all grassland, which al- 
lows at least temporary intensive 
pasturing. Of course it has to be 
grazed during times of active growth. 
Grazing of the regrowth in late fall 
is only slightly selective, because 
most species have completed their 
reserve storage at this time and are 
hurt very little. We speak here of 
grasslands which are grazable at 
least during some month of the 
summer or the whole year round. 
Let us think of an average meadow 
with its typically bad characteris- 
tics: high proportion of inferior, 
seed-shattering, early-flowering spe- 
cies; big, slow-storing, tall bushes, 

species often injurious to animal 
health; few short grasses and leg- 
umes with high nitrogen applica- 
tion; and an open grass sward poor 
in lower leaves. 

A herd brought in at a stage of 
advanced plant development will 
graze very selectively. It will graze 
all of the young palatable green 
growth first but disdain the early 
matured and already strawy ma- 
terial and all the less palatable 
plants. Some will be trampled down 
and much will remain untouched. 
At this stage nothing seems im- 
proved. However the “modeling 
out” of the disdained plants now 
makes possible their aftermowing 
and removal irrespective of the best 
time for cutting the meadow. The 
repetition of this procedure means 
that trampling and mowing shorten 
the storage time below the amount 
necessary for almost all tall bushes 
and thus prevent seed ripening, dis- 
turb the bunch grasses and increase 
density of the grass sward. The re- 
moval of the shading permits an 
increase in the short grasses as well 
as the low legumes. Some few tall 
grasses are somewhat hurt, but 
they recover soon with temporary 
meadow grazing since they are less 
sensitive than most bushes. Selec- 
tion by grazing is thus supplemented 
by mowing. That is the foundation 
of the good grass swards on farms 
with hay pastures. Insofar as weed 
control is important, it is decisive 
always to graze during the time of 
most vigorous growth of the unde- 
sirable species, i.e. before the heavi- 
est reserve storage takes place. This 
means grazing from the earliest pos- 
sible date when early growing and 
first-cut meadow species are vigor- 
ous and again after the start of re- 
growth of weeds common in the sec- 
ond cut. 

Weedyness and any misdevelop- 
ment of a permanent grass sward 
are caused by selective grazing and 
trampling. The mistake may be 
over- or undergrazing. In every case 
the valuable, palatable plants are 
overused in some places or on the 
whole pasture and the undesirable 
plants spared for undisturbed re- 
production. Not shading, but inter- 
ruption of storage and regenerative 
ability, weakens the competitive 
ability of the valuable plants. For 
more than 250 years it has been 
known that this phenomenon may 
be easily avoided by interrupting 
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grazing use with regular rest periods. 
Before paddock divisions and the 
electric fence became common, the 
tethering stick was the ideal solu- 
tion. It was ideal insofar as the 
grazing animal was forced to graze 
and trample entirely in the tether- 
ing circle and this in a short time 
followed by an adequate rest period 
for grasses and clovers. The princi- 
ple, “short grazing times, long rest 
periods,” has no other aim than to 
keep down troublesome competitors 
with long storage times and to favor 
the well adapted pasture plants with 
short storage times. This aim may 
be practically reached everywhere, 
when we obtain a balance between 
the productivity of the grass sward 
and the feed requirements of the 
grazing animal. Then the surpris- 
ing fact results not only of a quali- 
tive improvement of the grass sward 
but also of an essential increase in 
the productivity without additional 
fertilization. 

It is not possible to eliminate en- 
tirely the selective effect of grazing. 
At least the grass in the dung places 
is avoided temporarily and they be- 
come unresistingly seats of weeds 
and insect pests. Here again we 
should use mowing. 

Finally there is one particular ad- 
vantage of grazing. The inevitable 
disadvantages of a corresponding 
meadow fertilization do not occur. 
These are predominantly caused by 
the shading effect of the tall grow- 
ing grasses and herbs. Grazing so 
restricts their competitive ability 
that light-hungry short grasses and 
white clover do not need to give 
way even under the heaviest N-fer- 
tilization. 

Even with a grazing system at 
first thought to be appropriate, un- 
favorable selection effects may ap- 
pear, if the grass sward produces 
less than the grazing animal re- 
quires, i.e. in the case of repeated 
over use. Weakening of the good 
pasture plants up to annihilation, 
permits then a whole range of light 
and space requiring species which 
are not grazed, and grow undis- 
turbed. Here it is necessary to in- 
crease the competitive ability and 
particularly the shading effect of the 
desirable plants by the reverse of 
the principle of meadow grazing. 
The exhausted pasture sward is 
given time to grow tall together with 
plenty of fertilization and is mowed 
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each time in an advanced stage of 
growth up to visible success, i.e., 
the disappearance of soil-attached 
rosettes and light weeds and a suf- 
ficient strengthening of the good 
pasture plants. The old saying, “the 
scythe is the enemy of the pasture”, 
is only valid when tall growth is 
permitted regularly or when it is 
continued a long time after its pur- 
pose is attained. The contrary is reg- 
ular early and long applied meadow 
grazing particularly by sheep. While 
repeated mowing of pasture leads 
gradually to a sward similar to 
meadow, so the repeated grazing of 
meadow in early summer leads to 
a sward similar to a pasture, which 
may be an advantage. 

It may perhaps be striking that 
we speak so much of weed control. 
In fact grassland improvement and 
grassland management are identical 
with the displacing of those plants 
commonly called “weeds”. But it is 
much more difficult to describe pre- 
cisely the term weed in the grass- 
land than in the arable field. Of 
course, the custom of calling all 
grassland plants, except grasses and 
clovers, weeds which have to be 
controlled, seems fortunately to have 
come to an end (Boas, 1953; v. 
Griinigen, 1949; Klapp, 1954). We 
know that many forbs are superior 
to the grasses in protein and even 
more in mineral content including 
minor elements (Ahrens, 1957; Ben- 
der, 1940; v. Griinigen, 1949). Like- 
wise some forbs rank far ahead in 
palatability. Observation of the graz- 
ing animal shows that it occasionally 
prefers “weeds”. Otherwise even 
valuable plants may develop weed 
characters if they dominate too 
much, become too old or make the 
harvest difficult. Our weed term 
(Klapp, 1954) is determined by the 
desire to consider this variability 
of the weed character. It includes 
“all species which are deterimental, 
directly or by their dominance, to 
the animal, to the grass sward or to 
the economy of grassland utiliza- 
tion”. 

There are only few weeds in this 
sense, which may not be displaced 
or restricted toan unimportant level, 
the behavior of which corresponds 
largely to that of the desirable 
plants. When one is not able or 
willing to use the necessary man- 
agement procedures, then chemical 
weed control remains as an alterna- 

tive (Rademacher, 1953). In spite of 
all biological and technical differ- 
ences, it has in common the selective 
effect of management procedures. It 
relieves the undamaged plants of 
competition. This relief becomes 
more effective as the competitive 
ability of the remainder is promoted 
by fertilization and encouragement 
of reserve storage. 

Thus all procedures for mainte- 
nance and improvement of a good 
grass sward may be reduced to some 
few basic principles more readily 
than for crops. Perenniality and as- 
sociation of the grassland give lead- 
ing consideration to the rhythm of 
storage and exhaustion on one hand 
and to competitive behavior of the 
species on the other. The art of 
sward management consists of the 
promotion of competitive ability of 
desirable plants by weakening and 
exhaustion of their undesirable com- 
petitors. Suppose a suitable habitat, 
appropriate fertilization, controlled 
grazing, and mowing are the main 
management tools. Each has to pro- 
vide the desired equilibrium be- 
tween the productivity and the ex- 
ploitation of the grass sward. It is 
a fortunate concurrence then that 
our procedures effect favorably both 
the quality and the quantity of 
grassland production. 

Summary 

For an unbiased consideration 
of permanent grassland in re- 
search and teaching, clear un- 
derstanding of the differences 
between cropping and grassland 
management is necessary. The 
raw material of cropping is the 
soil; its tool, soil preparation in 
the widest meaning; its aim, the 
uninterrupted growth of the 
single plant species. The raw 
material of grassland manage- 
ment is the grass sward, making 
unnecessary any soil preparation. 
The most important tool is the 
kind of utilization; its aim, the 
development of a productive 
plant community. Common fea- 
tures for both kinds of land use 
are found particularly in fertil- 
ization. 

The decisive character of the 
grass sward as a species associa- 
tion does not diminish the im- 
portance of the single species. Its 
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behavior as a single crop without 
the competition of other species 
admits nothing or only uncertain 
conclusions concerning its be- 
havior in the dense grass sward. 
The difficulty and the length of 
experiments with mixed seed- 
ings make vegetation ecology in- 
dispensable. 

The main point of influence of 
the grassland treatment is the 
competitive ability of the spe- 
cies. Within the plant association 
at any one site, a labile equilibri- 
um of competitive abilities de- 
velops under homogeneous con- 
ditions. Any change of the en- 
vironmental conditions including 
those affected by man and ani- 
mal may shift this equilibrium 
at least in the mass proportion. 
The increase of the competitive 
ability of one species means 
mostly a reduction of another. 

Among management proce- 
dures, changes in fertilization 
may effect considerable changes 
in the competitive ability. Influ- 
ences of the kind of utilization 
upon the regeneration of plants, 
particularly upon the storage of 
reserve material, are still more 
effective. Grazing and mowing 
as management procedures 
moreover have a more or less 
controversial effect. This is simi- 
larly true for fertilization. That 
opens the possibility of equaliz- 
ing undesirable consequences of 
one management procedure with 
the application of another. 

Any change of the environ- 
ment of biotic or abiotic nature 
earlier or later affects selection 
in the plant community. Work- 
ing method and aim of the sward 
treatment affect the direction of 
selection in such way, that the 
competitive ability of the de- 
sirable species is increased and 
that of the undesirable ones is 
decreased. The possibilities are 
greater on sites which permit the 
use of mowing and grazing at 
any time. On the hay pasture all 
improvement and management 
procedures are largely identical 
with utilization procedures, i.e. 

with harvesting techniques. Spe- 
cial procedures which are the 
rule in cropping become indis- 
pensable only if grazing is im- 
possible. 

In total a grassland theory may 
subsist upon very few working 
hypotheses and theories. Its 
foundation is the behavior of the 
grassland plants within the spe- 
cies association. 
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Highlighi fected range vegetation and cat- 
In a Louisiana fest, heavy ufiliza- 

tion during growing seasons follow- 
ing fires applied at 3-year intervals 
improved forage palatability and 
nutritive content: fhe ensuing 2 
years of lighter use resiored plant 
vigor. Burning also iop-killed brush 
and aided herbage growth by re- 
moving pine litter. Cows with calves 
gained weight throughout fhe grow- 
ing season on rotation-burned range. 

A forage management system 
known as rotation burning has 
been developed for cattle ranges 
in the longleaf pine-bluestem 
type. This paper describes the 
system and explains how it af- 

tle in a 6-year test. 
The primary objective of ro- 

tation burning is to increase for- 
age value during summer and 
fall. A secondary purpose is to 
improve distribution of grazing. 

Although herbage is generally 
abundant on longleaf pine-blue- 
stem ranges, palatability and nu- 
tritive value are low during 
much of the year. Spring growth 
is rapid; frequently 60 percent 
or more of the annual forage 
supply is produced before mid- 
June, but by then nutritive con- 

tent on moderately grazed range 
is usually inadequate for most 
classes of cattle. Also, animals 
tend to avoid areas where grass 
makes rank growth, and over- 
graze the regrowth from areas 
cropped earlier. 

Rotation burning, as developed 
and tested to date, consists of 
two steps: (1) dividing a range 
unit by firelines into three sub- 
units of approximately equal 
grazing capacity, and (2) burn- 
ing one subunit per year in a 
S-year rotation. Fire destroys 
plant debris and improves avail- 
ability of new herbage, causing 
cattle to concentrate on freshly 
burned range. Close grazing of 
new growth keeps vegetation 
palatable and nutritious; hence, 
use remains heavy throughout 
most of the growing season. 
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Rotation Burning: A Forage Management 
System for Longleaf Pine-Bluestem Ranges 

V. L. DUVALL AND L. B. WHITAKER 
Southern Forest Experiment Station, Forest Service, 
U.S. Department of Agriculture, Alexandria, Louisiana. 

Highlighi fected range vegetation and cat- 
In a Louisiana fest, heavy ufiliza- 

tion during growing seasons follow- 
ing fires applied at 3-year intervals 
improved forage palatability and 
nutritive content: fhe ensuing 2 
years of lighter use resiored plant 
vigor. Burning also iop-killed brush 
and aided herbage growth by re- 
moving pine litter. Cows with calves 
gained weight throughout fhe grow- 
ing season on rotation-burned range. 

A forage management system 
known as rotation burning has 
been developed for cattle ranges 
in the longleaf pine-bluestem 
type. This paper describes the 
system and explains how it af- 

tle in a 6-year test. 
The primary objective of ro- 

tation burning is to increase for- 
age value during summer and 
fall. A secondary purpose is to 
improve distribution of grazing. 

Although herbage is generally 
abundant on longleaf pine-blue- 
stem ranges, palatability and nu- 
tritive value are low during 
much of the year. Spring growth 
is rapid; frequently 60 percent 
or more of the annual forage 
supply is produced before mid- 
June, but by then nutritive con- 

tent on moderately grazed range 
is usually inadequate for most 
classes of cattle. Also, animals 
tend to avoid areas where grass 
makes rank growth, and over- 
graze the regrowth from areas 
cropped earlier. 

Rotation burning, as developed 
and tested to date, consists of 
two steps: (1) dividing a range 
unit by firelines into three sub- 
units of approximately equal 
grazing capacity, and (2) burn- 
ing one subunit per year in a 
S-year rotation. Fire destroys 
plant debris and improves avail- 
ability of new herbage, causing 
cattle to concentrate on freshly 
burned range. Close grazing of 
new growth keeps vegetation 
palatable and nutritious; hence, 
use remains heavy throughout 
most of the growing season. 



Burning the second subunit 
shifts intense use and sharply 
reduces grazing on the unit 
burned previously. Thus, with- 
out interior fencing, heavy graz- 
ing on each subunit during 1 
year of the rotation is followed 
by 2 years of relatively light use. 

The system is based on several 
studies. Campbell and Cassady 
(1951) reported that cattle grazed 
burned areas much more intensely 
than adjacent unburned range. 
Campbell et al. (1954) found pro- 
tein content of grass on unburned, 
ungrazed range inadequate for 
breeding herds except during the 
brief young-leaf stage. Burning in- 
creased protein content of early 
growth, but where fire was not fol- 
lowed by close utilization this bene- 
fit was short-lived. Duncan and 
Epps (1958) noted that the full-leaf 
and mature greenleaf stages of the 
main bluestem grasses were nutri- 
tionally deficient, particularly in 
protein, for dry cows as well as those 
with calves. 

Cassady (1953) found that her- 
bage clipped closely 15 times during 
the growing season contained ade- 
quate protein for cows with calves. 
Samples representative of the cattle 
diet on unburned, moderately grazed 
range became deficient in protein 
by July. Although repeated close 
harvesting kept protein content 
high, it reduced grass production, 
not only during the season of har- 
vest but through a succeeding year 
of complete protection. 

These findings suggested that a 
specialized grazing system, combin- 
ing periodic burning and heavy uti- 
lization, might resolve the problem 
of low forage values during sum- 
mer and fall. A 3-year burning ro- 
tation appeared to be a logical 
choice. Burning one-third of the 
range each year promised to inten- 
sify grazing sufficiently to maintain 
relatively high palatability and nu- 
tritive content, while permitting cat- 
tle to obtain most of their forage 
from newly burned range. It would 
also provide 2 years of compara- 
tively light use to allow recovery 
of plant vigor lost during heavy 
grazing. 

Also considered in devising the 
rotation burning system were pos- 
sible effects of fire on soil proper- 
ties. Wahlenberg et al. (1939) re- 
ported that soil was not materially 

ROTATION BURNING 

degraded by annual controlled burn- 
ing. Heyward and Barnette (1934) 
found indications that frequent 
burning of longleaf pine forests im- 
proved surface soil chemically by 
increasing nitrogen, replaceable cal- 
cium, and organic matter. 

Procedure 
Rotation burning began in 1956 

on the Palustris Experimental For- 
est in central Louisiana. By 1958 
tests involved four range units, 
varying from 570 to 590 acres. Most 
of the range was relatively open 
cutover forest land, but several areas 
supported artificially regenerated 
pine 2 to 7 years old. 

Range vegetation was relatively 
uniform. Principal grasses were 
slender bluestem (Andropogon 
tener) and pinehill bluestem (A. 
divergens) . Other common grasses 
included panicums (Panicurn spp.) , 
paspalums (Paspalum spp.) , and 
miscellaneous bluestems (A. terna- 
rius, A. subtenius, A. elliottii, and 
A. virginicus). Swamp sunflower 
(Helianthus angustifolius) and 
grassleaf goldaster (Chrysopsis 
graminifolia) were the most impor- 
tant perennial forbs. Legumes and 
grasslike plants were common but 
produced little palatable herbage. 
Prior to the study, herbage averaged 
a little over a ton (air-dry) per 
acre. 

Ranges were stocked yearlong 
with breeding herds. Cows were 
typical native stock-various mix- 
tures of British beef breeds, Jersey, 
and Brahman. Bulls were purebred 
Shorthorns. The utilization objec- 
tive was the same in all units: 40 
to 50 percent average of three sub- 
units. Breeding was regulated for 
winter calving. During late fall, 
winter, and early spring, herds re- 
ceived various supplemental rations, 
mainly cottonseed cake. Because 
forage is deficient in phosphorus all 
year, steamed bonemeal was fur- 
nished continuously. Cows and 
calves in two range units were 
weighed periodically throughout one 
rotation. 

Subunits consisting entirely of 
cutover land were burned in early 
May by free-running headfire. 
Burning was timed to destroy her- 
bage when palatability of normal 
spring growth started to decline. 
Subunits containing regenerated 
pines were burned in early March 
by low-intensity backfire to avoid 
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damaging trees. Rotation burning 
began in planted slash pines at age 
4, in planted longleaf pines at age 8, 
and in seeded loblolly pines at age 7. 

Herbage production and forage 
utilization were determined on three 
range units by clipping one cluster 
of four 3.1- by 3.1-foot quadrats per 
15 acres. One quadrat per cluster 
was caged yearlong to measure her- 
bage production. The remaining 
three quadrats were open to graz- 
ing. Measurements of residual her- 
bage on open quadrats were used 
to compute forage utilization. All 
quadrats were clipped in late winter 
immediately before herbage growth 
began, then relocated to avoid re- 
harvesting the same areas. 

Measurements on subunits burned 
in May were confined to herbage 
that grew after the fires. All other 
determinations were of seasonlong 
production and yearlong utilization. 
Measurements were for one rota-- 
tion on two units and for two con- 
secutive rotations on the other unit. 

Composition of vegetation was 
estimated ocularly. In addition, a 
20-acre unburned block in one range 
unit served as a control area for 
assessing effects of rotation burning 
on herbage yield and botanical com- 
position. At the close of the study, 
frequency of major herbaceous 
species was determined on the con- 
trol area and on an adjacent area 
that had been burned twice at a 3- 
year interval. Frequency quadrats 
were 3.1 feet square, spaced 50 feet 
apart on 500-foot transects. 

Results 
Cattle began concentrating on 

newly burned range within 1 to 
4 weeks, depending on burning 
date and earliness of grass 
growth. Grazing usually re- 
mained uniformly heavy until 
late summer, and cattle demon- 
strated little selectivity among 
grass species (Figure 1). Un- 
burned subunits were grazed 
moderately in early spring, but 
lightly during late spring and 
early summer. By June, early 
maturing grasses - particularly 
slender bluestem - were rank 
and unpalatable on unburned 
areas (Figure 2). 

After fall-flowering grasses 
reached the late boot stage - 
usually in late August-grazing 
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FIGURE 1. Spring-burned range in summer shows the uniform utilization and leafy 
condition of the grasses. 

FIGURE 2. On 2-year rough much of the 
herbage was rank and unpalatable by 
early June. 

declined on burned range and 
increased on unburned subunits. 
Cattle selected seedheads in con- 
siderable quantity during this 
period, taking plants on burned 
and unburned range about 
equally. After seeds shattered, 
utilization again intensified on 
burned areas. Cattle grazed 
burned areas intermittently 
throughout the winter, eating 

mature herbage and new leaves 
that emerged during periods of 
warm weather. 

In general, rotation burning 
improved grazing distribution. 
Cattle were periodically at- 
tracted to places that had been 
little used under continuous 
moderate grazing. Also, burn- 
ing reduced utilization on large 
sections that had been moder- 
ately overgrazed. On small areas 
that had been heavily over- 
grazed for many years, however, 
use remained heavy despite 
burning. These sites were large- 
ly occupied by carpetgrass (Ax- 
onopus uffinis) , a stoloniferous 
invader that cattle prefer to 
newly burned bluestem vegeta- 
tion. 
Herbage Producfion and Ufilizafion 

The spring and summer of 
1956 were dry. Herbage yield 
was below average and the pro- 
portion consumed by cattle was 
unusually high. Utilization on 
burned subunits varied from 89 

to 98 percent and averaged 92 
percent. It averaged 29 percent 
on unburned range. 

In 1957 rainfall was near av- 
erage, and herbage was more 
plentiful than in 1956. Utiliza- 
tion averaged 68 percent on re- 
cently burned subunits while on 
those burned in 1956 it was 36 
percent. 

Production in 1958 was slightly 
higher than in 1957. Utilization 
averaged 66 percent on newly 
burned subunits, 33 percent on 
those burned in 1957, and 17 per- 
cent on those burned in 1956. 

The pattern during the second 
rotation was similar. For the 
two rotations, utilization aver- 
aged 78 percent during the first 
year, 31 percent during the sec- 
ond year, and 18 percent during 
the third year after burning 
(Table 1) . 

On burned range herbage pro- 
duction was highest in the final 
year of rotation, averaging 2,588 
pounds (air-dry) per acre. This 
was 735 pounds per acre more 
than first-year production and 
438 pounds more than second- 
year production. Low yields 
during the first season after 
burning were largely due to 
destruction of currently pro- 
duced herbage by May fires. Al- 
though quantity of new growth 
burned was not determined, Cas- 
sady (1953) showed that grass 
produced by late April or early 
May varied from 483 to 1,126 
pounds per acre. Cattle utilized 
some of this forage before the 
fires, but most was sacrificed to 
improve the quality of subse- 
quent growth. 

Herbage in the second year 

Table 1. Producfion and utilization of air-dry herbage on rotafion-burned range. 
Range unit First year1 Second year Third year Average, 3 years 

Production Utilization Production Utilization Production Utilization Production Utilization ~- 
Lbs./acre Percent Lbs./acre Percent Lbs./acre Percent Lbs./acre Percent -~ 

Southwest 
-~ 

2,054 77 2,376 29 2,892 21 2,441 42 
Southeast 1,770 78 2,228 26 2,693 17 
Northeast2 

2,230 40 
1,736 79 1,847 38 17 45 

Average, all 
2,179 1,921 

units 1,853 78 2,150 31 2,588 18 2,197 42 
IData apply only to herbage produced after burning. 
sAverages for two consecutive rotations. Other unit averages are for one rotation. 



after burning exceeded that dur- 
ing the first year by almost 300 
pounds per acre. When new her- 
bage burned at the outset of ro- 
tation is considered, however, 
production was probably lowest 
during the second year. Thus, a 
season of intense grazing ap- 
parently depressed grass growth. 
The increase of 438 pounds per 
acre between the second and 
third years after burning was 
presumably a response to re- 
duced grazing. Herbage during 
the third year after burning was 
not significantly less than on the 
unburned check, where it aver- 
aged 2,775 pounds per acre. Thus, 
vigor lost by vegetation under 
heavy grazing was largely recov- 
ered by the end of a rotation. 

Caffle Weights 

Rotation burning caused the 
desired improvement in grazing 
values. Cattle generally gained 
weight throughout the growing 
season, whereas cows on un- 
burned range rarely gain weight 
before calves are weaned. In 
herds receiving no supplemental 
feed except minerals between 
May and November, cows nurs- 
ing calves were 57 pounds per 
head heavier on August wean- 
ing dates than in April. This 
represented recovery of more 
than 40 percent of the weight 
lost during the previous winter. 
These cows gained an additional 
77 pounds per head between 
weaning date and November, 
when they averaged 850 pounds 
(Table 2) . 

Calf weights increased 221 
pounds per head from April un- 
til weaning, or 1.89 pounds per 
head per day. Weaning weights 
averaged 425 pounds per calf. 

Dry cows gained 161 pounds 
per head during spring and early 
summer. Because weights in- 
creased rapidly during this pe- 
riod, gains in late summer and 
early fall were only 37 pounds 
per head. November weights 
averaged 938 pounds, or 88 
pounds per head more than cows 
that weaned calves. 

ROTATION BURNING 

Table 2. Average caffle weights on 
rotation-burned ranges in spring, 
summer, and fall. 

cows, 
Range unit with cows, 
and Period Calves dry Calves 

Northwest 
April 
August 
November 

Southwest 
April 
August 
November 

Average 
April 
August 
November 

- Pounds per head - 

717 728 230 
770 901 469 
860 947 - 

715 754 177 
776 901 379 
840 925 - 

716 740 204 
773 901 425 
850 938 - 

lg, net effects of 
ing on forage vegetation were 
beneficial. Fire improved botan- 
ical composition by minimizing 
the proportion of cutover muhly 
(Muhlenbergia expansa), a 
coarse, unpalatable perennial of 
low fire-tolerance (Figure 3). 
On grazed, unburned range, the 
frequency of cutover muhly was 
50 percent, while on the adja- 
cent range burned twice in con- 
secutive rotations the frequency 
was slightly more than 1 per- 
cent. 

Following fire, poorjo (Diodia 
teres) and slimspike threeawn 
(Aristida Zongispica) quickly in- 
vaded openings between peren- 

FIGURE 3. Cutover muhly on range un- 
burned for 10 years. Cattle rejected 
muhly herbage when confined to this 
plot until utilization reached 70 percent. 
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nial grasses. These species de- 
creased rapidly as the rotation 
progressed, however, and were 
scarce during the final year. On 
burned areas they were utilized 
during spring and early summer 
along with perennial vegetation. 

White eupatorium (Eupatori- 
urn album), a perennial forb that 
ordinarily occurs in modest 
quantities on most unburned 
sites, increased substantially on 
newly burned units. Like the 
annual invaders, it decreased 
during the two subsequent years. 
Cattle grazed white eupatorium 
sparingly, if at all. 

With the exceptions noted, no 
important changes in botanical 
composition were observed. 
After two consecutive rotations, 
frequency was 100 percent for 
both pinehill bluestem and slen- 
der bluestem on burned subunits 
as well as on the unburned con- 
trol area. Big bluestem (Andro- 
pogon gerardii) and switchgrass 
(Panicum virgatum) increased 
slightly on both the burned sub- 
units and the control area but 
contributed little forage. 

Fire aided herbage growth by 
top-killing shrubs and small 
hardwood trees. On regenerated 
areas burning prevented buildup 
of pine litter, which seriously 
impairs forage production. 

Discussion 

Rotation burning raises nutri- 
ent content of herbage suffi- 
ciently for cows nursing calves 
to gain satisfactorily during 
summer, when forage quality on 
unburned, moderately grazed 
range is usually inadequate. Dry 
cows grazing rotation-burned 
range gain during fall, although 
forage quality is lower than in 
summer. These summer and fall 
gains are vital, for in winter 
nutritive value of rough is so 
low that even dry cows receiving 
relatively generous supplemen- 
tal rations generally lose weight. 
Unless cattle recover winter 
losses during the growing sea- 
son, herd condition degenerates 
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and productivity declines. This 
applies especially to cows that 
calve in winter. If they are to 
reproduce regularly and raise 
calves successfully, they must 
enter the calving period in good 
condition, for winter weight 
losses usually average about 150 
pounds per cow in well-managed 
herds. 

In addition to raising forage 
quality, rotation burning con- 
trols undesirable vegetation and 
improves distribution of grazing. 
It also increases herbage produc- 
tion on forested range by elimi- 
nating accumulated litter, there- 
by compensating for burning of 
usable forage and for the 
growth-depressing effects of in- 
tense grazing. 

Most specialized forage man- 
agement systems require exten- 
sive fencing, but rotation burn- 
ing regulates grazing intensity 
without cross-fences. Although 
burning costs vary, depending 
on degree of control needed to 
prevent damage to vegetation, 
they are usually well below 
those of constructing and main- 
taining cross-fences. Burning is 
cheapest on cutover land. Dur- 
ing spring, large areas can be 
burned quickly by headfire 
without damaging desirable her- 
baceous cover, provided soil 
moisture content is moderately 
high. Moreover, intense fires are 
best for top-killing scrub hard- 
woods. 

On timbered range, careful 
control of fire intensity is es- 
sential to avoid injuring pines. 
This presents no special prob- 
lem, however, for prescribed 
burning is widely used in man- 
aging southern pine forests ( Bis- 
well, 1958). Many foresters con- 
trol-burn pine stands regularly 
at 3- or 4-year intervals, once 
trees are large enough to escape 
injury by fire. Hence, prospects 
are good for integrating range 

and forest burning programs and 
equitably prorating c OS t s be- 
tween the two. 

The responses of cattle and 
the short-term reactions of range 
vegetation to rotation burning 
appear reasonably conclusive, 
but several questions remain. 
Long-term influences of inter- 
mittent intense grazing on for- 
age vegetation should be deter- 
mined. The effects of periodic 
heavy grazing on soil properties, 
especially infiltration rate and 
water-holding capacity, should 
also be studied. 

Rotation burning is continu- 
ing on the Palustris Experimen- 
tal Forest to permit further 
evaluation of the system and its 
compatability with other land- 
use objectives. Effects on soil of 
grazing intensities and fire are 
being analyzed. A 4-year burn- 
ing rotation also is being evalu- 
ated; it is better suited to cer- 
tain pine management situations. 

Summary 
A system of burning one-third 

of the range in winter or early 
spring in a 3-year rotation im- 
proves grazing on longleaf pine- 
bluestem ranges, both cutover 
and timbered. 

In a 6-year test in central 
Louisiana, cattle obtained most 
of their forage from recently 
burned range. Utilization of 
herbage grown during seasons 
following fire averaged 78 per- 
cent. In the second and third 
years after fire, utilization av- 
eraged 31 and 18 percent. In- 
tense grazing following fire re- 
duced herbage production, but 
the 2 years of relatively light 
use apparently restored plant 
vigor. Herbage produced during 
the final year of rotation was 
essentially the same as on un- 
burned, moderately grazed 
range. 

Rotation burning generally 
improved range vegetation and 

grazing distribution. Fire top- 
killed scrub hardwood and mini- 
mized the proportion of cutover 
muhly, an unpalatable perennial. 
It also eliminated pine litter ac- 
cumulations, which retard grass 
growth. 

Cows grazing rotation-burned 
range generally gained during 
summer and fall, when forage 
values on unburned, moderately 
grazed range are usually too low 
to sustain body weight. Cows 
with calves gained 57 pounds 
per head from April to August 
weaning dates, and 77 pounds 
between August and November. 
During these periods dry cows 
gained 161 and 37 pounds per 
head. When combined with ade- 
quate winter supplementation, 
rotation burning permits effi- 
cient yearlong beef production 
on native forage. 
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Highlight 

Microdigesfion estimates were cor- 
related with macrodigesfion esfi- 
maies obtained by lignin ratio fech- 
nique under grazing or fofad collec- 
iion procedures under dry-lot 
feeding. Over all techniques the 
correlation was about 0.72. Forages 
grazed by eiiher cattle or sheep in 
midsummer were more disgesfible 
than those grazed in early or late 
summer. 

Artificial rumen and nylon 
bag microdigestion techniques 
have been used recently for nu- 
tritive evaluation of individual 
range plants (Frederiksen and 
Washburn, 1961; Wallace et al., 
1961; Van Dyne, 1962; Pritchard 
et al., 1963)) native grass hays 
(Kercher, 1963; Taylor et al., 
1960)) and mixed grazed forages 
(Van Dyne, 1962; Ordoveza, 
1963). This paper reports on di- 
gestibility by microtechniques 
of forage samples obtained from 
esophageal fistulated animals 
grazing on the same ranges as 
were the ruminal fistulated ani- 
mals providing the inocula for 
microdigestion. The purpose of 
the experiment was to answer 
the following questions: (1) Do 
forages grazed by cattle differ 
in digestion from those grazed 
by sheep?, (2) Do grazed for- 
ages differ from alfalfa in di- 
gestion?, (3) Do differences in 
herbage availability cause dif- 
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ferences in microdigestion of 
grazed forages?, (4) Are indi- 
vidual herbages clipped from the 
range digested to the same de- 
gree as mixed forage samples 
grazed from the range?, and (5) 
Do estimates of digestion of 
range forages obtained with mi- 
crotechniques correlate well with 
macrodigestion estimates calcu- 
lated by lignin ratio? 

Methods 
Nine each of ruminal fistu- 

lated steers and wethers pro- 
vided inocula for microdigestion 
by nylon bag and artificial ru- 
men techniques described by 
Van Dyne (1962, 1963). Forage 
or Solka-floe samples of about 1 
g were used in artificial rumen 
tubes and about 2 g samples 
were used in nylon bags for 48- 
hr duration fermentations. Per- 
cent cellulose digestion (PCD) 
and percent dry matter digestion 
(PDMD) were determined by 
nylon bag technique and PCD 
was determined in the artificial 
rumen. 

Duplicate samples of two stan- 
dards, i.e. alfalfa and Solka-floe, 
were digested by inocula from 
each animal in each period for 
comparisons between periods. 
Composite samples of forage, ob- 
tained in each period from five 
esophageal fistulated cattle and 
seven esophageal fistulated 
sheep, were digested each period 
by inocula from or in each rumi- 
nal fistulated animal. After range 
grazing experiments early in 
July, August, and September of 
1961 (periods I, II and III), all 
forages and standards were di- 
gested when the animals were 
being fed in dry-lot on pelleted 
alfalfa (period IV). The alfalfa 
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fed was one of the standards. 
Herbage availability and botani- 
cal composition of the diets 
varied widely through the sum- 
mer. Total grass and forb her- 
bage on this foothill annual range 
varied from about 1490 to 420 lb. 
per acre from early to late sum- 
mer. 

Microdigestion data on the 
grazed forage samples and the 
standard samples were analyzed 
separately in two major statisti- 
cal designs (Table 1) . In each 
design the interactions of main 
effects were investigated and the 
error term was subdivided into 
pooled, class, sheep, and cattle 
errors. Where a significant dif- 
ference occurred, means were 
compared by Tukey’s test (1953). 

Results And Discussion 
Microdigestion of Differenf 

Cellulose Sources 

Standards vs. grazed forages.-Six 
grazed forage samples, an alfalfa 
sample, and Solka-floe were not al- 
ways ranked in the same order by 
three microdigestion techniques. 
This resulted in a technique x for- 
age interaction in the analyses of 
variance and is partly responsible 
for differences detected among for- 
ages and the base feed x forage 
interaction detected in the analyses 
of variance. 

Solka-floe had higher means than 
the forages by all three techniques 
(Table 2). The higher value for 
Solka-floe presumably is because 
this material is almost completely 
free from lignin incrustation; where- 
as, the grazed forages contained 
about 12% lignin and the alfalfa 
about 7.5% lignin. The magnitudes 
of the Solka-floe digestions are 
within the range of those reported 
for animals on high-quality diets. 
The within-animal variability in 
Solka-floe digestion is greater than 
that for the forages and Solka-floe 
digestion was affected easily by 
minor variations in processing and 
digestion techniques as has been re- 
ported by Donefer et al. (1961). 

The alfalfa sample had apprecia- 
bly higher digestion than the aver- 
age of range forages only when 
measured as PDMD in vivo. For 
PCD both in vitro and in vivo, in 
5 of 12 comparisons the grazed for- 
ages had as high or higher values 
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Table 1, Statistical and experimental designs 

Number Classification 
Factor in experiment of levels in analysis 
---------- Standard forages - - - - - - - - - - 
Technique (PCD and PDMD in vivo 

and PCD in vitro) 3 Fixed-crossed 
Standards (Alfalfa and Solka-floe) 2 Fixed-crossed 
Periods (I-III on range, IV on dry- 

lot) 4 Fixed-crossed 
Animals 18 Fixed-crossed 

Class of stock (cattle and sheep) 2 Fixed-crossed 
Sheep (individuals) 9 Fixed-nested in class 
Cattle (individuals) 9 Fixed-nested in class 

Duplicates 2 Random-nested in animal 
Total 864 
----------- Grazed forages - - - - - - - - - - - 

(separately by technique) 
Class grazing forage (cattle and 

sheep) 2 Fixed-crossed 
Period of grazing (early, mid-, and 

late summer, I-III) 3 Fixed-crossed 
Base feed during digestion (range or 

alfalfa) 2 Fixed-crossed 
Animal digesting 18 Fixed-crossed 

Class of stock (cattle and sheep) 2 Fixed-crossed 
Sheep (individuals) 9 Fixed-nested in class 
Cattle (individuals) 9 Fixed-nested in class 

Duplicates 2 Random-nested in animal 
Total 432 

Table 2. Means and standard errors for microdigesfion of eight cellulose 
sources by 18 animals fed pelleted alfalfa. 

Dry matter 
Cellulose ’ Cellulose digestion 
digestion digestion in vivo 

Sample in vitro (PCD) in vivo (PCD) (PDMD) 
------ Percent - - - - - - 

Standards: 
Solka-floe 74 2 1.7 83 + 1.3 87 + 1.5 
Alfalfa 57 -c 0.4 61 -1- 0.6 67 & 0.8 

Grazed forages: 
Sheep-Period I 51 & 0.4 53 -+- 0.5 52 _+ 1.0 
Sheep-Period II 57 * 0.4 61 + 0.4 59 * 0.1 
Sheep-Period III 54 * 0.5 55 + 0.6 55 + 0.8 

Cattle-Period I 58 + 0.4 60 + 0.5 55 + 0.9 
Cattle-Period II 62 + 0.8 64 -+- 0.5 59 rt 0.8 
Cattle-Period III 56 2 0.5 57 + 0.6 54 + 0.8 

than alfalfa (Table 2). The alfalfa 
sample was lower in cellulose, but 
higher in crude protein content than 
the grazed forage samples. Alfalfa 
was more comparable in chemical 
composition to the period I forages 
than to those grazed in periods II 
or III, but the alfalfa sample and the 
early summer forage samples clearly 
were not digested equally. 

The alfalfa standard used in this 
study was compared in period IV to 
an alfalfa sample furnished by Pur- 
due University for interstate studies 

in standardization of techniques. Our 
alfalfa standard was significantly 
more digestible, about 11% higher, 
than the Purdue. The Purdue stan- 
dard alfalfa had about 51% PCD 
in 48 hr in vitro and about 42% in 
24 hr by our technique. 

Differences among grazed forages. 
-The forage samples obtained with 
esophageal fistulated animals con- 
tain many plant species and parts 
and are composites for each animal 
species. The means depicted in Fig- 
ure 1 are average microdigestion of 

forage samples by inocula obtained 
from, or in, animals on a low quality 
diet (range) and later by the same 
animals on a high quality diet 
(alfalfa). 

There were differences in digestion 
among the six grazed forage samples 
(Figure 1), but the three microtech- 
niques did not rank the forages in 
the same way. Although there gen- 
erally was a high correlation be- 
tween PDMD and PCD results in 
vivo, the two in vivo microtechniques 
did not rank these forages identi- 
cally; however, both in vivo tech- 
niques ranked early and midsummer 
forages (CI, SII, and CII) as among 
the highest in digestibility (Figure 
1). Also, both in vivo techniques 
ranked forage grazed by sheep in 
late summer (SIII) as one lowest in 
digestibility. The artificial rumen 
was gassed inadequately in period 
I which resulted in the forages 
grazed in that period being ranked 
as lowest in digestibility for PCD 
in vitro. Disregarding these two for- 
ages, the in vitro procedure ranked 
the remaining four forages in a 
manner closer to PCD in vivo than 
to PDMD in vivo ranks. 

The inocula used in most dry-lot 
studies has been obtained from ani- 
mals fed high quality diets, but the 
inocula used in period I came from 
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FIGURE 1. Microdigestion of forages grazed 
by cattle (C) and sheep (S) from an- 
nual range in early (I), middle (II), and 
late summer (III). 
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animals on a low quality diet. Such 
an inocula may require intensive 
gassing to yield maximum microdi- 
gestions. Still, Tilley and Terry 
(1963) used in vitro systems in 
which there was no gassing after the 
initiation of fermentation. Perhaps 
when high quality diets are used, 
providing a vigorous inocula, and 
when highly digestible roughages 
are fermented, sufficient gas may be 
generated in the fermentation to 
maintain anaerobic conditions. Pre- 
liminary studies showed high quality 
range and pasture forages have 
higher rates of fermentation early 
in the fermentation than do low 
quality forages (Van Dyne, 1962). 
The type of forage x type of inocula 
interaction, therefore, may be im- 
portant when comparing different 
artificial rumen techniques. 

Cattle vs. sheep forage. - Cattle 
and sheep forage did not differ in 
PDMD in vivo, but cattle-grazed 
forage had about 4% higher cellu- 
lose digestibility in vitro and in vivo 
(Figure 2). Cattle grazed more grass 
than did sheep (Van Dyne and 
Heady, 1964)s and perhaps grass 
cellulose is more easily digested than 
the cellulose in forbs or shrubs. 
There was no significant difference 
in lignin content of forage by cattle 
and sheep. However, there could 
have been differences in the position 
of lignification in plants grazed by 
cattle as compared to those grazed 
by sheep. Although the same plant 
species generally were found in both 

TYPE OF FORAGE AND MICRODIGESTION TECHNIDUE 

FIGURE 2. Cellulose and dry matter diges- 
tion of cattle- and sheep-grazed forage. 

PERIOD OF GRAZING AND MICROCIGESTION TECIINIOUE 

FIGURE 3. Comparison of digestion of for- 
age grazed in midsummer, 1220 lb/acre 
available herbage, with forage grazed in 
late summer, 420 lb/acre available herb- 
age. 

cattle and sheep diets, individual 
plant parts may differ in digestibility 
(Pritchard et al., 1963). Further 
studies are needed on microdigestion 
by parts of annual plants grazed by 
cattle and sheep. 

Period of grazing infZuence.-For- 
ages grazed in midsummer were 
significantly more digestible than 
those grazed in early or late summer 
as measured by these three micro- 
digestion techniques. Because of dif- 
ficulties in gassing the artificial ru- 
men system in period I and because 
of puncturing of nylon bags by 
seed heads grazed in early summer, 
only period II and III forages are 
compared in Figure 3. Averaged over 
all three techniques, the digestion 
of forages grazed in midsummer 
was about 8% more, relatively, than 
for forages grazed in late summer. 
These results agree with changes in 
chemical composition because the 
forages grazed in midsummer were 
about 8% higher, relatively, in crude 
protein than those grazed in late 
summer. Contrastingly, macrodiges- 
tion estimates averaged for cattle 
and sheep were about the same in 
middle and late summer (Van Dyne 
and Lof green, 1964). Cattle and 
sheep did not digest their diets in 

3Van Dyne, G. M. and H. F. Heady. 
1964. Dietary botanical composi- 
tion of cattle and sheep sharing a 
mature California annual range. 
Unpublished manuscript. 51 pp. 

midsummer as well as would be 
expected if based on chemical com- 
position. There were considerable 
differences in herbage availability, 
1220 vs. 420 lb./acre, and in botani- 
cal composition of the diets grazed 
in middle and late summer (Van 
Dyne and Heady, 1964)3, but knowl- 
edge of individual annual range 
plant species digestion is inadequate 
at present to explain the differences 
in microdigestion of the mixed 
samples. 

Individual range plants. - Com- 
posite samples of four annual and 
one perennial grass, clipped through- 
out the experimental pasture during 
period II, were digested by nylon 
bag technique in cattle and sheep in 
midsummer. Their digestion is com- 
pared in Table 3 with that of the 
mixed forage grazed by cattle and 
sheep and digested by nylon bag 
procedure. 

The annual grasses had a signifi- 
cantly higher microdigestion than 
the perennial (Stipa pulchra). This 
is probably because in hand-clip- 
ping, large amounts of old, dead 
material were obtained with the 
perennial samples, but only the cur- 
rent year’s growth was obtained 
with the annuals. The nutritive 
value of the perennial is thereby 
negatively biased and, furthermore, 
livestock selected primarily green 
portions of perennials in their diets 
(Van Dyne and Heady, 1964) 3. Dry 
matter digestion was not significant- 
ly different from cellulose digestion 
when averaged over the five species. 

Table 3. Microdigesfion of five 
grasses and mixed forages by cat- 
tle and sheep in midsummer. 

Dry 
matter Cellulose 

digestion digestion 
Species c.1 s.2 c. s. 

- - Percent - - 
Avena barbata 39 50 53 52 
Bromus mol lis 42 49 46 48 
Bromus rigidus 41 48 48 46 
Bromus rubens 40 47 43 48 
Stipa pulchra 23 30 21 27 

Avg.-annuals 41 49 47 48 
Avg.- all grasses 37 45 42 44 

Sheep forage 50 55 51 56 
Cattle forage 49 57 52 60 
__~ 
1 C=Cattle-- 
2S=Sheep 
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Cattle digested significantly less of 
these grasses than did sheep, when 
averaged over both techniques, 45 
vs. 40%. A significant class of stock 
x technique interaction occurred be- 
cause dry matter digestion by cattle 
was considerably lower than that by 
sheep; whereas, cellulose digestion 
by sheep and cattle was similar. For 
sheep, all the individual species had 
lower dry matter and cellulose di- 
gestion than did the mixed sheep 
forage or cattle forage. For cattle, 
only one of the species, Avena bar- 
bata, had higher microdigestion than 
the sheep or cattle forage. 

roughages (Table 4). However, the 
degree of correlation varies widely 
between laboratories, forages, and 
often within the same forage and 
laboratory (Table 4) . 

Micro- vs. Macrodigestion 

One reason for digesting range 
plants by microtechniques is because 
microdigestion has been found to be 
highly correlated with macrodiges- 
tion estimates determined by con- 
ventional techniques for many farm 

The relationships of estimates of 
digestibility determined by nylon 
bag or artificial rumen technique 
and the corresponding macrodi- 
gestion estimate determined by 
lignin ratio during three range 
periods are illustrated in the left 
side of Figure 4. The macrodigestion 
estimates are calculated by lignin 
ratio using fecal excretion rate and 
composition during seven days from 
nine animals of each class in each 
period and composition of forage 
collections made twice daily for five 
days from five esophageal fistulated 
cattle and seven esophageal fistu- 
lated sheep in each grazing period 
(Van Dyne and Lofgreen, 1964). 

Microdigestion per se.-The poor 

Table 4. Review of correlations of 
estimates. 

microdigesfioln and macrodigesfion 

For- Ani- 
Reference ageslmalsa Diet3 Correlations41 5 Hours6 
Barnett (1957) 27 S-S U (**) PCFD,,: PCD,, 48 
Asplund et al. (1958) 11 S-S U .74 PDMD,,:PDMD,, 48 
Hershberger et al. (1959) 35 S-S U .97 PCD,,:PCD,R 24 
Quicke et al. (1959) 7 s-s U .67 PCD,,:PCD,, 48 
Reid et al. (1959) 1 S-S = .98 PDMD,,. *PDMD,, - 
Clark and Mott (1960) 11 s-c u .77 PDMD,,: PDMD,, 24 
Donefer et al. (1960) 9 S-S U .91 NVI,,:PCD,, 12 
LeFevre and Kamstra (1960) 16 S-C,S U .84 PCD,,: PCD,, 48 
Reid et al. (1960) 124 C,S-S U (**) PDMD,,: PCD,, 36 
Reid et al. (1960) 8 S-S = (**) PDMD,,:PCD,, 24,48 
Reid et al. (1960) 1 S-S = (**) PDMD,,: PDMD,, 72 
Taylor et al. (1960) 5 S-S U (**) PCD,,+PCD,, - 
Archibald et al. (1961) 2 c-c = .99 PCD,,: PCD,, 48 

Baumgardt et al. (1962) 31 I s-c u *85 DE,,: PCD,, 
)C-c u .75 

24,48 
24,48 

Bowden and Church (1962) 39 \s-c u .73 PDMD,,: PDMD,, 48 
Caballero et al. (1962) 2 S-C U (* *) PCD,,: PCD,, 48 
Donefer et al. (1962) 42 S-C U .89 NVI,,: PCD,, 12 
Johnson et al. (1962b) 1 C-U U .86 PDMD,,,:PCD,R 12 
Johnson et al. (1962a) 12 s-c u .97 PCD,,: PCD,, 48 
Lusk et al. (1962) 2 C-C = .83 PCD,,:PCD,, 48,72 

Kercher (1963) 

Tilley and Terry (1963) 

c.24 PCD,,:PCD,, 72 
4 ‘-’ = l-.11 PCD,,: PCD,, 72 

148 S-S U ( * *) PDMD,,: PDMD,, 48 

IForages varied from silages and pasture to hays and straw. 
2Animals used for macrodigestion and microdigestion estimates respec- 
tively: C=cattle, S=sheep, U=unspecified. 

sDiet of animals used as inocula source same as forage tested “z”; diet 
not the same as forage tested or not specified “U”. 

4Correlations of micro- and macrodigestion as reported or calculated from 
their data; or (**> if highly significant but magnitude not reported. 

BPDMD, PCD, PCFD = percent dry matter, cellulose, and crude fiber 
digested, TC=total collection, IND=indicator techniques, AR=artificial 
rumen, NB=nylon, dacron or silkbag, DE=digestible energy. 

6Duration of fermentations in hours. 

gassing of the artifical rumen in 
period I caused the relation of cellu- 
lose digestion in vitro to cellulose 
digestion by lignin ratio to be con- 
siderably different for forages SI 
and CI than for the other forages or 
techniques (Figure 4). Disregarding 
period I data there is a fair correla- 
tion between results from microdi- 
gestion and macrodigestion tech- 
niques, although the former are 
generally higher than the latter. 
Because numbers by a given tech- 
nique are small, all data were com- 
bined to compute the correlation be- 
tween microdigestion and macrodi- 
gestion which was 0.72 (P < .Ol). 
For only the cellulose digestion esti- 
mates the correlation is 0.45 (ap- 
proaching P < .05) which is much 
lower than many which have been 
reported (Table 4). 

Adjusted microdigestion.-Because 
procedural variations occur even 
under the best of conditions, and 
because the magnitudes of digestion 
estimates are affected by procedural 
variations, it is desirable to include 
standard samples in each trial for 
comparison between trials and ad- 
justment of data to standard con- 
ditions (Tilley and Terry, 1963; Van 
Dyne, 1963). An example of the 
adjustment procedure is as follows. 
For sheep forage in period I, PCD 
in vitro was 39.8%. The PCD in 
vitro for the alfalfa standard in 
periods I (range grazing) and IV 
(dry-lot) were 52.5 and 58.8%, re- 
spectively. Thus, the adjusted mi- 
crodigestion estimate for period I 
sheep forage was calculated as fol- 
lows: 
39.8% 

x (58.8%) = 44.6% 
52.5% 

when inocula when inocula 
were from were from 
grazing animals animals on 

dry-lot 

Adjusted data, plotted in the right 
side of Figure 4, shows a consider- 
ably decreased range of microdi- 
gestion estimates. Disregarding peri- 
od I forages, the correlation between 
adjusted microdigestion and macro- 
digestion was 0.52 (approaching P 
< .05). This suggests there was no 
improvement in correlation by the 
adjustment procedure, but the range 
in original data (per se), 20%, is 
considerably higher than the range 
in adjusted data, 9% (compare left 
and right portions of Figure 4). The 
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FIGURE 4. Cellulose and dry matter digestion of annual range forage measured by 
microdigestion techniques and by lignin ratio. 

high correlation of microdigestion 
per se to macrodigestion may be 
spurious, i.e., it may be a function 
of the range of the data. 

Even after adjustment of the data 
the in vitro values for period I for- 
ages are still considerably different 
from the other samples. Because the 
adjustment procedure accounts for 
methodological variations, these data 
suggest the forages grazed in early 
summer were different in microdi- 
gestion than those grazed in middle 
and late summer. However, in vivo 
PCD and PDMD for period I forages 
were similar to those of period II 
and III forages indicating a period 
x microtechnique interaction oc- 
curred. 

Range vs. dry-lot studies.-Several 
general conclusions can be drawn 
from these studies and those re- 
viewed in Table 4: 

(1) There is a high correlation 
between micro- and macrodigestion 
estimates for dry matter and cellu- 
lose. In five investigations the cor- 
relation between micro- and macro- 
digestion was S 0.90 (see Hersh- 
berger et al., 1959; Reid et. al., 1959; 
Donefer et al., 1960; Archibald et al., 
1961; and Johnson et al., 1962a in 
Table 4). Our correlations were not 
that high, but our data are over a 
more limited range. 

(2) The base feed of animals used 
as a source of inoculum is important 
(see Asplund et al., 1958; Clark and 

Mott, 1960; Taylor et al., 1960; Van 
Dyne, 1962; and Hopson et al., 1963). 
In this experiment the average PCD 
by lignin ratio for forages grazed 
in periods I, II, and III and the PCD 
in vitro was as follows: 

Period digested 
in vitro Lignin 
I II III ratio 
- - Percent - - 

Period I 46 58 54 50 
grazed II 58 60 51 

Thus, here also, the macrodigestion 
was nearest microdigestion in the 
same period the forage was grazed. 

(3)In many instances 48-hr mi- 
crodigestion estimates for cellulose 
are within two to five percent of the 
macrodigestion estimate (e.g., see 
Caballero et al., 1962; Johnson et al., 
1962a; Tilley and Terry, 1963; and 
Figure 4). 

(4) The microdigestion estimates 
are often more repeatable, within a 
forage, than macrodigestion esti- 
mates (Archibald et al., 1961) and 
better results generally are ob- 
tained when the same class of stock 
is used for both micro- and macro- 
digestion estimates. 

Most of the published studies have 
been concerned with higher quality 
roughages than mature range her- 
bage and with forages encompassing 
a much wider range in digestibility 
than those investigated in this study. 
Few studies have involved grazing, 

but individual animal variations on 
range are greater than on dry-lot 
(Van Dyne and Weir, 1964). Indi- 
vidual species of plants rather than 
complex mixtures of forages were 
investigated in many instances 
(Table 4). 

Existing techniques for measure- 
ment of range forage intake and 
digestion are not wholly satisfactory. 
Microdigestion techniques, having 
met with success under dry-lot and 
range conditions, may lead to more 
reliable estimates of range forage 
values and may be used in deter- 
mination of forage intake (Van 
Dyne and Meyer, 1964). 

Summary And Conclusions 

Eighteen ruminal fistulated 
steers and wethers each provided 
inocula for microdigestion stud- 
ies in three range grazing trials 
on mature annual range and in 
one dry-lot feeding trial. Arti- 
ficial rumen and nylon bag cel- 
lulose digestion (PCD) and ny- 
lon bag dry matter digestion 
(PDMD) estimates were ob- 
tained. Each animal provided 
microdigestion estimates on 
Solka-floe, on an alfalfa sample, 
and on forages consumed by 
esophageal fistulated animals 
grazing on the same range. Two 
steers and wethers each pro- 
vided nylon bag microdigestion 
estimates on five hand-clipped 
range forage plants during one 
period on the range. 

Six grazed forages, an alfalfa 
sample, and Solka-floe were not 
ranked in the same order by the 
three microdigestion procedures. 
Solka-floe always had the high- 
est digestibility, but forages 
varied in rank. Cellulose digesti- 
bility, but not dry matter di- 
gestibility, was higher in cattle- 
grazed than in sheep-grazed for- 
age. Forages grazed by either 
cattle or sheep in midsummer 
were more digestible, by all tech- 
niques, than forages grazed in 
early or late summer. 

The mixed forage samples ob- 
tained from esophageal fistu- 
lated animals generally had 
higher microdigestion estimates 
by nylon bag technique than any 
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of the five species hand-clipped 
from the range. 

Plant Sci. 40: 123-129. 

Microdigestion estimates were 
correlated with macrodigestion 
estimates obtained by lignin 
ratio technique under range 
grazing or total collection pro- 
cedures under dry-lot feeding. 
Over all techniques the correla- 
tion between microdigestion and 
macrodigestion estimates w a s 
about 0.72. Adjusting microdi- 
gestion of range forages to that 
of a standard sample decreased 
the range of estimates but did 
not improve the correlation of 
microdigestion to macrodiges- 
tion. The correlations found were 
not as high as many of those in 
the literature for farm roughages 
and reasons are discussed for 
possible differences. 
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TECHNICAL NOTES 

An Outbreak of Horse Poison- 
ing from Swamp Horsetail 
(Equisetum fluviatile L.) l 
L. J. KLEBESADEL AND W. W. 
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mist-ecologist, respectively, Alaska 
Agricultural Experiment Station, 
Palmer, Alaska. 

Several species of horsetail (Equi- 
setum spp.) have been reported to 
be poisonous to horses, particularly 
when large amounts are consumed 
in dried hay (Groh, 1930; Hender- 
son et al., 1952; Muenscher, 1961). 
Species poisonous in hay are less 
dangerous or altogether harmless 
when ingested as fresh herbage with 
other forage species during the 
growing season (Groh, 1930; 
Muenscher, 1961). The genus Equi- 
setum consists of approximately 25 
species (Lawrence, 1951) with the 
following species known to cause 
poisoning (Muenscher, 1961) : field 
horsetail (E. arvense L.), scouring- 
rush (E. hyemale L.), smooth scour- 
ing-rush (E. Zaevigatum A. Br.), 
marsh horsetail (E. palustre L.), 
wood horsetail (E. sylvaticum L.), 
and giant or ivory horsetail (E. 
telmateia Ehrh.) . 

Various theories have been pro- 
posed regarding the toxic principle 
in horsetails. These have associated 
the poisoning of horses with the 
presence of siliceous compounds, 
aconitic acid, and the alkaloid equi- 
setin in the plants, and fungi some- 
times found growing on the plants 
(Muenscher, 1961). More recently 
the presence of an antithiamine fac- 

1 Joint contribution from the Univer- 
sity of Alaska Agricultural Experi- 
ment Station and Tropic and Sub- 
arctic Research Programs, Crops 
Research Div., Agric. Research 
Serv., U. S. Dept. of Agriculture. 

2The authors express gratitude to 
Messrs. William Hoskins and Leo 
Kammermeyer, local residents, for 
assistance and information in this 
investigation. 

tor has been demonstrated in horse- 
tail and the enzymatic nature of this 
factor in thiamine destruction has 
been established (Henderson et al., 
1952). 

This report concerns a number of 
horse fatalities and 2 cases of sub- 
lethal poisoning presumed to have 
been caused by swamp horsetail (E. 
jluviatile L.) , a relatively tall horse- 
tail that grows in shallow water 
(Figure 1). No previous accounts of 
poisoning by this species are known. 
The range of swamp horsetail is gen- 
eral in Alaska excepting the area 
north of the Brooks Range and the 
southwestern portion of the main- 
land (Hultkn, 1941). The species is 
circumboreal and in North America 
it occurs southward to Oregon,North 
Dakota, Minnesota, Ohio, Pennsyl- 
vania and Delaware (Gleason, 1958). 

An area of lowland flats near the 
mouth of the Matanuska River in 
southcentral Alaska has been uti- 
lized frequently by hunting guides 
and outfitters as winter range for 
horses. Infrequent previous horse 
deaths in that area have been at- 
tributed to malnutrition. 

In November of 1963, approxi- 
mately 50 horses were driven to this 
area to be left for the winter with 
occasional observation. Interaction 
of high tides and weather conditions 
not completely understood caused 
icing over much of the area usually 
occupied by the wintering horses, 
forcing them to venture inland to an 
area not ordinarily grazed. Eight to 
10 dead horses were discovered, 
widely scattered in the latter area, 
over a month after they had been 
released on the lowland. 

Poisoning Symptoms 

When a number of the remaining 
horses were driven from the area 
the owner noted two that were 
abnormal in behavior. They ex- 
hibited several symptoms identical 
to those described in previous ac- 
counts of horsetail poisoning (Groh, 
1930; Henderson et al., 1952; Muen- 
scher, 1961). Symptoms observed 
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FIGURE 1. Various stem characteristics of 
swamp horsetail. A-unbranched cone- 
bearing stem; B-stem with several 
whorls of many, fine branches; C-stem 
with few, large branches; D-detail of 
sheath; E-cross section of stem; F- 
juvenile stem ; G-partially senescent 
stem in winter. Stems similar to F and 
G, especially the latter, comprised the 
forage consumed where poisoning of 
horses occurred. 

were nervousness, rapid breathing, 
unsteadiness of gait, staggering and 
occasional falling. Heavy perspira- 
tion, not reported previously, was 
noted on both affected animals in 
spite of the low prevailing air tem- 
perature of winter and the nominal 
exertion of walking. One of the 
horses, 14 years old, avoided small 
icy areas in the roadway indicating 
that vision was unimpaired. Both 
animals recovered completely after a 
week of grazing on a mixed stand of 
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bromegrass and mature oats. Beyond 
the symptoms described, all horses 
were reported to be in good physical 
condition. 

Young horses develop symptoms 
and succumb to horsetail poisoning 
much more rapidly than older ones 
(Groh, 1930; Muenscher, 1961). Ex- 
cept as noted in the present report, 
ages of horses affected are not 
known. 

Carcass Examination. - Carcasses 
of a yearling and a 7 to &year old 
horse were examined by the authors. 
Neither animal showed evidence of 
starvation. Stomach contents col- 
lected and examined microscopically 
revealed an abundance of swamp 
horsetail ingested. Post mortem ex- 
amination of organs was precluded 
by the frozen condition of the car- 
casses and disruption of the abdomi- 
nal cavities by carrion feeders. Fecal 
droppings showed no evidence of 
diarrhea, listed as an early symptom 
of horsetail poisoning (Groh, 1930). 

Circumsfances of Poisonings 

The area in which the poisonings 
occurred was of very low relief and 
poor drainage. Inspection of the area 
was accomplished in mid- January 
about 10 days after deaths were first 
noted. Grazing activities could be 
reconstructed readily from tracks, 
pawings in the snow, and remains of 
plants eaten. Expanses of treeless 
bog were interspersed with dense 
stands of black spruce (Picea mari- 
ana) as seen in the background of 
Figure 2. A predominantly aquatic 
zone, consisting of small, shallow 
ponds and standing water, existed, 
for the most part, around the periph- 
ery of the spruce thickets. All water 
was sufficiently frozen to support 
horses at the time of their entry 
into the area so they were afforded 
unrestricted access to all vegetation 
present. 

The horses had avoided the open, 
treeless bog except where trails 
crossed it. There was virtually no 
evidence of grazing in the bog areas 
where vegetation consisted primarily 
of the low shrub sweet gale (Myrica 
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FIGURE 2. Stand of swamp horsetail heavily 
grazed by horses on a small, frozen, 
snow-covered pond. 

gale) and tall-growing sedges 
(Carex spp.). Also present as spo- 
radic plants were marsh cinquefoil 
(Potentilla palustris), bluejoint grass 
(Calamagrostis canadensis), and 
swamp horsetail. No horse tracks 
were found in the dense black spruce 
stands. The understory there con- 
sisted primarily of Labrador tea 
(Ledum groenlandicum) and tall 
grass clumps of bluejoint and arcta- 
grostis (Arctagrostis arundinacea). 

Evidence revealed a marked pref- 
erence by the horses for foraging 
in the narrow zone bordering the 
black spruce thickets. (The two car- 
casses examined were found here.) 
Most of this zone was occupied by 
more or less continuous, shallow 
water in summer, as evidenced by 
the extent of ice-covered areas pres- 
ent. Thick stands of swamp horsetail 
grew in much of this water (Figure 
2). Youthful alder (Alnus sp.) and 
occasional large, dead birch (Betula 
sp.) and black spruce were present 
in this zone. Species available for 
grazing included scattered clumps of 
bluejoint grass, sedges, and cotton 
grass (Eriophorum sp.) and occa- 
sional dried canes of the poisonous 
waterhemlock (Cicuta mackenzie- 
ana). Leather leaf shrub (Chamae- 
daphne calyculata) and marestail 
(Hippuris vulgaris), an emergent 
aquatic, were also present. None of 
these species showed evidence of 
having been grazed except for the 
sedge where leaves interspersed with 

swamp horsetail were occasionally 
eaten off. 

In spite of the fact that several 
other species of plants were avail- 
able to the horses, virtually all graz- 
ing was confined to swamp horsetail. 
Groh (1930) stated that one of the 
symptoms of horsetail poisoning was 
a strong craving for the weed. The 
upper portions of the horsetail stems 
were dried, colorless, and flaccid 
(Figure 1-G). The lower few inches 

of the stems, however, were green 
and succulent where they protruded 
through the ice and were available 
to the horses when snow was moved 
away (Figure 2). Grazing evidence 
revealed clearly that the horses were 
selective in seeking out this green 
herbage. 

It is doubtful that swamp horsetail 
will ever become a widespread cause 
of poisoning. The aquatic habitat of 
this species precludes its harvest as 
hay during the growing season. It is 
unlikely that swamp horsetail is 
ever accessible to livestock in ap- 
preciable quantities except as in the 
present instance when plants were 
consumed during winter where they 
protruded through ice. 
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Trijolium semipilosum, Fres. 
(Kenya clover) shows promise of 
becoming an important cultivated 
pasture legume. It is apparently 
better able to withstand drought than 
T. repens (Britten 1962). Clovers are 
important as pasture plants because 
of their own high protein content 
and their ability to transfer nitrogen 
to associated pasture grasses. Since 
the ability to produce nitrogen de- 
pends on their being nodulated with 
an effective strain of Rhizobium, 
the success of a clover in a pasture 
is, therefore, directly related to the 
availability of an effective strain of 
Rhizobium. It is well known that 
many of the cultivated European 
species of Trijolium are successfully 
inoculated with a common inoculum. 
In one of the few papers on Trifoli- 
urn semipilosum, originating outside 
of Africa, Hosaka and Matsuura 
(1958) state that the inoculum gen- 
erally used for white clover may 
also be used for Kenya clover. 
Norris (1959) on the other hand has 
shown that the African species of 
Trijolium, including 2’. semipilosum, 
are not effectively nodulated with 
Rhizobium derived from European 
species of Trijolium. 

The objective of this experiment 
was to compare the effectiveness of 
a Rhizobium inoculum effective on 
certain European species of Trijoli- 
urn with a strain originally isolated 
from T. semipilosum. 

Materials and Methods 

Seed of Trijolium sempilosum was 
obtained from A. V. Bogdan, Grass- 
lands Research Station, Kitale, Ken- 
ya. Inoculum for T. semipilosum was 
obtained from D. 0. Norris, Cun- 

1 Published with the approval of the 
Director of the Hawaii Agricultural 
Experiment Station as Technical 
Paper No. 682. 

2 Presently Pro jessor o j Agriculture, 
University o j Queensland, Bris- 
bane, Australia. 
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ningham Laboratory, C.S.I.R.O., 
Brisbane, Australia. This inoculum, 
designated CB782, was then in-1 
creased and prepared for seed in- 
oculation by the courtesy of Joe C. 
Burton of the Nitragin Company of 
Milwaukee, Wisconsin. Inoculum 
of the European Trijolium (Culture 
“B”) group was also obtained from 
the Nitragin Company. Grateful ac- 
knowledgement is made to the 
above-mentioned workers in gen- 
erously providing materials. 

The first experiment was designed 
to determine the effectiveness of the 
Rhixobium cultures on established 
plants. Because of the nature of the 
experiment, it could not be done 
under aseptic conditions. Since CB782 
had never been used experimentally 
or otherwise in Hawaii prior to thiis, 
there would be no opportunity for 
accidental inoculation of the plants 
by this culture. The plants used had 
been grown for another purpose and 
at the beginning of the experiment 
were about three months old. They 
were grown in non-sterile soil, and 
because inoculum for white clover 
had been used in the nursery, it is 
assumed that strains of Rhizobium 
effective on T. repens had opportu- 
nity to infect these plants. When the 
experiment began, the seedlings 
were in a poor nutritional status, 
being stunted in growth because of 
leaching. Foliage was pale greenish 
yellow, with some of the leaves dis- 
playing a bright red color. Plants 
were removed from the original 
pots and most of the adhering soil 
was washed away. Many small white 
nodules were found on the roots of 
most plants. The plants were placed 
in 12-ounce containers which were 
filled with vermiculite. 

The plants were divided into three 
groups, conscious effort being made 
to ensure an equal distribution of 
different sizes. One group was then 
inoculated with an inoculum suit- 
able for T. repens, culture “B”, the 
second with CB782 and the third left 
uninoculated. 

The summer environment of Hono- 
lulu is not favorable for growth of 
T. semipilosum, so the experiment 
was further divided into three en- 
vironmental subtreatments. One 
group was placed on the open bench, 
receiving full sunlight, the second 
was placed on a bench which was 
partially covered so that it received 
no direct sunlight from about 10: 45 
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A.M. to 1: 15 P.M. A third group was 
placed in controlled environment 
cabinets (Britten and Kinch 1960) 
with temperatures set at 72&l “F 
and 52tl “F for day and night re- 
spectively. Photoperiod was set at 
14 hours. Plants inoculated with 
CB782 were placed in a different 
cabinet from those inoculated with 
the 7’. repens inoculum and the con- 
trols. There were 15 plants in each 
of the ultimate treatment groups or 
135 plants altogether. Plants were 
given nutrient solution three times 
a week and on other days given tap 
water. The nutrient solution was a 
slightly modified Hoagland’s con- 
taining no nitrogen. 

Notes were made on appearance 
and survival of the plants, nodula- 
tion of the roots and dry weights of 
tops 57 days after treatment. 

The second experiment was begun 
under aseptic conditions and was de- 
signed to determine effectiveness of 
the Rhizobium strains on young 
seedings. Seed of T. semipilosum 
was scarified in concentrated sul- 
phuric acid for 30 minutes, washed, 
dried and surface sterilized with a 
1% solution of sodium hypochlorite. 
Seeds were rinsed several times in 
sterile water and then placed, with 
sterile forceps, in a mixture of 
vermiculite and pearlite which had 
been steam sterilized in 12 ounce 
containers. 

Four inoculation treatment groups 
were established, one receiving type 
“B” inoculum, one CB782 and two 
groups no inoculum. Both inoculum 
groups and one uninoculated group 
received sterile nutrient solution 
lacking nitrogen; the remaining un- 
inoculated group received sterile 
complete nutrient solution. Plants 
were watered on alternate days with 
distilled water. The experiment was 
designed to have four plants per pot 
with ten pots per treatment. The 
experiment was terminated at 51 
days. Notes were taken on appear- 
ance, dry weight of tops and nodula- 
tion of roots. Nitrogen analysis of 
tops was done by the Kjeldahl 
method. 

Two environmental treatment sub- 
groups were set up, one on open 
benches, the other in the controlled 
environment cabinet with tempera- 
ture and photoperiod set as before. 

Results 

The results of the experiment on 
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Table 1. Survival, dry weight and nitrogen confenf of established Trifolium semipilosum plants growing under 
fhree inoculafion freafmenfs and fhree environmental sub-freaimenfs. 

Dry Weight Tops Nitrogen Ratio N 
Survival Per Plant Per Plant CB782/“B” 

No No No 
Sub-treatment Inocul. “B” CB782 Inocul. “B” CB782 Inocul. “B” CB782 -. 

- percent --grams-- - - - - - milligrams - - 
Partial 

shade 0 7 7 - 0.07 0.35 - 1.0 8.0 8.2 
Open 

bench 13 33 40 0.09 0.13 0.55 1.3 1.5 9.5 6.3 
Cabinet 73 80 80 0.21 0.16 0.29 2.3 1.6 7.9 4.9 

Table 2. Dry weights, and nitrogen content of Trifolium semipilosum seedlings growing under four inoculafion 
and nufriiion ireafmenfs and fwo environmental sub-freafmenfs. 

Dry Weight Tops Nitrogen Content 
Per Plant Per Plant 

Complete Complete Ratio N 
nutrient Nutrient, -N nutrient Nutrient, -N CB782/“B” 

No No “B” CB782 No No “B” CB782 
Sub-treatment Inocul. Inocul. Inocul. Inocul. Inocul. Inocul. Inocul. Inocul. 

_---_- grams - - - - - - - - - - milligrams - - - - 
Open bench 0.574 0.006 0.006 0.137 18.37 - 0.16 2.53 15.4 
Cabinet 0.252 0.002 0.004 0.039 9.03 0.03 0.06 0.56 9.3 

the established plants are summar- 
ized in Table 1. The environmental 
sub-treatments showed the greatest 
differential in mortality and growth. 
Only two plants survived under 
partial shade. Plants on the open 
bench also suffered high casualty 
with the group inoculated with 
CB782 having the highest survival 
rate. 

The cabinet treatment sub-group 
showed the highest survival, with 
approximately equal numbers of 
each inoculation treatment group 
surviving. 

The plants receiving CB782 made 
a slow but definite recovery from 
the poor condition at which they 
started. This was shown by the 
leaves taking on a darker green 
color and the disappearance of the 
red pigmentation. The other two 
groups maintained their pale green- 
ish yellow and red coloration. 

Growth of the plants, as indicated 
by dry weight of tops, was greater 
for those receiving CB782 inoculum 
than for the other two groups. 
Amount of nitrogen per plant was 
four to eight times greater for this 
group compared to the other two. 
Dry weight and nitrogen content of 
plants receiving culture “B” was less 
than those not receiving any de- 
liberate inoculum. 

FIGURE 1. Plants of Trifolium semipilosum under different treatments with inoculum 
and nutrient solution. Plants from left to right are: (1) inoculumCB782, nutrient- 
complete minus nitrogen ; (2) inoculum-“B” suitable for European clovers such as 
T. repens, nutrient-complete minus nitrogen; (3) (negative control) inoculum-none, 
nutrient-complete minus nitrogen; (4) (positive control) inoculum-none, nutrient- 
complete including nitrogen. The plants in the two center containers were hardly 
visible both because of small size and pale color. 

The results of two environmental 
sub-treatments in the second ex- 
periment, open bench and cabinet, 
parallelled each other for all treat- 
ments except that there was not 
enough plant material in the no- 
inoculum no-nitrogen treatment 
group for analyses even by micro- 
Kjeldahl. The second experiment 
had a treatment group not included 
in the first, namely, uninoculated 
and receiving complete nutrient so- 
lution. Growth of plants in this 
group was greatest of all as shown 
in Figure 1 and in Table 2. Growth 

of plants receiving treatment with 
CB782 was slow at the beginning, 
but improved as time went on. They 
were a healthy green color. Plants 
in both the uninoculated control not 
receiving nitrogen and the plants 
receiving the “B” clover inoculum 
failed to make satisfactory growth. 
They were stunted and pale yellow 
in appearance and at the time of 
termination of the experiment were 
barely maintaining themselves. Ni- 
trogen content of the plants was 
highest in the plants receiving com- 
plete nutrient, less in those inocu- 



lated with CB782 and very much 
less in the uninoculated no nitrogen 
and the clover “B” inoculation group. 

Examination of the roots of the 
plants showed two specific types of 
nodules. The type found on plants 
inoculated with “B” culture was 
white, spherical, numerous, and less 
than a millimeter in diameter. The 
nodules found on the plants of the 
first experiment grown in soil were 
similar in appearance. Nodules of 
the second type, found on plants 
inoculated with CB782, were large 
convoluted and at times reached a 
size of about 2 x 2 x 4 mm. When 
cut open they were greenish-pink 
in color. Nodules of both types were 
found on the same plants in the first 
experiment in the group inoculated 
with CB782. The small ineffective 
nodules were present at the begin- 
ning of the experiment. Some 
nodules of the CB782 type were also 
found on the distal parts of some 
plants inoculated with culture “B”. 
These occurred on roots which had 
grown out of the bottom of the pots. 
Infection had occurred late and had 
not had an opportunity to affect 
growth of the plants significantly 
as was obvious from the appearance 
of the plants. 

Discussion 

The results of both sets of experi- 
ments clearly show that “B” inocu- 
lum used for inoculation of Trifoli- 
urn repens and similar clover can 
and does produce nodules on Trifoli- 
urn semipilosum, but these nodules 
are small and completely ineffective 
in fixing nitrogen with this species 
of clover. Plants treated with this 
inoculum failed to make satisfactory 
growth in the absence of added ni- 
trogen. Plants grown in soil in the 
first experiment showed severe 
symptoms of nitrogen deficiency 
even though well nodulated. Anal- 
ysis of plants treated with this in- 
oculum were not greatly different 
from the controls which were not 
inoculated at all. They were con- 
sistently lower in nitrogen than the 
plants inoculated with CB782, as in- 
dicated in the last column of Tables 
1 and 2. The ratio figures in Table 1 
do not reflect the true nitrogen 
fixation picture for the two groups, 
as these plants had originally been 
grown in soil with added nitrogen. 
At the beginning of the experiment, 
the plants had a certain nitrogen 
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reserve, both groups being presum- 
ably equal. That the plants treated 
with “B” inoculum failed to main- 
tain this equality is shown by the 
ratio of the nitrogen level of the 
plants treated with CB782 compared 
to those treated with “B” Rhizobium. 
These ratios indicate a mean of 6.5 
times more nitrogen for the CB782 
treatment. 

The results of the second experi- 
ment also indicate the inability of 
Rhizobium “B” culture to be effec- 
tive on Trifolium semipilosum. This 
is shown by lack of growth and low 
nitrogen content of the plants. Plants 
inoculated with CB782 showed a 
healthy green color. 

Plants receiving full nutrient so- 
lution grew more rapidly than those 
receiving the CB782 treatment. This 
difference would be expected when 
it is realized that plants growing 
with full nutrient received adequate 
amounts of nitrogen from the begin- 
ning, while the uninoculated plants 
received no nitrogen except that 
carried in the seed, until nodulated 
by the symbiotic organism. Under 
field conditions, it would be ex- 
pected that some nitrogen would be 
available to the seedlings at time of 
germination. The second experiment 
in which plants were grown in 
vermiculite with no added nitrogen 
except in one control group was, 
therefore, a more severe test than 
would normally be encountered in 
the field. 

The experiments also indicate dif- 
ferences in growth and survival of 
Kenya clover plants when grown 
under different environments. The 
environmental sub-treatments were 
given only to ensure that at least 
one set of experiments would give 
the required information on nodula- 
tion effects. It is fortunate that the 
experiment was planned in this 
manner, because the plants grown 
on benches during the summer 
(Experiment 1) did not give as 
much information as those grown in 
the cabinet. The experiment was not 
designed to test the optimum en- 
vironment for T. semipilosum so 
that this aspect of environment sub- 
treatments needs no further discus- 
sion. 

It can be concluded that Trifolium 
semipilosum is not effectively nodu- 
lated with strains of Rhizobium 
commonly effective on European 
clover species. Strain CB782 is avail- 
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able for effective inoculation of this 
species. 
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Considerable work has been done 
on the phytosociological aspects of 
grassland communities in relation 
to grazing (Shepperd, 1919, 1939; 
Humphrey and Mehrhoff, 1958; 
Weaver and Hansen, 1941; Drew, 
1947; Kucera, 1956 and Launch- 
baugh, 1955). Ellison, (1960) while 
studying the influence of grazing on 
plant succession of rangelands tried 
to give successional trends by the 
major plant types of the United 
States, beginning with the true 
prairie of the Great Plain and mov- 
ing Westward. He gave more stress 
on changes resulting from different 
intensities of grazing. 

Hence the vegetation is typified 
by the general features of the char- 
acteristic flora and abundance on the 
grounds. It readily responds to 
changes in the habitat; and if it is 
repeatedly mowed, scraped, tram- 

- 
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lated with CB782 and very much 
less in the uninoculated no nitrogen 
and the clover “B” inoculation group. 

Examination of the roots of the 
plants showed two specific types of 
nodules. The type found on plants 
inoculated with “B” culture was 
white, spherical, numerous, and less 
than a millimeter in diameter. The 
nodules found on the plants of the 
first experiment grown in soil were 
similar in appearance. Nodules of 
the second type, found on plants 
inoculated with CB782, were large 
convoluted and at times reached a 
size of about 2 x 2 x 4 mm. When 
cut open they were greenish-pink 
in color. Nodules of both types were 
found on the same plants in the first 
experiment in the group inoculated 
with CB782. The small ineffective 
nodules were present at the begin- 
ning of the experiment. Some 
nodules of the CB782 type were also 
found on the distal parts of some 
plants inoculated with culture “B”. 
These occurred on roots which had 
grown out of the bottom of the pots. 
Infection had occurred late and had 
not had an opportunity to affect 
growth of the plants significantly 
as was obvious from the appearance 
of the plants. 

Discussion 

The results of both sets of experi- 
ments clearly show that “B” inocu- 
lum used for inoculation of Trifoli- 
urn repens and similar clover can 
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urn semipilosum, but these nodules 
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growth in the absence of added ni- 
trogen. Plants grown in soil in the 
first experiment showed severe 
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ysis of plants treated with this in- 
oculum were not greatly different 
from the controls which were not 
inoculated at all. They were con- 
sistently lower in nitrogen than the 
plants inoculated with CB782, as in- 
dicated in the last column of Tables 
1 and 2. The ratio figures in Table 1 
do not reflect the true nitrogen 
fixation picture for the two groups, 
as these plants had originally been 
grown in soil with added nitrogen. 
At the beginning of the experiment, 
the plants had a certain nitrogen 
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reserve, both groups being presum- 
ably equal. That the plants treated 
with “B” inoculum failed to main- 
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plants treated with CB782 compared 
to those treated with “B” Rhizobium. 
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is shown by lack of growth and low 
nitrogen content of the plants. Plants 
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healthy green color. 
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difference would be expected when 
it is realized that plants growing 
with full nutrient received adequate 
amounts of nitrogen from the begin- 
ning, while the uninoculated plants 
received no nitrogen except that 
carried in the seed, until nodulated 
by the symbiotic organism. Under 
field conditions, it would be ex- 
pected that some nitrogen would be 
available to the seedlings at time of 
germination. The second experiment 
in which plants were grown in 
vermiculite with no added nitrogen 
except in one control group was, 
therefore, a more severe test than 
would normally be encountered in 
the field. 

The experiments also indicate dif- 
ferences in growth and survival of 
Kenya clover plants when grown 
under different environments. The 
environmental sub-treatments were 
given only to ensure that at least 
one set of experiments would give 
the required information on nodula- 
tion effects. It is fortunate that the 
experiment was planned in this 
manner, because the plants grown 
on benches during the summer 
(Experiment 1) did not give as 
much information as those grown in 
the cabinet. The experiment was not 
designed to test the optimum en- 
vironment for T. semipilosum so 
that this aspect of environment sub- 
treatments needs no further discus- 
sion. 

It can be concluded that Trifolium 
semipilosum is not effectively nodu- 
lated with strains of Rhizobium 
commonly effective on European 
clover species. Strain CB782 is avail- 
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able for effective inoculation of this 
species. 
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pled or grazed, many of the compo- 
nent species are reduced until some 
disappear and may or may not be 
replaced by others. Such floristic 
changes are not only of much scien- 
tific interest but are of great eco- 
nomic importance. It is, therefore, 
interesting to study whether the 
most valuable forage species are 
able to reproduce and retain their 
position under different degrees of 
biotic disturbances or are replaced 
by less valuable but virile ones. 

Dix (1959) evolved a method by 
which the behaviour of each species 
under grazing pressure can be ob- 
j ectively estimated. He sampled 
vegetation for percentage frequency 
by placing quadrats at the end of 
predetermined pace distances along 
several lines laid out to represent 
the entire area. The frequency of 
each species was converted into den- 
sity, using a table prepared by 
Fracker and Brishchle (1944). 

The study was made on paired 
stands of grazed and ungrazed grass- 
land. Since the grazed members were 
in various stages of degeneration, it 
was felt that the behaviour of spe- 
cies under grazing pressure could 
best be determined by mathematical 
comparision between the stand pairs. 
The densities for each species in the 
grazed and ungrazed stands were 
summed separately. The sum of den- 
sities for the grazed stand was then 
subtracted from the sum of the den- 
sities from the ungrazed for each 
species regardless of which number 
was larger. When the sum of den- 
sities was larger in the ungrazed 
stands, then this was a positive num- 
ber; when the reverse it was a nega- 
tive number. If the algebraic dif- 
ference was a positive number, it 
was divided by the sum of densities 
for the ungrazed stands and if it 
was a negative number it was di- 
vided by the sum of the densities 
for the grazed stands. The index 
numbers were multiplied by 10 to 
avoid the use of decimals and 
rounded off to one digit. These 
indices are called grazing-suscep- 
tibility numbers. 

Experimental Procedure 

The experimental areas under 
present investigation lie in the 
Upper Gangetica plains and are 
situated on the level grounds near 
the west bank of the Ganges about 
three miles to the south of Varanasi, 
which lies at 25” 18’ north latitude 

and 83” 1’ east longitude. It is ap- 
proximately 76.19 meters above the 
sea level. 

The climate is distinctly conti- 
nental and shows a wide range of 
temperature during winter and sum- 
mer seasons. The annual average 
rainfall is of 153.73 mm. The soils 
of this area are characterized by 
rich alluvium and composition varies 
from sand and clay to fine clay. 

The grasslands of Varanasi are 
subjected to varying intensity of 
biotic influences and accordingly 
grouped by Sant (1963) as pro- 
tected, mediumgrazed and over- 
grazed fields (Figures 1 and 2). 

The procedure outlined above was 
applied by pairing the moderate 
grazed and overgrazed stands alter- 
nately with protected stands thus 
giving two pairs of stands: (1) Pro- 
tected-mediumgrazed and (2) Pro- 
tected- overgrazed. 

FIGURE 2. Cattle grazing during rainy 
season. Top-Mediumgrazed field near 
Agricultural Farm. Bottom-Overgrazed 
field near Central Office. 

FIGURE 1. Overgrazed field opposite Sci- 
ence College during rainy season, show- 
ing heavy scraping of grassland vegeta- 
tion. 

The charted quadrats in different 
grazing fields were used to find the 
density of the species per unit area 
(Sant, 1961). In this case the density 
was found directly by actual count- 
ing, which is always better than 
deriving it from frequency data. 
The formula can then be written: 

Sum densities 
protected 

Grazing susceptibibty 
number for speaes = 

A 
Sum denslties 

protected 
(when numerator 

IS positive) 

- 

OR 

Sum densities 
medmmgrazed 

OR 
Overgrazed 

x 10 
Sum densltres 
mednnngrazed 

OR 
overgrazed 

(when numerator 
is negative) 

Results and Discussion 
The grazing susceptibility num- 

bers calculated by the above form- 
ula, therefore, indicate the relative 
changes in the densities of a species 
on account of grazing (Table 1). 

Each species has its own char- 
acteristic behaviour due to different 
biotic stress. The grazing suscep- 
tibility number is negative in the 
case of Cynodon dactylon, Con- 
volvulus pluricaulis, Evolvulus al- 
sinoides, E. nummularius and Boer- 
haavia diffusa during both seasons 
and, in the case of Dactyloctenium 
aegyptium, Eragrostis gangetica, E. 
viscosa, Panicum psilopodium and 
Paspalidium flavidum, during the 
rainy season only. It means that 
these species are capable of with- 
standing moderate and severe graz- 
ing. 

Other plants like Dichanthium 
annulatum, Alysicarpus longifolius, 
Bothriochloa pertusa, Desmodium 
triflorum, Indigofera linifolia and 
Setaria glauca posses positive graz- 
ing susceptibility numbers in both 
sets of stands showing that they are 
hampered and at disadvantage under 
the grazing systems. 

Finally it is observed that if the 
grazing susceptibility number is plus 
and minus in either of the two paired 
stands, the species favours either 
moderate grazing or overgrazing or 
vice versa. Alysicarpus monilifer is 
capable of withstanding overgrazing 
better than moderate grazing, be- 
cause it has minus grazing suscep- 
tibility number in protected-over- 
grazed stand and plus grazing sus- 
ceptibility number in the protected- 
mediumgrazed stand. But Digitaria 
sanguinalis and Vernonia cenera 
withstand moderate grazing better 
than overgrazing, because they have 
minus grazing susceptibility num- 
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Table 1. Grazing susceptibility number for grasses and forbs during the 
summer and the rainy seasons in fhe different grazing grounds (1959- 
1961). 

Protected- 
mediumgrazed 

Protected- 
overgrazed 

Summer Rainy Summer Rainy 

Plants species + - + - + - + - 
Alysicarpus longifolius - 
Alysicarpus monilifer 7.2 
Boerhaavia diffusa - 
Bothriochloa pertusa - 
Convolvulus pluricaulis - 
Cynodon dactylon - 
Dactyloctenium aegyptium - 
Desmodium triflorum 7 
Dichanthium annulatum 2 
Digitaria sanguinalis - 
Eragrostis viscosa - 
Eragrostis gangetica - 
Evolvulus alsinoides - 
Evolvulus nummularius - 
Indigofera linifolia 4 
Paspalidium flavidum - 
Panicum psibopodium - 
Setaria glauca - 
Vernonia cenera - 

bers in the protected-medium- 
grazed stands and plus in the pro- 
tected-overgrazed stand. 

It may be concluded that the 
grazing susceptibility number is of 
great ecological importance, as it 
indicates the behaviour of each spe- 
cies under different grazing stress. 

Summary 
The present study deals with the 

adaptation of plant species under the 
influence of grazing as observed on 
the grasslands of Varanasi. The 
vegetation was studied in two paired 
stands. The stands were selected ac- 
cording to the degree of grazing. 
Density of the species was used in 
determining the grazing suscep- 

- 2 - - 
- 4.2 - - 

3 - 9.1 - 
- 2 - - 
1.3 - 3 - 

3- 7- 
- - 4 - 
- 4.1 - 1.2 
- 3.3 - 8.4 
- - 3.3 - 
- - 9 - 
- - 6 - 

2- 2- 
2.3 - 3 - 
- 8.3 - 7.2 
- - 8.1 - 
- 3 - - 
- 3 - - 

4 - - 7.2 

- 1.9 - 
2 - 6.3 
4 - 8.0 

- 6 - 
3 - 5.8 
4- 9 

- - 6.2 
- 3 - 
- 9.4 - 
- 5 - 
- - 9 
- - 8.4 

3 - 2.2 
7- 8 

- 9.0 - 
- - 9 
- 2 - 
- 2 - 

The Peace Corps-The Two Way Learning 

The popular conception of the Peace Corps . . . Cisl a means of sending young Americans abroad to help in 
the “modernization” of “underdeveloped” countries. . . . The problem with this image is that most Americans tend 
to think of an “underdeveloped” country as a tabula rasa, a nearly blank slate, in which modern (American) insti- 
tutions need only be introduced, and that good-will, hard work and technical know-how will fast see it through 
to prosperity. 

The community in which I worked was an extremely complex aggregate of individuals, families and larger 
groupings, each with their own interests to protect and advance, highly sophisticated in motivation and behavior, 
together creating a culture unlike anything we had known in America. . . . The only way in which a volunteer can 
begin to function effectively in a community where values, attitudes and behavior often bear little relation to his 
“normal” American expectations, is to stand still, look and listen. If the volunteer is to be successful at all, he 
must begin as the tabula rasa. He must be willing to say, “I know nothing, tell me, teach me about your commu- 
nity.” The project to which he is assigned is likely to be worthless if it does not correspond to a real problem 
felt by the community and his co-workers. To discover what is really of concern to them takes time and in most 
cases, considerable facility with the local language. . . . -David Szanton. 

tibility number. The actual method 
for its determination, as outlined in 
this paper, is accurate and is an’im- 
provement over the recent method 
described by Dix (1959). 

The grazing susceptibility number 
of a few grasses and forbs were cal- 
culated in two sets of fields i.e., 
protected and overgrazed; and pro- 
tected and mediumgrazed. 

The plant species shows different 
behaviour in the two different sets 
of fields. The grazing susceptibility 
number also indicates the ability of 
the plant species with which it can 
withstand the environmental stress. 

LITERATURE CITED 
Drx, R. L. 1959. The influence of 

grazing on the thin soil Prairie of 
Wisconsin. Ecology 40: 1: 36-42. 

DREW, W. B. 1947. Floristic compo- 
sition of grazed and ungrazed 
prairie vegetation in North Cen- 
tral Missouri. Ecology 28: 26-41. 

ELLISON, L. 1960. Influence of graz- 
ing on plant succession of range- 
lands. Bot. Rev. 26: l-78. 

FRACKER, S. B. AND H. A. BRISCHLE. 
1944. Measuring the local distri- 
bution of ribes. Ecology 25:283- 
303. 

HUMPHREY, R. R. AND L. A. MEHR- 
HOFF. 1958. Vegetation changes on 
a Southern Arizona grassland 
range. Ecology 39: 720-726. 

KUCERA, C. L. 1956. Grazing effects 
on composition of virgin prairie 
in north central Missouri. Ecology 
37: 389-391. 

LAUNCHBAUGH, J. L. 1955. Vegeta- 
tional changes in the San Antonio 
prairie associated with grazing, 
retirement from grazing and 
abandonment from cultivation. 
Ecol. Monog. 25: 39-57. 

SANT, H. R. 1961. Ecological be- 
haviour of a few grasses and 
weeds in response to grazing. 
Proc. Ind. Sci. Cong. Part 111:364- 
365. 

SANT, H. R. 1963. Effect of grazing 
on the general herbage of Banaras 
Hindu University grounds and a 
study of seed character and re- 
productive capacity of four 
weeds. Proc. Nat. Acad. Sci. Sec. 
B, Vol. XxX111, Part 111:355-360. 

SHEPPERD, J. H. 1919. Carrying ca- 
pacity of native grasses in North 
Dakota. Jour. Amer. Sot. Agron. 
11: 129-142. 

SHEPPERD, J. H. 1939. The Mandan 
grazing trial. N.D. Agr. Exp. Sta. 
Bimo. Bull. 1: 7-9. 

WEAVER, J. E. AND W. W. HANSEN. 
1941. Native midwestern pastures 
their origin, composition and de- 
generation. Uni. Nebr. Cons. and 
Survey Div. Bull. 22, 93 p. 



MANAGEMENT NOTES 

GOLIATH -A LONG-BOOM 
RANGE SPRAYER1 
C. G. ARMSTRONG, M. R. GEB- 
HARDT, AND E. H. MCILVAIN 
Agricultural research technician, 
Crops Research Division, Southern 
Great Plains Field Station, Wood- 
ward, Oklahoma; agricultural engi- 
neer, Agricultural Engineering Re- 
search Division, Columbia, Missouri; 
and research agronomist, Crops Re- 
search Division, Woodward, Okla- 
homa. 

Goliath, a long-boom, combine- 
chassis sprayer, was “born” from 
corner to corner of the machine shop 
at the Southern Great Plains Field 
Station, Woodward, Okla., in May 
1962. His chassis, a used $250 self- 
propelled grain combine, was made 
to support a lOO-foot spray boom, 
Figure 1 left and center. He was 
built of spare and old parts of many 
origins. 

Goliath has proved his ruggedness 
on over 4,000 acres of field tests on 
rangeland and cropland. He proved 
that his structural design was sound 
-that he could spray both night and 
day-that he could spray rangeland 
at 60 acres an hour, an acre a 
minute, at a normal travel speed of 
5 mph-and that he could spray 
smooth cropland at 100 acres an 
hour. 

Goliath was created for the Great 
Plains, where the land surface is 
relatively flat and smooth, where 
daytime wind velocities are usually 
high, where pastures and wheat 
fields are usually large, where low 
rates and low volumes of spray 
material are widely used, and where 
the cost per acre of applying her- 
bicides frequently exceeds the her- 

1 Based on cooperative work of Crops 
Research Division and Agricultural 
Engineering Research Division, Ag- 
ricultural Research Service, U. S. 
Department of Agriculture at the 
U. S. Southern Great Plains Field 
Station, Woodward, Oklahoma; and 
the Missouri Agricultural Experi- 
ment Station, University of Mis- 
souri. 

bicide cost. 
Goliath has potential use wherever 

low-cost, rapid spraying of large 
acreages is desired. With slight 
modification, the sprayer could be 
used for insecticides, fungicides, 
growth stimulants, or liquid fertil- 
izers. 

Description and Consfrucfioln 
The chassis-A John Deere Model 

55, 12-foot, self-propelled combine 
was first stripped of its cutting 
platform and separator unit.2 The 
platform was replaced by a parallel- 
lifting support mechanism for the 
spray boom, and the separator by a 
340-gallon spray tank, Figure 2, left 
and center. 

In addition, the engine was moved 
from the top to the back of the com- 
bine to lower the center-of-gravity. 
The rear wheels were widened and 
equipped with a radius rod to in- 
crease stability, Figure 1 left. The 
front tires and wheels were replaced 
with aircraft tires and wheels to 
increase flotation, and the main 
frame was strengthened with two 
simple tension rods and stub braces, 
Figure 1, right. 

The boom support-The rear por- 
tion of the boom support, or parallel- 
lifting mechanism, was rigidly 
mounted to the combine frame. The 
remainder of the boom support was 
hinged as a parallelogram so that 
the front portion could be raised and 
lowered in a vertical position. The 
boom support was then fastened to 
the hydraulic cylinders that former- 
ly controlled the cutting platform. 

A folding angle-iron frame was 
built on the front of the boom sup- 
port to secure the front guy wires 
from the boom, Figure 1 left. 

The boom-The boom was pat- 
terned after an 80-foot boom de- 

2 Mention of commercial products 
and companies throughout this ar- 
ticle is for identification, and does 
not imply indorsement or recom- 
mendation by the U. S. Department 
of Agriculture over others of a 
similar nature not mentioned. 
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veloped and used by the Bureau of 
Reclamation at Socorro, N. Mex. 

Each side of the boom was made 
in two sections, plus a center sec- 
tion, making a total of five sections. 
The key to its success is flexibility. 
Materials used in its construction, 
the guy-wire system, and the hy- 
draulic system on the boom support, 
all combine to create a rapid damp- 
ing effect on oscillation and whip- 
ping-action of the boom. 

The center section, 8 feet, was 
fastened to the underside of the 
boom support. Each of the outer 
boom sections was constructed from 
two lengths of galvanized, steel, 
irrigation pipe with a wall thickness 
of one-eighth inch, Figure 2, right. 
The inner section was 4 inches in 
diameter, the outer 3 inches. The 
booms were fastened to the boom 
support with a double-action hinge 
that enables the boom to pivot both 
up and down and back and forth, 
Figure 3, left. The hinge at the cen- 
ter of each outer boom was also a 
central point for the guy-wire sup- 
port system, Figure 3 center. 

Each outer boom can be raised 
or lowered independently by a hy- 
draulic cylinder in its guy-wire sys- 
tem. It is essential to raise the outer 
ends of the booms when spraying 
near small sand dunes, when spray- 
ing over fences and small trees, or 
when crossing small ditches where 
the end of the boom might hit the 
ground. 

The spray system 
The spray tank was made by cut- 

ting the rounded sides from a used, 
400-gallon gasoline tank. Two baffles 
and an agitator were then mounted 
in the tank. A transparent plastic 
tube was mounted vertically on the 
front of the tank and calibrated to 
serve as a fluid gauge. 

The agitator was a used, la-inch 
propeller from an outboard motor. 
When turned at 550 rpm inside the 
340-gallon tank, it made an excellent 
emulsion of oil, water, and herbicide. 
The agitator was controlled with the 
former grain-elevator clutch. 

The pump was a used, belt-driven, 
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FIGURE 1. Left-Boom in near-horizontal spraying position. Note front guy wires on boom (a). Rear guy wires (hidden by other 

wires) fasten to sprayer frame. A radius rod was added to the widened rear wheels (b). Center-Boom and boom support in raised 
position in IO-foot shinnery oak. Slack wires on boom are for safety. Right-Sprayer in traveling position-overall width, 10 feet. 
Folded boom is chained to a cradle mounted in front of motor. Note tension rod and stub braces under sprayer frame (a). 
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FIGURE 2. Left-Sketch of center-mounted, 340-gallon tank and channel-iron support for parallel-lifting mechanism. Center-Parallel- 
lifting mechanism for the spray boom ; front view on left, side-view on right. Right-Sketch of left boom. 

FIGURE 3. Left-Double action channel hinge (partially opened) (a), and pipe hinge (b) for inner end of boom. Center-Hinge at 
center of left boom. Also a central point for the guy-wire support system. Note mounting of nozzle and fluid-line bracket on web- 
belt material to prevent vibration leakage (a). Right-Pump unit showing end of shop-made cloth strainer (a), 50-mesh strainer 
(b), loo-mesh strainer (c), tank line for filling tank with sprayer pump (d), boom line (e), and drive shaft for propeller-agitator 

(0. 

gear pump with a pressure range of 
10 to 65 pounds and an output rate 
of about 50 gallons per minute at 
1500 rpm. The pump was driven 
from a pulley on the agitator shaft 
and was controlled by the grain- 
elevator clutch, Figure 3, right. 

Effective line strainers are the key 
to spraying success with low-volume 
sprayers. The first of 3 strainers was 
made from a used, 4-quart, oil filter 
by replacing the filter unit with a 
4-inch, thin-wall pipe with numer- 
ous 1/4 inch holes, Figure 3, right, a. 

A heavy-duty cotton sock was placed 
over the 4-inch pipe to serve as a 
coarse strainer. It proved highly 
efficient. 

The second strainer was a com- 
mercial gasoline strainer with a 50- 
mesh screen, Figure 3, right, b. The 
third strainer (Spraying Systems 
Co., Bellwood, Illinois, line strainer, 
Model 1% ATWAL) contained a 
loo-mesh screen, Figure 3, right, c. 

In addition to the 3 line strainers, 
each of the 50 nozzles on the boom 
was equipped with a loo-mesh 

screen. The importance of using 
clean water or oil in the spray tank 
and of having numerous, efficient 
strainers cannot be over-emphasized. 
The cost of nozzle-cleaning comes 
high-an acre a minute! 

The fluid line was made from lo- 
foot lengths of 3/4 inch, inside-di- 
ameter, heavy-wall, aluminum pipe 
fastened end-to-end with rubber 
heater hose and hose clamps. Holes 
were drilled in the fluid line every 
24 inches, and Split-eyelet, Teejet, 
flat-spray nozzles (Spraying System 
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Co.) were installed. 
Nozzle No. 7421 was alternated 

along the boom with nozzle No. 
7421-TD which was used to fasten 
the fluid line at 4%inch intervals to 
the boom-using a flexible mount- 
ing, Figure 3, center, a. When tested, 
there was no measurable loss of 
pressure in the fluid system when 
volume output was 3 to 10 gallons 
per acre. 

Orifice tips can be interchanged 
easily to vary output of spray ma- 
terial per acre. When orifice-tip size 
650067 was used with a 24-inch 
nozzle spacing, a boom pressure of 
25 pounds, and a sprayer speed 
slightly under 5 miles per hour, a 
total of 3 gallons of spray material 
was applied per acre. 

The spray material in each section 
of the fluid line can be drained into 
the main tank by opening individual 
valves when the boom is in its top 
position. This saves about 3 gallons 
of spray material and eliminates 
prolonged boom dripping that could 
be a hazard to susceptible crops. 

Pressure control was obtained 
with a 3-unit Direct0 valve, a pres- 
sure-relief vavle, and a pressure 
gauge (Spraying Systems Co.) 
mounted in front of the operator. 
Each section of the boom was con: 
trolled independently to save spray 
material when spraying narrow 
strips as a field is completed and to 
permit the up-wind boom to be shut 
off when the sprayer is turned. This 
action helps keep spray material off 
the operator. 

Other specifications-Overall 
length 25 feet; road height on trailer 
12 feet; weight, empty, 7,770 pounds; 
boom height at center 5 to 7 feet; 
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boom height at outer ends 6 to 18 
feet; speed .5 to 10 mph; spray out- 
put 1.5 to 40 gallons per acre. 

Field Tests 

The long-boom sprayer was used 
to spray sand sagebrush (Artemesia 
filifolia Tow.), shinnery oak (Quer- 
cus havardi Rydb.), and weedy crop- 
land during three summers. Its per- 
formance was excellent. The machine 
had power and traction to spare. It 
climbed dunes easily, was stable on 
moderate slopes, and was generally 
less tiresome to ride than a large 
farm tractor. The variable-speed 
belt-drive mechanism proved in- 
valuable to slow or gain speed 
rapidly without causing the boom to 
whip. 

No major breakdown occurred. A 
break-away system was first in- 
stalled on the boom so it could 
swing back if it struck an obstacle. 
This caused excessive fore-and-aft 
movement of the boom. The exces- 
sive movement was stopped by using 
fore-and-aft guy wires on the boom 
and by using steel pins in the boom 
hinges. 

Most new machines have their 
faults, and Goliath was no exception. 
The sprayer had less-than-desirable 
braking power and steering leverage. 
Also, it was necessary to slow down 
when crossing deep cattle trails or 
small gullies to prevent excessive 
boom whip. Rapid stops also caused 
considerable whipping of the boom, 
and excessive spray drifted onto the 
operator under some conditions of 
wind and rough terrain. These limi- 
tations were partially compensated 
for as the operator gained experi- 
ence. Some tire damage was experi- 

enced on shinnery oak rangeland 
where numerous, short, sharp- 
pointed, fire-hardened stems are a 
hazard to all rubber-tired vehicles. 

Estimated Costs 

Accurate costs for construction, 
maintenance, and operation are not 
available. Es t im ate d construction 
cost of a similar long-boom sprayer 
is $1,000 for materials and $500 for 
welding labor. Estimated operating 
cost for spraying is 10 cents per acre 
for gas, oil, repair, depreciation, and 
interest on investment -if it is 
assumed 10,000 acres are sprayed per 
year. Estimated labor cost for spray- 
ing is 18 cents per acre-if a 4-man 
crew and a work-day spraying rate 
of 30 acres per hour are assumed. 
Estimated out-of-pocket spraying 
costs are absurdly low-2 cents an 
acre for gas, oil, and grease, and 4 
cents an acre for repair. 

Custom Spraying 

The long-boom sprayer has poten- 
tial for day and night application of 
herbicides and other spray materials 
to relatively smooth rangeland and 
to many crops grown in large fields. 
It also has potential as a valuable 
adjunct to aerial spraying (1) for 
small acreages, (2) for windy and 
high-thermal periods, and (3) for 
spraying near susceptible crops. For 
instance, Schmitt Brothers Aerial 
Sprayers, Park, Kansas, built a long- 
boom combine-chassis sprayer in 
April 1963. The machine was pat- 
terned after Goliath, and during its 
first month, it successfully sprayed 
over 3,000 acres infested with army 
worms as well as several hundred 
acres of weeds in fallow wheat. 

SAO PAULO, BRASIL.-Charter Flight to IX International Grassland Congress and Post-Congress 
Tours, Sao Paulo, Brasil-January 7 to 28, 1965. Address inquiries to W. R. Chapline, Chairman, In- 
ternational Relations Committee, ASRM, 4225 43rd St. N. W., Washington, D. C. 20016. 

LAS VEGAS, NEVADA.-The Dunes Hotel will allow anyone associated with ASRM the special con- 
vention rates for the weekends preceding and following the Annual Meeting. Rates February 6 
through 14 are: Singles $9.00; family (2) $11.00; twin double $13.00; students (3 per room) $9.00. 
Write to Dunes Hotel, Las Vegas and mention ASRM. 



BOOK REVIEWS 

Grass and Grasslands. Edited by 
C. Barnard. St. Martin’s Press, 
New York. 269 pages. 1964. 
$10.00. 
Do the British have their heads in 

the sand or is the Journal of Range 
Management falling short of an in- 
ternational audience? In any event, 
this new book, edited by one man 
but compiled from fifteen who 
“write with special authority” and 
not only “link the pure science dis- 
ciplines and research with the gen- 
eral science and practical outlook of 
agriculture”, but also “assess criti- 
cally some past and present trends 
in agricultural research on grasses 
and grasslands” may serve as a test. 
In fourteen chapters there are 990 
references. How many of these arti- 
cles were printed in fifteen years of 
publication of the Journal? Ten, or 
of the total, one tenth of one per- 
cent. This may seem a small con- 
tribution until one tries to discover 
which journals of the world are the 
most important. The Journal of the 
British Grassland Society, for ex- 
ample, which has published over ap- 
proximately the same period, is cited 
even less often. The ever present 
and hard fact of the matter is that 
important contributions are scat- 
tered in more journals than the av- 
erage library has funds to buy or 
the average worker time to read. 

. Thus the present book is a great ser- 
vice because it does with compe- 
tence, for all, what none can do for 
himself. 

For grasses, basic research on 
ecology, distribution, morphology 
and physiology, is thoroughly re- 
viewed. The last three chapters will 
have special interest to journal 
readers. These are “The Nutrition 
of Grasslands” by J. F. Loneragan, 
“The Effects of Grazing on Grass- 
lands” by R. M. Moore and E. F. 
Biddiscombe and “Grasses and 
Grasslands in Relation to Soil Con- 
servation” by A. B. Costin. 

Teachers and some research work- 
ers will find this book useful but 
generally journal readers will feel 
the need for a sequel entitled 

“Grasses and Rangelands”.-Alan A. 
Beetle, University of Wyoming, 
Laramie, Wyoming. 

States and Canada. By John 
Poisonous Plants of the United 

M. Kingsbury. Prentice-Hall, 
Inc., Englewood Cliffs, New 
Jersey. 626 pages. 1964. $13.00. 
Persons now entering the field of 

range management as students or 
practitioners are fortunate in having 
such a new and complete reference 
on poisonous plants. Although in- 
tended as a text for medical students 
and a reference for physicians and 
veterinarians, this book will be val- 
uable for livestockmen, agricultural 
extension agents and range conser- 
vationists. 

The work is arranged in nine sec- 
tions followed by a bibliography of 
1715 references and the index. 
Names of authorities rarely appear 
in the index. 

The author has attempted to in- 
clude all plants of the United States 
and Canada known to be poisonous 
to livestock or humans. About 700 
are described with the aid of 130 
photos and line drawings. A few 
mere suspects, e.g. Ad&lea and 
Bemla, are to be found among the 
known offenders, and a few plants 
toxic to shellfish, fish, and dogs are 
included. Bacterial toxins are 
omitted. 

Although much of the material 
cited is from veterinary journals, 
the writing is readily comprehen- 
sible by a range conservationist. The 
few occurrences of terms like 
anorexia, insufflation, and ataxia do 
not justify a glossary and none is in- 
cluded. 

Arrangement of the sections is 
from viewpoints of history, bio- 
chemistry, and plant phylogeny. 

History of development of knowl- 
edge of poisonous plants during the 
last two centuries in America and 
Europe comprises the first section, 
which is followed by 70 literature 
citations. Some of these are re- 
peated in the final bibliography. 
This section appeared recently in 
Economic Botany 15: 119, 1961. 
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Treatment of poisonous principles 
in 43 pages is very adequate. The 
commonly recognized natural toxic 
substances are classified in nine 
groups. Glycosides, for example, are 
of six categories and mineral poisons 
are of four. 

Chemical natures of the principles 
are explained with the aid of struc- 
tural formulas and abundant ex- 
amples of species containing each. 
The author has not attempted a 
complete treatment of mechanically 
injurious plants. 

The central encyclopedic portion 
of 410 pages begins with algae and 
closes with grasses and a fine analy- 
sis of the extremely important prob- 
of grass tetany. Standardized or- 
ganization for species and common 
groups throughout this section be- 
gins with botanical and common 
name of the plant; its taxonomic 
position, description, distribution, 
habitat; poisonous principle; toxic- 
ity, symptoms, lesions; and con- 
cludes with conditions of poisoning. 
According to the amount of informa- 
tion available and the importance of 
the species, the author curtails or 
expands each topic, even adding one 
on control in a few instances. Intro- 
duction of appropriate tables, as 
those for Delphinium, on publica- 
tions of toxicity of identified species 
and of distribution of principal spe- 
cies, enhance the reference value of 
the book. 

Citation numbers in parentheses 
throughout the text make checking 
of references as easy as possible 
without distracting the reader. 

Errors are rare and appear to be 
minor. On page 233, omission of the 
heading “Chenopodiaceae” has the 
effect of placing Atriplex et al. un- 
der “Polygonaceae”. On page 235, a 
1951 citation from the National Wool- 
grower is credited with the idea 
that Halogeton was thought in the 
mid-thirties “to have great potential 
as a desirable forage”. The preva- 
lence of this opinion is questionable. 
A. H. Holmgren (1942) in a Hand- 
book of Vascular Plants of North- 
eastern Nevada (not cited by Kings- 
bury) opined that the species was of 
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fair forage value for sheep and 
cattle. 

That there have been only slight 
losses on Halogeton since 1951-3, (p. 
236) is rather misleading. See 
Bruner and Robertson, Journal of 
Range Management, 16: 312-314,1963. 

The research of Eckert and Kin- 
singer (Ecology, 41: 785-790, 1960 
and Jour. of Range Mgt. 14:194-197, 
1961) on the influence of Halogetort 
on soils and seedling establishment 
apparently appeared too recently to 
be included. 

While the well-known text by the 
late W. C. Muensher has been due 
for revision, this is not that revision 
but a new and very good book 
which will fill a similar place on 
the shelves of range people.-J. H. 
Robertsolz, University of Nevada, 
Reno. 

East African Wild Life Journal 
Vol. I, Aug. 1963. 131 pp. Pub- 
lished by the East African 
Wild Life Society, P. 0. Box 
20110, Nairobi, Kenya. (Sub- 
scription $2.50 per issue) 
This journal emerges at a critical 

time in African affairs. In the midst 
of pressing processes associated with 
nationalism in recent years there has 
been a popular appeal underway for 
the world to recognize the plight of 
the African wildlife resource, par- 
ticularly that in the East African 
countries. Here now is work to 
acquaint professionals with a better 
biological understanding of many 
facets of this resource. Investigation 
techniques used in many parts of 
the world are shown as applicable 
to up-date knowledge of African 
wildlife and its habitat. Species 
evaluations are discussed in articles 
on East African birds of prey, the 
elephant problem in Tsavo National 
Park, the black rhinoceros, the 
spotted-necked otter, and the Arabi- 
an oryx. Resource management is 
reflected in articles on animal hus- 
bandry, food of elephants, and large 
mammal species in a Tanganyikan 
game reserve. Ten research notes 
present an additional variety of 
technical observations. 

This standard of publication is 
long overdue from this fertile and 
dramatic wildlife stronghold. Mate- 
rials are surely available for more 
frequent than annual publication 
but interest must be fostered by 
wildlife professionals from around 

the world. The second issue is sched- 
uled to be published before this item 
goes to press. It is a professional 
journal befitting the international 
interests fostered by the American 
Society of Range Management.- 
Robert L. Casebeer, Forest Service, 
USDA, Jackson, Wyoming. 

The Ecology of North America. 
By Victor E. Shelford. Univer- 
sity of Illinois Press, Urbana. 
610 pages. 1963 (Second print- 
ing 1964). $10.00. 
This book culminates a lifetime of 

work toward a goal first announced 
by Shelford in 1914. Few men have 
the audacity, fortitude and ability to 
produce a work of such broad scope. 
It attempts comprehensive ecological 
description - habitats, biotic com- 
munities, distribution and abundance 
of plants and animals-of the entire 
North American continent, projected 
back to 1600 A.D. Of necessity it 
deals primarily with studies of re- 
lict areas in the current century and 
of course applies to present condi- 
tions in sparsely settled portions of 
the continent. Discussions of condi- 
tions preceding European settlement, 
based on observations of early trav- 
elers, other old records, deduction, 
and conjecture, are appropriately 
brief and highly interesting. Con- 
jectural portions mostly concern 
former populations of large animals 
and Indians and their biotic influ- 
ences. 

Shelford’s inclusion of both ani- 
mals and plants in a single ecological 
community is a departure from the 
usual treatment in botanical and zo- 
ological literature. His basic con- 
cepts and a limited number of spe- 
cialized terms are fully explained in 
the short introductory chapter, 
which conveniently lists definitions 
essential to understanding the book. 
Community and dominants have the 
usual general connotation, but apply 
to both animal and plant constitu- 
ents. Influents and permeants, ap- 
plying to animals only, will be new 
terms to many plant ecologists. In 
community classification the biome 
is the major unit (desert, for ex- 
ample), and association the largest 
subdivision (shadscale-kangaroo rat, 
for instance). Shelford uses these 
major designations where the char- 
acteristic dominants or index species 
can clearly be delineated in the bi- 
otic sense. Frequently he merely 

employs the general term, fascia- 
tion, for a distinctive community, or 
simply “region”. 

Eighteen biomes or comparable 
groups of communities are described 
in as many chapters in a reasonably 
consistent pattern. First, general 
characterization: location and major 
characteristics, climate and topog- 
raphy, dominant communities and 
characteristic plants and animals, 
population densities of Indians and 
major animals in 1600, and the gen- 
eral impact of civilization, Then the 
major communities are described 
more specifically in regard to: plant 
dominants, animal dominants and 
influents, pertinent interactions be- 
tween plant and animal components, 
and seral status or development 
where applicable. Fire influence is 
often discussed. The treatment of 
animals includes large and small 
herbivores and their predators, birds, 
reptiles, and insects and other in- 
vertebrates. Among the animals, 
herbivorous mammals are consid- 
ered to have had most ecological im- 
portance in the past; several are 
classed as dominants in a number of 
communities. Insects, such as spruce 
budworm and mountain pine beetle, 
are considered to rank among the 
dominants in coniferous forest com- 
munities. 

The broad scope of the book is at 
once its strength and its weakness. 
Because it summarizes under one 
cover a wealth of ecological informa- 
tion from widely scattered sources, 
it is a very handy reference for gen- 
eral ecological background on un- 
familiar areas from Guatemala to 
Greenland. On the other hand, its 
scope precludes thorough enough 
treatment to satisfy a technical 
worker or specialized student of a 
particular region. Although the ex- 
tensive bibliography points to 
sources of additional detail, it is far 
from complete and lacks many im- 
portant recent works. It probably is 
too technical to interest most lay- 
men, but it likely will be a popular 
ecological reference at the university 
level. 

The author hopes the book will 
stimulate further efforts “to learn 
the structure, composition, and dy- 
namics of the original communities 

before they succumb before the 
afi;anee of civilization.” - W. 0. 
Shepherd, Intermountain Forest and 
Range Experiment Station, Forest 
Service, USDA, Ogden, Utah. 
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Leader, U.N. Special Fund, Water- 
shed and Tidal Land Projects and 
FAO Country Representative for 
Korea, P.O. Box 46, Seoul, Korea. 

Fox, R. L., R. A. Olson and H. F. 
Rhoades. Evaluating the sulphur 
status of soils by plant and soil 
tests. Soil Sci. Sot. Amer. Proc. 
28(2):243-246. Mar.-Apr., 1964. 

(Dept. of Agron. and Soil Sci., 
Univ. of Hawaii) 

Peaslee, D. E. Calorimetric deter- 
mination of calcium in soil ex- 
tracts. Soil Sci. 97(4):248-251. 
Apr., 1964. (The Connecticut Agr. 
Expt. Sta., New Haven) 

Reinharf, K. G. Approximating soil- 
moisture storage in experimental 
watersheds by means of precipita- 
tion and streamflow records. Soil 
Sci. Sot. Amer. Proc. 28(4):575- 
578. July-Aug., 1964. (Northeast. 
Forest Expt. Sta., FS, USDA, Up- 

per Darby, Pa.) 
Soper, James H. Mapping the dis- 

tribution of plants by machine. 
Canad. Jour. Bot. 42 (8) :1087-l 100. 
Aug., 1964. (Dept. of Bot., Univ. 
of Toronto, Toronto) 

Sfewarf, B. A., L. K. Poffer and W. E. 
Beard. Determination of total ni- 
trogen and carbon in soils by a 
commercial dumas apparatus. Soil 
Sci. Sot. Amer. Proc. 28(3) :366- 
368. May-June, 1964. (Soil and 
Water Conserv. Res. Div., ARS, 
USDA, Fort Collins, Colo. 

NEW PUBLICATIONS 
CONSERVING AMERICAN RE- 
SOURCES-This is the second edi- 
tion, considerably revised, of a book 
by Ruben L. Parson, first published 
in 1956. It deals with the status of 
American natural resources and 
what the citizen can do to ensure 
their beneficial use. For each of the 
natural resources-water, soils, dry 
grasslands, forests, farmland, wild- 
life, recreation, shorelands, minerals, 
etc.-the author treats with back- 
ground, status, and recommended 
conservation practices. The 24 pages 
on “Spoliation and Restoration of 
Our Dry Grasslands” is mostly about 
range although the word is used 
very sparingly by this Illinois geog- 
rapher. The chapter gives a concise 
and reasonably accurate account of 
the Western Range, its complexities, 
difficulties, and private and public 
efforts at rehabilitation and manage- 
ment. The lay reader will gain some 
understanding of the need for range 
managers to live with the environ- 
ment. The author apparently does 
not consider range management as 
an art and science, as he states only 
that “. . . the grazier needs advice 
from an agrostologist (grass ex- 
pert) .” At least, the Journal of 
Range Management is included 
among the references and teaching 
aids. The marginal notes are very 
helpful. The range manager will 
find some “Quotable quotes”; gram- 
mar and high school teachers will 
find interesting viewpoints, helpful 
suggestions, and teaching aids for 
courses or study topics in resource 
conservation. They should keep in 
mind Dr. Parson’s admonition: “A 
little knowledge can be dangerous in 
conservation as well as in other 

spheres.” This revision has 521 pages, 
is published by Prentiss-Hall of 
Englewood Cliffs, N.J., and costs 
$8.95.-R. S. C. 
PLOWMAN’S FOLLY-This well- 
known book by Edward H. Faulkner 
has now been reissued by the Uni- 
versity of Oklahoma Press. First 
published in 1943, the work still 
arouses discussions among farmers 
and farm experts. Faulkner’s “con- 
tention is that the one determining 
condition is the surface incorpora- 
tion of great quantities or organic 
matter . . . .” And there you have 
it. 156 pages, $2.95. 
THE ECONOMICS OF REGION- 
AL WATER QUALITY MANAGE- 
MENT-This new book is by Allen 
V. Kneese, Director of Water Re- 
sources Program at Resources for 
the Future, Inc. He identifies the 
major waste materials entering wa- 
tercourses and their effects on the 
water. He outlines the economic re- 
sources theory as it relates to waste 
disposal, and discusses regional 
waste disposal systems in some de- 
tail. Finally, the book presents 
guides for establishing and admin- 
istering a water quality management 
system. Watershed planners need 
this book. The John Hopkins Press, 
Baltimore, Md. 215 pages, $5.00. 
NEW VEGETATION MAP ‘OF 
THE UNITED STATES-This map 
in full color has the title “Potential 
Natural Vegetation of the Contermi- 
nous United States” and identifies 
116 vegetation types. Sheet size is 
65 by 40 inches, cost $8.00, plus $2.00 
for case. Prepared by A. W. Kuchler. 
Obtainable from American Geo- 
graphical Society, Broadway at 156 
St., New York, N.Y. 10032. 
BIOSCIENCE SPECIAL ISSUE 
ON ECOLOGY-The July 1964 issue 

of Bioscience contains 11 articles by 
well-known ecologists. “We have 
chosen people rather than ecological 
compartments . . .” The result is 
that most of the several authors ride 
their personal hobbies through the 
series: E. P. Odum on “systems 
ecology” and energetics, W. F. Blair 
on ecosystems, Dansereau with dia- 
grams of his “biological clock”, 
Deevey on productivity of ecosys- 
tems, Hasler on limnology, and 
Kuchler with a grand scheme for 
vegetation maps. Platt et al. make a 
serious attempt to point the way for 
integrating the approaches of ecol- 
ogy and molecular biology in the 
understanding of life processes. John 
Reed’s appeal for ecological under- 
standing as a part of every man’s 
experience seems logical. Paul B. 
Sears strikes home when he says 
“ . . . we are not using vital knowl- 
ege we now have”, then proceeds to 
ask pertinent questions about land 
use, both urban and rural, But these 
praiseworthy efforts do not wipe 
away the bad taste of such state- 
ments as “. . . who will advise on 
the management of man’s environ- 
ment -the technicians who have 
great skill but no understanding, or 
the politicians who have neither?” 
(page 16); or “. . . physiologists gen- 
erally are probably the most ignor- 
ant of any holistic biologists in re- 
gard to organic diversity at the 
species and higher levels . . .” (page 
18). And one can only wonder at 
the statement that “These . . . signs 
indicate that ecologists are at last 
going to lend their specialized fund 
of knowledge to the attack on im- 
portant public problems.” (page 32). 
We “applied ecologists” have been 
doing just that for the past 60 years 
or more.-R. S. C. 
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Material from many sources; not necessarily the opinion 
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USDA Reports 
Mexico ranked as largest importer 

of US beef cattle breeding stock in 
1963-4,877 head. 

International Seed Agencies Tour 
US and Canada-Series of meetings 
on North American seed certification 
-aimed at expanding seed trade be- 
tween Europe and North America- 
started September 21 in Washington, 
D.C. 

Production of smooth bromegrass 
seed this year is estimated at 10,902,- 
000 lbs., more than double 1963 re- 
vised total of 4,869,000, and 1/4 above 
1958-62 average. Production of 
crested wheatgrass seed is forecast 
at 1,595,OOO lbs., 26% below last 
year’s revised estimate of 2,167,OOO 
and 37% below average. 

New “heat-&-serve” frozen meat 
products are goal of research being 
undertaken by University of Mis- 
souri under 4-year contract with 
USDA. Such convenience products 
are seen by USDA as means of de- 
veloping new outlets for some of 
less popular and lower cost cuts of 
beef, pork, and lamb. They may 
also provide desirable form in which 
to introduce lamb and mutton in 
geographical areas where these 
meats now have only limited con- 
sumer appeal. 

Sister Societies 
Dr. A. B. Chapman, professor of 

genetics at the University of Wis- 
consin, Madison, was named as the 
new president of the American So- 
ciety of Animal Science at that orga- 
nization’s 56th annual meeting. 
Named vice-president was Dr. C. S. 
Hobbs, head of the Department of 
Animal Husbandry and Veterinary 
Science, University of Tennessee. 

Minott Silliman of SCS at Madi- 
son, Wisconsin, is new President of 
the Soil Conservation Society of 
America for 1965. The announce- 
ment was made at the Society’s an- 
nual meeting held in Jackson, Miss., 
in August. Other officers elected 
were: John R. J. Bradshaw, Bounti- 
ful, Utah, President-elect; Cecil W. 

Chapman, Athens, Georgia, Vice- 
President; and Byron W. Lodwick, 
Des Moines, Iowa, Treasurer. 

Awards 
Charles A. Joy, U.S. Forest Ser- 

vice retiree, was presented with the 
Honorary Order of Golden Fleece, 
at the 104th Annual Convention of 
the California Wool Growers Asso- 
ciation in San Francisco August 6 
and 7. This is the top merit award 
for exceptional service to the wel- 
fare of the sheep industry. Chick 
retired in 1960. He is a graduate of 
the University of Montana. 

The citation with Joy’s admission 
to the Order of the Golden Fleece 
was “in appreciation of his service 
and achievements in his 39 years 
with the U.S. Forest Service; with 
particular regard to his contributions 
to the science of range management 
from its inception to the present high 
standard which recognizes and en- 
courages the multiple use of our Na- 
tional Forests; and during whose 
tenure in California he successfully 
championed this cause, providing 
thereby additional mountain ranges 
for the grazing of sheep; and whose 
final years of Government service, 

Charles A. Joy 

as Director for Range Management 
in Washington, urged the principle 
of stability of use for grazing on the 
National Forests.” 

Since his retirement from the For- 
est Service, Chick has been living 
in San Jose, Calif. 

A. D. Stoesz, was awarded the de- 
gree of Fellow in the Soil Conserva- 
tion Society of America at its an- 
nual meeting in Jackson, Miss. 
Stoesz, from Washington, D.C., was 
Head Plant Materials Technician for 
the Soil Conservation Service before 
his retirement in April, 1964. 

Forest Service Laboratory 

William C. Ackermann of the 
President’s Office of Science and 
Technology, Edward P. Cliff, Chief 
of the U.S. Forest Service, and 
George D. Clyde, governor of Utah, 
were to be featured speakers at the 
dedication of the new Forestry Sci- 
ences Laboratory on the Utah State 
University campus at Logan on Sep- 
tember 18. Joint announcement was 
made by Joseph F. Pechanec, direc- 
tor of Intermountain Forest and 
Range Experiment Station of the 
Forest Service, and Dr. Daryl Chase, 
president of the University. 

The building is located on a 3.3- 
acre site leased to the Forest Ser- 
vice for 99 years by the USU board 
of trustees, and includes a green- 
house designed for controlled en- 
vironment studies. It contains four 
fully equipped laboratories for re- 
search on the physics, chemistry, and 
microbiology of range and forest 
soils, and plant pathology. These 
facilities will be used in cooperative 
Forest Service research programs in 
water yield improvement, watershed 
rehabilitation, high-elevation range 
studies, and studies of diseases of 
western forest trees. 

Soil Conservation Service 
Establishment of four Regional 

Technical Service Centers by the 
Soil Conservation Service resulted 
in transfer and reassignment for 
the Washington-Field Range Con- 
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servationists. The Centers provide 
services to State SCS staffs in range 
conservation, engineering, watershed 
planning, cartography, soil science, 
plant sciences, conservation planning 
and information. Headquarters lo- 
cations are: Portland, Oregon, for 
the West-Alaska, Hawaii, Washing- 
ton, Oregon, California, Idaho, Utah, 
Nevada, Arizona, Montana, Wyo- 
ming, Colorado, and New Mexico; 
Ft. Worth, Texas, for the South- 
Texas, Oklahoma, Arkansas, Louisi- 
ana, Tennessee, Mississippi, Ala- 
bama, North Carolina, South Caro- 
lina, Georgia, Florida and Puerto 
Rico and the Virgin Islands; Lincoln, 
Nebraska for the Midwest-North 
Dakota, South Dakota, Nebraska, 
Kansas, Minnesota, Wisconsin, Mich- 
igan, Illinois, Iowa, Missouri, and 
Indiana; Upper Darby, Pennsylvania, 
for the Northeast. 

Range Conservationist assignments 
to the regional Centers are: 

Waldo R. Frandsen 

Waldo R. Frandsen moved from 
Salt Lake City, Utah, to Portland, 
Oregon. He is a native of eastern 
Utah where he grew up on a ranch 
in Carbon County. He graduated 
from Utah State in 1932 and has 
filled a wide variety of assignments. 
Arnold Heerwagen assumes his du- 
ties at Lincoln, Nebraska moving 
from Denver. He is a native of 
Custer, Colorado, and graduated 
from Colorado State University in 
1937. 

Arnold Heerwagen 

H. L. Leithead 

H. L. (Hank) Leithead transferred 
from Athens, Ga. to Ft. Worth, 
Texas. He was raised on a Wyoming 
ranch and received his degree in 
range management and forestry in 
1939. He has served at many loca- 
tions in the West and South. 

Lorenz F. Bredemeier, will be head- 
quartered at Madison, Wisconsin, to 
furnish assistance in the upper Lake 
States area in developing a conserva- 
tion program to fit the unique fea- 
tures of the area. Bredemeier grad- 
uated from the University of Ne- 
braska in 1934 and received his Mas- 
ter’s Degree in 1938. 

All four range specialists have 
been very active in both Section and 
national affairs of ASRM. 

Lorenz F. Bredemeier 

Joseph F. Arnold, resigned as Di- 
rector, Watershed Management Di- 
vision, Arizona State Land Depart- 
ment in August. He is continuing in 
watershed management activities 
with the Forest Service, USDA, with 
headquarters in Phoenix, Arizona. 

John 
John A. Stevenson 

A. Stevenson, prominent Al- 
bany County rancher and Laramie 
businessman, died Friday, August 7, 
1964 at Laramie, Wyoming. Born 
August 26, 1884 in Ontario, Canada, 
Mr. Stevenson came to Wyoming 
with his family when he was a year 
old. He attended schools in Laramie 
County and studied two years at 
Stratford Business College. He was 
married to Myrtle Laycock Novem- 
ber 25, 1908, in Denver, Colorado. 
They lived at Granite Canyon before 
moving to their Tie Siding ranch in 
June, 1909. Thirty-three years later 
Mr. Stevenson moved to Laramie. 
He and his wife lived at 709 Ivinson. 

John A. Stevenson was the first 
president of the Wyoming Section 
of the American Society of Range 
Management. 

Clyde A. Menefee 
Clyde A. Menefee died instantly 

when his pickup collided with a fork 
lift just out of Silver City on July 7. 
He was Unit Conservationist, with 
the Soil Conservation Service in Sil- 
ver City, New Mexico. Menefee, 51, 
a graduate of New Mexico State Uni- 
versity, was a member of ‘Alpha 
Zeta, National Agriculture Honorary 
Fraternity. His government career 
spanned 24 years, 15 with the SCS 
and 9 with the FHA. 
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IX International 
Grassland Congress 

The IX International Grassland 
Congress will be held for the first 
time in the tropics at Sao Paulo, 
Brazil December 30, 1964 to January 
21, 1965. 

The program is divided into three 
phases: 

1. A pre-Congress tour, through 
the State of Sao Paulo, December 30, 
1964 to January 6, 1965. 

2. Sessions, during which tech- 
nical papers will be presented Janu- 
ary 8 to January 20. 

3. Post-Congress tours, starting 
January 21: one south to the State 
of Rio Grande do Sul; and one to 
the Northeast, to the States of Per- 
nambuco and Alagoas including a 
visit to the famous Paulo Afonso 
waterfalls. 

The program for the plenary 
sessions includes the following: 

Geography of Brazil-Prof. AroZdo 
de Azevedo, University of Sao Paulo. 

Soils of Brazil-Dr. Marcel0 Nunes 
de Camargo, Ministry of Agricul- 
ture. 

Climate of Brazil - Dr. Angelo 
Paes de Camargo, Instituto Agro- 
nomico, Campinas. 

Vegetation of Brazil-Prof. Dar- 
dano de Andrade Lima, Rural Uni- 
versity of the State of Pernambuco. 

Grasslands of Brazil-Prof. Jo.& 
Grossman, University of the State 
of Rio Grande do Sul. 

Beef Production in Brazil - Dr. 
Miguel Cioni Pardi, Ministry of Ag- 
riculture. 

As of September, some 389 papers 
had been received divided as fol- 
lows: North America, 138; Central 
America and West Indies, 10; South 
America, 94; Europe including USSR, 
77; Asia and Oceania, 44; Africa, 26. 

On the free days (Jan. 9,10,16,17), 
1965, the Congress members will 
have opportunities to visit the most 
interesting spots of the city of Sao 
Paula; the city of Santos, the most 
important sea-port in South Ameri- 
ca; Rio de Janeiro; Brasilia and pos- 

Downtown Sao Paulo, Brasil. 

sibly the swamp region (seasonal 
floods) of the State of Mato Grosso, 
near the Bolivian border. 

From January 9 to 17, 1965 there 
will be a fair called “Aquarela do 
Brazil” at the Fernando Costa Park 
(Department of Animal Production) 
where exhibits will include: tropical 
flowers and plants; semi-precious 
stones and jewelery; forage plants; 
the season’s fruits; folklore dance 
and music, painting and sculpture; 
champion animals of previous horse 
and cattle shows; handmade articles, 
etc. 

The Ladies Committee is organiz- 
ing a special program for the ladies, 
with visits to interesting places, 
shopping, amusements, and social 
gatherings in order to make their 
stay in Sao Paul0 a pleasant one. 

The International Relations Com- 
mittee of the Americam Society of 
Range Management has been mak- 
ing an effort to arrange a charter jet 
plan flight from US to Sao Paulo at 
reduced cost. If interested, contact 
Chairman W. R. Chapline, 4225- 
43rd St. N. W., Washington, D. C. 
20016. 
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Impressions of Palermo 
E.J. WOOLFOLK 

FAO-SF Project Manager, Colon& 
Uruguay. 

A twenty-minute ride by subway 
from the center of Buenos Aires, 
Argentina, took us to the Palermo 
exposition - reputedly one of the 
world’s largest livestock shows. This 
show extended two full weeks in 
1964 and some 2,500 animals were 
entered. The first week, devoted to 
exhibition and judging of the ani- 
mals, was climaxed by the naming 
of champions and by the Inaugura- 
tion, a day of speech making by the 
President and Secretary of Agri- 
culture of Argentina and the agri- 
cultural secretaries from neighbor- 
ing countries. The second week saw 
the sale of many of the animals 
exhibited earlier. 

In general appearance the show 
grounds and surrounding area re- 
sembled the exposition and state fair 
grounds that are so commonplace 
in North America. Tremendous ex- 
hibition halls housed the many kinds 
of animals. Exhibits and demonstra- 



tions of farm machinery were nu- 
merous, as were technical displays 
and demonstrations of products such 
as Kaiser aluminum and Kaiser-built 
cars. Argentina’s national agricul- 
tural research organization (Insituto 
de Tecnologia Agropecuaria) had a 
very impressive exhibit of the pro- 
duction and processing of wool. A 
series of informal talks about vari- 
ous aspects of livestock management 
and production by various specialists 
of INTA, the University, and FAO, 
was a special feature of this attrac- 
tion. Outside the main entrance were 
the inevitable ferris wheel and 
merry-go-round and here, as well as 
on the main grounds, hot-dogs and 
cotton candy were dispensed at 
numerous stands. 

Beyond these familiar sights most 
US rangemen, stockmen and show- 
goers would have observed some 
sharp contrasts. The condition of the 
beef cattle, for example, would have 
surprised most North Americans. 
Personally, I have never seen cattle 
so fat! Most of them couldn’t walk- 
they waddled-and frequent stops 
for rest were necessary on the short 
trip from their stalls to the judging 
area. One Charolais bull, the cham- 
pion of the breed, provided us some 
amusement as well as an example 
of the effects of the ultra-condition- 
ing. He was a big one, 1,500 kilo- 
grams (multiply by 2.2 for pounds) 
and just as we passed he started to 
try to get up on his feet. Of course, 
a critter naturally gets up on his 
hind feet first (this is why the old 
timers heeled calves at branding) 
but this fellow couldn’t do it the 
way nature intended. He got up in 
front first, then by rocking his huge 
carcass forward and aft five or six 
times he was able to get all four 
legs under him. One can’t help but 
wonder what a bull in such condi- 
tion might be good for other than to 
look at. 

The Shorthorn and Angus cattle 
seemed unusually small. They were 
fat-too fat-and highly groomed 

INTERNATIONAL NEWS 

but small. Of course, age could have 
been a factor and with cattle in such 
high condition guessing age is a 
risky business. The French Norman- 
da was the only breed present not 
previously seen on show by this 
observer. These are big cattle, dual 
purpose I believe, and rather pecu- 
liarly colored-basically white with 
red spots in an assortment of shapes 
and sizes. The champion bull in this 
breed was from Uruguay. 

The final judging was done simul- 
taneously in four adjacent rectangu- 
lar arenas. At their common corner 
a large, wooden, hand-operated bill- 
board gave the results of the ac- 
tivity in each arena. Exhibited ani- 
mals were designated by box num- 
bers, not by lot numbers as in most 
US shows. At least six judges, one 
of whom was from France and an- 
other from England, called the turn 
on the beef and dual purpose cattle. 

A behind-the-scenes operation, 
animal grooming, was of some in- 
terest. Several large concrete courts 
equipped with water hoses and 
drains served as beauty parlors for 
the livestock. They were scrubbed 
(with soap), rinsed, dried, combed, 
oiled, shined and what have you 
with infinite care and attention. It 
appeared to be a daily operation, al- 
though I didn’t ask, and at times was 
extended to include the horses, pigs 
and dairy animals. 

The horses formed a major and 
very attractive part of the exposi- 
tion. There were Thoroughbreds for 
racing and polo, Hackney carriage 
horses, draft horses (Percheron and 
at least two other breeds) Criollos 
and Shetland ponies. The Criollos 
took my eye! These are saddle horses 
developed mainly by selection from 
the original wild horse of Patagonia 
and now used on the ranches and for 
polo mounts. In conformation they 
resemble the American Quarter 
horse but are smaller and not so 
heavily muscled. In color they are 
commonly light buckskin or “Lo- 
buno” mouse-colored and have the 
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characteristic black stripe along the 
back. A few sorrels, a white one and 
a couple of striking black and white 
pintos were also on exhibition. Well 
groomed and with tails cut square 
at hock length in characteristic 
gaucho style, these Criollo horses 
were indeed. beautiful to see. 

A common feature of US shows 
conspicuously absent at Palermo was 
the rodeo. A few demonstrations of 
horsemanship and riding were held 
but a grand display of rodeo events, 
as they are known in the US, was 
lacking. Of course, I didn’t attend 
every day but the schedules of 
events in the newspaper did not 
show this sort of competition. Never- 
theless the exposition was not with- 
out local color. Gauchos arrayed in 
their regalia of the “campos”, volu- 
minous, usually black, trousers 
(bombachas) , white shirts, black 
vests and flat, broad-brimmed black 
hats with the brim turned sharply 
upward over the face, were a re- 
minder to a couple of “gringos” 
that they were not at the Cow 
Palace. 

Most of the animals exhibited 
were sold and the prices attained 
warrant some comment. The top 
Hereford bull brought nine million 
pesos! Cattlemen interested in com- 
paring that price with their latest 
purchase will have to divide by 136, 
the official peso-dollar ratio in late 
July. Criollo horses ranged from 
20,000 to 300,000 pesos for particular 
individuals. The reserve champion 
Corriedale ram brought over two 
million pesos and many other ani- 
mals carried price tags of six fig- 
ures. Anyone interested probably 
can, if he hasn’t already, find the 
entire list of sales in John Chohlis’ 
livestock paper. 

So-we’ve been to the Palermo 
livestock exposition in one of the 
World’s largest cities and enjoyed it 
immensely. Anyone travelling to 
Argentina in late July should sched- 
ule some time for Palermo-it is a 
great show. 

AAAS.-American Association for Advancement of Science has called ASRM attention to program on 
“Pest Control by Chemical, Biological, Genetic, and Physical Means”, to be given at Montreal Meet- 
ings of AAAS, December 27-30, 1964. 



WITH THE SECTIONS 

Summer meeting in Chihuahua, Mexico ; dinner group in Hotel Fermont. 

MEXICO 

The Mexico Section was host to 
the annual summer meeting of 
ASRM national Board of Directors 
July SO-August 1, in Chihuahua, 
Chih. More than 100 people attended. 
The program, under the able leacier- 
ship of Dr. Martin H. Gonzalez, con- 
sisted of a series of outstanding 
papers on the rangelands of Chi- 
huahua, a tour of Ranch0 Experi- 
mental La Campana, and an air tour 
of several progressive ranches in the 
state. 

Technical papers on July 31 in- 
cluded: 

Geology of the grasslands of Chi- 
huahua, C. Garcia Gutierrez. 

Soils of the grasslands of Chi- 
huahua, Joseph L. Hearn. 

Vegetation of the grasslands of 
Chihuahua, Martin H. Gonzalez. 

History and Development of the 
Livestock Industry of Northern 
Mexico, Leandro E. Lujan. 

On the afternoon of July 31, the 
group toured Ranch0 Experimental 
La Campana (The Bell). El pro- 
posit0 principal de La Campana, es 
servir coma Centro de Investiga- 
ciones Sobre Pastizales. En 61 se 
estan hacienda estudios para en- 
contrar 10s medios de mejorar la 
production y las condiciones eco- 
nomicas de las explotaciones gan- 

Air tour lineup on beautiful stand of zacate 
navaja (blue grama) on Ranch0 Tepe- 
huanes, Chihuahua, Mexico. 

Dr. Martin H. Gonzalez explaining Ranch0 
Experimental La Campana to tour group. 

aderas. Muchos son 10s problemas 
que se presentan en 10s pastizales; 
en La Campana se ha empezado por 

atacar 10s de resolution m&s urgente, 
0 Sean: 

1. Determinar el coeficiente de 
agostadero y las practicas de manejo 
mas adecuadas para que el ganado 
alcance su desarrollo maxim0 y 
mantenga una production constante, 
que haga posible una utilidad eco- 
nomica permanente para cada tipo 
de pastizal. 

2. Determinar 10s metodos m&s 
eficientes y economicos para el com- 
bate de las plantas toxicas al ganado. 

3. Determinar las practicas m&s 
economicas de alimentacion suple- 
mentaria necesarias para aliviar 0 
corregir las deficiencias nutrimen- 
tales de las especies forrajeras na- 
tivas. 

El Ranch0 Experimental esta 
localizado a 80 km al norte de la 
Ciudad de Chihuahua, en una zona 
tipicamente ganadera, sobre la Car- 
retera Panamericana en 10s terrenos 
de la ex-hacienda de Encinillas. 

Following the tour, a typical din- 
ner, Mexican style, was served, 
courtesy of the Rockefeller Founda- 
tion. 

On August 1, the men took an 
aerial excursion through the cen- 
tral region of Chihuahua, flying over 
Ranch0 Santa Maria, Ranch0 Los 
Pozos, Ranch0 Los Ojos, and landing 
at Ranch0 Tepehuanes. Here we saw 
some of the finest blue grama range 
ever. And the cowboy breakfast at 
the ranch, courtesy Sr. Jesus A. 
Alemada was something. Later in 
the day, the entire group was treated 
to an outstanding banquet, courtesy 
Union Ganadera Regional de Chi- 
huahua. Our thanks to the entire 
group, seiioras y sefiores! 

ARIZONA 

The Arizona Section and the Ari- 
zona Cattle Growers’ Association 
held their first joint summer meet- 
ing at Show Low and packed the 
town. Bill Davis, Arizona Cattle 
Growers’ Executive Secretary, called 
the meeting a complete success. Ap- 
proximately 500 persons attended. 

The highlight was a tour of the 
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Cibecue watershed project on the 
White Mountain Apache Indian Res- 
ervation. The project consists of over 
45,000 acres. Anselmo Valverde, BIA. 
Soils Specialist, said: “We really 
smoked up the countryside last year 
when we burned off over 10,000 
acres of brush.” Chaining, burning 
and root plowing were the three 
main methods used against juniper. 
Chaining seemed most economical. 
In the last 25 years the Bureau and 
the Indian Council have cleared over 
218,000 acres on the Reservation. 

The Cibecue Juniper control proj- 
ect was started in April, 1960, with 
the initial contracts at $4.51, $5.95 
and $9.45 per acre. Since contract 
clearing proved too costly, the BIA 
obtained TD-24 tractors and other 
equipment from the federal surplus 
registry, and is now doing the same 
work by force account. Airplane 
Flats was cited by Valverde as an 
example of a contract job. Here, 369 
acres were root-plowed by a D-8 us- 
ing a Fleco knife at a cost of $12.46 
per acre. A crew using drip-type 
torches burned the debris prior to 
seeding at a cost of 50& per acre. 

After the tour of the Cibecue 
project, lunch was served at the 
village by the Cibecue Women’s 
Club. Following lunch two Univer- 
sity of Arizona men, AZ Lane, Live- 
stock Specialist, and Dr. Pete Dew- 
hirst, gave demonstrations on the 
various uses of insecticides. 

C. C. “Bud” Cooper resigned as 
Vice President of the Section - 
doctor’s orders. The position is now 
filled by Gil Beck of the Yolo 
Ranch. 

COLORADO 

The Fall Field Meeting of the Sec- 
tion was scheduled for Montrose, 
Colorado, September 11 and 12; Ross 
Campbell in charge of local arrange- 
ments. Dinner meeting was at Lions 
Park Clubhouse on Sept. 11, followed 
by a slide talk on “Utilization of 
Summer Range” by Bill Hofmann. 

On Sept. 12, the group toured 
the Roatcap Wash Watershed. The 
entire watershed has been or is be- 
ing treated with range improvement 
practices such as sagebrush spray- 
ing, pinyon chaining, stock ponds, 
reseeding, contour ditching, fencing, 
and adjustment of livestock num- 
bers. A large floodwater retarding 
dam is being built under the small 
watershed program. Most of the 

Eric Granfield, back to the camera, discusses the Cibecue project with Arizona Section 
and Cattle Growers. 

range is BLM land, with the upper 
part National Forest. 

At the June meeting, the Section 
decided to establish a permanent 
scholarship fund with only the inter- 
est to be awarded to the recipient 
of the Section Scholarship each year. 

The Scholarship Award will be 
pretty small until a sizeable fund is 
built up. It will take about $5,000 
in the fund before we can make an 
award comparable to the $225 per 
year which is now granted. If you 
have any ideas how we might raise 
money for this fund please let one 
of the Section officers in on it. 

KANSAS-OKLAHOMA 

At the Oakley, Kansas meeting in 
June, the Section decided to conduct 
a photo contest at the fall meeting. 
It is intended as a preliminary to the 
national contest at the Annual Meet- 
ing of ASRM in Las Vegas next 
February. 

Glenn Snell prepared an excellent 
program for the Beaumont-El 
Dorado meeting October 2-3. The 
Friday evening dinner meeting in- 
cluded a briefing on the ranch and 
tour by IMr. Farrell and discussion 
of “Cow Herd Management on Blue- 
stem Range” by Arch Gothard, 
rancher, Cedar Vale, Kansas. Satur- 
day’s tour was on the Farrell Ranch. 

NEW MEXICO 

On September 26, a show-me trip 
was conducted on the Pleasanton 
Allotment of the Gila National For- 
est near Glenwood, New Mexico to 
observe a pressure and gravity water 
system installed by the Forest Ser- 

vice and Kenneth HoZZimon, the 
grazing permittee. Water is pumped 
2,200 feet in height from a well ad- 
jacent to the Frisco River to a ridge 
top. There it is collected in three 
34,000 gallon steel rims and fed by 
gravity to other rims and drinking 
tubs scattered over the allotment. 

The fall meeting was planned for 
Las Cruces October 9. A tour of the 
Jornada Experimental Range was 
scheduled under the leadership of 
Dr. Carlton Herbel. Highlights in- 
cluded chemical and merhanical 
control of brush, a fence-building 
den-onstration with new machine by 
U. S. Steel Corp., and a comparison 
of Santa Gertrudis and Hereford 
cattle under desert range conditions. 

SOUTHERN 

The 1964 annual meeting was 
planned for October 22-23 at the 
Americus Plant Material Center, 
Americus, Georgia. Dr. Elvis Beaty 
and his committee came up with a 
new and interesting approach under 
the theme “Range Resources, Tech- 
nology and People”. The program 
was divided into five parts: 1) Range 
area resources for people, 2) Re- 
sources and people, 3) Communica- 
tions, 4) Plant materials, 5) Utiliza- 
tion. 

TEXAS 
The Section planned a field tour 

of the Range Experiment Station at 
Barnhart on October 16. The pro- 
gram included livestock production 
data, deferred and rotation pasture 
systems, fence post study, and 
broomweed ecology. 



SOCIETY BUSINESS 

Range Plant Judging Contest reclaim entries from the Contest and - - 
The Collegiate Range Plant Judg- 

ing Contest will again be an integral 
part of the Society’s Annual Meeting 
in Las Vegas, Nevada, February 
9-12, 1965. Some 30 colleges and uni- 
versities in the western USA, offer- 
ing work in range, forestry, agrono- 
my, and plant sciences, are being 
invited by the Committee to par- 
ticipate. 

Section members in the various 
states are urged to make follow-up 
contacts with their own colleges and 
universities and encourage the 

Displays Committee. Contestant’s 
name, address and category must be 
on back of each photo (both black 
and white and slides). All photo- 
graphs must have been taken by the 
Contestant except in the range vege- 
tation trend categories in which at 
least one of the pictures in the se- 
quence must have been taken by the 
contestant. Negatives or extra prints 
of winning entries must be made 
available upon request. Grand cham- 
pion winners of previous contests 
are not eligible. 

schools to consider sending judging CATEGORIES 
teams to the event. Former team BLACK AND WHITE 
members say that their participation AND COLOR SLIDES 
in this event has added tremendous- 
ly to their interest in the range and 
plant science field. 

As in past years, the society will 
pay $10.00 to each team member or 
individual participant to help with 
their expenses. Lodging for the 
teams at Las Vegas will be in the 
Dunes Hotel in extremely nice, very 
reasonable priced quarters. 

a. Range plant (s) 
b. Range animal (s) 
c. Range condition 
d. Range improvement 
e. Range and ranch scene 
f. Range vegetation trend (sequence 

of two or more photos to show 
changes in native vegetation or 
results of cultural treatment). 

Contestant will specify the cate- 
gory in which pictures or slides are 
to be judged. 

The actual competition will be 
held at 8 A.M. Tuesday, February 9, 
1965, the opening day of the conven- 
tion. Meetings of the Range Plant 
Contest Committee members and the 
team coaches are scheduled for Mon- 
day, February 8, 1 P.M., and Thurs- 
day, February 11, 4:30 P.M. Loca- 
tions for these meetings will be an- 
nounced later. 

SIZE OF PHOTOS 

If any society member has any 
comments, thoughts, questions, or 
ideas on this activity, please contact 
the Range Plant Contest Committee. 
-Charles N. Saulisberry, Chairman, 
ASRM Range Plant Contest Sub- 
Committee, Box 777, Cedarville, 

Black and white photographs must 
be no larger than 11 x 14-inch prints 
of glossy to mat finish. They should 
be mounted in such a manner that 
the photo will remain flat. Use any 
size mount board, but do not put it 
in a frame. 

Color slides must be 2 x a-inch 
mounts. It is recommended that du- 
plicates, rather . than original slides 
be exhibited. 

PHOTO DESCRIPTION 
California. Should include at least the title, 

Photo Coniesf 
ELIGIBILITY 

location and date of the photo. 
a. Black and white photos should 

have a 3 x 5-inch white card with 
Any member of The American not over 50 typed words. 

Society of Range Management may b. Color slides should have a 
enter a maximum of five exhibits, 2 x 2-inch white card with not over 
but not more than one in a category. 25 typed words. Back side of card to 
Contestants need not be present, but be taped flush with lower edge of 
have responsibility to deliver and slide mount. 

DEADLINE 

Photos and slides must be placed 
on exhibit by 1: 00 p.m. Tuesday, 
February 9 at the ASRM registration 
desk in the Dunes Hotel. 

SCORING 

Each person who registers for the 
meeting will receive a ballot. The 
hours for voting will be on the 
ballot. 

AWARDS 

First, second and third place rib- 
bons will be awarded to the winners 
of each category. In addition a grand 
champion ribbon and an appropriate 
award will be presented to the entry 
receiving the most votes. Awards 
will be presented at the banquet. 

JOURNAL COVERS 

Winning entries will be eligible 
for selection as cover pictures for 
forthcoming issues of the Journal of 
Range Management. 

EXHIBITS AND DISPLAYS 

State and Area Sections and other 
professional organizations are urged 
to prepare exhibits for display dur- 
ing the annual meeting. Members of 
the committee will assist in place- 
ment of exhibits in the Dunes Hotel 
from 1: 00 p.m. till 9: 00 p.m. Monday 
the 8th and from 8:00 a.m. till 1:00 
p.m. Tuesday the 9th. 

Exhibits should conform generally 
to the convention theme “The 
Rancher-The Key to Range Man- 
agement”. All exhibits will be 
judged and recognition given to the 
exhibitors. 

NEW THIS YEAR- 
PICTURE STORY CONTEST 

A photo series with captions (and 
short story if needed) showing and 
telling a story concerning Range 
Management which would be appro- 
priate for publication in the JOUR- 
NAL. A prize will be presented to 
the winner. 

Only members of the Society may 
participate. No limit on number of 
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entries. All photos must be taken by 
entrant, except in the case of a his- 
torical “before” picture to emphasize 
certain points. 

Each picture in the series must be 
related to the others to tell a story 
and sufficient captions used to ex- 
plain this activity. Only black and 
white pictures may be used. Any 
size negatives may be used as long 
as acceptable prints may be ob- 
tained. Negatives or extra prints of 
winning entry must be made avail- 
able upon request. Any size prints 
may be submitted up to 11” x 14”, 

however, 8” x 10” enlargements are 
recommended. 

A maximum of six photos per 
entry and a minimum of three may 
be submitted. Winner will be se- 
lected on the basis of story-telling 
ability, photographic clearness and 
caption explanations. Entries must 
be related to range management and 
in tune with the objectives of the 
Society. 

Deadline: Entries must be sub- 
mitted by 1 p.m., February 9, 1965 
at the ASRM registration desk, 
Dunes Hotel, Las Vegas, Nevada. 

Entries may not be used in the 
Range Vegetation Trend contest. 
Judges will be selected by the com- 
mittee. 

Longmont Seed Co. 
Field Seeds and Complete Seed Service 

Buy-Clean-Treat-Sell 
LegumeArasse4rain 
LONGMONT, COLORADO 

Specialists in QutSty N AT I V E G R A S S E S 
I Wheatgrasses l Bluestems l Gramas l Switchgrasses l Lovegrasses l Buffalo l and Many Others 

We grow, harvest, process these seeds Native Grasses Harvested in ten States I 
Your Inquiries 

Appreciated SHARP BROS. SEED CO. Phone 398-2231 
HEALY, KANSAS 

NEW! 

Three years in preparation! 32 pages. 

A Glossary of Terms Used in 
Range Management 

Compiled and edited by Range Term 
Glossary Committee of American Society 

of Range Management 
Donald L. HUSS, Chairman 

Available November, 1964. Prices postpaid: 

Single copies _______________________________-_____--_$ .50 each 

Lots of 25 copies or more __________________$ .35 each 

Place orders now, prepaid, with: 

John G. Clouston, Exec. Sec. 
American Society of Range Management 

P.O. Box 5041 
Portland, Oregon 97213 

For The Wild, The Tame, The Exotic 
-we’ve got it - 

Alkali Sacaton 
Blue Bunch Wheat Grass 
Blue Grama 
Black Grama 
Buffalo Grass 
Big Blue Stem Native 
Big Blue Stem Kaw 
Little Blue Stem Native 
Bluestem Mixtures 
Sand Bluestem 
King Ranch Bluestem 
Indian Grass 
Green Needle Grass 
Canada Wild Rye Grass 
Russian Wild Rye 
Sand Drop Seed 
Sand Love Grass 
!%nd Reed Grass 
Indian Rice Grass 
Crested Wheatgrass 
Fairway Crested Wheatgrass 
Western Wheatgrass 

Green Spraugle Top 
Plains Bristle Grass 
Switchgrass 
Sideoats Grama 
Bromegrass 
Intermediate Wheatgrass 
Ky 31 Tall Fescue 
Orchard Grass 
Red Top 
Reed Canary Grass 
Tall Wheatgrass 
Slender Wheatgrass 
Timothy 
Perennial Ryegrass 
Annual Ryegrass 
Ky. Bluegrass 
Needle And Thread 
Bermuda Grass 
Blue Panic 
Rescue Grass 
Weeping Lovegrass 
Creeping Red Fescue 

CAT-TAIL SEED 
Alfalfa 
RPd Clnver 

Sweet Clover 
Alsike Clover 

_ “ _ -  - - _  .  - -  

Lespedeza 
Birdsfoot Trefoil 
Vetch . -_-__ 
H&br;d Sorghum Grain 

Ladino Clover 
White Dutch Clover 
Dwarf Essex Rape 
Hybrid Sorghum Forage 
Hybrid Sudan 

Millets Sorgos 
AGRICULTURAL CHEMICALS 

ONE CALL DOES IT ALL 
AT 

MILLER SEED CO. 
Phone 432-l 232 
Lincoln, Nebr. 

Phone 364-l 615 
Hereford, Texas 



CONVENTION PREVIEW 

THE SHOWPLACE 
The curtain will rise on the 18th annual 

meeting of the American Society of Range 
Management in Las Vegas, Nevada on Febru- 
ary 9, 1965. Headquarters for the 4-day con- 
vention will be the Dunes Hotel. 

Now the largest city in Nevada with a 
population of approximately 105,000, Las 
Vegas dates back to the latter part of the 18th 
century when the Old Spanish Trail was 
carved out of the wilderness to establish a 
route between Santa Fe and the missions of 
California. The “meadows” (Las Vegas) and 
springs were known to the early pioneers and 
to John C. Fremont in 1844. 

The first American occupation of Las 
Vegas was in 1855. William Bringhurst of 
Great Salt Lake arrived with a band of 30 
young men detailed by Brigham Young to 
build a fort to protect the immigrants and the 
mail from the Indians and to teach the latter 

LAS VEGAS, NEVADA 

“ENTERTAINMENT CAPITAL OF THE WORLD” 

how to raise corn, wheat, potatoes, squash, 
and melons. 

On May 5, 1905 Las Vegas was really born. 
On that day officials of the San Pedro, Los 
Angeles and Salt Lake Railroad (now the 
Union Pacific) explained plans for a major 
rail development through Las Vegas and the 
Southwest. 

From 1905 until present, Southern Nevada 
has seen continual growth, accelerated in the 
1930’s by the construction of Hoover 
(Boulder) Dam, and more recently by the 
development of the great resort potentialities 
of the area. 

Las Vegas is many things to many people. 
To the 12 million tourists who flock to this 
famed recreation area each year, Las Vegas 
is the ultimate in vacation living where visit- 
ors can relax and play among multimillion 
dollar resort hotels and spectacular scenic 
attractions. 

LAS VEGAS-Largest city in Nevada and sun capital of the world. 
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Hoover (Boulder) Dam and Lake Mead-A source of power, irrigation water and recrea- 
tion. 

To the Las Vegan the city offers a com- 
pletely different scope. The 97 churches, 6 
hospitals, 3 television and 8 radio stations are 
conveniences found only in cities 10 times 
as large. The first-time visitor will be sur- 
prised at the amount of cultural activities. 
Las Vegas has an active Art League, Opera 
League, Symphonic Society and Little 
Theatre Group. Over 270 civic, social, busi- 
ness and service organizations meet regu- 
larly. The Las Vegas school system is rated 
as one of the best in the land and includes 
Nevada Southern, a branch of the University 
of Nevada. 

Las Vegas is 2,016 feet above sea level. 
Its location creates a mild year-around cli- 

mate enjoyed by residents and tourists alike. 
Surrounded by a semi-arid area, the city 
boasts an average mean temperature of 66.1” 
with an average high of 80 and low of 52. The 
sun shines 86 percent of the maximum and 
rainfall is a meager 3.95 inches a year. Rela- 
tive humidity averages 28 percent. 

SHOWTIME HIGHLIGHTS 

The spotlight of the 1965 convention will 
center on the theme, “THE RANCHER-THE 
KEY TO RANGE MANAGEMENT.” 

Tuesday afternoon the stage will be set by 
discussions of the characteristics of the Great 
Basin area of Nevada, Utah and adjacent 
Arizona. 
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Winter snows and pine forests in the Mount Charleston area are but 35 miles from the 
sunny swimming pools and gay resorts of Las Vegas. 

The production numbers will begin on 
Wednesday morning with papers on the 
rancher’s role in range management. The 
keynote address, “The Key to Range Manage- 
ment,” will be presented by Brooks Keogh, 
President of the American National Cattle- 
men’s Association. Wednesday afternoon two 
shows are offered. Session A will feature a 
panel discussion on multiple use with papers 
on ranching, wildlife, recreation, water, 
grass, and timber. Session B attraction will 
be a symposium with the Animal Science 
Society with papers on animal nutrition, 
management, and production. 

Theme of the Thursday morning session 
will be “Grazing Land Problems and Prac- 
tices.” Papers will deal with such topics as 
grazing management on commercial timber 
lands, the international aspects of the live- 
stock industry in northern Mexico, and big 
game-livestock relationships. In th?s session 
also Dr. Charles H. St~oddard, Director of the 
Bureau of Land Management, will discuss 
the role of the local user in the administra- 
tion and management of the public domain. 

On Thursday afternoon, guests may again 
choose between two informative sessions. In 
session A, speakers will develop various 
topics on soil-vegetation relationships in 
Alaska, Montana, California, Utah, and Okla- 
homa as related to reindeer, livestock, weed 
control, and surveys. 

Session B will be a panel on the contro- 
versial and timely subject of pesticides, her- 
bicides, and insecticides. Various aspects of 
present programs, effects on man and ani- 
mals, costs, results and benefits will be dis- 
cussed. 

On Friday morning we will get “A Look 
Towards the Future.” The Honorable Con- 
gressman .Wayne Aspinall of Colorado will 
highlight the session with a discussion of 
“What is Needed in the Revision of Public 
Land Laws.” 

The curtain will fall on the 1965 annual 
convention with a noon banquet featuring 
reindeer meat from Indian ranches in Alaska, 
entertainment, and introduction of new offi- 
cers and directors. Look for complete pro- 
gram in January Journal. 

SPECIAL FEATURE 

Wives are cordially invited to accompany 
their husbands to Las Vegas. An interesting 
program for the ladies has been arranged by 
the Home Economics Extension Staff of the 
University of Nevada’s College of Agricul- 
ture. 

A luncheon and fashion show will allow 
the wives to get better acquainted with one 
another. On the trip to Boulder Dam and the 
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Another, not so generally known aspect of the Southern 
desert scenery as typified by the Valley of Fire. 

Nevada area, is the beautiful 

Lake Mead area, the strikingly different des- 
ert vegetation will be of interest. At the 
Dam, a guided tour of the interior operation 
will be given by the Bureau of Reclamation. 
A one-of-a-kind tour will be taken to the 
downtown casino center. The ladies will get 
an opportunity to go behind the scenes to see 
the gaming industry in operation. In addi- 
tion, a Ladies Headquarters room will be 
available for reading, visiting, card playing, 
or just relaxing. 

ADDED ATTRACTIONS 

Center of a vast recreational area, Las 
Vegas is surrounded by scenic deserts, cool 

b mountains and interesting attractions. You 
may wish to visit some of these places on 
your way to or from the convention. 

Hoover (Boulder) Dam-One of the 10 
wonders of the United States, Hoover Dam is 
the highest dam in the world rising 726 feet 
between the walls of the Colorado River. 

Lake Mead-A sea within a desert, Lake 
Mead is the largest man-made lake in the 
world with 550 miles of picturesque shore- 
line. Only 30 minutes from Las Vegas. 

Mount Charleston-Rising 11,910 feet, this 
majestic range is only 45 minutes from Las 
Vegas. Amid one of the largest groves of 

foxtail pine in the world, Mt. Charleston 
offers skiing and tobogganing in the winter 
and cool bridle paths and hiking trails in the 
summer. 

Death Valley-Truly a western wonder- 
land, Death Valley offers the greatest geo- 
logical contrast in the United States, just 138 
miles from Las Vegas. From 276 feet below 
sea level at Badwater, the lowest point in the 
Western Hemisphere one can see 14,501 foot 
Mt. Whitney. 

Valley of Fire-Brilliant reds color the 
fantastic rock formations in the Valley of 
Fire, and attract amateur and professional 
photographers from throughout the world. 
Formed by an outcropping of the earth’s pre- 
historic upheaval, this Nevada State Park is 
noted for its exoticaly weird atmosphere. 
Only 55 miles from Las Vegas. 

Nellis Air Force Base-Located 8 miles 
from Las Vegas, Nellis is the largest air base 
in the world. The base and the gunnery it 
controls contains 4.2 percent of the total area 
of the State of Nevada. 

Nevada Atomic Test Site-The major U.S. 
“outdoor laboratory” is located 65 miles from 
Las Vegas. The test site covers 1100 square 
miles and contains such familiar places as 
Yucca, Frenchman, and Jackass Flats. 

Truly, the 1964 Convention in Las Vegas 
is one all should attend and that will be re- 
membered for years to come. 
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