






lETTERS TO THE EDITOR 
This section is open to comments by any member of fhe Society. Opinions expressed do not necessarily 

represent those of fhe Journal and the Sociefy. 

SHOULD THE A.S.R.M. REMAIN SILENT? 

It is gratifying to see your announce- 
ment that the Journal of Range Man- 
agement is to be opened to letters to the 
Editor. Hereby I raise some questions of 
interest to members of the Society. 

Mismanaged range lands are one 
basic reason for some maladjustments 
that afflict American agriculture today. 
The dust bowl winds of the “dirty 30’s” 
helped to dramatize that fact. This 
spring brings a repeat performance. Our 
surplus wheat, so troublesome in recent 
years, is another result of unwise use 
policies on range lands. As an operator I 
well know that many progressive range 
operators now do a very good job of 
range management and ask for more 
research guidance, but too many still 
do not. 

Range management, like some other 
aspects of resource conservation, is now 
in a disturbing state of confusion. Secre- 
tary Benson has made a generalized 
statement favoring accelerated research. 
He also advocates greater local and 
state participation in better manage- 

ment of our natural resources but just 
how this is to be financed and accom- 
plished is not yet entirely clear. The 
Secretary has made far-reaching organi- 
zation changes in the Soil Conservation 
Service and elsewhere in the Depart- 
ment. Four long-established Forest and 
Range Experiment Stations have been 
combined into two super-stations and 
further consolidations across regional 
limits are feared. Certain range research 
functions have been transferred to 
another centralized agency with less 
field experience and organization to 
handle them with top effectiveness. 

A columnist recently reported that 9 
out of 12 men from the top command in 
the Department of i4griculture have 
quit after policy rows or .for other 
reasons not always fully understood. 
Do these rows and important but sudden 
reorganization moves made without full 
public airing indicate that the USD,4 
is now coming under autocratic rule? 
Has Departmental approval of pending 
legislation of questionable effects on 
good conservation been a factor in the 

CHANGING YOUR ADDRESS? 

existing confusion? Do these changes 
and uncertainties ahead explain why the 
morale of lesser departmental workers 
is now at a new low ebb? 

,4 few years ago when the U. S. 
Department of Agriculture and several 
Western states started a good though 
belated effort to give range research and 
management the recognition and sup- 
port that they deserved, the American 
Society of Range Management was 
organized to foster and promote that 
program. This Society can hardly re- 
main unconcerned with the developing 
changes just mentioned briefly that so 
directly affect the field in which its 
operating and professional members are 
involved. 

It would seem that the responsible 
voice of our Society should command 
some consideration when important 
range policy matters are being decided. 
Just what and how we should do it is a 
big question now. It deserves careful 
thought.-Leon C. Hurtt, Range and 
Ranch Consultant, 541 Evans Ave., 
Missoula, Montana. (Received March 20, 

1954) 

If your plans for the next few months include a change of address, please give us 
advance notice for our circulation records. We need your old address, your new 
address and your roster number. Please allow thirty days for the change to be 
effected on our mailing list. Notice of change should also be sent to your Section 
Secretary.-W. T. White, Executive Secretary. 
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Editorial 

A Continuing Appraisal of Range 
Management 

P 
REVIOTJS editorials in the Jour- 

nal have assessed the progress 
made by the Society in its short 
spa” of years. These have been ap- 
praisals of past accomplishments 
and suggestions for future progress. 
The Journal, being the medium for 
expression from those who have a 
primary interest in range manage- 
ment, is also the proper place for a” 
evaluation from time to time of 
progress in the composite discipline 
we call range management. 

No complete appraisal GIL” he 
made at any one period of time. 
Range management is dynamic and 
is becoming increasingly larger in 
scope. The writer in the pages of 
the Journal once attempted t,o de- 
fine range management and was 
rhallenged by many readers, all of 
whom had varying definitions. This 
is just a” indicatio” that range 
management is a broad body of 
knowledge hound together by a 
common goal-management of mild 
lands for profit or greater use by 
society whatever that use may be. 
When knowledge assembled from 
studies of soils, plants, animals and 
climate is correlated vith the cco- 
nomic and physical environment 
superimposed by man’s activities 
we arrive at range management. We 
we, however, prome t,o forget that 
man’s activities are heroming in- 
creasingly important in their effect 
on the managrm~nt, aspwt of range 
ma"ageme"t 

The body of knowledge which we 
call range ma”agcmn”t was set 
upon its course about 50 years ago. 
Certainly there must have bee” a 

need for specific study and applica- 
tion of these studies to manngement 
of range or wild lands. A look at, the 
record will disclose many important 
research findings which have re- 
sulted in improvement of soil and 
forage conditions by management. 
Of equal importance, perhaps, has 
been the development of under- 
st,anding bctveen t,he land user, the 
ranrher, the Federal and state 
governments, the wildlife rnthu- 
s&t,, and the public generally. 
These relntimlships do not exist, in 
perfect harmony but the founda- 
tion has been laid. For this the 
Amerioa” Socint,y of Range Man- 
agement ran assume wxne degwe of 
responsibility. 

Management of the range is the 
end product of research and rule of 
thumb techniques. To coordinate 
effort leading to “management”, we 
must know, at least approximately 
so, what the management goal 
should be. Additionally, the cow 
elusion may be rearhpd t,hat any 
management goal presently envis- 
aged is hut, a” intermediate step to 
a changing USA or demand for the 
land. 

Of recent years the range man- 
ager has give” increased attentio” 
t,o the att,itude of society regarding 
the use and management of un- 
cultivatrd latlds. In the lnnt snal,Y- 
sis tho objectives of our sorirty will 
dirtnt,e the goal for the manngc- 
mart of range lands. ‘I‘hcx msu:~grr 
who snalyars the operation of PK. 
nomic ~IVX~~S has t,ake” the 
initial step toward the establish- 
ment of a manageme”t goal. FOI 

private lands the immediate goal 
will he a” economic return. For 
public lands t,he return may bc a 
measurable eronomic return or n 
r&urn of tangible hen&t t,o the 
public. These are primary goals 
which must be preceded by prior 
goals. Good range management 
must precede the goal of great& 
use or return from the land. 

We <:a” look bwk a fen. years 
whm domestic stock used at will 
most of the w&r” lands. Thrw 
seemed no need for a considrratio” 
of any other use-the Nation dn- 
manded meat, hides, and ~vool. 
Production of livestock was the 
goal of range management at t,hat 
time. Sincr then range management 
has bwome of age and does not 
consist, solely of managing lands fm 
dome& livrst,ork production. Pro- 
during liv&ock from native forage 
certainly is a most important aspect, 
but it has been supplanted in many 
areas by other demands made on 
the lands. 

It would appear that on much of 
the western lands the primary goal 
will be to produce plant cover and 
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forage for livestock production. 
This will be so regardless of whether 
the land is in public or private 
ownership. Nevertheless some range 
lands will be managed for other 
than livestock production. In this 
instance these lands will probably 
be in some form of public owner- 
ship. This is not so because public 
ownership is the only desirable type 
of ownership but because the mul- 
tiple use demanded of the land is 
best served by a combined holding. 

Examples can be cited where 
state agencies are purchasing pri- 
vately owned lands to provide more 
range for big game herds. This is 
not just a whim of responsible 
public officials. They are acting in 
response to an economic demand of 
the people for greater access to 
hunting and recreation, and for 
which the return may be greater 
than for other uses. This is a prob- 
lem of the management aspect of 
range management. Or is it range 
management? 

This writer is not attempting to 
make a case for any particular type 
of land ownership. The point to be 
made is that we have approached 
the time when applied effort in the 
field of range management can 
logically be separated into two or 
more distinct activities. The al- 
liance will be close but the inter- 
mediate goals may vary. Initially 
we might separate range manage- 
ment into range science and land 
management. Range science would 
include and provide the basic 
physical information necessary to 
adequate management of wild 
lands. This field is too comprehen- 

EDITORIAL 

sive to detail at this time. Land 
management should be the activity 
that correlates the basic informa- 
tion and adapts it to management 
goals. Land management should 
also set the management goals from 
studies of the economic, and social 
requirements of society for the 
land. It matters little whether the 
manager supervises lands in public 
or in private ownership. The pri- 
mary economic use of the land will 
dictate the management goal. In 
addition, the physical aspects of the 
land will affect the economic use to 
a large extent although not wholly 
so. 

The gap between basic research 
and practical application to achieve 
a management goal for land is much 
narrower today than a decade ago. 
Nevertheless management tech- 
niques and management planning 
have not progressed at the pace set 
by basic research. Now more than 
ever before there exists a need for 
individuals trained to manage wild 
lands using the available scientific 
and economic facts. 

Range management, as taught in 
the colleges and universities, places 
emphasis on the biological and 
associated animal sciences. This 
training is basic, but for those in- 
dividuals interested in management 
in the sense used here, further 
training in the social sciences is 
necessary. Management of land to 
produce an economic return or to 
serve a specific goal of society is the 
final result of the applied manage- 
ment technique. Formal training 
in this aspect of range management 
has been neglected. 

The Journal of Range Manage- 
ment should reflect the interests of 
the members individually and col- 
lectively. A study of past issues of 
the Journal indicates a dearth of 
articles on the “management” 
aspects of range management. Per- 
haps the land administrators and 
managers have not had the in- 
centive to formal presentation of 
their knowledge. Must we lose a 
large body of knowledge which if 
disseminated would be indicative of 
the practical application made of 
basic research? 

This short appraisal of range 
management is not presented as a 
critique of past progress or accom- 
plishments. The many contribu- 
tions made by research and the 
outstanding articles published in 
the Journal are proof of progress 
made in accumulating basic infor- 
mation. However, there appears to 
be a neglected area of activity in 
range management. This area of 
activity can be termed management 
science as contrasted to range 
science. 

I believe the Society and the 
colleges and universities should give 
greater thought to development of 
the management aspect of range 
management. It is a field of activity 
that is not as precise as basic bio- 
logical research. But it is in this 
activity that the fruits of range 
science can be realized and the best 
use of land can be planned and 
reached-H. R. Hochmuth, Bureau 
of Land Management, U. S. De- 
partment of the Interior, Washing- 
ton, D. C. 

CALL FOR PAPERS FOR 1955 ANNUAL MEETING 

Members who wish to present papers at the annual meeting in San Jose, California, 
January 25-28, 1955, are invited to offer them now. 

Titles and approximately 200-word abstracts should reach the Program Chairman bj 
August 1st to permit consideration by the Program Committee.-Kenneth W. Parker, 
Chairman, Program Committee, U. S. Forest Service, Agricultural Building, Washington 
25, II. C. 



Improved Pasture for Spring and Sum- 
mer, Range for Fall and Winter 

ARTHUR D. MILES 

Rancher, Livingsto? 

I NCREASED forage production on 
the range, and improved pas- 

ture have enabled us to wean heavier 
calves and lambs, run more head of 
livestock and reduce the costs of 
operation. Improved pasture has in- 
creased carrying capacity and 
weight gains ; winter ranging has 
reduced the cost of wintering. 

Our steep and broken range lies 
above 5000 feet in South Central 
Montana. Much of the twenty to 
thirty inches of precipitation falls 
as snow. During storm periods, 
snow will accumulate to a depth of 
two or three feet on the level, but 
the strong winds and warm 
chinooks provide open grazing dur- 
ing most of the winter. The grass 
association resembles the Pacific 
bunch grass type of bluebunch 
wheatgrass (Agropyron spicatum) 
and Idaho fescue (Festuca idahoen- 
sis) . 

Most of the increase in livestock 
production has resulted either di- 
rectly or indirectly from improved 
pasture. The carrying capacity of 
improved pasture is twice as great 
as good native range. Better August 
gains are made on improved pas- 
ture. The elimination of spring use 
and the deferred summer use af- 
forded by improved pasture, have 
increased range forage production. 

Crested wheatgrass pastures, 
sown on the lower south slope 
benches after two crops of barley, 
were the first to be established. The 
original purpose of the crested 
wheatgrass pastures was to reduce 
the losses from tall larkspur (Del- 
phinium spp.). During the first 
three years of running cattle, 15 
head out of a herd of 50 died of 
larkspur. Since crested wheatgrass 
has kept the cattle off the range 

Montana 

during the larkspur season (May 
and June), we have had no larkspur 
losses the past seven years, even 
though we’ve increased the herd to 
200 head. 

Calving is started in February, 
instead of March in order to escape 
the difficulty of engorged teats that 
result when calving on crested 
wheatgrass. The calves born in 
February and March are able to 
take the full flow of milk when they 
are turned to crested wheatgrass 
the first of May. 

New and practical management 
suggestions from a young Mon- 
tana rancher based on experi- 
ence. An article full of useful 
information and stimulating sug- 
gestions for the rancher and 
technician alike. 

sativa) on favorable moisture sites 
of the range, and on crop land no 
longer needed for hay production. 
The deep-rooted alfalfa and orchard 
grass furnish succulent pasturage 
during the dry Augustj, drawing on 
winter-accumulated moisture. Or- 
chard grass-alfalfa pastures pro- 
duce 5 animal unit months per acre, 
of grazing a year, and crested 
wheatgrass 3 animal months. 

Winter Ranging 

The range no longer needed for 
summer grazing is used to carry the 
cattle and sheep through the dor- 
mant season of production, fall and 
winter. The sheep used to go on 
full hay ration the middle of De- 
cember. We now keep them on the 
range until the first of April. The 
cattle range out through February. 
Supplements are fed after the first 
of January, and the cattle and 
sheep winter well on the range. 

We ran out of grass the first few 
years of winter grazing. We had 
grass left, but it was scattered 
throughout the inaccessible parts 
of the range. Since a grazing plan 
has been adopted to reserve the 
closer, snow-free sites for winter 
use, we have had an abundance of 
winter grass. Nursing cows on improved pas- 

ture become fat. Because of their 
good condition, the calves are kept 
on them longer in the fall. Cows in 
good condition winter easily on 
the range and less supplement is 
required. 

Not only does improved pasture 
increase carrying capacity, but 
greater gains are possible. Yearlings 
summered on improved pasture 
weigh 900 lb. compared to those 
summered on Idaho fescue grass- 
land weighing 750 lb. Considering 
the investment in cattle, the cost of 
wintering and the ease of looking 
after cattle on pasture, it is a ques- 
tion if it’ pays to turn out on range 
in summer. 

For summer grazing we are estab- 
lishing orchard grass (Dactylis 
glomerata) and alfalfa (Medicago 
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Cattle winter better on areas 
with little brush. They tend to 
congregate in the brush and con- 
sume little feed during stormy 
weather. On brush-free areas, they 
find protection in the swales and 
are always on good feed. 

Relatively little difference has 
been found between north and 
south slopes in maintaining the 
stock. The amount of area the snow 
will blow off determines the amount 
of grass available. 

The animals a.re fed supplements 
on areas of the range that have an 
abundance of grass as a means 
of obtaining distribution (Fig. 1, 
1.). Four-wheel-drive trucks with 
winches have made all areas of the 
range accessible. Afternoon feeding 
of the supplements seems to en- 
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courage the animnls to ronsumc 
more grass. 

The cat,tle range out farther from 
mater in winter than they do iu 
summer. Our water is spring fed 
and stays “pen during the day. 
(Fig. 1, rt.) The sheep do well rith- 
out water when there is snow, even 
when supplemented with hay. 

Good quality alfalfa hay is used 
as a supplement, supplying digest- 
ible protein for one-third less cost 
than pelleted concentrates. Much 
less range grass is consumed when 
alfalfa is fpd as a supplement. 
Sheep do w?ll in the early winter 
(January) with % pound of oats or 
barley. The ability of sheep to 
select the portions of forage plants 
with higher protein and their ap- 
petite for the high-protein browse 
plants allow them to balance their 
diet better than cattle. The<attle 
satisfactorily utiliac coarse grass 
that sheep leave, when fed a protpin 
supp1emcnt. 

Sheep are considered he&r rus- 
tlers than cattle because they paw 
away the sn”\v and their rr-001 af- 
fords them protection from the iry 
winds. Cattle will rustlr if turned 
into areas of tall grass after hravy 
snows. It is necessary to accustom 

the snimals to the method of hsn- 
dling desired. Animals that are used 
to heing fed all winter need to he 
trained to rustle. 

Wintering on t,he rangr is less 
expensive than feeding straight, hay, 
even though some additiomal ex- 
pense is incurred hauling the hay 
to the range. We fred one half as 
much hay by wintering on the 
range. 

In severe winters such as 191% 
1919 !ve str&h our hay supply by 
feeding our reserve of oats and 
barley. Oats and barley will replace 
2 pounds of hey per pound fed, and 
make a better rcseerve than large 
amounts of hay carried from our 
year to the next. 

Range Type Cow 

Rettcr distrihut,ion over the range 
can be obtained rith corns that 
have the ability and desire to range 
out. Heavy cows with large feet 
find it difficult to move “vcr our 
steep and rocky range. Cows that 
range out ut,ilize distant areas. 
Greater forage production vith in- 
creased carrying capacity results 
from t,he cvcn grazing of range type 
cows. 

Cows are judged for east of 

wintering and size of calf they pro- 
dure. Corns that rannot, maintain 
t,heir condition in minter are culled. 
We are breeding toward a cow that 
has a capacity and appetite to 
conSunK large amounts of coitwe 
grass in summer and bulky matured 
grass, coitrse hays and straw in 
minter, and has a long lactation 
period that corresponds to our 
seasou of green grass. 

Wild and nervous rows, although 
they range out, generally stay t,hin 
and produce light ureight calves. Wr 
prefer cows that take their calves 
rith them to graze, as opposed to 
those that hide their calves nrrd 
run hack to them frequeutly during 
the day. 

We select bulls from cows that 
produce growthy calves under our 
conditions. Replacement heifers 
are selected after they hare raised 
t,wo or three calves. Poor milkers 
and poor keepers are cullrd. 

Sagebrush 

Sagebrush (Artcmisia tri&nfala) 
and other noxious plants are in- 
creasing on the range (Fig. 2, 2.). 
The sagebrush grows in areas of 
snow accumulation that are henrily 
grazed. The grass in the snow arens 
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cnttb? tend to tramp out m&rush. He! 

is six weeks later than on the ad- 
jacent snom-free areas (Fig. 2 ten.). 
The stock will not touch the um 
palstahlc mature grasses until the 
snolr.-accumulatiorl areas arc grazed 
hare. 

Our method of dealing rith sage- 
brush is twofold: (I) the level sites 
of snow a~aunulation are ploxed 
and soxvn to summer grass, and (2) 
the season of grazing is changrzd on 
other areas from spring and summer 
to fall aud winter (Fig. 2, rl.). In 
the fall, the grasses arc all at the 
same stage of maturity. ln the 
winter, t,he heavy snow cover pro- 
hibits the grazing of the snow-ac- 
cumulation areas. 

We brlicvc the cheapest method 
of controlling sagebrush is to main- 
tain forage competition. Improved 
pasture or properly grazed range 
maintains a competitive corer that 
sagebrush and other weeds are not 
able to invade. Since the natural 
mortality of sagebrush is high, and, 
wince it is easily killed by burning 
or spraying, the problem is one of 
r&hlishing and maintaining ade- 
cluate competitive cover. 

Range Fertility 

Nitrate fcrtilizat,ion, as supplied 
hy mnnurcs and legume residues, 
has shown marked msponse on our 
range. It sppcars that nit,rstes 
alonp rould dnuhlr forage produr- 
tion. Frrtility may be as important 

as intensity of grazing in maintain- 
ing a. good grass cover. We look to 
better utilization of auimsl mauuws 
aud mow legumes as low rest 
methods of supplying nitrates and 
phosphates. 

Much of t,hr pow manure is 
wasted in arcas of deciduous brush. 
;L R solution to the prohlcm, we 
hn\.e: (1) fenced thP cattle out of 
the brush in some areas, and (2) 
rcmovcd cousiderable brush along 
with the development of improved 
pastures. 

Cattle do as well in brushless 
pastures, srck the high ground when 
the flies arc had and do not form 
the habit, of ramping in the brush. 
Fall and winter graaiug affords 
bcttcr manure distribution sinw 
the <:o\vs camp on wowfwe flats. 

1V’r harr introdurcd sweet rlo\w 
(.lflMolU.s ufficiannllls) into mauy 
of the range areas. Sweet, clover 
has perpetuated itself on some parts 
of the range for over 20 years. Al- 
lowing for production of wed and 
managing for seedling cstshlish- 
ment are fwtors in maint,aining 
sweet elovcr. Sweet clover main- 
tains itself best under light, spring 
and heavy winter use. 

Considerable possibilities are seen 
in other legumes. Montana common 
alfalfa (Medicago saliva) has Bern 
established in hcnvily-disk& sag?- 
brush. Alfalfa reseeds itself under 
spring and winter grazing ou thr 

rauge. Alsike clowr (Tr~folizcm 
h~hridzcm) maintains a fair stand 
on owe-cultivated north slopes 
t,hat have been uudcr sheep grazing 
for 25 years. Some of the nat,ive 
lrgumps, such as lupines (Lupims 
spp.), grow in dense stands, hut 
their ability to fix nit,rates is uot 
known. 

At, the present time little response 
has hew ohtained from applica- 
tions of phosphato to range areas 
that have pardial stands of legumes. 
It is thought that phosphates may 
help to maintain the balance of 
legumes and grasses. 

As the fertility elements of thr 
original organic mat,ter arc ut,ilieed 
in plant growth, just as happens 
uudrr cultivation, the supply of 
accumulated phosphates aud n- 
trates is deplrtcd. In order to in- 
crease orgauio matter, it seems that 
a. supply of phosphates as wrll as 
&rates would he nrccssary. 

Deep rooted plants may supply 
phosphate with less rest than pur- 
chased fertilizer. Sweet 14orw has 
beeu show1 to be valuable in t,his 
rrspert. Its roots penetrate deeply 
(ten feet) into the soil and ahsorh 
potash aud phosphsk that is ~1. 
available to the roots of other 
plank 

Summary 

On a high foothills Montana 
ranch, improved pasture has elimi- 
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nated larkspur losses and increased 
carrying capacity. Crested wheat 
grass is utilized for spring pasture, 
the deep-rooted orchard grass and 
alfalfa for summer forage. The cat- 
tle and sheep winter on the range no 
longer needed for summer grazing. 

LEO B. MERRILL 

They consume one half as much Sagebrush is being controlled by 
hay wintered on the range as when the development of improved pas- 

wintered on hay alone. ture and by maintaining the range 

A cow that will range out is recog- 
in good condition. Phosphates and 

nized as desirable. Cows are being 
nitrates are recognized as constitu- 
ents of organic matter, and it is 

bred that will raise sizable calves believed that they can be supplied 
and winter on available feeds. cheaply by deep-rooted legumes. 

A Variation of Deferred Rotation Graz- 
ing for Use under Southwest Range 
Conditions 

LEO B. MERRILL 

Range Specialist, Texas Agricultural Experiment Station, 
Sonora, Texas 

D 

URING the past several years 
there has been considerable 

discussion regarding the relative 
merits of deferred rotation grazing. 
Much of the material presented is 
unfavorable to this system of use. 

In any system of grazing, how- 
ever, there are many factors to be 
taken into consideration. As was 
aptly stated, (Sampson 1951) “It 
becomes clear that regional and 
local conditions have much to do 
with the results achieved.” 

The majority of rotation grazing 
studies have been conducted on two 
or three-pasture systems and most 
of these systems concentrate live- 
stock on one pasture while the re- 
mainder are resting. It would seem 
that as rainfall diminishes such a 
system becomes more and more 
hazardous since, during the period 
of concentrated grazing, a pasture 
might be damaged to the extent 
that it could not recover during the 
ensuing rest period. 

The three-pasture rotation sys- 
tem, with grazing concentrated on 
one pasture, was used in the studies 
of Dickson, et al. (1948), Frandsen 
(1950), Rogler (1951) and McIlvain 
and Lagrone (1953). In all of these 

studies except that of Frandsen 
there appeared to be little advan- 
tage, if not a definite disadvantage, 
in deferred rotation grazing as far 
as livestock gains were concerned. 
However, most of these studies 
indicated that vegetation improved 
under rotation. The example of 
deferred rotation given by Frandsen 
has no period of time in which 
livestock were concentrated for 
more than 46 days on a pasture 
producing green vegetation. This 
concentration was always followed 
by a period in which vegetation 
was allowed to make at least 92 
days’ growth. This system of 
grazing apparently gave favorable 
results. 

Procedure 
A deferred rotation system was 

established at the Ranch Experi- 
ment Station on the Edwards Pla- 
teau of Texas in a comparison with 
continuous grazing at three rates 
of stocking. This study has been 
carried on for a period of four years, 
from July 1, 1949 to June 30, 1953, 
using a combination of three classes 
of livestock-cattle, sheep and 
goats. Under the yearlong grazing 

system, three rates of stocking were 
employed, namely, heavy at 48 
animal units per section, moderate 
at 32 animal units per section and 
light at 16 animal units per section. 
Under the deferred rotation system, 
four 60-acre pastures were set up 
as a rotation unit in which a com- 
bination of cattle, sheep and goats 
was used at a moderate rate of 
stocking, or 32 animal units per 
section. 

In the rotation system (Fig. 1) 
each pasture is grazed 12 months, 
then rested 4 months. In Figure 1 
the pasture which is rested during 
any period is enclosed by heavy 
black lines. The rest period comes 
at a different season in each suc- 
ceeding 16-months grazing cycle. 
Thus, during any given four years’ 
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nated larkspur losses and increased 
carrying capacity. Crested wheat 
grass is utilized for spring pasture, 
the deep-rooted orchard grass and 
alfalfa for summer forage. The cat- 
tle and sheep winter on the range no 
longer needed for summer grazing. 

LEO B. MERRILL 

They consume one half as much Sagebrush is being controlled by 
hay wintered on the range as when the development of improved pas- 

wintered on hay alone. ture and by maintaining the range 

A cow that will range out is recog- 
in good condition. Phosphates and 

nized as desirable. Cows are being 
nitrates are recognized as constitu- 
ents of organic matter, and it is 

bred that will raise sizable calves believed that they can be supplied 
and winter on available feeds. cheaply by deep-rooted legumes. 

A Variation of Deferred Rotation Graz- 
ing for Use under Southwest Range 
Conditions 

LEO B. MERRILL 

Range Specialist, Texas Agricultural Experiment Station, 
Sonora, Texas 

D 

URING the past several years 
there has been considerable 

discussion regarding the relative 
merits of deferred rotation grazing. 
Much of the material presented is 
unfavorable to this system of use. 

In any system of grazing, how- 
ever, there are many factors to be 
taken into consideration. As was 
aptly stated, (Sampson 1951) “It 
becomes clear that regional and 
local conditions have much to do 
with the results achieved.” 

The majority of rotation grazing 
studies have been conducted on two 
or three-pasture systems and most 
of these systems concentrate live- 
stock on one pasture while the re- 
mainder are resting. It would seem 
that as rainfall diminishes such a 
system becomes more and more 
hazardous since, during the period 
of concentrated grazing, a pasture 
might be damaged to the extent 
that it could not recover during the 
ensuing rest period. 

The three-pasture rotation sys- 
tem, with grazing concentrated on 
one pasture, was used in the studies 
of Dickson, et al. (1948), Frandsen 
(1950), Rogler (1951) and McIlvain 
and Lagrone (1953). In all of these 

studies except that of Frandsen 
there appeared to be little advan- 
tage, if not a definite disadvantage, 
in deferred rotation grazing as far 
as livestock gains were concerned. 
However, most of these studies 
indicated that vegetation improved 
under rotation. The example of 
deferred rotation given by Frandsen 
has no period of time in which 
livestock were concentrated for 
more than 46 days on a pasture 
producing green vegetation. This 
concentration was always followed 
by a period in which vegetation 
was allowed to make at least 92 
days’ growth. This system of 
grazing apparently gave favorable 
results. 

Procedure 
A deferred rotation system was 

established at the Ranch Experi- 
ment Station on the Edwards Pla- 
teau of Texas in a comparison with 
continuous grazing at three rates 
of stocking. This study has been 
carried on for a period of four years, 
from July 1, 1949 to June 30, 1953, 
using a combination of three classes 
of livestock-cattle, sheep and 
goats. Under the yearlong grazing 

system, three rates of stocking were 
employed, namely, heavy at 48 
animal units per section, moderate 
at 32 animal units per section and 
light at 16 animal units per section. 
Under the deferred rotation system, 
four 60-acre pastures were set up 
as a rotation unit in which a com- 
bination of cattle, sheep and goats 
was used at a moderate rate of 
stocking, or 32 animal units per 
section. 

In the rotation system (Fig. 1) 
each pasture is grazed 12 months, 
then rested 4 months. In Figure 1 
the pasture which is rested during 
any period is enclosed by heavy 
black lines. The rest period comes 
at a different season in each suc- 
ceeding 16-months grazing cycle. 
Thus, during any given four years’ 
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DEFERRED 

grazing, each pasture is deferred 
once during each of the 4-month 
seasonal periods. This allows some 
plants to set seed and gain vigor. 
Under this system only one group 
of livestock is moved every four 
months. The stocking rate on each 
of the three stocked pastures during 
any given 4-month period is 43 
animal units per section. When the 
acreage of the deferred pasture is 
included for computing stocking 
rates in the four pasture rotations, 
the rate is 32 animal units per sec- 
tion overall. 

Rainfall 

During the first year of the study, 
1949-50, the rainfall was 26.97 
inches, which was above the aver- 
age of 24 inches for the station. 
The three years following were 
characterized by a severe drought. 
The yearly rainfall for the three 
years, 1950-53, was 14.61 inches, 
6.96 inches and 4.91 inches respec- 
tively. 

Results 
Reaction of Livestock to Deferred 

Rotation as Compared to 
Yearlong Grazing 

In the first year of this study, 
1949-1950, rotation grazing showed 
little evidence of being superior to 
yearlong grazing. At a stocking 
rate of 32 animal units per section 
for both systems, steers made a 
gain of 285 pounds per head under 
rotation grazing and 283 pounds 
per head under the yearlong sys- 
tem. On the other hand, sheep 
made slightly less gain under rota- 
tion than under yearlong grazing, 
or 35.0 and 37.2 pounds per head, 
respectively. 

In the three years following 
1949-1950, the trend has been for 
livestock weights to increase in the 
rotation pastures above those under 
yearlong stocking, except for 195% 
1953 in which steers in the rotation 
pastures gained only 143 pounds 
per head while those in the year- 
long-grazed pastures gained 175 
pounds per head. The weight gains 
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FIGURE 2. Per-acre gains for sheep under continuous and deferred rotation 
grazing. 

of sheep in the rotation system 
have steadily increased as compared 
with those under yearlong grazing. 

Per-acre gains of sheep under year- 
long and rotation grazing are shown 
in Figure 2. During the first year of 
the study, 1949-50, the highest, gains 
of 13.5 pounds per acre were ob- 
tained from pastures grazed year- 
long with 48 animal units per 
section, followed in order by gains 
of 11.2 pounds per acre from year- 
long stocking at 32 animal units 
per section, 10.2 pounds from rota- 
tion grazing at 32 animal units per 
section and 4.3 pounds from year- 
long stocking at 16 animal units 
per section. 

In 1952-53, sheep on the moder- 
ately stocked rotation pastures 
made the highest gains of 7.9 
pounds per acre, followed by the 
heavily stocked, yearlong-grazed 
pastures with a gain of 5.8 pounds 
per acre, and the moderately 
stocked yearlong-grazed pastures 
with 5.6 pounds per acre. During 
the ent,ire four-year period, the 
highest, annual gain of 7.8 pounds 
per acre was made on the heavily 
stocked pastures grazed yearlong. 
The second highest weight gain of 
6.8 pounds per acre was made on 

the moderately stocked rotation 
pastures, followed in order by the 
moderately and lightly stocked 
yearlong-grazed areas with gains of 
6.1 and 3.1 pounds per acre, re- 
spectively. In succeeding years, 
however, the advantage in gain per 
acre held by the pastures heavily 
grazed yearlong steadily diminished, 
while the deferred rotation pas- 
tures made consistent gains. 

Figure 3 shows the per-acre gains 
obtained from steers under the 
various systems of grazing. The re- 
sults are similar to those obtained 
from sheep, except that the steer 
gains of 7.7 pounds per acre under 
rotation grazing exceeded those 
from all other systems of use during 
the second year. Yearlong grazing 
at the moderate stocking rate 
showed t’he second highest gains of 
5.7 pounds per acre, followed by 
heavy grazing with 4.9 pounds and 
light grazing with 3.8 pounds per 
acre. During the year 1952-53, the 
per-acre as well as the per-head 
gains of steers declined in the rota- 
tion as compared with moderately 
stocked, yearlong-grazed pastures. 
During the four-year period of 
1949-53, nearly identical gains of 
9.7, 9.8 and 9.9 pounds per acre 
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grazing. 

were obtained from the moderately 
stocked rotation pastures and the 
yearlong moderately and heavily 
stocked pastures, respectively. 

In May 1953 a severe tornado 
passed through the rotation pas- 
tures and destroyed practically all 
of the grass on approximately one- 
third of the area. Decline in steer 
weights on these pastures during 
1952-53 is attributed to this cause. 
The storm did not strike the moder- 
ately stocked, yearlong-grazed pas- 
tures and thus the vegetation was 
not disturbed as on the rotation 
areas. 

Vegetational Response 
Plots were established on all 

pastures for determinations of vege- 
tational trends under the various 
systems of grazing. The initial 
survey indicated that all pastures 
had a similar cover of grass. The 
composition of this cover during the 
first year of the study was as 
follows : 

Curly mesquite 77 percent 
grass 

Hairy triodia 13 percent 
and red grama 

Needle grasses 6 percent 

under continuous and deferred rotation 

Desirable bunch 
grasses (side- 

4 percent 

oats grama, hairy 
grama, silver 
bluestem, little 
bluestem, fall 
witchgrass, 
Texas winter- 
grass and 
others) 

The vegetational composition had 
changed very little on most pas- 
tures by the fall of 1952. However, 
the greatest improvement was made 
on the moderately stocked rotation 
pastures and on the lightly stocked 
pastures grazed yearlong. The 
bunch grasses, lightly utilized, 
were seeding and the seedling 
grasses were establishing themselves 
in the areas. In the moderately 
stocked pastures grazed yearlong, 
the bunch grasses were grazed more 
closely, and, although the mature 
plants were seeding, few grass 
seedlings were becoming estab- 
lished. There was no evident re- 
seeding on the pastures heavily 
grazed yearlong. 

A survey of grass survival made 
recently following three years of 
severe drouth showed a marked 

difference in the amount of grass 
which survived under the several 
systems of grazing. Curly mesquite 
grass, which in normal years com- 
prised 77 percent of all grass cover, 
suffered death losses under yearlong 
grazing of 91, 89 and 55 percent, 
respectively on heavily, moderately 
and lightly grazed pastures. The 
moderately grazed rotation pas- 
tures showed a 78 % loss in grass 
cover. However, this was true only 
on the areas not damaged by the 
tornado. 

Summary 

The rotation system used is 
simple in application, since it is 
necessary to move only one group 
of livestock every four months. 
Under this system each pasture is 
grazed 12 months and rested 4 
months. The rest period comes at a 
different time of the year in each 
rotation cycle. 

No definite advantage in live- 
stock gains has been found on 
deferred rotation pastures as com- 
pared with those grazed yearlong 
at the same stocking rate. However, 
the vegetation on the rotation pas- 
tures is obviously improving more 
than that on the yearlong grazed 
areas. There is, therefore, a steady 
trend toward improved range con- 
ditions as well as increased financial 
returns on these pastures. 
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Grassland Management in New Zealand’ 
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G RASS production in New Zea- 
land is basic, not only to 

agriculture but also to the entire 
national economy. On a land area 
(66 million acres) slightly smaller 
than that of Colorado, but with 
only a little more than 42 million 
acres occupied, New Zealand sup- 
ports a sheep population (33 million 
head) greater than that of the 
United States plus about 5 million 
cattle and smaller numbers of hogs, 
horses and goats. This entire live- 
stock population is a product of the 
pastures. Even the pigs are grazed 
and supplemented with skim milk 
and whey from the dairy industry. 

Of the 2 million acres under cul- 
tivation, more than one-third is 
in “plantations” of introduced tim- 
ber trees, chiefly Monterey pine 
(Pinus radiata), and nearly one- 
third is in temporary pasture crops, 
leaving only about one-half million 
acres for cash field crops. 

In New Zealand, “grassland agri- 
culture” is not simply a term desig- 
nating some far-distant goal toward 
which to strive. Theirs is, in fact, a 
grassland agriculture in the highest 
sense, an agriculture in which the 
operation of all but a few specialized 
farms (fruit, truck, tobacco, etc.) 
is based on grass production and 
utilization. Grassland agriculture 
has in some cases been carried too 
far. The economy of the nation and 
the welfare of the farmers them- 
selves would be benefited by wider 
use of cultivated food crops in 
rotation with the grasses. It is now 

1 Contribution no. 500, Department of 
Agronomy, Kansas Agricultural Experi- 
ment Station, Manhattan. 

2 On leave, April through December 
1952, for study under a Fulbright grant at 
Massey College of Agriculture, Palmers- 
ton North, New Zealand. 

necessary to import substantial 
quantities of such staples as wheat 
despite the fact that the average 
wheat yield is more than 40 bushels 
per acre and yields of twice that 
amount are not uncommon. New 
Zealand farmers exhibit a reluc- 
tance to plow up grass that is com- 
parable to the resistance encoun- 
tered in America to the seeding of 
cultivated lands to perennial pas- 
ture. 

Situated almost exactly halfway 
around the globe from Great Brit- 
ain, its principal market, New 

A perspective of the grazing 
problems and management prac- 
tices in the hill country pastures 
of New Zealand-a country in 
which grass production is basic 
to the entire national economy. 
A view of grassland agriculture 
under intensive management. 

Zealand has had to stress low pro- 
duction costs to compete with much 
nearer sources of meat and dairy 
products. High pasture production 
and efficient utilization of the for- 
age have made this possible. No 
grain is fed to livestock, but peren- 
nial pastures are supplemented with 
temporary grazing crops in addition 
to hay and silage made from the 
pastures themselves during the 
flush of spring and early summer 
growth. 

Efficient utilization of pasture 
forage by stock is stressed. Nothing 
is gained by producing a big forage 
crop unless it is turned into animal 
products. The entire agriculture is 
geared to that idea. Pastures ac- 
count directly for 95 percent of 
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New Zealand’s exports and for 
more than 60 percent of its total 
production. 

The New Zealander’s attitude 
toward pasture, which may at first 
be a little difficult for an outsider 
to understand, was summed up by 
Dr. E. Bruce Levy, former head, 
Grassland Divisions of the New 
Zealand Department of Scientific 
and Industrial Research, at a meet- 
ing of the New Zealand Grassland 
Association in November 1952, 
when he said, “I don’t like to see 
any crop harvested if it can be 
grazed off by stock.” That state- 
ment carries several important 
implications that show why New 
Zealand is a leader in grassland 
farming : 

1. That sheep and cattle can 
make better and more efficient use 
of green, growing vegetation than 
of harvested crops. 

2. That at least as much feed 
can be produced with pasture as 
with harvested crops. 

3. That grazing is the basis for 
build-up and maintenance of soil 
fertility, while the removal of crops 
has the opposite effect. 

4. That it is far less costly to let 
the stock harvest the crop than to 
cut and haul it, store it, and per- 
haps even process it before feeding 
it and hauling manure back to the 
land. 

Total output of pasture products 
is high. In 1951 New Zealand’s 
l,SSO,OOO dairy cows produced a 
little more than 1% billion gallons 
of milk containing nearly 500 mil- 
lion pounds of butterfat (N. Z. 
Dairy Board, 1951). Total annual 
meat production is more than one- 
half million long tons, and wool 
production is about 400 million 
pounds a year (N. Z. Gov. Official 
Yearbook, 1950). For each acre 
occupied (including the 9 million 
acres of waste land on farms and the 
14 million acres of montane tussock 
grassland) the output in 1951 was 
9 pounds of wool, 12 pounds of 
butterfat and 30 pounds of meat, 
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plus additional quantities of milk, 
hides, other animal products and 
cash crops. 

The high producing capacity of 
New Zealand pastures is due largely 
to a climate favorable to both plants 
and animals. Lying far enough from 
the equator to escape the heat of 
the tropics, its climate is further 
tempered by the sea so that low 
temperatures, too, are avoided. Most 
of the country receives ample moist- 
ure, although the area lying east of 
the Southern Alps in South Island 
is relatively deficient in rainfall. 
Elsewhere the precipitation in the 
occupied portions is mostly between 
30 and 80 inches annually and is 
rather well distributed over the 
year. 

New Zealand perennial pastures 
may be grouped into two broad 
categories: (1) the improved pas- 
tures grown on flat to undulating 
“farm” land and (2) the hill coun- 
try pastures. The former may, in 
turn, be divided into permanent 
and temporary improved pastures. 
The hill country pastures include 
the natural tussock grasslands and 
those sown on land formerly for- 
ested. 

Improved Pastures 

Perennial, improved pastures are 
made up of plantings of the “Eng- 
lish grasses” and legumes, the cool 
season species, chief of which are 
perennial ryegrass (Lolium perenne) 
and white clover (Trifo1iu.m repens). 
Other important ones are cocksfoot 
(D~tzJis glomerata), short-rotation 
rye-grass (Lolium perenne x L. 
multiflorum), crested dogstail (Cy- 
noswus cristatus), timothy (Phleum 
pratense) , prairie grass (Bromus 
catharticus), and red clover (Tri- 
folium prutense). These improved 
pastures are highly productive and 
are used chiefly for dairy and fat 
lamb production and to fatten beef 
animals. Their management is in- 
tensive and not a range enterprise. 
Therefore, it will not be considered 
in detail in this discussion. 

Hill Country Pastures 

The hill country pastures of 
New Zealand fall into two cate- 
gories : (1) those sown on land 
originally in native cover and (2) 
native tussock grasslands. The sown 
pastures, according to Levy (1951), 
occupy some 18 million acres of 
which 12 million have replaced 
forest, 4 million have replaced 
tussock, and 2 million have re- 
placed fern or scrub. These acreages 
include the intensively managed, 
improved pastures on the flat to 
gently-sloping land. There is no 
sharp distinction based on intensity 
of management, the improvement 
being carried as far up the slopes 
and into the “back country” as is 
economically feasible. 

The Sown Pastures 

Hill country pasture that has 
replaced forest or scrub and fern 
lies mostly in North Island where 
the native vegetation was pre- 
dominantly rain forest except for a 
limited amount of tussock grassland 
occupying the elevated, central 
volcanic plateau. These sown grass- 
lands have been developed largely 
over the past 80 years and there 
still remain some 3 million acres of 
standing forest and 2 million acres 
of scrub awaiting development. 
Also awaiting development are at 
least 2 million acres once sown to 
grass but since allowed to revert to 
secondary growth. Data are not 
available on the extent to which 
tussock grassland can be converted 
to sown pasture but the acreage is 
considerable. 

Converting the forest to grass- 
land was based on fire. Between the 
years 1880 and 1910 very large areas 
of hill country forest were cut and 
burned (Cameron, 1952). The for- 
ests were felled during the winter 
and burned in the spring when the 
entire mass was dry enough to give 
a hot fire, one which would make a 
“white burn.” The grass seed was 
sown directly into the fresh ash 
as soon as possible, but if the burn 

was not made until early summer, a 
sowing of white turnips might first 
be made. The grass would then be 
sown among the turnips as they were 
being grazed off in the autumn. 

Heavy seeding rates were (and 
still are) the rule, 30 to 40 or more 
pounds of seed being applied per 
acre. The major species have been 
perennial ryegrass and white clover, 
but many others also have been 
added to mixtures, including cocks- 
foot, crested dogstail, Kentucky 
bluegrass (Pou prutensis) , browntop 
(Agrostis tenuis), danthonia (Dun- 
thoniu pilosu), and, more recently, 
the newer short-rotation rye-grass. 
In the warmer northern parts 
paspalum (Puspulum dilututum) is 
widely used, while white and red 
clover are used throughout. Lotus 
(Lotus uliginosus) frequently is 
added to mixtures in wet areas, and 
subterranean clover (Trifolium sub- 
terruneum) in drier ones. 

Burned areas might not be sown 
to a uniform mixture. Often the 
relative amount of browntop was 
increased in the drier sites and per- 
haps some Chewing’s fescue (Fes- 
tutu rubru var. commututu) added, 
whereas these two and danthonia 
might be left out altogether on more 
favorable sites, with timothy and 
alsike clover (Trifolium hybridum) 
used in their place. The annual 
suckling clover (Trifolium dubium) 
and certain Medicago species are 
sometimes sown, but the burclovers 
are not favored as the burs tend to 
contaminate the wool. 

The newly-sown “bush burn” 
pastures were fenced as soon as pos- 
sible and grazing was started about 
two months after seeding because 
it was necessary to graze off and 
tread out the new fern and scrub 
growth that otherwise would over- 
whelm the grass. Where the fern 
and scrub were especially per- 
sistent, the ratio of cattle to sheep 
was one to five or one to seven, 
but “where the country was com- 
paratively easy to hold, one cattle 
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beast to lo-15 sheep was generally 
regarded as sufficient” (Levy, 1951). 

The botanical composition of the 
pastures on these once forested areas 
varies according to the soil fertility 
and grazing use. Where it has been 
maintained by fertilization and 
proper livestock management, the 
sward is made up mostly of peren- 
nial ryegrass, cocksfoot, crested 
dogstail and white clover. From 
three to six ewes per acre can be 
carried throughout the year if some 
phosphate is applied as topdressing. 

Less carefully maintained pas- 
tures and those on less fertile areas 
may contain small amounts of the 
above species, but they also will 
have much browntop, danthonia, 
Yorkshire fog (Holcus lanatus), 
sweet vernal (Anthoxanthum odora- 
turn), lotus, suckling clover and 
weeds. They can carry only one to 
three ewes per acre plus perhaps 
one steer or cow for each eight to 
fifteen sheep. The poorer and drier 
sites are likely to be dominated by 
danthonia along with sweet vernal, 
hairgrass (Vulpia spp.), ratstail 
(Sporobolus capensis) , New Zealand 
ricegrass (Microlaena stipoides) and 
annual clovers. 

Levy and Suckling (1949) pointed 
out that the majority of the de- 
forested hills in the North Island 
are potentially almost as highly 
productive as the lower, flat and 
undulating country, capable of 
grazing four to six ewes and fat 
lambs per acre. To achieve this 
productive state requires the fer- 
tilizer ingredients from the excreta 
of at least three to four sheep per 
acre. Such fertility must come orig- 
inally from clovers and phosphates. 
Under proper grazing management 
it is made available to the grasses 
throughout the season after passing 
through the digestive tracts of the 
animals. 

This being a forest climate, nat- 
ural succession is first to fern and 
scrub and ultimately to forest. 
Stocking with sheep alone will not 
prevent the development of scrub 

and, in spite of much time and effort 
spent in brush eradication, some 2 
million acres already have reverted 
to this secondary growth. The 
cattle are, in effect, the “imple- 
ments” for consolidation of the soil 
and “crushing out” the scrub and 
fern growth. They also prepare the 
pasture for the ewes and lambs by 
“cleaning up” roughage during the 
autumn and winter so that the new 
fresh spring growth will be free of 
old tops and succulent enough for 
best utilization by sheep. Cattle, 
then, are not kept in the hill coun- 
try primarily for the profits they 
bring when marketed, but to “do a 
job of work,” to “keep the pastures 
in order.” Often they are kept until 
three or four years of age before 
being taken to the “easy country” 
to be fattened on grass for market. 
Usually they do not bring direct 
profits, as do the sheep, and farmers 
may attempt to do without them 
in order to run a few more sheep. 
This leads to deterioration. 

The most successful grazing man- 
agement in the hill country consists 
of rotational grazing with rather 
heavy concentrations of animals 
for relatively short periods. “Spell- 
ing” (deferment) to create shade 
at the ground surface encourages 
the better grasses and discourages 
the fern and scrub seedlings. It is 
not uncommon to “spell” an area 
for an entire growing season and 
then to graze it off rather closely 
with cattle in the winter. Another 
fairly common practice is to graze 
the sheep year-long and rotate the 
cattle grazing as required to “keep 
the pastures in order,” or to graze 
the cattle on a yearlong basis and 
rotate the sheep grazing. “Set 
stocking” (yearlong or season-long 
grazing) is less likely to succeed 
than rotational grazing, but is 
widely practiced. 

The hill country of North Island 
is capable of great expansion in 
livestock production through the 
development of its pastures and the 
intensification of its grazing. New 

and better power equipment is 
extending tillage onto slopes for- 
merly considered far too steep to 
work. Large disks and plows are 
now available to turn under brush 
10 or 15 feet high. In this land of 
ample moisture, liming, fertilizing 
and reseeding will double or even 
quadruple the carrying capacity 
as the soil fertility is “built up” by 
legumes and grazing management. 
Extensive development schemes to 
accomplish this on government 
lands are now under way. 

Farther up the slopes and in the 
back country, much is being done 
through grazing management alone 
However, soil fertility remains a 
serious problem for without phos- 
phates the legumes will not thrive 
and thus grass growth falls off, 
allowing fern and scrub to encroach. 
To meet this need for legumes and 
improved soil fertility, much hill 
land has been topdressed by hand 
and some by means of blowers that 
distribute fertilizer by wind blast 
over considerable distances (Ham- 
blyn, 1949 and Cameron, 1952). 
Neither method has given entirely 
satisfactory distribution and both 
are costly. More recently a system 
of aerial topdressing and aerial 
overseeding has been developed. 
Today many thousands of tons of 
superphosphate are applied to hill 
lands by light planes that land on 
air strips the farmer himself de- 
velops, often on some narrow but 
relatively flat ridgetop where the 
fertilizer can be hauled by truck 
or wagon (Lynch, 1950, 1951). 
Legume seed, too, is being applied 
in this manner, and a great ex- 
tension of this practice can be ex- 
pected. Extensive application by 
means of large aircraft operating 
from a few main centers is being 
contemplated. 

Expansion and intensification of 
land development and grazing in 
the hill country will greatly in- 
crease New Zealand’s output of 
animal products. They will permit 
direct increase through the produc- 
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tiou of greater numbers of animals. 
They will also permit the raising 
of dairy replacement stock away 
from the intensive dairy farms of 
the “easy country” which many 
rorkers believe should be reserved 
for milking cows and for fat lamb 
production, the replacements all 
coming from the hill pastures. 

Native Grasslands 
The tussock or bunch-forming 

grasses dominate nearly 14 million 
acres, mostly on the relatively dry, 
eastern slopes of the Southern Alps. 
These are mostly ~IWWII lands, 
grazed on an extensve ranching 
basis, but they, too, have in part 
been converted to sown pasture. 
There also exists a smaller area of 
tussock grassland in the volcanic 
region near the middle of North 
Island which is not a climax grass- 
land but a subsere, dating from the 
period of volcanic activity that 
ceased there some 2300 years ago. 
The dominant species are medium 
to large grasses that occur as fairly 
widely spaced tussocks with various 

forbs and shrubs growing under and 
among them. 

The tussock grasses are maiuly 
species of Fcstuca, Danthonia, Pm 
and Agropgron. They vary in 
palatability, some being quite harsh 
and coarse, but the early set,tlers 
soon discovered t,hat nev, fresh 
growth following fire was taken 
readily by stork. Also, the fires 
reduced the size and vigor of shrubs 
and other coarse plants, allowing the 
native forbs and cert,ain introduced 
grasses and legumes to spread. As a 
result, burning has greatly altered 
the character of the native grass- 
land, weakening the tussocks, open- 
ing up the turf, and allowing great 
increases in soil erosion. 

The tussock grasslands, according 
to Barker (1!&3), consisted of two 
general types: (1) a tall tussock 
grassland on the higher slopes 
dominated by large, coarse tussock 
grasses, and (2) & low tussock grass- 
land dominated by smaller and less 
coarse species and occupying a rela- 
tively lower altitudinal zone. Inter- 
mixed with t,he tussork grasslands, 

occupying the shady, north-facing 
slopes and the lower gullies, is an 
evergreen forest dominated in places 
by species of Nothafagus and in 
others by species of Podocarpus. 

Land in the high country is not 
privately owned but is held by t,he 
state, the sheep stations being 
leased on a long-term basis. The 
lease holders appear to be in com- 
plete control and are uot required 
to practice conservative grazing or 
any other form of range improve- 
ment, but are required to obtain a 
permit hefore burning. This is an 
extremely difficult rule to adminis- 
ter, ho\ve\w. 

The tussock grasslands ollce ex- 
tended dovn the slopes and across 
the co&al plain to the Pacific. 
The coastal plain has been de- 
veloped largely for arable farming 
and improved farm pastures, but 
the lower eastern slopes and valleys 
of the Southern Alps, knoxrn as the 
“high rountry”, are still tussock 
grassland. They are used primarily 
for extensive grazing of sheep, 
grazing use extending up the slopes 
to an elevation of 5000 to 6000 feet 
or a little more. Very little vegeta- 
tion occurs beyond that elevation 
and none at all much above 7500 
or 8000 feet. Timber line is at 3500 
to 4000 feet and above that a nar- 
row a”ne of snowgrass, 8. large, 
coaxse Danthonia tussock. 

The “high country” is used 
mainly to graze Merino sheep, kept 
almost solely for their wool. Weather 
conditions are rather severe and 
death losses quite high. The lamb- 
ing percputage is relatively lor, 
so the natural increase usually 
is not much more than sufficient 
to maintain the wool flock of ewes 
and w&hers. On the lovw slopes, 
where the environment is less 
severe, the sheep are mostly cross- 
breds, the Romney of the lowlands 
being crossed on the “cast-for-age” 
ewes. 

Grazing of these native grasslands 
is on a yearlong basis, some 5 to 10 
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acres per sheep heing required in 
the high country. The lower slopes 
and valleys are utilized for winter 
grazing because SCOWS do not lie 
on them for long periods. After 
shearing in the spring, the sheep 
are put in the higher paddocks, the 
wethers going to the highest and 
steepest, ones and the ewes with 
lambs to t,hose less difficult to 
graze. Shearing in the high rountry 
is mostly with “the blades” hecause 
mechanical shearers tend to remove 
t,he wool too closely, leaving the 
sheep more susceptible to early 
spring cold spells. The wethers 
generally are shorn earlier than the 
ewes and are turned into the higher 
paddocks. 

Much of this high country is 
steep. Erosion, characterized by 
shingle slides, becomes severe IThere 
the grazing is not carefully regu- 
lated. Heavy movement of shingle 
into the fast-flowing streams pre- 
sents a serious problem in the ral- 
leys below. It is believed by many 
conservationists that certain of the 
most erosive areas should be closed 
to grazing for watershed protection. 

The tussock grasslands on the 
higher and drier sites do not prom- 
ise economic response to fertilizers 
and overseeding. Levy and Suckling 
(1949) have emphasized that if 
depleted montanc tussock is to be 
regenerated, them must be st,rict 
control of fire and rabbits and live- 
stock must, be exrluded for several 
seasons. Since most of this grass- 
land is on crown lauds, the gorern- 
ment could enforce such measures, 
but only at t,he expense of greztly 
reducing, temporarily at least, the 
livestock population of the high 
country. Such enforcement rould 
bring strong opposition, but ie 
probably the only practical solu- 
tion. 

While improvement of the high 
country consists mainly of regulated 
stocking and the control of burning 
to prevent further depletion of the 
tussock grasses, research is showing 

A-. z. Ikp,. SC-i. and Ind. Il’cs.) 

that the gentler slopes aud valleys 
can he seeded to improved legumes 
and grasses and that responses to 
lime and fertilizers are good. De- 
rclopment by plowing and the cs- 
tablishment of improved pastures 
is being carried out in awas with 
as little as 20 inches of precipitation 
annually. The species sown are the 
ones used in North Island with 
tall oatgrass (Arrhmatherum da- 
tius) being added in drier sites. 
Other introduced grasses, such as 
various speries of Agropyron and 
Bromus and a number of the native 
species, are being tested. Just as 
in Yorth Island, overseeding and 
topdressing are being rarried farther 
and farther into the hills. 

Irrigation is beginning to play a 
role in the improvement program, 
small valleys being put, to improved 
past,ures or supplemental feed crops 
and watered by flooding or by over- 
head irrigation. Even rather steep 
pastures are being developed for 
“wild flooding”, the mater being 
spilled over the low banks of small 
field ditches lwated at intervals 
along thr slopes. 

A unique method of hill land im- 
provement consists of building up 
the fertility and establishing leg- 
umes on the steep lands hy means of 
livestock. Heavily fertilized pad- 
docks in the valleys are “closed up” 

to allov the legumes to mature 
seed. Cattle are then pastured 
briefly on these and driven to the 
nearby slopes rhere their excre- 
ment deposits both plant nutrients 
and legume seed. Marked improve- 
ment may be noted after one or two 
seasons of such treatment. This 
method is, of course, not limited to 
the twsock grasslands. 

Predators and Other Pests 

Predators, in the usual sense, are 
not known in New Zealand since 
the country had no indigenous 
mammals except the native bat, 
although the Maori had brought the 
Polynesian rat and dog in the 14th 
century (N. Z. Dept. Int. Affairs, 
1945). Early explorers, according to 
Wodzicki (1950), brought various 
plants and animals. Later, sealers 
and whalers operating from shore 
bases, brought still others, including 
pigs, goats, horses, cattle and sheep. 

The only one of these that could 
be classed as a predator is the pig. 
It has multiplied in the wild and 
often destroys young lambs in the 
early spring, besides damaging pas- 
tures by rooting. There is, however, 
one other pred&or, the kea, a native 
parrot that inhabits the high tussoek 
grassland. It attacks sheep, tearing 
at their backs until the fat over the 
kidneys is exposed. Keas eat, the fat 
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and leave the sheep to die. Needless 
to say, both pigs and keas are 
hunted by sheepmen. 

There are many pests in New 
Zealand, most of them introduced. 
The worst one, perhaps, is the rab- 
bit, introduced by early settlers 
from the British Isles. In some areas 
it has denuded the land so com- 
pletely that the only remaining 
vegetation consists of scabweeds 
(RaouZia spp.) that grow in patches 
so close to the soil surface that they 
resemble great, ugly scabs, hence 
the name. The economic loss from 
the depredations of rabbits runs 
into millions of dollars a year. Dur- 
ing the 10 years ending June 30, 
1943, nearly 126 million rabbit 
skins were exported. They repre- 
sented considerably fewer than 
half of the number destroyed (N. 
2. Dept. of Agric. Livestock Div., 
1947). 

Vast sums have been spent de- 
stroying rabbits. They have been 
brought under control in some areas, 
but in others they still are limited 
only by their own destruction of the 
available feed supply. Organized 
control is carried on through local 
“rabbit boards” that subsidize, 
in part at least, the cost of eradica- 
tion by professional exterminators. 

Another introduced pest (that 
harms the forest more than the 
grazing land, however) is the deer. 
Like rabbits, deer multiply rapidly 
and have become so abundant in 
some sections that professional 
“cullers” are employed by the 
government to keep the numbers 
down. On the higher mountain 
slopes, chamois and tahr have also 
become troublesome, as has the 
wallaby in some localities. 

Among the serious pests of New 
Zealand pastures are the grass 
grubs (Odontria spp.) and the grass 
caterpillars (Oxycanus spp.), which 
cause severe losses of stands on 
lighter soils throughout the domin- 
ion (Kelsey, 1952). Extensive re- 
search is pointing to chemical and 
biological control and control by 
improved cultural practices. 

Weed pests, too, are a problem. 
Introduced shrubs such as gorse 
( Ulex europueus) , broom (Cytisus 
scopuriu.s) , blackberry (Rubus fru- 
ticosz~s) and the native manuka 
(Leptospermum scopurium) often 
occupy depleted pastures, while 
Nasella (Stipu trichotomu), an intro- 
duced tussock, is spreading un- 
checked in others. Research on erad- 
ication by various means, including 
chemicals, and on control by man- 
agement is being pressed. Biological 
control of manuka with a scale 
insect (Eriococcus spp.) is giving 
promising results, while blackberry 
is controlled somewhat by the 
hordes of “wild” goats that inhabit 
certain areas. They take enough 
of th-: plant to check its spread by 
layering. 

Losses of stock from plant poi- 
soning are not great in New Zealand 
although many species of poisonous 
plants do occur, most of them in- 
troduced. Conner (1951) has listed 
eight important poisonous species, 
half of them introduced, and 109 
additional species known to be 
poisonous but less important in 
livestock losses. Of these, only 
seven are native. An additional 70 
species, including 20 natives, are 
suspected of being poisonous. 

Livestock diseases and parasites 
take a certain toll but there is avail- 
able a rather adequate veterinary 
service, and research in this field 
is being actively carried on. Strict 
quarantine of all imported animals 
for a long observational period has 
prevented entrance of certain dis- 
eases, notably rabies. Compulsory, 
annual dipping of sheep helps con- 
trol ticks and other surface para- 
sites. An adequate program of 
extension education, not only on 
problems of diseases and parasites 
but also on all phases of livestock 
and pasture production, is in effect. 

Roads and Tracks 

The nature of the vegetative 
cover has been greatly altered. On 
the steeper slopes the introduced 
grass cover has not been capable of 
preventing accelerated erosion, ex- 
cept where extremely careful man- 
agement has maintained a vigorous 
and productive sward. Organized 
efforts at erosion control are cen- 
tered in conservation districts 
known as catchment boards that 
direct erosion research and the 
application of control measures. 
Grange and Gibbs (1947) have de- 
scribed the types of erosion in North 
Island, and Gibbs and Raeside 
(1945) those of the high country 

The extremely steep terrain 
makes it difficult in many places 
to travel over the pastures except in South Island. 

afoot or on horse back, and even the 
latter method may be impossible 
on the steepest slopes. This makes 
any management operation ex- 
tremely difficult. However, the 
development of “tracks” bulldozed 
into the steep slopes is proceeding 
throughout the back country to 
permit easier access to the pastures 
for fencing, weed eradication, fer- 
tilizing, rabbit control and muster- 
ing. The versatile Land Rover, the 
British counterpart of the American 
jeep, has aided greatly in this re- 
spect. 

Fencing 

Since neither sheep nor cattle are 
herded as are sheep in the United 
States, but are grazed free in the 
paddocks, adequate fencing is a 
necessity for proper control of 
grazing. Sheep-tight fence is costly 
and often difficult to build in the 
steep hill country. It is not un- 
common to transport the posts and 
wire to the site on pack -animals 
or even to carry them by hand in 
the steepest places. Nevertheless, 
New Zealand pastures are, on the 
whole, rather well fenced despite 
the fact that fencing in the steepest 
and most remote areas may cost 
$2000 or more per mile (Cameron, 
1952). 

Soil Erosion 



Fertilization with Minor Elements 

FertilizaGon is chiefly with phos- 
phatic fertilizers to encourage maxi- 
mum growt,h of legumes and thus 
produce enough nitrogen to stimu- 
late grass growth. Potash is needed 
in some areas and most soils need 
rather heavy applications of lime. 
Superimposed on these needs in 
certain areas a-e minor element 
deficiencies. The use of rohalt has 
greatly expanded livest,ork prodnr- 
tion in the region around the Bay 
of Plenty and responses to minute 
applications of sodium molybdate 
are heing reported from widely 
scattered trials in many parts of the 
dominion. Its effect on the growth 
of legumes is particularly &king. 

crop Improvement 

Most of the agricultural plant 
species are exotics, although native 
species are important in t,he tussock 
grasslands. In spite of the great 
amount of testing of plant intro- 
ductions and of improvement by 
breeding, far more remains to he 
done. Most, improvement research 
has heen directed at the problems 
of the improved pastures because 
the greatest accomplishments could 
be made in those areas. More re- 
cently the research on hill country 
prohlrms of all types has been 
greatly expanded. Exotic species 
such as smooth brome, iotermediate 
wheatgrass, and many others are 
being given new trials in areas where 

A stock pond on the J. 0. Broyles 
farm in the Latah (Idaho) Soil Conser- 
vation District. Photograph by J”HN 
L. SCHWBNDIYAN, Pullman, Kash. First 
prize, Range Landscape, Photography 
Contest at Omaha, Nebraska annual 
meeting. 

they had not been tried before, 
and rertain ones doubtless will be 
found useful. Native species are 
being studied as well, in the hope 
of developing better varieties. The 
facilities for pasture plant hreeding 
and for seed production and wrti- 
fieation are available. Their appli- 
cation to hill country problems is 
now proceeding. 

Conclusion 

It has been impossible to tourh 
on all phases of grassland manage- 
ment in Sew Zealand. That rould 
require a review of the entire 
economy. This has been an attempt 
to emphasize the management and 
some of the problems of the hill 
country pastures, roughly com- 
parable to the range lands in the 
United States hut far more in- 
tensively utilized in the more 
productive areas. Discussion of the 
improved pastures has been inten- 
tionally omitted, but it must be 
recognized that they play an ex- 
trcmely import,ant role in butterfat 
production and the fattening of 
stock. Far more study and research 
have been directed at their problems 
than at those of the hill country, 
but t,he hill pastures offer a great 
challenge and of recent years they 
are receiving more and more atten- 
tion. 
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The Stockman’s Need for Longtime 
Credit for Range Development’ 

R. B. PECK 

Ranch Consultant and Owner, 
Western Ranching Services, Dalhart, Texas 

T IME has run out on our present 
approach to conservation at 

the rancher level. We are facing a 
crisis in range development-a 
crisis in which the momentum of 
progress made in the past fifteen 
years is in danger of falling off into 
lethargy and indifference. One of 
the direct factors in creating this 
situation is the pitiful absence of 
adequate rancher credit for range 
development. 

How we-as grass men sup- 
posedly skilled in establishment- 
have allowed this problem to sneak 
up on us with such force and ap- 
parent suddenness is a CLASSIC 
of shortsightedness. It is as though 
we had been rehearsing a play be- 
fore a few for these many years, to 
finally face an opening night where 
the vast audience didn’t have the 
price of admission! 

Our programming, based on need, 
is of 50-year duration. Our pro- 
posals, based on an outmoded con- 
cept of demonstration financing, 
will take the rancher 500 years to 
accomplish. He has every tool at 
his command-except money. And 
our recommendations are not bank- 
able ! 

We must realize now that the 
rancher, big or little, does not have 
a tap he can turn and just let the 
money flow out into range improve- 
ment. Any money he diverts into 
range work only cripples or ties 
up his normal operating credit. 
There is not one rancher in a hun- 
dred who can afford to do what we 
suggest and keep a decent looking 

1 Paper presented at the Seventh An- 
nual Meeting of the American Society of 
Range Management, Omaha, Nebraska, 
January d6-29, 1954. 

balance sheet-unless he has that 
well-known Texas Hybrid Vigor 
obtained by crossing oil and white- 
faces! And contrary to public 
opinion and present conditions, 
there are too few of them. 

Why should the colleges and 
hundreds of range graduates be 
concerned with this problem? If 
the ranching industry could ob- 
tain sufficient credit to attack its 
range problems on the full-scale 
front that is needed-our range 
schools would scarcely be able to 
supply the demand for trained 
range men for private employ. 

Only when government is com- 
pelled to compete with private 
channels for the employment of 
these young men can we consider 
that range management has be- 
come a full-fledged professional 
field. 

Why should you be concerned 
with this, problem? If you are a 
public employee, how long do you 
suppose your services will be needed 
if your efforts are insulated from 
the very people you are hired to 
help? Insulated by the incapacity 
of the rancher to apply a program. 
How can you continue to show vis- 
ible accomplishment, unless this 
bottleneck of rancher credit is 
opened up? 

Your consideration is requested 
of a program giving long-term credit 
to the rancher for range develop- 
ment. 

It is proposed that: 
1. A direct loan program be set 

up, using private investment money, 
to make available adequate funds 
needed by the rancher in range de- 
velopment . 

2. Loans be made on a longtime 
162 

basis-10, 15, 20 years-in which 
to repay at a low rate of interest. 

3. The program is supported by 
government loan insurance. 

4. The private funds for loans 
are channelled through and ad- 
ministered by the local banks. 

5. Feasibility and specifications 
are controlled through existing 
range agencies. 

Now briefly, let us examine the 
highlights of this proposal. 

1. The rancher would be enabled 
to plan ahead his entire program of 
range development. His livestock 
and management program could 
then be adapted to give him a 
stable outlook toward an expanded 
and more economical production. 

2. The attraction of private 
money into this type of program is 
believed to be the most important 
single item needed to break this 
bottleneck of pent-up activity. Any 
form of direct government subsidy 
or loan large enough to cover the 
suggested program would be im- 
practical from the standpoint of 
administration by a government 
agency. 

3. This type of program is prac- 
tical largely because the rancher is 
the type of individual that he is. 
We have a range development pro- 
gram which is streamlined to the 
need, and as sound as any banker 
can expect a government-insured 
loan to be. There will be the usual 
individual failures, but not any 
more frequently than in any other 
capital risk investment. 

4. Let’s analyze by comparison 
the amount of increased progress 
we would obtain under this pro- 
gram : Remember the old feed and 
seed loans? Made more or less in- 
discriminately, they were about as 
risky a loan as can be imagined. 
Yet more than 80 percent of these 
loans were repaid. As a sound busi- 
nessman how much better risk 
would you say the average rancher 
was? 

Now, assuming that a range de- 
velopment loan was as risky as one 
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of these feed-seed loans, if the 254 
million dollars of conservation pay- 
ments made last year had been 
applied as loss insurance by the 
government against possible losses, 
1% BILLION dollars of conserva- 
tion would have been the result. 
How puny it makes our present 
efforts appear ! 

5. Another advantage would be 
the invoking of the old adage : ‘A 
practice which will not pay for it- 
self is not good conservation.’ 

6. This loan program would not 
only be the means of releasing 

tremendous energy but would place 
the rancher in an important role 
in conservation. This is appropri- 
ate, because the individual initia- 
tive of the rancher has never failed 
in a job which was based on prac- 
tical means and profitable benefits. 

* * * 

The growth of our nation de- 
mands that the West’s potentials 
be developed and restored. If the 
rancher cannot provide himself 
with the financial means to accom- 
plish this job on time and on a 

morally sound self-respecting basis, 
then at some future time there will 
likely arise a political “emergency” 
in which abrupt action with too 
little forethought will involve him 
in a program from which his own 
self-determination and initiative has 
been taken. 

A vigorous course of action in 
the establishment of longtime pri- 
vate credit for ranchers should be 
undertaken in the ‘interests of con- 
servation of forage and soil re- 
sources. 

Consumption of Minerals by Cattle 
on Southeastern Coastal Plain 
Forest Range 

L. K. HALLS and B. L. SOUTHWELL 

Range Conservationist, Southeastern Forest Experiment Station 

and Head, Department of Animal Husbandry, Georgia Coastal 
Plain Experiment Station, Tifton, Georgia 

vv HEREVER low qUdity fOrage 

comprises the greater por- 
tion of animal diet, supplementary 
feeding of deficient nutrients be- 
comes an important aspect in live- 
stock management. Such is the case 
in longleaf-slash pine forests of the 
lower Coastal Plain or “flatwoods” 
of Georgia. The so-called native 
“wiregrass” forage within this re- 
gion is composed mainly of pine- 
land t hreeawn , curtiss dropseed, 
numerous bluestems, panicums and 
carpetgrass. These species produce 
an abundant source of feed but 
they are particularly low in the 
minerals, phosphorus and calcium. 
Much winter burning has been done 
to increase the phosphorus content 
of forage in the spring and calcium 
in the summer. However, even with 
the advantage of winter burning, 
the phosphorus content rarely ex- 

ceeds 0.12 percent in the spring 
and declines to 0.06 percent by 
winter. Calcium reaches its highest 
concentration during mid-summer, 
when it may go up to 0.21 percent, 
but for most of the year calcium is 
below 0.16 percent. Thus, accord- 
ing to standards established by the 
National Research Council (1950), 
the forage rarely meets the calcium 
requirement and always falls below 
the phosphorus requirement for 
normal growth of young animals 
and reproduction of lactating cows. 

Methods and possibilities of over- 
coming these apparent deficiencies 
in phosphorus and calcium have 
been a secondary part of various 
forest grazing studies conducted 
near Alapaha, Georgia, since 1942.’ 

l Cooperative investigations by U. S. 
Forest Service, Bureaus of Animal In- 
dustry and Plant Industry, Soils and 

Bone meal, alone and in a mixture 
with salt, was fed free choice to 
young growing animals on burned 
and unburned range from 1942 
through 1949. Other groups of 
steers and breeding cows were 
supplied with a mixture of salt and 
bone meal from 1947 through 1952. 

Free-Choice Consumption of 
Salt, Bone Meal and 

Mixture 
Comparisons were available from 

1942 through 1949 in the free use 
by cattle of salt, steamed bone 
meal and a mixture of the two on 
both burned and unburned ranges. 
Groups of yearling and 2-year-old 
steers and heifers involved in forage 
management studies were confined 
to individual ranges from March 
through January. Six groups oc- 
cupied ranges which had been 
partially or completely burned 
during the winter; two groups were 
confined to unburned ranges. A 3- 
compartment mineral box was lo- 
cated in each range. In all the 
boxes, one compartment provided 
free access to salt, the second com- 
partment provided steamed bone 
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of these feed-seed loans, if the 254 
million dollars of conservation pay- 
ments made last year had been 
applied as loss insurance by the 
government against possible losses, 
1% BILLION dollars of conserva- 
tion would have been the result. 
How puny it makes our present 
efforts appear ! 

5. Another advantage would be 
the invoking of the old adage : ‘A 
practice which will not pay for it- 
self is not good conservation.’ 

6. This loan program would not 
only be the means of releasing 

tremendous energy but would place 
the rancher in an important role 
in conservation. This is appropri- 
ate, because the individual initia- 
tive of the rancher has never failed 
in a job which was based on prac- 
tical means and profitable benefits. 

* * * 

The growth of our nation de- 
mands that the West’s potentials 
be developed and restored. If the 
rancher cannot provide himself 
with the financial means to accom- 
plish this job on time and on a 

morally sound self-respecting basis, 
then at some future time there will 
likely arise a political “emergency” 
in which abrupt action with too 
little forethought will involve him 
in a program from which his own 
self-determination and initiative has 
been taken. 

A vigorous course of action in 
the establishment of longtime pri- 
vate credit for ranchers should be 
undertaken in the ‘interests of con- 
servation of forage and soil re- 
sources. 

Consumption of Minerals by Cattle 
on Southeastern Coastal Plain 
Forest Range 

L. K. HALLS and B. L. SOUTHWELL 

Range Conservationist, Southeastern Forest Experiment Station 

and Head, Department of Animal Husbandry, Georgia Coastal 
Plain Experiment Station, Tifton, Georgia 
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tion of animal diet, supplementary 
feeding of deficient nutrients be- 
comes an important aspect in live- 
stock management. Such is the case 
in longleaf-slash pine forests of the 
lower Coastal Plain or “flatwoods” 
of Georgia. The so-called native 
“wiregrass” forage within this re- 
gion is composed mainly of pine- 
land t hreeawn , curtiss dropseed, 
numerous bluestems, panicums and 
carpetgrass. These species produce 
an abundant source of feed but 
they are particularly low in the 
minerals, phosphorus and calcium. 
Much winter burning has been done 
to increase the phosphorus content 
of forage in the spring and calcium 
in the summer. However, even with 
the advantage of winter burning, 
the phosphorus content rarely ex- 

ceeds 0.12 percent in the spring 
and declines to 0.06 percent by 
winter. Calcium reaches its highest 
concentration during mid-summer, 
when it may go up to 0.21 percent, 
but for most of the year calcium is 
below 0.16 percent. Thus, accord- 
ing to standards established by the 
National Research Council (1950), 
the forage rarely meets the calcium 
requirement and always falls below 
the phosphorus requirement for 
normal growth of young animals 
and reproduction of lactating cows. 

Methods and possibilities of over- 
coming these apparent deficiencies 
in phosphorus and calcium have 
been a secondary part of various 
forest grazing studies conducted 
near Alapaha, Georgia, since 1942.’ 

l Cooperative investigations by U. S. 
Forest Service, Bureaus of Animal In- 
dustry and Plant Industry, Soils and 

Bone meal, alone and in a mixture 
with salt, was fed free choice to 
young growing animals on burned 
and unburned range from 1942 
through 1949. Other groups of 
steers and breeding cows were 
supplied with a mixture of salt and 
bone meal from 1947 through 1952. 

Free-Choice Consumption of 
Salt, Bone Meal and 

Mixture 
Comparisons were available from 

1942 through 1949 in the free use 
by cattle of salt, steamed bone 
meal and a mixture of the two on 
both burned and unburned ranges. 
Groups of yearling and 2-year-old 
steers and heifers involved in forage 
management studies were confined 
to individual ranges from March 
through January. Six groups oc- 
cupied ranges which had been 
partially or completely burned 
during the winter; two groups were 
confined to unburned ranges. A 3- 
compartment mineral box was lo- 
cated in each range. In all the 
boxes, one compartment provided 
free access to salt, the second com- 
partment provided steamed bone 
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FIGURE 1. Cattle consumed greater amounts of bone meal when fed in mixtures 
with salt than in single choice. Mineral consumption fell off in October when supple- 
mental feeding with peanut meal began. k- 
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FIGURE 2. When cattle received peanut meal supplement, total calcium intake 
from supplements decreased (upper graph) and phosphorus intake increased (lower 
graph). 

meal, and the third, a mixture of 
two parts steamed bone meal to 
one of salt by weight. The bone 
meal contained 7.1 percent crude 
protein, 32.6 percent calcium, and 
15.2 percent phosphorus. Consump- 
tion of salt and minerals was 
checked every 28 days. 

The trend was for lightest use of 
minerals in the spring and heavier 
use during the summer and early 
fall (Fig. 1). In other words, as the 
forage became more mature and 
phosphorus content declined, the 
consumption of salt and minerals 
became greater. Animals were re- 
luctant to eat bone meal alone, as 
evidenced by the consumption of 
only 5 pounds per animal from 
March through January. They pre- 
ferred the mixture of salt and bone 
meal. By means of this mixture, 
cattle consumption of bone meal 
was increased five times. 

From mid-October through Janu- 
ary, cattle were further supple- 
ment!ed at the rate of 2 pounds per 
head per day with peanut meal 
(43.5 percent crude protein, 0.16 
percent calcium and 0.54 percent 
phosphorus). This decreased the 
craving for and consumption of 
salt, bone meal and mixture from 
the 3-compartment boxes. However, 
the peanut meal more than com- 
pensated for the decreased intake 
of phosphorus from bone meal, and 
the net effect was an increase in 
phosphorus consumption through 
the combined sources of bone meal, 
mixture and peanut meal (Fig. 2). 
Total calcium intake was slightly 
decreased as a result of the peanut- 
meal ration. 

Large fluctuations occurred from 
year to year in the amounts of salt 
and minerals eaten. On the average, 
these young animals consumed a 
total of 36 pounds of salt and 26 
pounds of bone meal (total from 
bone meal and mixture of salt and 
bone meal) from March through 
January. On a yearly basis, animals 
on burned range ate about the same 
total amount of minerals as animals 
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on unburned range. On a seasonal 
basis, cattle on unburned range 
tended to eat more mineral mixture 
during the spring but less during 
the summer than cattle on burned 
range. 

Consumption of a Mixture of Salt 
and Steamed Bone Meal by 

Breeding Cows and Steers 
Having established the fact that 

cattle will eat more bone meal and 
salt when supplied in mixtures in 
comparison with single choice, addi- 
tional and larger groups of breeding 
cows and steers were supplied with 
a mixture only. The average min- 
eral consumption by seasons and 
under various supplemental feeding 
practices from 1947 through 1952 
is presented in Table 1. 

Mineral consumption during the 
feedlot period (February l-March 
15), when cows were calving, was 
fairly high. This was probably be- 
cause of the low phosphorus content 
of the roughage fed (sugarcane) and 
the easy access to mineral boxes 

Table 1. Average daily consumption of a 
mixture of salt and bone meal 

Period of Year 

cows 
Not Fee 
Protein 
Supple- 
ment 01 

Range 

Pounds 

In feedlot 
Feb. l-Mar. 15t .166 

On range 
Mar. 16-Apr. 15 .126 
Apr. 16-June 30 .155 
July l-O&. 15 .236 
Oct. 16-Jan. 31$ .241 

Average .203 
Total yearly con- 74 

sumption 

1 
I 

11 

%?i l- and 
Protein 2-z;?- 
Supple- 
nent on Steers 
Range* 
-___ 
Pounds Pounds 

,167 - 

.107 .123 

.089 .188 

.173 .195 

.209 .173 

.159 .171 
58 62 

* These cows were fed 2 pounds of 
41-percent cottonseed meal per animal 
per day from April 16 to June 30 and 1 
pound per day from July 1 to October 15. 

t Cows fed 2 pounds of 41-percent 
cottonseed meal and 25-30 pounds of 
sugarcane per animal daily in feedlot. 

$ All animals fed 1 pound of 41-per- 
cent cottonseed meal per head per day. 

which encouraged more frequent 
use of minerals. After cows were 
turned on forest range in the spring 
and relatively good quality native 
forage was available, the rate of 
mineral intake dropped consider- 
ably. Consumption of bone meal 
mixture increased through the sum- 
mer and reached the highest rate 
during the fall. When cows were 
further supplemented with cotton- 
seed meal during the summer, the 
intake of mineral mixture was de- 
creased, but the total intake of 
phosphorus from both sources was 
increased. Mineral requirements for 
these mature animals during late 
fall and winter, when about one- 
half were in the final three months 
of pregnancy, were high. Animals 
then consumed large amounts of the 
mixture of salt and bone meal in 
addition to cottonseed meal (1 
pound per day) in order to meet 
their mineral requirements. 

Younger animals (average weight 
600 pounds) showed the same tend- 
ency towards low consumption 
during the early spring and toward 
an increase through the summer. 
Consumption of the mineral mix- 
ture decreased in the fall when 
cottonseed meal was fed, but again 
the total intake of phosphorus was 
actually increased. 

Mature cows ate about 12 pounds 
more of the salt and bone meal 
mixture per head than the younger 
steers and heifers under comparable 
treatment. The difference occurred 
largely in late fall and winter, when 
mineral consumption by cows con- 
tinued to be high. 

The amount of mineral mixture 
eaten showed a wide yearly and 
monthly variation. Extremes in 
herd averages ranged from 40 to 92 
pounds per animal per year, and 
from none to 13 pounds per month. 
There was no apparent correlation 
between amount of minerals eaten 
and the number of calves within a 
herd. Also, variation could not be 

attributed to fluctuations in rain- 
fall. 

Discussion and Conclusion 

Amount and chemical composi- 
tion of cattle diet must be known 
to form a strictly reliable basis for 
determining whether or not mineral 
requirements of cattle are fulfilled. 
In these experiments forage intake 
was not measured, and chemical 
analyses were made from forage 
samples estimating cattle diet. 
Therefore, suppositions as to 
whether or not sufficient minerals 
were supplied are made with these 
reservations in mind. 

When mineral sources such as 
steamed bone meal are fed alone, 
cattle do not eat enough to meet 
their requirement. By mixing 
steamed bone meal with salt, 
greater mineral consumption is in- 
duced and the average bone meal 
intake, as indicated in these tests, 
insures sufficient calcium for dry 
cows and one- or two-year-old 
steers or heifers throughout the 
year. Calcium may be deficient, 
however, for lactating cows the 
first 3 to 4 months after parturition, 
when calcium requirements are 
high and the forage is relatively low 
in this mineral. At such times ani- 
mals may have to draw on body 
reserves. Based on standards set 
up the the National Research 
Council, phosphorus intake through 
mineral mixture and native forage is 
sufficient for dry cows, although it 
approaches the critical point for 
much of the year. Nursing cows re- 
quire more phosphorus than they 
generally obtain from these com- 
bined sources. This deficiency can 
be largely or fully overcome by 
feeding other supplements, such as 
cottonseed meal at the rate of 1 or 
2 pounds per animal daily. 
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0 F AN estimated 20 million 
acres of native grasslands in 

Saskatchewan, over 8 million acres 
consist of mixed grass prairie. Char- 
acteristics of mixed grass prairie 
that have been studied include 
yield, chemical composition, seasons 
of growth and reaction to grazing. 

Research was initiated in 1950 to 
determine if heavy grazing causes 
chemical or structural changes in 
the soil, and consequent changes in 
the chemical composition of the 
vegetation of mixed grass prairie 
with primary emphasis on phos- 
phorus. This report summarizes the 
observations made with respect to 
differences in stands, yields and 
chemical contents of ungrazed and 
overgrazed mixed grass prairie in 
southwestern Saskatchewan. 

Literature .Review 

Clarke and Tisdale (1945) have 
shown the seasonal trends in chemi- 
cal composition of five grasses of 
the short-grass prairie. They report, 
that phosphorus contents range 
from 0.252 percent in plants col- 
lected in the leaf stage to 0.062 per- 
cent in the cured plants after winter 
exposure. They indicate that phos- 
phorus content is deficient in the 
cured forage. 

Stoddart (1941) found that 
changes in phosphorus content of 
browse plants resulted from changes 
in soil type. 

Musser (1948) and Webb et al. 
(1948) found that changes in floristic 
composition of pastures occur with 
changes in the amount of available 
phosphorus. Cook and Harris (1950) 
found the availability of soil mois- 

ture to be more important than the 
available phosphorus in the soil in 
influencing the phosphorus content 
of plants. Godden (1926) and Daniel 
and Harper (1934) showed that 
with over 10 parts per million of 
soluble phosphorus in the soil 
there was a slight positive correla- 
tion between the total phosphorus 
in the grass and the soluble phos- 
phorus in the soil; with less than 
ten parts per million of available 
phosphorus in the soil, there was a 
slight negative correlation. 

Daubenmire and Colwell (1942)) 
in studies of the Agropyron-Poa 
prairie of Eastern Washington, 
found a decrease in the amount of 
available phosphorus in the soil 
below one decimeter as a result of 
grazing. The amount of organic 
matter in the upper decimeter of 
soil increased. 

In contrast, Tebbe et al. (1947), 
in studies conducted on shortgrass 
prairie grazed at three different 
rates, found small but consistent 
reductions in amount of organic 
matter in the surface soil under 
grazing. 

Description of the Area 

The mixed grass prairie area of 
Saskatchewan, the northern portion 
of the Northern Great Plains Re- 
gion, lies west of the Missouri 
Coteau, which runs diagonally 
across the province from the south- 
east to approximately the center of 
the west boundary. It is charac- 
terized by an undulating to rolling 
topography interspersed with ex- 
tensive flat, dry glacial lake beds. 

Generally, the soils are derived 
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from glacial material and range 
from sand to heavy clays. They 
have a shallow surface horizon that 
varies from grey-brown to dark 
brown in color. A calcium carbonate 
layer occurs at a depth of from 10 
to 18 inches below the surface. 

The climate is semi-arid. Average 
annual precipitation ranges from 13 
to 16 inches with slightly over half 
occurring in the period from April 
to July inclusive. May-September 
evaporation is approximately 30 
inches. 

The vegetation of mixed grass 
prairie is dominated by blue grama 
grass (Bouteloua gracilis) and 
needle-and-thread (Stipa corn&a). 
Other grasses of importance are 
June grass (Koeleria cristata) , 
western wheatgrass (A gropyron 
smithii) , short-awned porcupine 
grass (Stipa spartea var. curtiseta) 
and northern wheatgrass (Agro- 
pyron dasystachyum). 

Common broad-leaved plants in- 
clude pasture sage (Artemisia 
frigida), puberulent androsace (An- 
drosace puberulenta), moss phlox 
(Phlox: hoodii) and broomweed 
(Gutierrexia diversifolia) . Little club- 
moss (Selaginella densa) is abun- 
dant. 

Methods 

During the summer of 1950, four 
mixed grass prairie sites were se- 
lected, each crossed with a fence line 
which separated grazed from un- 
grazed areas. Sites were located on 
similar soils, loams and silt loams. 
Site 2 was located on a level up- 
land, Sites 1 and 3 on level parts 
of generally sloping areas; Site 4 
was located on a low-lying area. 
At each site, exclosures one by two 
rods were erected on each side of 
the fence. Throughout this report 
these exclosures are referred to as 
the grazed and ungrazed treat- 
ments. The grazing histories of the 
grazed portions of the various sites 
indicate that Site 3 was the most 
heavily used, but has not, of late, 
been used in the spring. Informa- 
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tion for Site 2 is limited. Site 1 was with grazing on all sites except Site 
grazed for a long season at rela- 3, at which the decrease was over- 
tively light rates. Site 4 was grazed shadowed by the large increase in 
only slightly heavier than the ac- blue grama grass. With the excep- 
cepted rate, but from early spring tion of Site 1, total broad-leaved 
to late fall. The composition and species were more abundant on the 
percent basal area of species on grazed area. Of the principal broad- 
each treatment were obtained by leaved species, pasture sage showed 
the point method of sampling as the most uniform trend, increasing 
described and used by Clarke et al. in abundance on the grazed portion 
(1942). Data obtained showed the of three sites. Puberulent androsace 
ungrazed treatments to be repre- usually decreased with grazing, 
sentative of the vegetation of the while moss phlox varied in its re- 
mixed grass prairie in the region. sponse. 

In late June, 1951, four plots 
(one-half by two yards) in each 
treatment were clipped. At this 
time needle-and-thread was in the 
late leaf stage. The forage harvested 
from each plot was divided into 
three groups consisting of needle- 
grasses, wheatgrasses and other 
forage, each bagged separately. 
Composite samples of the forage 
from adjacent plots in each treat- 
ment were analyzed by the Division 
of Chemistry, Science Service, Ot- 
tawa for protein, crude fiber, ether 
extract, nitrogen-free extract, total 
ash, calcium and phosphorus. 

Forage yields by sites are pre- 
sented in Table 1. Yields were lower 
for the grazed than the ungrazed 
treatments at all sites. The differ- 
ence was particularly striking in 
needlegrasses in which the bulk of 
the reduction occurred. The reduc- 
tion of yield in needlegrasses corre- 
sponds to changes which occurred 
in the cover. 

Table 1. Average forage yields of four sites in mixed grass prairie, June, 1951 
-- 

Site 1 
Class of Forage 

Grazed Ungrazed 

Site 2 Site 3 Site 4 

Grazed Ungrazed Grazed Ungrazed Grazed Ungrazed 

Soil samples consisted of a core 
sample of the surface 0 to 4 inches, 
and bulk samples from 6- to 12-inch 
and 12- to 24inch depths. The 4- 
to 6-inch depth containing both A 
and B horizons was deleted. Soil 
analyses included volume weight, 
soil moisture, nitrogen, pH and or- 
ganic matter. Carbonic-acid soluble 
phosphorus was determined by 
the method of McGeorge as used 
by Ensminger and Larson (1944). 

Needlegrasses 
Wheatgrasses 
Other forage 

Lbs. per acre 

211.3 377.7” 
125.9 128.0 
146.2 170.8 

Total I - 
- - 
483.4 676.5” 

Lbs. per acre Lbs. per acre Lbs. per acre 

40.6 85.4” 210.2 1491.9** 161.1 ‘666.8** 
102.4 ;230.5** 6.4 / 24.5 168.6 ( 82.2* 
167.5 149.4 407.6 i510.0 106.7 211.3** 
- - ~- ___- 
310.5 465.3**, 624.2 1026.4* 436.4 ,960.3** 

* Significant difference between grazed and ungrazed treatments at 5 percent 
level. 

** Significant difference between grazed and ungrazed treatments at 1 percent 
level. 

Table 2. Protein and phosphorus(P) content of forage from four sites in mixed 
grass prairie, June, 1951 

I 
Class of Forage 

I Site 1 I Site 2 I Site 3 
Condition 1 I_._.._ 

Results 
Vegetation 

Protein 

% 

Grazed 10.46* 
Ungrazed 9.47 

- 

Needlegrasses 
Grazing produced changes in the 

composition of the vegetation at all 
sites. However, few species reacted 
similarly on all sites. The dominants 
usually decreased with grazing, but 
needle-and-thread on Site 1 and 
blue grama on Site 3 showed in- 
creases in basal area. The wheat- 
grasses decreased on all but Site 4. 

Wheatgrasses Grazed 8.72 
Ungrazed 7.68 

Other forage Grazed 11.24*’ 
Ungrazed, 9.90 

P Protein 
______ 

% % 

0.15 13.06* 
0.15 9.44 

0.13 11.72 
0.11 8.88 

0.12 13.42*” 
0.14 9.52 

- 
* Significant difference between grazed and ungrazed treatments at 5 percent 

level. 
** Significant difference between grazed and ungrazed treatments at 1 percent 

Results of the protein and phos- 
phorus analyses are summarized in 
Table 2. Higher percentage contents 
of protein and phosphorus were 
noted on grazed than on ungrazed 
treatments, although the differences 
in phosphorus content were not 
significant. It is of particular in- 
terest to note that protein contents 
of the wheatgrasses show smaller 
differences between grazed and un- 
grazed sites than needlegrasses and 
other forage. Chemical analyses of 
other nutrient constituents sug- 
gested that NFE and calcium were 
higher in grazed than in ungrazed 
treatments, while the reverse con- 
dition held for ether extract, crude 
fiber and total ash. Significant dif- 
ferences were not established be- 
tween treatments for the other 
nutrient analyses. 

Table 3 shows the average yield 
of protein and phosphorus in 

- --A 
P Protein 

_____ 
% % 

- 8.54 
0.17 8.66 

0.19 7.03 
0.16 8.01 

0.17 9.90*1 
0.16 8.84 

_ 
P Protein P 

% % % 

0.14 9.76 0.16 
0.11 7.86 0.13 

0.16 10.02* 
0.15 8.22 

0.16 
0.15 

0.14 11.42*’ 
0.14 8.88 ! - 

0.16 
0.11 

_ 

I 

- 

Site 4 
- 

Total grasses and sedges decreased level. 
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Table 3. Average weight of protein and 
phosphorus in the forage of four sites in 

mixed grass prairie, June, 1951 

nitrogen (0.23 to 0.26 percent). results indicate that grazing tends 
Site 4 had a slightly acid soil, but to cause soil compaction and re- 
resembled the other sites in the duces soil moisture-holding capac- 
remaining soil characteristics ity. The availability of phosphorus 
studied. Statistical analyses of the is less clearly established, but there 
factors evaluated indicates that is an indication that phosphorus 
differences in pH, moisture equiv- is more available on grazed than on 
alent and organic matter cannot be ungrazed sites within the 0- to 4- 
considered significant between sites inch horizon. There was some asso- 
or treatments. Differences in vol- ciation between availability of phos- 
ume weight, available phosphorus phorus and moisture content of the 
and moisture content were signifi- soils but the trend was not con- 
cant between treatments. These sistent. 

Site 

- 

Protein Phos Ph Lorus 

Grazed 

49.3 
39.8 
59.1 
47.7 

T Un- Un- 
grazed Grazed grazed _ 

Lbs. per acre 

63.1 0.64 
37.9 0.59 
90.0 0.95 
78.1 0.70 

0.96 
0.77 
1.56 
1.28 

pounds per acre. rorage rrom 
grazed areas showed significantly 
lower amounts of phosphorus than 
that from ungrazed areas. Differ- 
ences between sites were especially 
marked in the amounts of this ele- 
ment found in the wheatgrasses and 
in the other forage class. Differences 
between treatments were greatest 
in needlegrasses. In wheatgrasses 
and ‘other forage’, the grazed sites 
occasionally produced more phos- 
phorus per acre in the forage than 
the ungrazed areas. The variations 
in gross amounts of crude protein 
produced per unit area are an ex- 
pression of the varying yield of 
forage and the differences in percent 
of this constituent in the forage. 
It could be expected that, if the 
percent protein is increased in the 
grazed forage, the increase would 
be reflected in the gross production. 
The validity of this assumption is 
emphasized by the data obtained 
on Site 2. On this site, 465.3 pounds 
of ungrazed forage produced 37.9 
pounds of protein, and 310.5 pounds 
of grazed forage produced 39.8 
pounds of protein. Qualitative in- 
creases in protein in the forage are 
reflected in the gross protein pro- 
duced. 

Soils 

Pertinent soil analyses are re- 
ported in Table 4. These indicate 
similarity in pH, moisture equiv- 
alent, and organic matter at Sites 
1, 2 and 3. Soil textures at all sites 
were loams and silt loams. With 
the exception of the ungrazed treat- 
ment of Site 4, all treatments con- 
tained similar amounts of total 

Table 4. Soil characteristics from four sites, in mixed grass prairie, June, 1951 

Treatment PH 

Site 1 
Grazed 

O-4” 
6-12” 

12-24” 
Ungrazed 

O-4” 
6-12” 

12-24” 

Site 2 
Grazed 

O-4” 
6-12” 

12-24” 
Ungrazed 

O-4” 
6-12” 

12-24” 

Site 3 
Grazed 

O-4” 
6-12” 

12-24” 
Ungrazed 

O-4” 
6-12” 

12-24” 

Site 4 
Grazed 

O-4” 
6-12” 

12-24” 
Ungrazed 

O-4” 
6-12” 

12-24” 

6.5 
7.7 
8.1 

6.8 
7.6 
8.1 

7.5 
7.8 
7.9 

7.2 
7.8 
8.0 

6.9 
7.9 
7.8 

6.7 
7.9 
7.7 

6.2 
6.5 
6.1 

5.7 
6.1 
6.4 

Moisture 
Equiv. 

Percent 

17.2 

17.5 

16.0 

18.6 

21.5 

21.2 

20.6 

19.5 

Organic 
Matter 

Percent fJ.#.m. 

3.7 24** 
2.1 3 
1.1 3 

3.6 16 
2.2 4 
0.9 4 

5.4 10** 
4.5 4 
2.5 6 

4.8 7 
3.0 7 
1.6 4 

4.9 22 
2.5 3 
0.9 2 

6.0 18 
2.7 2 
1.0 3 

4.6 14** 
1.9 4 
1.7 1** 

7.9 27 
2.9 4 
1.9 3 

Avail. P. Volume Field 
Weight Moisture 

Percent 

1.20 

1.19 

1.17** 

1.04 

1.18 

1.20 

1.21** 

1.02 

13.5 
14.2** 
10.9* 

15.6 
15.4 
12.2 

4.7* 
4.0** 
4.8* 

6.0 
6.4 
6.4 

17.1 
19.7 
16.3 

18.0 
17.7 
14.0 

15.2** 
14.6 
16.9* 

27.8 
16.6 
14.4 

* Significant difference between grazed and ungrazed treatments at 5 percent 
level. 

** Significant difference between grazed and ungrazed treatments at 1 percent 
level. 
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Discussion and Conclusions 

The four sites illustrate the 
variability in the reaction of mixed 
grass prairie to grazing. Specific 
reactions to grazing have been 
attributed to individual species of 
the mixed grass prairie. The reac- 
tion of individual species to grazing 
is a complex interaction, modified 
by differences in topography, ex- 
posure, moisture supply, surface 
and sub-surface drainage and soils. 
Site 4 differed considerably from 
the other three sites in the reaction 
of species to grazing. 

Forage yields were lower on all 
sites under grazing. Yields from 
needlegrasses were reduced with 
grazing on all sites. On Sites 2 and 
3, wheatgrasses were reduced with 
grazing, while on Site 1, grazing 
produced little change in the forage 
yields of these species. Evidently 
the less intense rate of grazing, to 
which Site 1 had been subjected, 
influenced the forage production of 
the dominant needle-and-thread, 
but had less effect on the produc- 
tion by wheatgrasses than the 
heavier rates at which Sites 2 and 3 
were grazed. On Site 4, wheat- 
grass forage production was in- 
creased with grazing. Grazing 
markedly reduced the production 
from other forage species on Site 4. 

Mixed grass prairie varied with 
site in its ability to produce forage 
when grazed. Reductions in total 
forage production occurred on all 
sites with grazing, but the reaction 
of the various species was not 
consistent. 

Changes in chemical composition 
of the forage in the late leaf stage 
of the four sites showed general 
trends. Ether extract, crude fiber 
and ash were usually lower for all 
classes of forage on the grazed 
treatment, while protein, nitrogen- 
free extract, calcium and phos- 
phorus tende$ to be higher. 

The differences in protein be- 
tween grazed and ungrazed treat- 
ments were most significant. The 

decrease in gross protein in the 
grazed forage was of a smaller 
order, percentagewise, than the 
decrease in total forage yield. This 
differential reduction in forage and 
in gross protein (Table 5) might be 
expected in the ‘other forage’ class 
due to variations in species com- 
position on grazed and ungrazed 
treatments. If this were true in 
only the ‘other forage’ class, the 
increase in protein could be at- 
tributed to an increase in less 
palatable species. However, in both 
the needlegrasses and wheatgrasses, 
the percentage reduction in gross 
protein is less than that in forage 
production. 

This finding is of significance in 
that it suggests that the protein 
content of ungrazed forage may 
not be the true measure of the 
protein value of that forage when 
grazed. In the past, measurements 
of ungrazed vegetation have been 
used to determine the ability of 
mixed prairie to support grazing 
animals. Although it is realized 
that protein is not the only nutri- 
tional factor, these data indicate 
that the use of nutritive content of 
ungrazed forage may lead to errors. 

Examination of the soil condi- 
tions on the grazed and ungrazed 
treatments was primarily concerned 
with the influence of grazing on the 
available phosphorus. 

Moisture characteristics of the 
site may influence the relation of 
availability of soil phosphorus to 
grazing as shown by the data from 
Site 4. In this site, with more favor- 
able moisture conditions, phos- 
phorus content of the soil was 
reduced under grazing. These data, 
although not conclusive, indicate 
that changes in available phos- 
phorus of the soil apparently occur 
due to grazing, but may be modified 
by the moisture conditions of the 
site. Further study on this problem 
in the mixed prairie would entail a 
detailed appraisal of edaphic and 
vegetational types. 

Site 

for- 
con- 
four 
1951 

I- 
Forage Production Gross Protein 

-28.0 
-33.0 
-39.2 
-54.6 

Summary 

-22.0 
+5.4 

-34.2 
-38.9 

The effects of heavy grazing on 
chemical and structural conditions 
in the soil and on the phosphorus 
and protein content of forage were 
evaluated in a study in the mixed 
prairie in southwestern Saskatche- 
wan. 

Forage analyses in the late leaf 
stage and soil analyses were con- 
ducted on grazed and ungrazed 
treatments on four sites. Forage 
constituents were separated into 
needlegrasses, wheatgrasses and 
other forage for chemical analyses. 
Soils were analysed for texture, 
volume weight, percent moisture, 
pH, moisture equivalent, organic 
matter content, total nitrogen and 
available phosphorus. 

Forage analyses showed that 
ether extract, crude fiber and ash 
were higher and protein, nitrogen- 
free-extract, calcium and phos- 
phorus were lower on the ungrazed 
treatments as compared to the 
grazed areas in all classes of forage. 
Differences in protein between 
grazed and ungrazed treatments 
were most significant. 

Changes in the availability of 
phosphorus in the soils studied 
apparently occurred due to grazing 
but were influenced by soil moisture 
conditions. On sites of low moisture 
content, available phosphorus 
tended to increase under grazing. 
The single site with more favorable 
moisture conditions showed di- 
minished available phosphorus 
under grazing. 

The reactions to grazing of the 
vegetation of mixed grass prairie 
were modified by differences in site 
characteristics. 
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Economic Criteria for Determining 
Optimum Use of Summer Range 
by Sheep and Cattle’ 

u 

JOHN A. HOPKIN 

Assistant Agricultural Economist, University of Wyoming, 
Laramie, Wyoming 

T HE primary purpose of this 
article is to outline an economic 

framework of analysis wherewith 
the most profitable combination of 
sheep and cattle on a given range 
can be determined (Hopkin, 1954). 
A recent issue of this Journal carried 
a most interesting article by C. 
Wayne Cook, (Cook, 1954), wherein 
he presented his estimates of grazing 
capacity of a given mountain range 
when grazed by both sheep and 
cattle with various numbers of each, 
and when each class was grazed 
alone. His calculations were based 
on estimates of the vegetational 
composition and estimates of the 

1 Published with approval of the Di- 
rector, Wyoming Agricultural Experi- 
ment Station, as Journal Paper No. 46. 

utilization by cattle and sheep. 
From these estimates the forage acre 
factor was computed for each class 
of livestock and the combined graz- 
ing capacity of the given range for 
several different combinations of 
sheep and cattle was estimated. 

According to the basic assump- 
tions of the forage acre factor and 
grazing capacity any one of the 
combinations of sheep and cattle 
suggested by Cook is equally de- 
sirable from the standpoint of 
forage production or “proper” carry- 
ing capacity. He does not specify 
which combination is preferred, but 
merely shows that a greater number 
of animal units can be grazed when 
both cattle and sheep are combined 
on the range than when each class 

is grazed separately. A secondary 
purpose of the article is to submit 
the very interesting data outlined 
by Cook to the analysis of the eco- 
nomic model in order to determine 
the adequacy of his suggested enter- 
prise relationships. 

The Economic Framework 

Agricultural economists have been 
working for some time on the eco- 
nomic problem of selecting a most 
profitable crop or combination of 
crops from among the possible crop 
sequences. Out of this experience 
has come the logic and method of 
determining the optimum enterprise 
combination for a given set of re- 
sources (Heady, 1952, pp. 201-275). 
The economic principles of optimum 
enterprise combination apply as 
well to range resources as to any 
other kind of resources. 

Consider the problem of deter- 
mining the optimum combination of 
cattle and sheep on a given range 
site. Although there ar’e some areas 
that are better adapted to one class 
of livestock than another, for the 
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article is to outline an economic 

framework of analysis wherewith 
the most profitable combination of 
sheep and cattle on a given range 
can be determined (Hopkin, 1954). 
A recent issue of this Journal carried 
a most interesting article by C. 
Wayne Cook, (Cook, 1954), wherein 
he presented his estimates of grazing 
capacity of a given mountain range 
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utilization by cattle and sheep. 
From these estimates the forage acre 
factor was computed for each class 
of livestock and the combined graz- 
ing capacity of the given range for 
several different combinations of 
sheep and cattle was estimated. 

According to the basic assump- 
tions of the forage acre factor and 
grazing capacity any one of the 
combinations of sheep and cattle 
suggested by Cook is equally de- 
sirable from the standpoint of 
forage production or “proper” carry- 
ing capacity. He does not specify 
which combination is preferred, but 
merely shows that a greater number 
of animal units can be grazed when 
both cattle and sheep are combined 
on the range than when each class 

is grazed separately. A secondary 
purpose of the article is to submit 
the very interesting data outlined 
by Cook to the analysis of the eco- 
nomic model in order to determine 
the adequacy of his suggested enter- 
prise relationships. 

The Economic Framework 

Agricultural economists have been 
working for some time on the eco- 
nomic problem of selecting a most 
profitable crop or combination of 
crops from among the possible crop 
sequences. Out of this experience 
has come the logic and method of 
determining the optimum enterprise 
combination for a given set of re- 
sources (Heady, 1952, pp. 201-275). 
The economic principles of optimum 
enterprise combination apply as 
well to range resources as to any 
other kind of resources. 

Consider the problem of deter- 
mining the optimum combination of 
cattle and sheep on a given range 
site. Although there ar’e some areas 
that are better adapted to one class 
of livestock than another, for the 
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1 2 3 4 5 

NUMBER OF CATTLE IN THOUSANDS 

FIGURE 1. Hypothetical enterprise relationship between 
sheep and cattle. 

most part, both classes can utilize 
the same range. The economic prob- 
lem of determining the optimum 
combination to maximize long-time 
profits turns on two basic relation- 
ships that need to be known (or 
estimated with sufficient confidence 
to warrant a decision), viz., the 
physical relationship or marginal 
rate of transformation, and the price 
relationships reflecting the relative 
preferences of consumers. 

The physical relationships 

The first of these basic relation- 
ships (the marginal rate of trans- 
formation or product substitution), 
merely outlines the number of 
physical units of one class of live- 
stock (sheep) that would have to be 
removed from the range in order to 
permit one unit of the other class 
(cattle) to be added to the range and 
still leave the range in as good condi- 
tion as it previously was. 

This physical relationship is illus- 
trated graphically for a hypothetical 
situation in Figure 1, where three 
different types of physical relation- 
ships are shown together for com- 
parison. Curve B (the straight line) 

FIGURE 2. Iso-revenue lines for various price relationships 
of sheep and cattle. 

shows a constant marginal rate of 
substitution. It is plotted by first 
showing the maximum number of 
cattle (with no sheep) that could be 
grazed on the range, based on sound 
range management. This is assumed 
to be 5,000 head, and is plotted as 
(5000, 0) on the grid coordinate. 
Next, determine the number of 
sheep (with no cattle) that can be 
grazed on this same range (again, 
without injury to the plant species). 
In Figure 1 this is assumed to be 
25,000 head and is plotted (0, 25,- 
000). If the rate of substitution 
between cattle and sheep on this 
range is constant we can represent 
such a relationship by drawing a 
straight line between the two plotted 
points. This produces Curve B, 
which is the locus of points showing 
the maximum number of sheep that 
can be grazed on this hypothetical 
range when any specified number 
(from 0 to 5,000) of cattle are being 
grazed. According to Curve B, the 
condition of the forage would be the 
same whether 1,000 head of cattle 
and 20,000 head of sheep, 3,000 cat- 
tle and 10,000 sheep, or 5,000 cattle 
and zero sheep were being grazed. 

This is the kind of relationship 
that is implied in most range man- 
agement research and recommenda- 
tions when it is considered that one 
cow is equivalent to five sheep for 
all combinations on a given range. 
Cook (1954) very neatly points out 
the error of the assumption of con- 
stant marginal rates of product 
substitution. 

Curve A shows a decreasing 
marginal rate of substitution. The 
curve is convex to the origin indi- 
cating that no combination of sheep 
and cattle would be as productive 
as would one class by itself. Where 
this relationship exists, the most 
profitable solution would always be 
where only one class of livestock was 
grazed. This type of relationship was 
implied in the early days of the 
range when the belief predominated 
that sheep and cattle could not use 
the same range. This kind of think- 
ing still dominates the decisions of 
many ranchers, grazing associations 
and public land administrators, 
since more grazing land is allocated 
singly to either sheep or cattle than 
is grazed jointly by both. 

A much more reasonable assump- 
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tion is that an increasing marginal 
rate of transformation exists, for 
reasons that were emphasized by 
Cook (1954, p. 1Oj. 

Many grasses on summer ranges 
are used only sparingly by sheep, 
especially late in the grazing season 
after they become stemmy, whereas, 
cattle eat most grasses rather readily 
during most of the grazing season. 
In addition cattle consume many 

. forbs and shrubs with avidity but 
generally more complete use of these 
plants is made by sheep. Therefore, 
more effective use of summer range 
might be made by sheep and cattle 
grazing in combination. 

This relationship is represented by 
Curve C of ,Figure 1, which we will 
want to examine in detail. (For the 
time being we will ignore the 
straight lines PIP1’, P2P2’, and P3P3’, 
and focus on the physical relation- 
ship implied in Curve C). Again, 
we assume that when devoted en- 
tirely to cattle, a maximum of 5,000 
head of cattle can be grazed year 
after year without damage to the 
range. Curve C shows that by re- 
moving just a few head of cattle, a 
substantial number of sheep can be 
added (the slope of the curve is very 
steep at the lower end) and still 
leave the range in the same condi- 
tion as when grazed by 5,000 head of 
cattle. This occurs, of course, be- 
cause the sheep are consuming the 
plant species that were under-util- 
ized by the cattle. As more cattle 
are removed, however, relatively 
fewer sheep can be added, per unit 
of cattle removed, without injury to 
the range. (The traditional 1: 5 ratio 
is reached when Curve C is parallel 
to Curve B). At the other extreme, 
the maximum number of sheep that 
can be grazed when zero cattle are 
grazed is 25,000 head. At this point 
several head of cattle could be 
added by removing just a few head 
of sheep (the slope of the curve is 
very flat), but as sufficient cattle are 
added to eat the coarse, dry feed, 
they come more into competition 
with the sheep. Note that the sup- 
plementary relationships (flat and 

steep parts of the curve) occur at the 
extremes, and that the slope of the 
curve becomes more constant to- 
ward the center. This will be im- 
portant later on. The relationship 
of Curve C is logical based on (1) 
traditional range management prin- 
ciples (as indicated above by Cook) 
and, (2) the law of diminishing 
returns (variable proportions). 

The curves of Figure 1 are, of 
course, hypothetical. They are the 
assumed physical relationships that 
might exist between two enterprises 
(cattle and sheep) in the use of a 
given quantity of resources (a hypo- 
thetical range with a fixed quantity 
of labor and capital), and are called 
iso-resource curves. Only an increas- 
ing marginal rate of substitution, 
where the curve is concave to the 
origin (Curve C) is logically con- 
sistent for ranges where both classes 
of livestock can graze. 

It must be emphasized that the 
curves are production possibility 
lines. They describe only physical 
phenomenon and have their origin 
in the physical science of range 
management. They can be derived 
in two ways. First, they may be 
obtained from physical experiments 
where sufficient combinations of 
sheep and cattle are observed over 
time under controlled experiments 
designed for curvilinear regression 
analysis. Obviously, results from 
experiments of this nature are forth- 
coming only after several years. In 
the meantime, the relationships may 
be reasonably approximated by 
quantitative and qualitative judg- 
ments of competent range manage- 
ment technicians based on the pref- 
erence index figures for each kind of 
livestock and on the range inventory 
and range condition. The same pro- 
cedure used in estimating grazing 
capacity for one type of livestock 
(cattle) could be used in estimating 
grazing capacity for various combi- 
nations of sheep and cattle. The 
assumption that the livestock will 
graze over the entire range area 
without concentrating in local areas 

may be more nearly true for combi- 
nations of sheep and cattle than 
for one livestock species grazing 
alone. The actual shape of the curve 
will depend on the relative propor- 
tion of forage that is preferred by 
each class of livestock. The general 
shape of Curve C (Fig. 1) or Curve F 
(Fig. 3) will hold for all range units 
where both cattle and sheep can 
graze. 

Irrespective of how the curve is 
estimated, it outlines the possible 
combinations that leave the range 
in the same condition, but it pro- 
vides no criterion for selecting the 
preferred combination from among 
the possible combinations. Before a 
selection can be made we must have 

that we can apply to choice criteria 
our model. 

Price Relationships 

The choice criteria we will use in 
this case are the price relationships 
of the two commodities (sheep and 
cattle). These will be determined by 
means of iso-revenue lines. For ex- 
ample, if the market price of a steer 
(of the weight and quality we are 
assuming in the above hypothetical 
situation) is $187.50, then from 
selling 1,000 head we could derive 
$187,500. The number of head of 
sheep we would have to sell to ob- 
tain the same revenue depends on 
the price of the sheep. If the market 
price of sheep is $30 per head it 
would take 6,250 head to bring the 
same revenue as obtained from 1,000 
head of cattle. When these two 
points are connected with a straight 
line (see line P,-, of Figure 2), this 
line becomes an iso-revenue line, 
with every point on it representing 
a combination of sheep and cattle 
which, when sold at the assumed 
market prices, will provide $187,500. 
The same reasoning can be applied 
to 2,000 head of cattle and it will 
be found that (at the assumed 
prices) 2,000 head of cattle or 12,500 
head of sheep will each sell for 
$370,000. Line Pa, connecting these 
two points, represents all combina- 
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tions of sheep and cattle that to- 
gether will return $370,000. It is 
obvious that as long as the relative 
prices of sheep and cattle do not 
change all iso-revenue lines will be 
parallel, regardless of the amount of 
revenue each represents. It is 
equally obvious that one iso-revenue 
line that is further from the origin 
than another represents more reve- 
nue than does the latter. Thus P7 
represents more revenue than Pg. 
There can, of course, be a vast 
number of iso-revenue lines drawn, 
each representing a separate quan- 
tity of revenue. The slope of the 
iso-revenue line gives us the price 
ratio of the two commodities-the 
ratio at which cattle exchange for 
sheep in the market. In the case of 
PO (and lines parallel to it) the 
ratio is 1:6.25. Line P1 (Fig. 2) re- 
flects a very high price for sheep. 
Here the ratio is 1: 1. Line P2 reflects 
a very low price for sheep (price 
ratio = 1: 25). 

It should be realized that the iso- 
revenue line refers to gross revenue 
and not net revenue when market 
prices are used. If there are sub- 
stantial differences in the costs of 
producing and marketing the two 
products these differences could be 
considered so as to determine a 
“net” price ratio or an iso-net- 
revenue line. For purposes here we 
will use the iso-revenue line for 
simplicity. The logic would be the 
same in each case. 

The Theoretical Optimum 

We are now in position to deter- 
mine the theoretical optimum com- 
bination for this range. The iso- 
resource curve shows the combina- 
tions of sheep and cattle that are 
possible without injury to the range. 
The iso-revenue lines show the 
combinations of sheep and cattle 
that are of equal revenue. As we 
move further from the origin each 
iso-revenue line represents a higher 
revenue. The optimum combination 
along the production possibility (iso- 
resource) curve to where we are on 

the highest possible iso-revenue line. 
The solution will be, of course, 
when the iso-revenue line is tangent 
to the iso-resource curve. 

Let us take an example. Assume 
the prices to be $187.50 per head for 
cattle and $30 per head for sheep. 
This is shown by line P3P3’ of Fig- 
ure 1 (which is drawn parallel to 
PoPO’ so that it is tangent to Curve 
C). Now Curve C tells us how many 
sheep we can add by removing a 
specified number of cattle from the 
range (and vice versa). The slope 
of the iso-revenue line (the price 
ratio) tells us how many sheep it 
takes to be equal in value to cattle 
that are given up. In this case it 
takes 6.25 sheep to be equal in 
market value to one cattle unit. 
At the point where these two rela- 
tionships are equal (the point of 
tangency-point K) profits will be a 
maximum. This is the optimum 
combination and is uniquely de- 
termined. 

Under the relationships of Curve 
C, grazing only sheep on that range 
would be optimum only if the price 
ratio was at least as favorable for 
sheep as that shown by iso-revenue 
line PIPI’, Figure 1, (one sheep equal 
in market value to one cattle unit- 
see line P1, Fig. 2). Grazing only 
cattle would be optimum only if the 
price ratio was at least as favorable 
for cattle as shown by P2P2’, Fig- 
ure 1, (25 sheep equal in value to one 
cattle unit-see line PZ, Fig. 2). 

Application of the Model 

We will now use the above model 
in analyzing the data presented by 
Cook in order to: (1) check the sug- 
gested physical relationships for 
logical consistency, and (2) deter- 
mine hypothetically optimum solu- 
tions for different assumed price 
ratios. The data were derived from 
grazing experiments where sheep 
and cattle were grazed separately on 
adjacent and comparable areas. The 
vegetational composition was deter- 
mined for both ranges and the per- 
cent utilization of plant species was 

estimated separately for sheep and 
cattle. The forage factor for sheep 
and for cattle was thus estimated 
for each species. The aggregate 
forage factor for sheep and cattle 
was computed to be .2034 and .3728 
respectively. Thus, with cattle alone 
more animal units (based on the 
customary 5 to 1 ratio) could be 
grazed than with sheep alone. 
“However, if the higher forage 
factor for either cattle or sheep is 
used for each plant species the total 
becomes .4339” (Cook, 1954, p. 11). 
Cook takes this figure to represent 
“the forage factor for common use” 
and estimates a total grazing capac- 
ity of 652 animal units for that 
combination where 422 animal units 
of cattle and 230 animal units of 
sheep are being grazed. (At that 
point the ratio of sheep to cattle 
is the same as the ratio of their 
respective forage factors, or 1.83.) 
The calculated grazing capacities 
for different combinations of sheep 
and cattle are listed in Table 1. The 
first two columns are taken directly 
from Table 2 of Cook’s report. The 
marginal rate of substitution of 
cattle for sheep is merely the ratio 
of the decrease in sheep divided by 
the increase in cattle. It simply 
states that, according to these data, 
one animal unit of cattle can be 
added for each .177 animal units of 
sheep that are removed, and the 
range will still be in the same condi- 
tion as when grazed only by sheep. 
Cook’s data indicates that this 

Table 1. Combinations of sheep and cat- 
tle (in animal units) on the same range 
and marginal rate of substitution of 
cattle for sheep. (Data based on Cook 
(1954)) 

1 

0 
141 
281 
422 
468 
514 
560 

Sheep 

-1 
306 - 
281 .177 
255 .177 
230 .177 
153 1.674 

77 1.674 
0 1.674 

Marginal Rate of 
Substitution of 

Cattle for Sheep 
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FIGURE 3. Combinations of sheep and cattle on 2,800 acres of range land in the 
Wasatch Mountains and optimum use for selected price relationships of sheep and 
cattle. 

marginal rate of substitution is con- 
stant at .177 up to the point at 
which 422 animal units of cattle and 
230 animal units of sheep are grazed. 
Beyond that point, however, an 
animal unit of cattle could be added 
only by reducing the number of 
sheep by 1.674 animal units. 

Curve D of Figure 3 is obtained 
by plotting Cook’s data (number of 
sheep and cattle in Table 1) on a 
coordinate system and connecting 
the seven points. Based on his 
interpretation of the forage factor 
Cook rightfully discredits the argu- 
ment that sheep and cattle displace 
each other on the range at a con- 
stant rate. (Such a relationship 
would be shown by Curve E where 
the marginal rate of substitution is 
constant at 306/560 = .546). The 
hypothesis of Curve D is a distinct 
improvement over Curve E for it 
does show the marginal rates of 
substitution to be increasing, rather 
than constant. However, there is 
nothing in the logic of range man- 
agement or economics that supports 
the hypothesis that the marginal 
rate of substitution of cattle for 
sheep remains constant at a low 
rate (.177) up to a certain point 
(point R, Fig. 3) and then suddenly 
increases to 1.674, remaining con- 
stant at the new level beyond that 

point. We must conclude that the 
shape of Curve D results from the 
fact that only one point (point R) 
was independently determined and 
the intermediate points were deter- 
mined by linear interpolation. 

Based on the reasons for common 
use mentioned by Cook, it is logical 
that when all, or most, of the live- 
stock were cattle, a few sheep might 
do fairly ‘well on those species that 
cattle do not utilize. At the other 
extreme, a few cattle might do well 
on those species for which sheep 
show little preference. As the num- 
bers of the two classes of livestock 
become such that they compete 
directly for the important forage 
species, the marginal rate of sub- 
stitution would not change so 
rapidly. Curve F is suggested as a 
more realistic picture of the substi- 
tutional relationship in question. 
(In the absence of detailed empirical 
observations Curve F might be 
only a rough approximation; it has 
been drawn free hand for illustrative 
purposes only.) 

Although at &st glance one may 
get the impression that the differ- 
ence between Curve D and Curve F 
is so little as to be insignificant, a 
more careful analysis reveals other- 
wise. First consider the optimum 
combination under the assumed 

market situation as indicated by the 
iso-revenue line PIP1’, Figure 3. 
(Here the price of cattle is high 
relative to the price of sheep, 1: 1.2.) 
For Curve D the point of tangency 
with the iso-revenue line is at point 
R, indicating the optimum combi- 
nation to be 422 animal units of 
cattle and 230 animal units of sheep. 
For Curve F the point of tangency 
is at point S (500 animal units of 
cattle and 132 animal units of 
sheep). 

Next, consider the optimum com- 
bination under the market situation 
as indicated by the iso-revenue line 
PZP2’ (cattle prices are low relative 
to sheep prices, 1: .275). For Curve 
D, the optimum solution has not 
moved from point R, while for 
Curve F the optimum solution now 
calls for only 250 animal units of 
cattle and 272 animal units of sheep 
(point T). 

Some limitations of the model 

The above model is limited, of 
course, by any substantial inac- 
curacies of the physical information 
that go into determining the func- 
tional relationship. This limitation 
is no greater for this model, how- 
ever, than for any decision that is 
made relative to the grazing of any 
livestock on that range. The model 
assumes equal resource inputs not 
only of range lands but of labor and 
capital. This may not be true in 
some instances. Range sheep require 
closer supervision than do range 
cattle. Either they are under the 
direct watch of a sheepherder or 
they are placed within sheep-tight 
fences. There may be important 
economies of scale associated with 
the production of sheep or cattle. 
These factors can be considered in 
the analysis (although they have 
not been in the above simple model). 
They are no more an inherent weak- 
ness of this method than of any al- 
ternative analytical system. Should 
the differences in cost structure 
between the two enterprises be too 
complex to permit their consider- 
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ation through the use of net revenue 
lines, then a more complex model 
would have to be used. The logic 
of the simple model would still 
direct our analysis by specifying the 
information needed for the analysis 
and by determining the statistical 
procedures to use in collecting and 
analyzing the data and in testing 
the hypotheses. 

The problem of determining the 
effective price ratios for sheep and 
cattle has not been discussed be- 
cause of space limitation. In this 
illustration only naive hypothetical 
prices have been used. It is obvious 
that more is involved here than a 
comparison of the market price of 
feeder steers and feeder lambs for a 
given season. . 

Some policy implications 

To encourage adjustment to an 
optimum combination of domestic 
grazing, more information needs to 
be known about the use adaptability 
of the range. This, of course, is a 
very complex phenomenon which to 
discover and predict presents meth- 
odological and technical problems 
that challenge the plant scientist. 
In the meantime, decisions continue 
to be made that assume the relation- 
ship between two livestock enter- 
prises grazing the same range to be 
linear-an assumption that seldom 
can be valid. However, the first 
need is to estimate the enterprise 
relationship for a given range area 
and then to pass this information 
on to the ranchers using that area. 
Before the adjustment could be 
made on public grazing land, the 
procedures of adjustment would 
have to be worked out by the 
administering agencies. Although 

the public land agencies now tend 
to compute the conversion ratio 
separately for each allotment (thus 
getting away from the conventional 
1:5 ratio of cattle for sheep) they 
still consider the conversion ratio 
to be constant for all combinations 
(Curve B, Fig. 1, or Curve E, 
Fig. 3). 

Consider the procedure for adjust- 
ment on a given public range where 
only cattle have been permitted 
previously. Assume that a detailed 
range study reveals the enterprise 
relationship between sheep and cat- 
tle to be as shown by Curve C 
(Fig. 1). The assumed price ratio 
between sheep and cattle is shown 
by the slope of the iso-revenue line 
P3P3’, and the optimum combination 
(the goal for which both rancher 
and public land administrator 
should be striving) is represented 
by point K. It is thus estimated 
that by removing 1,000 head of 
cattle from the range 10,000 head 
of sheep can be added and still 
leave the range in the same condi- 
tion as when previously grazed only 
by cattle. It then should be possible 
for the ranchers using this range to 
exchange permits by obtaining per- 
mit for ten sheep for each cattle 
unit given up-up to the point 
where the 1,000 head of cattle have 
been removed and 10,000 head of 
sheep have been added. If adjust- 
ments were to be permitted only 
on the 5 : 1 ratio normally used by 
the public agencies, it is unlikely 
that any adjustment would occur, 
since the price ratio is 6.25: 1. 

SLWma.l-y 

The optimum combination of 
sheep and cattle on a given range is 
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obtained by equating two inde- 
pendent functions: (1) the physical 
enterprise relationship (the iso-re- 
source curve) which shows the com- 
binations of sheep and cattle that 
can be grazed on a given range with- 
out injury to the plant species, and 
(2) the price relationships (the iso- 
revenue line). From the standpoint 
of “proper” range stocking, every 
alternative along the iso-resource 
curve is equally acceptable. If the 
costs of producing a “unit of prod- 
uct” are not substantially different 
for the two enterprises, the iso- 
revenue line can be determined from 
market prices; otherwise additional 
considerations must be given. 

The suggested analytical model 
was applied to some very interesting 
data presented by Cook in a note- 
worthy contribution to the science of 
range management (Cook, 1954). 
The discussion has been directed to- 
ward a refinement of the method in 
order that it might be amenable to 
economic analysis and thus useful in 
making decisions pertaining to the 
combination of sheep and cattle on a 
given range site. It is an example of 
the need for a blending of the efforts 
of the physical scientist and the 
economist in finding better solutions 
to range management problems. 
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Some Interrelations of the Merriam 
Kangaroo Rat to Velvet Mesquite’ 

HUDSON G. REYNOLDS 

Range Conservationist, Rocky Mountain Forest and Range Ex- 

periment Station, Fort Collins, Coloradd 

T HE Merriam kangaroo rat (Di- 
podomys merriami merriami) is 

one of the important biotic factors 
disseminating seed of velvet mes- 
quite (ProsopisjuliJloravar. vehtina) 
on certain rangelands of southern 
Arizona. Mesquite, because it domi- 
nates and eliminates the more 
desirable perennial grasses, has been 
an unwanted invader of many 
rangelands during the past 50 years 
and this invasion is still underway. 
Merriam kangaroo rats increase in 
numbers as perennial grasses de- 
crease, and, because of their seed- 
storing habits, contribute to the 
further spread of mesquite. This 
paper appraises the relative im- 
portance of this means of spread as 
compared to other possible agencies 
of mesquite dissemination. 

Experimental Area 

All experimental work was 
done on the Santa Rita Experi- 
mental Range located about 30 
miles south of Tucson, Ariz., and 
maintained by the Forest Service. 
This experimental range has been 
invaded seriously by mesquite dur- 
ing the last 50 years, and inasmuch 
as it also supports a dense popula- 
tion of Merriam rats, offers an 
excellent opportunity to study the 
interrelations of the two species. 
Moreover, conditions found on the 

1 The help of Professors A. S. Leopold 
and F. A. Pitelka of the University of 
California, who criticized the manuscript, 
Professor J. F. Lance of the University 
of Arizona, who assisted in evaluating 
paleontological references, and H. S. 
Haskell, who did some of the Jield work, is 
gratefully acknowledged. 

2 Forest Service, U. S. Department of 
Agriculture, with headquarters at Colorado 
A & M College, Fort Collins, Colo. 

experimental range are believed to 
be representative of about 20 mil- 
lion acres of rangeland in Arizona, 
New Mexico and Texas. 

Occupying elevations between 
3,000 and 4,500 feet, the experi- 
mental range exhibits a wide 
variety of environmental conditions. 
Average annual rainfall varies from 
12 to 20 inches. Average annual 
rainfall and other environmental 
influences which are related to 
elevation result in significant dif- 
ferences in the biota. The vegeta- 
tional aspect varies from creosote- 
bush at the lower elevations to 
typical oak woodland-grass at the 
higher altitudes. The number of 
plant and animal species living in 
this transition zone is large. Mer- 
riam kangaroo rats are the most 
abundant rodents, and at the inter- 
mediate elevations mesquite is the 
dominant shrubby plant. 

Effect of Merriam Kangaroo 
Rats on Mesquite 

The diet of Merriam kangaroo 
rats, as measured by pouch collec- 
tions, averages about 6 percent 
mesquite beans, and during the 
period of seed maturation in July 
beans may exceed 27 percent of the 
rat diet (Reynolds and Glendening, 
1949). All seed collected by kan- 
garoo rats is not consumed. A por- 
tion of the seed is stored in the 
surface soil. Seed caches vary from 
s to 1% inches in depth and con- 
tain 1 to 13 seeds which are in an 
ideal environment for germination 
and establishment (Reynolds, 
1950A). Some seedlings survive in 
spite of drought or other mortality 
factors. On some areas, enough 
seedlings remain to produce po- 
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tentially not less than 8 mesquiet 
trees per acre per year (Paulsen, 
1950). Because some seedlings sur- 
vive and produce mature trees, the 
seed-collecting and surface-caching 
habits of Merriam kangaroo rats 
have an important influence on 
mesquite propagation. Thus, the 
distance which the seed is moved 
from the parent tree by Merriam 
rats has an effect upon the rate of 
spread of mesquite. 

Distance Seed Is Moved 
by Rats 

Merriam kangaroo rats, in com- 
mon with other small rodents, are 
known to live in certain spatial 
units (Blair, 1943). These “home 
ranges” are known definitely to be 
occupied during the time of breed- 
ing, which includes the period of 
mesquite seed maturation. In 1942 
and 1946, 38 home ranges of kan- 
garoo rats were determined by the 
live-trapping, marking, and re- 
capturing technique advocated by 
Blair (1941). Average radius of a 
home range, considering all sexes 
and ages, varied from 58 to 80 
feet. Hence, on the average, these 
animals are capable of moving seed 
to a maximum distance of 160 feet 
from the parent tree. 

In 1950, movement of mesquite 
seed by the kangaroo rats was ac- 
tually measured. All seed-eating 
rodents except Merriam kangaroo 
rats were removed by live-trapping 
from selected areas. Just prior to 
the summer rains, mesquite seed 
well mixed with sorghum seed was 
placed at central feeding stations. 
This mixture of seed was collected 
by Merriam rats, and some of it 
was buried in surface caches at 
variable distances from the central 
feeding stations. When the surface 
caches sprouted in response to 
summer rains, the mesquite seeds 
transported from the central feed- 
ing stations were identified by 
observing the “marker” sorghum 
seedlings. 

A total of 29 sorghum seed 
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Table 1. Percentages of kangaroo rat 
burrows beneath various shrubs on 

a 75acre plot in 1946 

Shrubs 

Name 

Mescat acacia 
(Acacia constricta) 

Shortleaf baccharis 
(Baccharis bruchy- 

ph$lo) 
Velvet mesquite 

(Prosopis juliJloru 
var. velutinu) 

Catclaw acacia 
(Acacia greggii) 

Spiny hackberry 
(Celtis pa&da) 

Cholla and prickly- 
pear 

(Opuntiu spp .> 
Wolfberry 

(Lycium spp.) 
No shrubs 

Per- 
cent 

avail- 
able 
, rubr h 

oc- 
:upied 

100 

100 

98 99 

33 76 

8 50 

2 50 

2 

- 

0 

- 

Burrow 
Systems 

1 

j ; 

I 

Percent 
total 

number 
mrrows 

caches was discovered. Twenty-four 
percent of the caches contained 1 to 
4 mesquite seeds. Average move- 
ment of marked mesquite seed was 
47 feet although distances ranged 
from 2 to 105 feet. About 2 percent 
of the available mesquite seed was 
recovered in caches. By actual 
measurement, Dipodomys venustus, 
another species of kangaroo rat, is 
known to store seed in surface 
caches at distances as much as 168 
feet from the den (Hawbecker, 
1940). 

Table 2. Relation between Merriam kangaroo rat populations, numbers of mesquite 
trees and other conditions 

Judging from observations of 
home range, Merriam kangaroo rats ’ 
can be expected to move seed less 
than 200 feet from the borders of a 
mesquite stand. A tree matures 
sufficiently to produce seed in 
about 20 years (Glendening, 1952). 
Therefore, it would take over 500 
years for mesquite to invade a 
distance of 1 mile. On the Santa 

Effect of Mesquite on 
Merriam Rats 

Mesquite seems to provide a 
favorite location for kangaroo rat 
burrows (Table 1). On a 7.5-acre 
plot, mesquite was favored over any 
of the other shrubs present, except 
for shrubs which were too scarce 
for adequate sampling. Of the total 
number of burrows on the plot, 70 
percent were under mesquite, and 
99 percent of the mesquite shrubs 
were occupied. Presumably a mes- 
quite or other shrub overstory 
offers easier digging and protection 
for burrows by preventing tram- 
pling by domestic livestock. Also, 
roots of the trees may discourage 
burrowing by badgers, coyotes and 
other digging predators. 

being frightened, they run a speedy 
zigzag course to their burrows. 
This type of retreat would be pro- 
gressively hampered as perennial 
grass density increases (Reynolds, 
1950). 

Once mesquite becomes estab- 
lished on an area, the habitat im- 
proves rapidly for kangaroo rat 
habitation. The more mesquite, the 
less grass is available to hinder 
movement of rats. These rodents 
can then disseminate more seed to 
propagate mesquite at a faster rate. 
Once mesquite and Merriam kan- 
garoo rats become established on 
the same site, a potent animal 
agency becomes available for 
further t,hickening of a mesquite 
stand. 

Mesquite improves the habitat Other factors in addition to mes- 

for the kangaroo rats by decreasing quite increase could be responsible 

the abundance of perennial grass. for reducing grass density. For ex- 

Mesquite is known to compete with ample, perennial grass density fluc- 

and to decrease the abundance of tuates with changes in annual rain- 

perennial grass (Parker and Martin, fall. In measurements made on the 

1952). The numbers of kangaroo experimental range, density index 

rats tend to increase as the density changes from 3 to 15 percent have 
of perennial grass decreases. The occurred in a period of 7 years as 
mode of escape used by these a result of annual rainfall differ- 
rodents is probably a major factor ences (Reynolds, 1950A). Other fac- 
contributing to this relation. Upon tors being equal, these changes in 

III 

IV 

V 

VI 

VII 

VIII 
Rita Experimental Range mesquite 
has moved several times this dis- 
tance in less than 50 years, indi- 
cating that other factors contribute 
more to its spread than the rats. 

IX 

X 

Rats 
per Acre 

~- 

0 

0 
1.8 

2.0 

2.0 

3.2 

3.8 

4.0 

4.2 

4.3 

Mesquites per Acre 

Over 6’ Total 

8 10 

245 294 
48 132 

227 341 

12 12 

49 78 

65 70 

34 42 

102 126 

10 51 

Habitat 
Evaluation 

for Rats 

Poor 

Poor 
Fair 

Fair 

Fair 

Good 

Good 

Good 

Good 

Good 

Other Conditions 

Dense annual grass. Coarse sandy 
loam soil. 

Resting area for cattle. Rocky ridge. 
Corner of cattle drift fence. Rocky 

soil. 
Top of ridge near cattle watering 

rim. Itocky soil. 
Artificially cleared of trees, stumps 

intact. Good perennial grass cover. 
Little perennial grass. Sandy loam 

soil. 
Little perennial grass. Sandy loam 

soil. 
Little perennial grass. Sandy loam 

soil. 
Little perennial grass. Sandy loam 

soil. 
Perennial grass cover depleted. 

Loam soil. 
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Interrelations of Mesquite 
and Rats 

To dctcrmine the amount of 
int~rrdependcncy of Merriam kan- 
garoo rats snd velvet mwquitr, 
locat,ions ha\,ing diffrwnt delwities 
of trees were delihrrately srlrctrd 
and sampled for animal pnpula- 
Cons. Rat populations wv deter- 
miwd hy a modificat,ion of the 

method of Dire (1938). Individual 
museum break-hark traps \\.ere 
equally spaced along lines 450 fret 
in length and set for three ~wr~secu- 
tive night,.% Horder corrections were 
applied to allow for animal drift, 
and the results were expressed on a 
per acre hasis. Mesquite numbers 
vere determined by actual counts. 

Mesquite-infested areas were 
found where no kangaroo rats xvere 
present,. This indicates that other 
factors in addition to the rat,s are 
responsible for the spread of mes- 
quite (Tahlc 2). Rat populations 
wre also discovered on creosote- 
hush areas where t,hcrc \vas no 

mesquite, which shonx that rats 
are not dependent upon mesquite 
(Fig. 1). In fart, the distributional 
range of Merriam kangaroo rats 
has been noted to coincide closely 
with t,hat of creosotcbush (Monson 
& Kessler, 1940). 

Of t,he factors noted in sampling, 
grass density and soil appear to he 
the major factors influencing the 
choice of a habitat by rats. Soils 
which are so rocky a8 to discourage 
digging, or are so sandy as to result 
in burrow caving, do not offer a 
good environment. Any persist,ent 
herbaceous vegetation which im- 
pedes escape appears to discourage 
kangaroo rats. 

Other Biotic Agencies for 
Mesquite Seed 

Dispersal 

If Merriam kangaroo rats were 
entirely responsible for the spread 
of mesquite, they could have 
moved mesquite seed to all mu- 
tually favorable sites in past geo- 
logic time. Pnleontologieal records 
indicate that the genus Dipodomys 
(Wilson, 1937) and Prosopis (Axel- 
rod, 1950) had developed in forms 
at last closely related to those of 
the prcscnt before early Pleistocene 
time which was some 1 to 5 million 
years ago. 

Domestic livestork and several 
other species of native animals are 
probably as important as kangaroo 
rats in disseminating mesquite on 
the Santa Rita Experimental 
Range. Mnsquit,e seeds pass through 
the digestive tract of domestic 
livcst,ock in a viable condit,ion, and 
many seedlings are produced in the 
dung. Feeding trials rith mesquite 
seed showed that many seeds \\‘ere 
potentially viable after passage 
through the alimentary tract, 
amounting to 27 percent for sheep 
(Glendcning & Paulsen, 1950), and 
45 percent for cattle (Fisher, 1947). 
In t,heir normal grazing hahi@, 
cattle mo~tl distances of 2% to 
more than 5 miles. Hence, cattle 
are perhaps a more important 



biotic factor for dissemination of 
mesquite seeds than kangaroo rats 
which move seeds less than 200 
feet. Among the native animals 
known to he spreaders of mesquite 
seed are deer, peccary, cottont,ail 
rahbit, jackrshhit and coyote (All- 
red, 1949). All of these animals, 
even though they may not be as 
abundant ILS Merriam kangaroo 
rats, have much larger home ranges 
and t,hus potentially could spread 
seed much greater distances. 

Conclusions 

Erological-Merriam kangaroo 
rats appear to be favored by mes- 
quite invasion because of the re- 
sulting lowered density of perennial 
grass, but they are not dependent 
upon mesquite for production of a 
favorable hshitat (Fig. 2). However, 
they may cxteod their range and 
increase t,hcir numbers berause of 
mesquite spread. Catt,le are a more 
important factor contributing to 
mesquite spread than are kangaroo 
rats. Cat,tle disseminate seed to 
grelLtcr distances. Also, rattle grae- 
ing pressure can be so heavy as to 
reduce perennial grass density. The 
habitat is then improved for mes- 
quite seedling establishment, and 
beromes more favorable for the 
kangaroo rats. Onre mesquite is 
established sod the habitat is 
favorable for kangaroo rats, these 
rodents can, howevrr, assist in 
cffccting a rapid thickrning of a 
mesquite stand. Once mesquite and 
rats exist on the same site, mesqnitc 
can be expected to increase rapidly 
until competition for spaoc or some 
other factor limits populations. In 
this regard, wild range fires which 
are nov most,ly controlled are be- 
licved to have contributed considcr- 
ahly to mcsquitr suppression 
(Humphrey, 1949). 

EconomicPThe Merriam knn- 
gar”” rat is not the primary, and is 
only one of several agencies for 
dispersal of mcsquitc seed. Mcs- 
quit?, hrcausc of it,s effect ill re- 
ducing grass density, is probably 
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more beneficial to rats because of 
providing a favorable habitat than 
the rat is beneficial to the mesquite 
through seed dissemination. 

Once the cycle: more mesquite+ 
less perennial grass-more rats---+ 
more mesquite, is initiated because 
of the increase or suppression of 
modifying environmental factors, 
the rate of increase of mesquite is 
not likely to be slowed appreciably 
by removing kangaroo rats. Even 
though these rodents are removed 
from a mesquite-grass area, other 
agencies for dispersal are still avail- 
able. For example, cattle, which are 
a potent disseminating agency, can- 
not be removed if rangelands are to 
yield a profit from grazing. 

An approach which seems 
sounder than concentrating upon 
the disseminating agencies is that 
of preventing further invasion of 
mesquite by direct chemical or 
mechanical attack on the trees 
themselves. This destroys the source 
of seed and automatically elimi- 
nates the effect of disseminating 
agencies. Moreover, destruction of 

* mesquite trees usually brings about 
an increase in perennial grass 
which, by producing a less favor- 
able habitat, decreases kangaroo 
rat populations. 

Summary 

1. Some of the interrelations of 
velvet mesquite and Merriam kan- 
garoo rats were investigated on the 
Santa Rita Experimental Range 
near Tucson, Arizona. 

2. Velvet mesquite seeds are 
known to be buried in surface 
caches by kangaroo rats. These 
caches produce enough seedlings in 
spite of drought or other mortality 
factors to effect mesquite spread 
and increase. 

3. By inference from home range 

studies, and measurements of seed 
transport, Merriam kangaroo rats 
were found to be capable of moving 
mesquite seed less than 200 feet on 
the average. On this basis and ac- 
counting for time required for 
mesquite trees to fruit, kangaroo 
rats could spread a mesquite border 
about 1 mile in about 500 years. 

4. On a sample plot, 70 percent 
of the kangaroo rat burrows were 
located beneath mesquite trees and 
99 percent of the trees were oc- 
cupied by burrows. The trees 
further improve the habitat for 
rats by competing with and re- 
ducing perennial grass density 
which interferes with escape of 
rats from predators. 

5. Mesquite and rats apparently 
have no dependency relation. 
Heavy populations of mesquite were 
found where there were no rats, 
and vice versa. 

6. Cattle apparently are a more 
important biotic agency than kan- 
garoo rats for mesquite seed dis- 
semination. Among other biotic 
agencies of dispersal are deer, 
peccary, cottontail rabbit, jack- 
rabbit and coyote. 

7. Once mesquite is established 
and the habitat is favorable for 
kangaroo rats, these rodents may 
help to thicken the stand. 

8. Once the cycle: more mes- 
quite+less perennial grasshmore 
rats--+more mesquite, is initiated 
because of the effect of other dis- 
persal agencies or the suppression 
of factors which may prevent the 
increase of mesquite, the rate of 
mesquite increase is not likely to be 
retarded appreciably by removing 
Merriam kangaroo rats. 
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TECHNICAL NOTES 

EFFECT OF TIME OF CUT- 
TING ON YIELD AND BO- 
TANICAL COMPOSITION OF 
PRAIRIE HAY IN SOUTH- 
EASTERN NEBRASKA1 

ELVERNE C. CONARD 
Associate Agronomist, Nebraska Agricul- 

tural Experiment Station, University 
of Nebraska, Lincoln, Nebraska 

More than three million acres of 
native prairie are harvested an- 
nually in Nebraska for hay. This 
crop is an important natural re- 
source in the livestock industry 
in the State. Good management of 
a native meadow requires the 
adoption of practices that will give 
maximum feeding value per acre 
of hay consistent with the main- 
tenance or improvement of the 
stand and vigor of the desirable 
plants. 

The effects of five cutting treat- 
ments on the yield and botanical 
composition of a native upland 
meadow in eastern Gage County, 
Nebraska, were studied for an 
eight-year period, 1945-1952. The 
cutting treatments involved early 
(early July), midseason (early Au- 
gust), and late (mid-September) 
cutting each year and early and 
midseason cutting in alternate years 
during the six years, 1945-1950. In 
five of the six years, an aftermath 
crop was harvested in mid-septem- 
ber from the plots cut early that 
year. All the plots were cut in 
midsummer in 1951 and 1952 to 
determine the cumulative effects of 
the cutting treatments on yield and 
botanical composition. 

1 Abstract of dissertation submitted in 
partial ful$llment of the requirements for 
the Ph.D. degree, A. & M. College of Texas, 
Range Management,College Station,Texas, 
1963. 

Published with the approval of the 
Director as Paper No. 647, Journal 
Series, Nebraska Agricultural Experi- 
ment Station, Lincoln, Nebraska. 

The average yields of hay from 
the midseason and late cuttings 
were 1.35 and 1.28 tons per acre, 
respectively, for the six-year period. 
The average yield from the early 
cutting was 0.93 tons per acre, but 
when this was combined with the 
aftermath crop harvested from the 
same plots, the total was 1.40 tons 
per acre. The combined yield of 
early cutting and aftermath from 
plots cut early in alternate years 
averaged 1.53 tons per acre. The 
midseason harvest from the same 
plots in the other years averaged 
1.26 tons per acre. 

The crude protein content of the 
three regular cuttings of hay de- 
creased with the later dates of 
cutting each year. Variations in 
ether extract, crude fiber, nitrogen- 
free extract, calcium and phos- 
phorus were not consistent. Gener- 
ally, the chemical composition of 
the aftermath hay approximated 
that of the midseason-cut hay of 
the same year. 

The results of feeding trials con- 
ducted during the first three years 
of the experiment have been re- 
ported in Nebraska Experiment 
Station Bulletin 403 (Baker et al., 
1951). The hays from the three 
dates of cutting were fed alone and 
with two levels of protein supple- 
ment as wintering rations for grow- 
ing calves. In general, as the ma- 
turity of the grass increased, the 
amount of hay consumed by the 
calves decreased, a larger portion 
of the hay was refused, and the 
average daily gains of the calves 
decreased. These trends were evi- 
dent whether the hay was fed with 
or without supplement. More 
pounds of gain per acre of hay 
were obtained from early-cut hay 
than from mid-season- or late-cut 
hays when fed alone or with about 
one-half pound of protein supple- 
ment per head daily. In every 

comparison, the late-cut hay pro- 
duced fewer pounds of gain per 
acre of hay than either the early- 
cut or midseason-cut hays, regard- 
less of whether protein supplement 
was fed. 

Permanent belt transects 12 
inches wide and 475 or more feet 
in length were used for determining 
the effects of the different cutting 
treatments on the native forbs. 
Many of the important broad- 
leaved species were reduced in 
vigor and abundance by early 
cutting. The total forb population 
in the transects decreased 19 per- 
cent under six years of early cutting 
as compared with increases of 49 
and 87 percent under midseason 
and late cutting, respectively. 

Psoralea jloribunda, the most 
abundant and conspicuous forb 
in the meadow at the beginning of 
the study, appeared to be affected 
by the time of cutting more than 
any other species. A marked reduc- 
tion in size of the plants was noted 
after only two years of early cut- 
ting. In 1951, the average weights 
per stem following six years of 
early, midseason and late cutting 
were 1.04, 2.72 and 2.90 grams, 
respectively. The populations in 
the permanent transects were ap- 
proximately 70, 83 and 113 percent, 
respectively, of those present at, 
the beginning of the experiment. 

Other important forb species 
which were reduced in size and 
abundance by early cutting are: 
Aster multiflorus, Helianthus rigidus 
and Gaura biennis. The populations 
of Amorpha canescens in the tran- 
sects remained relatively constant, 
but the average weight per stem 
was reduced 52 and 28 percent by 
early and midseason cutting, re- 
spectively, as compared with late 
cutting each year. 

The average total density of the 
grasses, sedges and rushes in 24 
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permanent meter-square quadrats 
increased approximately 25 percent 
from 1946 to 1952. There were no 
significant changes in total density 
due to the cutting treatments. Poa 
pratensis increased markedly under 
all the cutting treatments. Sporob- 
olus heterolepsis decreased 60, 34 
and 19 percent under early, mid- 
season and late cutting, respec- 
tively. Important increases in the 
density of Andropogon scoparius 
occurred under early and mid- 
season cutting, and of Bouteloua 
curtipendula under early cutting. 

Early cutting and the removal of 
an aftermath crop in mid-septem- 
ber reduced the vigor of the grasses 
the following spring as compared 
with midseason cutting. The aver- 
age yield of hay in 1951 from the 
10 plots which were cut twice in 
1950 was 1.08 tons per acre as 
compared with 1.41 tons from the 
10 plots which were cut once in 
midseason the preceding year. In 
1952, following one year of uniform 
cutting, the average yields were 
1.08 and 1.12 tons per acre, re- 
spectively. 

Delaying the harvesting of the 
aftermath from mid-September to 
early October and to late October 
increased the yield of the grasses 
the following summer 18 and 38 
percent, respectively. 
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TECHNICAL NOTES 

SIMPLE PULLER FOR 
SOIL TUBES’ 

JOHN L. LAUNCHBAUGH 

A 

Assistant Specialist, School of Forestry, 
University of California, Berkeley, 

California 

Sampling by use of a soil tube is 
often laborious because of the diffi- 
culties involved in removing the 
tube from certain soils after it has 
been driven below one or two feet 
in depth. Soils high in clay con- 
tent prevent the tube from being 
removed easily; also, extremely dry 
soils will settle and pack about the 
enlarged portion of the cutting 
head thus wedging the tube in the 
hole. 

An apparatus consisting of an 
automobile bumper jack, five feet 
of 2/O passing link chain and a 
simply constructed jack platform 
has been used successfully for re- 
moving soil tubes from several 
types of soils (Fig. 1). 

The jack platform is constructed 
from two by four lumber. A nine- 
inch length of l$$inch angle iron 
is used to support the direct thrust 
of the bumper jack. The platform 
is 9 by 16 inches in size. The open- 
ing for the soil tube is wide enough 
to permit the pounder head of the 
tube to pass through easily. 

In operation, the platform is 
placed over the tube after insertion 
in the soil and blocked beneath for 

1 Contribution from Federal Aid in 
Wildlife Restoration Act, Project Cali- 
fornia W-31-R. 

FIGURE 1. Soil tube puller in oper- 
ation, showing the soil tube and arrange- 
ment of bumper jack, chain and plat- 
form. The black part of the platform is 
l>s-inch angle iron; the remainder is 
constructed of wood. 

levelling on uneven ground. The 
chain is wound around the tube 
four or five times to prevent slip- 
ping when pressure is applied. The 
ends of the chain are tied in a 
square knot and the bumper jack 
set up as shown in the photograph. 
When the jack has been raised to its 
maximum height and the tube is 
still stuck, the jack can be lowered 
and the chain will slide down the 
tube to the platform, ready to 
continue lifting. The jack and tube 
should be parallel for best results. 
The type of chain used with this 
apparatus is made of soft material 
which will not score the tube. 

OUR GOAL FOR 1954-4,000 MEMBERS! 
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permanent meter-squarr quadrats 
increased approximately 25 percent 
from 19% to 3952. There were no 
signifiralt changes in total density 
due t,o thr cutt,ing treatments. I’oa 
pralensis increased markedly under 
all the cutting t,reatments. Sporoh- 
ob~s helcrokpsis derrcasnl 00, 34 
and 19 percent urlder early, mid- 
season and late cutting, rcsper- 
tivelp. Important increases in the 
density of Andropoqm .scopnrius 
occurred under early and mid- 
season wttirrg, and of Rolltclozln 
curtipendula under early c”tti”g. 

Early rutting and the removal of 
5” aftermath crop in mid-Sieptem- 
her reduced the vigor of the grasses 
the following spring as compared 
with midseason cutting. The arer- 
age yield of hay in 1951 from the 
10 plots which were cut, twiw irl 
1950 was 1.08 tons per RCIY as 
compared with 1.41 tons from the 
10 plots which wre wt onw in 
midseason the preceding year. In 
1952, following o”e year of lmiform 
cutting, the average yields were 
1.08 and 1.12 t,ons per awe, re- 
spectively. 

Delaying the harwsting of the 
aftermat,h from mid-September to 
early @toher and to late October 
increased t,he yield of the grasses 
the following summer 18 a”d 38 
perrat, respertivcly. 

TECHXICAL SOTES 

.4 SIMPLE PITLLER FOR 
SOIL TUBES’ 

JOHN L. L~UNCHBA~GH 

Sampling hy use of a soil tuhe is 
often laborious because of the diffi- 
culties involved in removing the 
tuhe from certain soils after it has 
heen driven below one or two feet 
in depth. Soils high in &y row 
tent prevent the tube from being 
removed easily; also, extremely dry 
soils mill settle and pack ahout the 
enlarged portion of the cutting 
head thus v-edging the t”he in the 
hole. 

hn apparatus consisting of an 
automobile bumper jack, five feet 
of 2/O passing link chain and a 
simply constructed jack platform 
has been used successfully for re- 
moving soil tubes from scvcral 
types of soils (Fig. 1). 

The jack platform is constructed 
from two by four lumber. A nine- 
inch length of l?&eh angle iron 
is used to support the direct thrust 
of the humper jack. The platform 
is 9 by 16 inches in size. The open- 
ing for the soil tube is wide enough 
to permit the pounder head of the 
tuhe to pass through easily. 

In operation, the platform is 
placed over the tuhe after insertion 
in the soil and blocked hrnrath for 

F16,-n,: 1. ai, tube pulh in oper- 

ation, ahowing thr soil tube and srrnnge- 
ment of bumper jack, chain and plat- 
lorm. The black part of the platform is 
I><-inch sngle iron; thr remainder is 
constructed of wood. 

levelling on uneven grmmd. The 
chain is wound around the tube 
four or five times to prevent slip- 
ping when pressure is applied. The 
ends of the chain are tied in a 
square knot and the tmmper jack 
set up as shovn in the photogmph. 
When the jark has been raised to its 
maximum height and the tube is 
still stuck, the jack can he lovwed 
and the chain vi11 slide down the 
tube to the platform, ready to 
continue lifting. The jack and tube 
should he parallel for best results. 
The type of chain used with t,his 
apparatus is made of soft mat,erial 
which will not score the tube. 
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BOOK REVIEWS 
Edited by Hudson G. Reynolds, Rocky Mtn. For. & Range Exp. Sta., Box 951, Tucson, Arizona. 

Principles of Farm Management. By 
J. Norman Efferson. McGraw-Hill 
Book Co., Inc., New York. 431 pages. 
1953. $6.00. 
This book is concerned chiefly with 

the management of a segment of the 
business of agriculture-the farm. It 
differs from the numerous other books 
on the subject in that the author treats 
of farming-any farm-as a business 
organization. He does not discuss in 
detail variations in types of farming 
between regions or areas which may 
account for differences in income. There- 
fore a reader will not find any great 
elaboration of a particular type of farm- 
ing such as cotton, wheat, dairying or 
beef cattle production. This is a new 
and refreshing approach. 

Professor Efferson never loses sight 
of his thesis that farming is a business 
and should be conducted by people who, 
although they may be schooled in the 
biological sciences, must be business- 
men. He states, “Farming in the United 
States is essentially a business rather 
than a way of life.” For many farmers, 
and particularly for ranchers, this would 
seem to be an extreme point of view. 
Some feel it can be both. 

The author has sought to make the 
book an introduction to basic principles. 
As such he has done a remarkable job in 
steering clear of economic jargon. There 
is little on economic theory and it is 
confined to one chapter with a discussion 
of six economic principles of importance 
to specific farming problems. In clear 
and concise language Professor Eff erson 
defines and applies to farm management 
the principles of diminishing returns, 
marginal return, substitution, compara- 
tive advantage and opportunity costs. 

The rancher will be interested in the 
stress the author places on weather as a 
variable factor affecting the farm busi- 
ness. He points out that farming is a 
biological business and differs from 
industry which is mechanical. In ex- 
tending this thesis, Efferson details the 
effect of weather on the biological 
processes in dictating income and the 
sometimes disastrous effects on the 

capital structure of the farm. It is 
forcefully pointed out in the book that 
farm management practices must be 
highly flexible to compete with the 
vagaries of the weather. 

The author suggests in the preface 
that the book will find most usefulness 
as a first course for students of agri- 
culture and will be of some application 
to farmers in developing farm manage- 
ment programs. An indication of its 
primary objective can be found in the 
questions and exercises following each 
chapter.-H. R. Hochmuth, Bureau of 
Land Management, Washington, D. C. 

Breeding Better Livestock. By Victor A. 
Rice, Frederick N. Andrews, and 
Everett J. Warwick. McGraw-Hill 
Book Co., Inc., New York. 465 pages. 
1953. $6.50. 
The combined efforts of the Animal 

Husbandry professors of the Universi- 
ties of Massachusetts, Purdue and 
Tennessee have resulted in a well- 
rounded and complete analysis of the 
what and how of breeding better live- 
stock. From fundamental background 
material the book proceeds into compli- 
cated and deeper material of interest to 
the more finished breeder. The wealth 
of well illustrated material is divided 
into four sections: (1) Background for 
Animal Breeding, (2) Mechanisms of 
Production, (3) Mechanisms of Hered- 
ity, and (4) The Art of Breeding. Each 
section is complete in itself yet develops 
logically into the succeeding unit. In 
addition, teachers and students alike 
will find the “List of Visual Aids”, which 
is in the form of an appendix, of real 
benefit. 

In the reviewer’s opinion the book is 
not as readable as the former works of 
Victor A. Rice which are “bibles” on 
my desk. This may easily be the result 
of combining the slightly different styles 
and approaches of the three authors. 
Western breeders may feel the book has 
wider application east of the Rockies 
and that some of the problems of the 
Intermountain region have been over- 
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looked. Those breeders using some Bos 
indicus blood may find that some of the 
Bos indicus-Bos taurus differences, inter- 
actions and recombinations have been 
overlooked. 

The authors have covered a very wide 
field in a constructive, helpful and quite 
complete way. This book will be a 
welcome and worthy addition to the 
library of every breeder from tyro to 
purebred breeding artist.--E. S. Hum- 
phrey, Mgr., Bard-Kirkland Ranch, 
Kirkland, Arizona. 

Handbook of Plants of the Colorado 
Front Range. By William A. Weber. 
University of Colorado Press, Boulder, 
Colorado. ,238 pages. 1953. $5.00. 
This is a comprehensive key to the 

flora of the central portion of the Front 
Range of Colorado. The author identi- 
fies and describes over 1,300 species 
found in this area. The description of 
plant zones and references to these 
zones in identification are helpful. The 
illustrated floral parts and illustrated 
glossary are well prepared and essential 
to the use of the key. One of the more 
interesting and helpful contributions is 
the explanation of the source or meaning 
of the species names. 

Dr. Weber has had wide experience 
in taxonomic botany both in the United 
States and Canada. His knowledge of 
the flora of the Front Range has been 
obtained from intensive field and her- 
barium study. The completeness of his 
treatment of the flora of the area amply 
illustrates his qualifications and ability 
in his chosen field. 

The book is an excellent text for 
students of taxonomy or for well-trained 
technicians working with vegetation in 
the Front Range of Colorado. The lay- 
man, tourist or nature lover not trained 
in botany would find it difficult to use 
unless he was willing “to make a serious 
effort” to “learn to recognize the plants 
around him” as suggested by the author. 
--W. M. Johnson, Rocky Mountain 
Forest and Range Experiment Station, 
Fort Collins, Colorado. 
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Fresh Water from the Ocean. By Cecil 
B. Ellis. The Ronald Press Co. New 
York. 217 pages. 1954. $5.00. 
This book, sponsored by the Con- 

servation Foundation, is a thorough 
evaluation of a subject which has 
created considerable public interest in 
the last few years. The aim of the 
study was to determine whether fresh 
water could be extracted from the ocean 
on a significant scale at a reasonable 
price. The conclusion was reached that 
within the next 10 years such conversion 
should be within the financial possi- 

bilities of many large cities and indus- 
tries in the United States which do not 
have access to river water. At present, 
the costs of conversion for irrigation 
purposes are prohibitive. The author 
concludes in this regard: 

For large irrigation projects it seems 
unlikely that fresh water from the 
ocean can ever be made economic by 

is primarily because crops under 

any extraction method suggested so 
far-unless most of the cost is borne 
by other installations and commerce 
attracted to the irrigated region. This - 

irrigation require a quantity of water 
which is large in relation to the value 
of the ultimate product. 

People without training in physics 
and chemistry will find much of the 
material difficult reading. However, 
technicians concerned with planning or 

lins, Colorado. 

evaluating water supply problems for 
cities, industry and education will 
benefit greatly from this book.-Hi. G. 
Reynolds, Rocky Mountain Forest and 
Range Experiment Station, Fort Col- 

New Publications of Interest 

Agricultural Policy : Farm Programs 
and National Welfare. By R. 
Schickele. McGraw-Hill Co., N. Y. 
453 pages. 1954. $6.50. 

Animal Breeding. By L. M. Winters. 
John Wiley & Sons, N. Y. 420 
pages. 1954. $5.75. 

Conservation Law and Administra- 
tion: A Case Study of Law and 
Resource Use in Pennsylvania. 
By William F. Schulz, Jr. Ronald 
Press, N. Y. 607 pages. 1953. 
$10.00. 

Diseases of British Grasses and 
Herbage Legumes. By K. Samp- 
son and J. H. Western. Brit. 
Mycological Sot. Publ. 117 pages, 
2nd ed. 1954. $3.00. 

Flora of Idaho. By R. J. Davis. 
William C. Brown Co., Dubuque, 
Iowa. 828 pages. 1952. $7.50. 

History of Activities in the Field 
of Natural Resources University 
of Michigan. Edited by S. T. 
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1954. $6.50. 
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in the United States. By M. D. 
Harris. Iowa State Coil. Fress, 
Ames, Iowa. 445 pages. 1953. 
$7.50. 

Our Wildlife Legacy. By D. L. Allen. 
Funlc & Wagnall’s, N. Y. 422 
pages. 1954. $5.00. 

Planning Farm Buildings. By J. C. 
Wooley. McGraw-Hill Co,, N. Y. 
303 pages, 3rd ed. 1953. $6.50. 

Principles of Veterinary Science. By 
F. B. Hadley. W. B. Saunders & 
Co., Phila., Pa. 546 pages, 5th ed. 
1954. $5.25. 

The Flood Control Controversy : 
Big Dams, Little Dams, and Land 
Management. By L. B. Leopold 
and T. Maddock, Jr. Ronald 
Press, N. Y. 1954. $5.00. 

The Limits of the Earth. By Fair- 
field Osborn. Little and Brown, 
Boston, Mass. 238 pages. 1953. 
$3.50. 

The Trees and Shrubs of the South- 
western Deserts. By Lyman Ben- 
son and Robert A. Darrow. Univ. 
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RANGE PLANTS 

Forage value, chemical composition, ecology, physiology, systematics, genetics 

Currie, B. W. Climatic trends on the 
Canadian prairies. Agr. Inst. Rev. 
9 (1): 21-23. Jun.-Feb. 1954. (Univ. 
Saskatchewan, Sask.) 

Dougall, H. W. Kikuyu grass: l-Sea- 
sonal variation in composition of 
degenerate and productive pastures. 
East African Agr. Jour. 19 (2): 74- 
80. Oct. 1953. (Dept. Agr., Kenya) 

Gaines, E. M., R. S. Campbell and J. J. 
Brasington. Forage production on 
longleaf pine lands of southern Ala- 
bama. Ecology 35 (1): 59-62. Jan. 
1954. (So. Forest Expt. Sta., New 
Orleans, La.) 

Hendrickson, B. H. Rescue grass. . 
former pest becomes farmer’s friend. 
What’s New in Crops and Soils 6 (6): 
16-17. Mar. 1954. (BPISAE, Wat- 
kinsville, Ga.) 

Hutton, E. M. Production of allopoly- 
ploids in Phalaris by a modified 
colchicine technique. Jour. Austral. 
Inst. Agr. Sci. 19 (4): 2’44-247. 
Dec. 1953. (Div. Plant Industry, 
Canberra) 

Krochmal, A., S. Paur and P. Duisberg. 
Useful native plants in the American 
southwestern deserts. Econ. Bot. 
8 (1): S-20. Jan.-Mar. 1954. (New 
Mex. Agr. Expt. Sta., Coll. Sta.) 

Latter, B. D. H. Physiologic races of 
subterranean clover rust. Jour. Aus- 
tral. Inst. Agr. Sci. 19 (4): 248-250. 
Dec. 1953. (New South Wales Dept. 
Agr.) 

L&e, Askell and Doris Lijve. Vegeta- 
tion of a prairie marsh. Bull. Torrey 
Bot. Club 81 (I): 16-34. Jan. 1954. 
(Univ. Manitoba, Winnipeg) 

Love, R. Me&on. Interspecific hybridi- 
zation in Stipa. II-Hybrids of S. 
cernua, S. lepida, and S. pulchra. 
Amer. Jour. Bot. 41 (2): 107-110. 
Feb. 1954. (Univ. Calif., Davis) 

Mason, Herbert L. Migration and evo- 
lution in plants. Madrono 12 (6): 
161-169. Apr. 1954. (Univ. Calif., 
Berkeley) 

Seifriz, W. The oecology of thicket 
formation. Vegetatio 4 (3): 155-164. 

June 15, 1953. (Univ. Pennsylvania, 
Philadelphia) 

Stelfox, H. B., D. H. Heinrichs and 
R. P. Knowles. Seed production 
studies with Russian wild-rye. Cunad. 
Jour. Agr. Sci. 34 (1): 28-35. Jan.- 
Feb. 1954. (Expt. Farms Service, 
Canada Dept. Agr.) 

Thakur, C. and H. L. Shands. Spring 
small grain agronomic response to 
plant clipping when seeded at two 
rates and fertilized at two levels of 
nitrogen. Agron. Jour. 46 (1): 15-19. 
Jan. 1954. (Univ. Wisconsin, Mad- 
ison) 

Weaver, J. E. A seventeen-year study of 
plant succession in prairie. Amer. 
Jour. Bot. 41 (1): 31-38. Jan. 1954. 
(Univ. Nebraska, Lincoln) 

Whitman, Warren C. Pyramid Park ex- 
perimental area laboratory for range- 
land research. N. Dak. B&w. Bull. 
15 (2): 63-66. Nov.-Dec. 1953. (N. 
Dak. Agr. Expt. Sta., Fargo) 

RANGE AND PASTURE MANAGEMENT 

Management plans, utilization, condition, maintenance 

Hardison, W. A., J. T. Reid, C. M. Kennedy, W. K. and C. M. Johnson. Whyte, R. 0. Mediterranean grasslands 
Martin and P. G. Woolfolk. Degree How to keep ladino clover. What’s and fodder research. World Crops 
of herbage selection by grazing cattle. New in Crops and Soils 6 (7): 20-22. 6 (2): 5931. Feb. 1954. (Food and 
Jour. Dairy Sci. 37 (1): 89-102. Apr.-May 1954. (Cornell Univ., Agr. Organization, Rome, Italy) 
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RANGE IMPROVEMENT 
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Anonymous. Better pastures with drill Martin, R. T. Basic considerations in Sandlin, Bryan C. Coyote brush on 
seeding and banded fertilizer. Farm chemical brush control. Hawaii Sugar rangeland. Cali& Agr. 8 (4): 15. 
Mangt. 3 (4): 31-33. Apr. 1954. Apr. 1954. (Agr. Ext. Serv,. San 

Bohmont, Dale W. 2,4-D is paying off 
Technological Report 12: 1 S-17. 1953. 

Piemeisel, R. L. Replacement control: Mateo Co., Calif.) 
on big sagebrush. Farm Jour. pp. 34- van Rensburg, H. J. Encroachment and 
35, 181. Apr. 1954. Changes in vegetation in relation to 

Clark, Wilson F. Controlling weeds and control of pests and diseases. Bot. 
control of shrubs in relation to grass- 

Rev. 20 (1): l-32. Jan. 1954. (Twin 
land development in Africa. East 

scums in small ponds. Breeder-Stock- African Agr. Jour. 19 (2): 61-65. 
man 15 (9): 10, 11,96,102. Feb. 1954. Falls, Idaho) Oct. 1953. (Vet. Dept., Tanganyika) 
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Bailey, Reed W. and George W. Crad- 
dock. Contributions of western public 
lands to conservation. Jour. Soil and 
Water Conserv. 9 (2): 59-64. Mar. 
1954. (Intermtn. Forest and Range 
Expt. Sta., Ogden, Utah) 

18 (1): 13-16. Jan. 1954. (Kans. Agr. 
Expt. Sta., Manhattan) 

Douglas, L. H. The coyote-an anom- 
aly. Amer. Cattle Prod. Apr. 1954, 
p. 14, 16. 

Baird, Ralph W. Runoff from conserva- 
tion and non-conservation water- 
sheds. Agri. Engin. 35 (2): 95-97. 
Feb. 1954. (Soil Conservation Service, 
Waco, Texas) 

Friedrich, C. Allan. Factors that deter- 
mine spring runoff in the northern 
Rocky Mountains. Jour. Soil and 
Water Conserv. 9 (2): 86-89. Mar. 
1954. (U. S. Forest Service, Missoula, 
Montana) 

Chepil, W. S. Seasonal fluctuations in Osborn, Ben. Effectiveness of cover in 
soil structure and erodibility of soil reducing soil splash by raindrop im- 
by wind. Soil Sci. Sot. Amer. Proc. pact. Jour. Soil and Water Conserv. 

RANGE INFLUENCES 

Erosion, forests, watersheds, wildlife, soils 

9 (2): ?‘O-?‘6. Mar. 1954. (Soil Con- 
serv. Serv., Midland, Texas) 

Smith, R. M. and D. 0. Thompson. 
Texas earthworms are big, too! 
What’s Sew in Crops and Soils 6 (7): 
18-19. Apr.-May, 1954. (BPISAE, 
Temple, Texas) 

Sprague, V. G., Hans Neuberger, 
W. H. Orgell and A. V. Dodd. Air 
temperature distribution in the micro- 
climatic layer. Agr. Jour. 46 (3): 
105-108. Mar. 1954. (U. S. Reg. 
Past. Res. Lab., BPISAE, State 
College. Pa.) 

RANGE LIVESTOCK MANAGEMENT 

Production, feeding, pests and diseases, history 

Anonymous. Does a break in growth Dayus, C. V. The sheep farming in- Underwood, E. J. and R. J. Moir. 
hurt beef calves? Agr. Res. 2 (9): dustry in New Zealand. Brit. Agr. Aspects of protein nutrition in ani- 
8-9. Sept. 1953. Bull. 6 (30): 371-374. Mar. 1954. mals. Jour. Austral. Inst. Agr. Sci. 

Clegg, M. T. and H. H. Cole. The action Olbrich, Walter. A synopsis of Chilean 19 (4): 214-221. Dec. 1953. (Univ. 
of stilbestrol on the growth response sheep and wool production. Brit. Agr. Western Australia) 
in ruminants. Jour. Anim. Sci. IS Bull. 6 (30): 387-390. Mar. 1954. Wolf, Dean C. 100 extra pounds of 
(1): 108-130. Jan. 1954. (Univ. Calif., Rohlf, John. Big feedlot news ahead. for 42q!. Country Gentleman 124 
Davis) Farm Jour., Apr. 1954, p. 31, 176. 44-45. Apr. 1954. 

RANGE EDUCATION AND RESEARCII 

Bibliographies, methods, equipment 

beef 
(4): 

Castle, M. E. Grassland production and Dairy Sci. 37 (3): 328-335. Mar. Shaw, Byron T. Research and the cattle- 
its management using the dairy cow. 1954. (Nat. Dairy Res. Lab., Oak- man’s future. Breeder-Stockman 15 
Jour. Brit. Grassland Sot. 8 (3): 195- dale, L. I., N. Y.) (9): 7, 106, 108-114. Feb. 1954. 
211. Sept. 1953. (Univ. Liverpool Vet. Rowland, E. F., T. D. Fagan and Geo. Williams, C. B. The statistical outlook 
Field Sta., Neston, Cheshire) A. Crabb, Jr. A slide rule for soil in relation to ecology. Jour. Ecol. 

Huhtanen, C. N., R. K. Saunders and moisture determinations. Agr. Engin. 42 (1): l-12. Jan. 1954. (Rothamsted 
L. S. Gall. Fiber digestion using the 35 (3): 16%164. Mar. 1954. (BPISAE, Expt. Sta., Harpenden, Herts) 
miniature artificial rumen. Jour. East Lansing, Mich.) 

COMING EVENTS 

July 11-14. Western Section, Amer. Sot. of Animal 
Production, Oregon State College, Corvallis, Ore. 

July 21-22. Western Section, Canad. Sot. of Animal 
Production, Kamloops, Brit. Columbia 

July 26-28. Western Farm Economics Association, 
Estes Park, Colo. 

Sept. 5-9. Amer. Institute of Biological Sciences, Univ. 
of Florida, Gainesville, Fla. 

Sept. 6-9. Amer. Forestry Association, Multnomah 
Hotel, Portland, Ore. 

Oct. 17-20. Sot. of Amer. Foresters, Hotel Schroeder, 
Milwaukee, Wise. 

Nov. 8-12. Amer. Society of Agronomy & Soil Science 
Society of America, St. Paul Hotel, St. Paul, Minn. 

Nov. 15-27. Soil Conservation Sot. of America, Hotel 
George Washington, Jacksonville, Fla. 

Nov. 26-27. Amer. Sot. of Animal Production, Chi- 
cage, Ill. 

Dec. 6-9. Natl. 1j7001 Growers Association, Salt Lake 
City, Utah 

Dec.‘ 26-31. Amer. Assoc. Advancement of Science, 
Univ. of California, Berkeley, Calif. 
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Fresh Water from the Ocean. By Cecil 
B. Ellis. The Ronald Press Co. New 
York. 217 pages. 1954. $5.00. 
This book, sponsored by the Con- 

servation Foundation, is a thorough 
evaluation of a subject which has 
created considerable public interest in 
the last few years. The aim of the 
study was to determine whether fresh 
water could be extracted from the ocean 
on a significant scale at a reasonable 
price. The conclusion was reached that 
within the next 10 years such conversion 
should be within the financial possi- 

bilities of many large cities and indus- 
tries in the United States which do not 
have access to river water. At present, 
the costs of conversion for irrigation 
purposes are prohibitive. The author 
concludes in this regard: 

For large irrigation projects it seems 
unlikely that fresh water from the 
ocean can ever be made economic by 

is primarily because crops under 

any extraction method suggested so 
far-unless most of the cost is borne 
by other installations and commerce 
attracted to the irrigated region. This - 

irrigation require a quantity of water 
which is large in relation to the value 
of the ultimate product. 

People without training in physics 
and chemistry will find much of the 
material difficult reading. However, 
technicians concerned with planning or 

lins, Colorado. 

evaluating water supply problems for 
cities, industry and education will 
benefit greatly from this book.-Hi. G. 
Reynolds, Rocky Mountain Forest and 
Range Experiment Station, Fort Col- 

New Publications of Interest 

Agricultural Policy : Farm Programs 
and National Welfare. By R. 
Schickele. McGraw-Hill Co., N. Y. 
453 pages. 1954. $6.50. 

Animal Breeding. By L. M. Winters. 
John Wiley & Sons, N. Y. 420 
pages. 1954. $5.75. 

Conservation Law and Administra- 
tion: A Case Study of Law and 
Resource Use in Pennsylvania. 
By William F. Schulz, Jr. Ronald 
Press, N. Y. 607 pages. 1953. 
$10.00. 

Diseases of British Grasses and 
Herbage Legumes. By K. Samp- 
son and J. H. Western. Brit. 
Mycological Sot. Publ. 117 pages, 
2nd ed. 1954. $3.00. 

Flora of Idaho. By R. J. Davis. 
William C. Brown Co., Dubuque, 
Iowa. 828 pages. 1952. $7.50. 

History of Activities in the Field 
of Natural Resources University 
of Michigan. Edited by S. T. 
Dana. Univ. Michigan Press, Ann 
Arbor, Mich. 353 pages. 1953. 

How to Know the Grasses. By 
R. W. Pohl. William C. Brown Co., 

Dubuque, Iowa. 192 pages. 1954. 
$2.75. 

Land Problems and Policies. By 
V. W. Johnson and R. Barlowe. 
McGraw-Hill CO., N. Y. 422 pages. 
1954. $6.50. 

Livestock Production. By W. H. 
Peters and R. H. Grunmer. Mc- 
Graw-Hill Co., N. Y. 450 pages, 
2nd ed. 1954. $6.00. 

Manual of Field Studies on the Heat 
Tolerance of Domestic Animals. 
By D. H. K. Lee. FAO Develop- 
ment Paper 38. Agriculture. Food 
and Agricultural Organization, 
Rome, Italy. 161 payes. 1953. 
$2.00. 

Origin of the Land Tenure System 
in the United States. By M. D. 
Harris. Iowa State Coil. Fress, 
Ames, Iowa. 445 pages. 1953. 
$7.50. 

Our Wildlife Legacy. By D. L. Allen. 
Funlc & Wagnall’s, N. Y. 422 
pages. 1954. $5.00. 

Planning Farm Buildings. By J. C. 
Wooley. McGraw-Hill Co,, N. Y. 
303 pages, 3rd ed. 1953. $6.50. 

Principles of Veterinary Science. By 
F. B. Hadley. W. B. Saunders & 
Co., Phila., Pa. 546 pages, 5th ed. 
1954. $5.25. 

The Flood Control Controversy : 
Big Dams, Little Dams, and Land 
Management. By L. B. Leopold 
and T. Maddock, Jr. Ronald 
Press, N. Y. 1954. $5.00. 

The Limits of the Earth. By Fair- 
field Osborn. Little and Brown, 
Boston, Mass. 238 pages. 1953. 
$3.50. 

The Trees and Shrubs of the South- 
western Deserts. By Lyman Ben- 
son and Robert A. Darrow. Univ. 
of Arizona Press, Tucson; Univ. of 
New Mexico Press, Albuquerque. 
437 pages, illus. 1954.88.50. 

The World’s Food: A Study of Inter- 
relations of World Populations, 
National Diets and Food Po- 
tentials. By M. K. Bennett. 
Harper & Brothers, N. Y. 282 
pages. 1954. $4.00. 

Thirteen Million Acres: The Santa 
Fe Railway and its Western Land 
Grant. By W. S. Greever. Stanford 
Univ. Press, Stanford, Calif. 200 
pages. 1954. $4.00. 



NEWS AND NOTES 
_ 

Meetings and Conferences 
International Meeting on Forest Graz- 

ing Held by FAO 

The first international meeting to 
consider problems of livestock grazing 
in forest areas, sponsored by the Food 
and Ilgricultural Organization of the 
United Nations, was held in Rome, 
Italy from March ‘29 to April 3, 1954. 
The meeting, attended by nearly 50 
foresters and agriculturalists from 26 
countries, was planned by W. R. CHAP- 
LINE, formerly Chief, Division of Range 
Research of the U. S. Forest Service, 
and now Chief, Forest Conservation 
Section of the Forestry Division of 
FAO. Chapline was assisted by CLARK 
E. HOLSCHER of the Pacific Northwest 
Forest and Range Experiment Station, 
who was loaned to FAO. 

The meeting brought out that grazing 
is one of the principal uses of forest 
lands the world over, along with timbel 
production and watershed protection, 
and that, in many cases, such multiple 
use is most desirable from a social and 
economic standpoint. A general polic> 
on forest grazing was set forth which 
underdeveloped countries might follow 
in forest range management and im- 
provement programs. 

JOSEPH F. PECHANEC, Division of 
Range Research, Forest Service, was 
elected Chairman of the meebing; R. 
KOBLET of Switzerland and A. LATESSA 
of Italy were named Vice-Chairmen. 
Working committees prepared recom- 
mendations on: (1) forest grazing policy, 
(2) technical range management and 
(3) administration, research, surveys, 
education, training and extension’. 

British Conferences Stress Grassland 
Management 

Two recent conferences held in Great 
Britain stressed grassland management 
and the improvement of production on 
grazing lands. The first, held in London, 
on November 17, 1953 by the Agri- 
culture Group of the Society of Chemi- 
cal Industry, featured discussions on the 
general management of grassland by 
WILLIAM DAVIES, Director, Grassland 
Research Station, Hurley and on eradi- 

cation of weeds from grazing land and 
turf by W. G. TEMPLEMAN of Jeallots’ 
Hill Research Station. Another con- 
ference at Chelmsford, held on January 
14, 1954, dealt with various aspects of 
grazing management and the utilization 
of leys. The meeting was organized by 
the National Agricultural Advisory 
Service of the Ministry of Agriculture. 

Natl. Assoc. of Soil Conservation Dis- 
tricts Meeting Held in New Orleans 

At the annual meeting of the Na- 
tional 9ssociation of Soil Conservation 
Districts held in New Orleans, Louisiana 
in late February, the group called for a 
strong program of research in soil and 
water conservation by additional federal 
funds to be placed at the disposal of 
research agencies. Speakers at the meet- 
ing included Secretary of Agriculture 
E. T. BENSON; DONALD A. WILLIAMS, 
Administrator of the Soil Conservation 
Service; ORME LEWIS, Asst. Secretary in 
the Department of Interior; and WA- 
TERS DAVIS, JR. of League City, Texas, 
re-elected President for the coming year. 
NOLEN J. FUQUA of Duncan, Oklahcma 
was named National Vice President. 

Field Day Held at San Joaquin 
Experimental Range 

On April 17, 1954, foothill ranchers 
from the San Joaquin Valley met at the 
San Joaquin Experimental Range to 
review results of reseeding tests and 
other work conducted jointly by the 
California Forest and Range Experi- 
ment Station, the University of Cali- 
fornia i4gricultural Experiment Station 
and the Xgricultural Research Service. 
More than 200 species of annual and 
perennial plants from many parts of the 
world have been tested for local range 
reseeding. ,1dapted species, seeding 
recommendations and procedures for 
establishing stands were discussed by 
LISLE R. GREEN, I1gricultural Research 
Service. 

Also highlighted on the program was 
an examination of treated wooden 
fenceposts after 9 years in the ground. 
Methods and costs of such treatment 
were discussed by WOODBRIDGE MET- 
CALF, Extension Forester, and CHARLES 
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A. GRAHAM, Superintendent of the 
Experimental Range. 

Hopland Station Work Reviewed at 
Field Day 

The Hopland Range Field Station 
of the University of California held its 
second annual field day on Xay 8, 1954. 
The progress of research was reviewed 
for chemical control of woody vegeta- 
tion, seeding annual legumes on range- 
land, range fertilization, sheep manage- 
ment and deer populations. California’s 
Livestockman of the Year, W. HUGH 
BABER, addressed the group. 

Bureau of Land Management 
Announces State Supervisors 

New supervisors of the state offices 
of the Bureau of Land Management, 
with their respective headquarters are : 

ED PIERSON, Phoenix, ,4rizona 
LUTHER T. HOFFMAN, Sacramento, 

California 
MAX CAPLAN, Denver, Colorado 
J. RUSSELL PENNY, Boise, Idaho 
ROBERT D. NIELSON, Billings, Alon- 

tana 
EDMUND R. GREENSLET, Reno, 

Nevada 
EASTBURN R. SMITH, Santa Fe, 

New Mexico 
GWYNNE H. SHARRER, Portland, 

Oregon 
WILLIAM N. ANDERSON, Salt Lake 

City, Utah 
JESSE M. HONEYWELL, Spokane, 

Washington 
RAYMOND R. BEST, Cheyenne, \yy- 

oming 

Grassland Newsletter to be Issued 
by Extension Service 

The Federal Extension Service an- 
nounced the publication of a quarterly 
Grassland Newsletter from material sent 
in from the states through the Office of 
Experiment Stations and the Extension 
Service. Supplemental material will be 
furnished by the Federal research staff 
at Beltsville. C. 14. FERGUSON, Admin- 
istrator of the Federal Extension 
Service, is chairman of the steering 
committee for the publication. 
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BLM Regional Oflces Converted to in carabao. Duckworth has earlier TRUMAN C. ANDERSON, Bozeman, 
Area Ofices served in an advisory capacity on the Montana __ 

The five Bureau of Land Manage- 
ment regional offices have been reduced 
to the following three Area Offices: 

Area I-Portland, JAMUIES F. DOYLE, 
in charge 

Area II-Salt Lake City, H. BYRON 
MOCK, in charge 

Area III-Denver, WESTEL B. WAL- 
LACE, in charge 

Animal Diseases to be Studied 
at Plum Island Laboratory 

Bids have been requested by the U. S. 
Department of Agriculture for the con- 
struction of laboratory facilities at Plum 
Island, New York, for the study of foot- 
and-mouth disease and other foreign 
diseases of animals that create a threat 
to the livestock industry. Plum Island 
is owned by the Department of Defense 
which has made the site available under 
an inter-agency agreement. Congress 
has appropriated $10 million for con- 
struction of the facilities, according to 
Dr. M. S. SHAHAN, Director of the 
Agricultural Research Service’s Plum 
Island Animal Disease Laboratory. 

Secretary Benson Plans to Declare 
Mexico Free of Foot-and -Mouth 

Disease 
If present favorable conditions with 

respect to foot-and-mouth disease in 
Mexico continue and no more outbreaks 
occur, Secretary E. T. BENSON will 
declare our neighboring Republic to be 
free of the disease as of December 31, 
1954, and the U. S.-Mexican border 
opened to imports of livestock and live- 
stock products. The eradication cam- 
paign of the Joint Mexican-U. S. Com- 
mission has been under the direction of 
Dr. LAURO ORTEGA, Mexican Sub- 
secretary of Agriculture for Livestock, 
and WALTER THURSTON, co-director and 
special assistant to Secretary Benson. 
The Secretary’s advisory committee, 
headed by ALBERT K. MITCHELL of New 
Mexico, has devoted much effort to the 
eradication program. 

CHARLES U. DUCKWORTH, former 
head of the California Department of 
Agriculture, has been in the Philippines 
on a technical assistance program under 
the FO_4 to help in combatting recent 
outbreaks of the foot-and-mouth disease 

iMexican outbreaks. 

National Forests Consolidated 
Consolidation of the following na- 

tional forests has been announced by the 
U. S. Forest Service: Nanthahla and 
Pisgah in North Carolina; Crook, Gila, 
Coronado and Tonto in Arizona; 
Minidoka and Sawtooth in Idaho; 
Clark-Mark Twain and Shawnee in 
Missouri and Illinois; Harney and Black 
Hills in South Dakota and Wyoming; 
Cabinet with Lo10 Kaniksu in Montana; 
Wallowa and Whitman in Oregon. One 
forest will be eliminated in California 
and in Colorado. 

Alaskan Livestock Production 
Studied 

The potentialities for range livestock 
production are being studied by the 
Bureau of Land Management in cooper- 
ation with Gov. HEINTZLEMAN of the 
Territory of Alaska, Messrs. IRWIN and 
ANDERSON of the Agricultural Research 
Administration of Palmer, Alaska and 
others. 

Conservation Week Sponsored by 
Colorado A. & M. College Group 
Colorado A & M students, comprising 

a Conservation Council under the direc- 
tion of Prof. J. V. K. WAGAR and CHUCK 
TERRELL, Extension Conservationist, 
carried out a vigorous educational 
program in the celebration of Colorado 
Conservation Week, April 19-25, 1954. 
Conservation guides were sent to all 
individuals and organizations cooperat- 
ing in the movement. 

State Conservationists of SCS 
Announced 

State and territorial Conservationists 
in charge of the program of the Soil 
Conservation Service in western states 
and territories as announced by D. A. 
WILLIAMS, Administrator, include: 

ROBERT V. BOYLE, Phoenix, Arizona 
JOHN S. BARNES, Oakland, California 
KENNETH W. CHALMERS, Denver, 

Colorado 
ROBERT N. IRVING, Boise, Idaho 
FRANK H. MENDELL, Des Moines, 

Iowa 
FRED J. SYKES, Salina, Kansas 

H. G. BOBST, Lincoln, Nebraska 
GEORGE HARDMAN, Reno, Nevada 
ROBERT A. YOUNG, Albuquerque, 

New Mexico 
LYNESS G. LLOYD, Bismarck, North 

DAKOTA 
RAY WALKER, Oklahoma City, Okla- 

homa 
HAROLD E. TOWER, Portland, Oregon 
Ross D. DAVIES, Huron, South 

Dakota 
HENRY N. SMITH, Temple, Texas 
J. A. LIBBY, Salt Lake City, Utah 
PAUL C. MCGREW, Spokane, Wash- 

ington 
B. H. HOPKINS, Casper, Wyoming 
CHARLES W. WILSON, Palmer, Alaska 
JOHN H. CHRIST, Honolulu, Hawaii 

Summer Sessions at Jackson Hole 
Research Station 

The Jackson Hole Biological Re- 
search Station, administered by the 
University of Wyoming under agree- 
ment with the New York Zoological 
Society is available for use by research 
workers until September 10, 1954. 
Range Society members on the Advisory 
Council for the Research Station include 
REED W. FAUTIN, Director of Wildlife 
Conservation and Management, JOHN 
F. REED, Associate Professor of Botany, 
and ALAN A. BEETLE, Associate Pro- 
fessor of Agronomy, all of the University 
of Wyoming. 

“Grass-The Elko Way” Movie 
Produced by Nevada Soil 

Conservation Districts 

“Grass-The Elko Way” is the title 
of a color motion picture narrated by 
Hollywood actor and Elko County ranch 
owner JAMES STEWART and produced 
by the Northeast Elko Soil Conservation 
District and the Nevada Association of 
Soil Conservation Districts. Filmed last 
summer in the two million acre district, 
the picture relates how the rancher- 
supervisors of this area have initiated a 
widespread program of grass reseeding, 
restoration and improvement. 

The district supervisors pioneered in 
getting land owners and state and 
federal agricultural and land manage- 
ment agencies to work on a common 
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program for improvement on private 
and public lands. 

Cooperating with the district and the 
state association in the production of 
the film were the Nevada Cattlemen’s 
Association, Nevada State Soil Conser- 
vation Committee, Nevada State De- 
partments of Fish and Game and 
Agriculture, U. S. Fish and Wildlife 
Service, Bureau of Land Management, 
Soil Conservation Service, Forest Serv- 
ice, and Agricultural Stabilization and 
Conservation Service. 

GRAHAM HOLLISTER, rancher of 
Genoa, Nevada was chairman of the 
Nevada Association committee and 
EYER BOIES, of the Northeast Elko 
Supervisors arranged for the filming, 
according to HARVEY S. HALE of Roger- 
son, Idaho, Chairman of the District. 

Halogeton Control Reviewed at 
Salt Lake City 

A joint meeting of Halogeton Control 
and Research Workers was held March 
18-19, 1954 in Salt Lake City, Utah. 
The meeting was held to summarize 
work completed by action agencies and 
research organizations on the Halogeton 
control problem and to formulate plans 
for 1955 fiscal year. The group included 
representatives from all states having an 
infestation problem: Bureau of Land 
Management, Agricultural Research 
Service, Bureau of Reclamation, Utah 
State Agricultural College, University 
of Idaho, University of Nevada, Bureau 
of Animal Industry and State Land 
Commission of Idaho. 

RANGE MEN ABROAD 

The Foreign Operations Administra- 
tion conducted a S-week training course 
in Jordan on range management tech- 
niques, including waterspreading, May 
3-21, 1954. Officials and technicians 
from eight Near East countries reviewed 
the waterspreading handbook developed 
by FOA, estimating watershed runoff 
characteristics, learning topographic 
mapping, designing waterspreading sys- 
tems and studying the use of heavy 
machinery and hand labor in con- 
struction. 

U. S. technicians conducting the 
training course and advising individual 
countries on range management prac- 
tices and waterspreading were: JOSEPH 

NEWS AND NOTES 

F. PECHANEC-Forest Service; 0. S. 
11~~~~~ and ALVIN D. Ausss,-Agri- 

. cultural Research Service; FLOYD D. 
LARSON, TOM I. DUDLEY and NORMAN 
FRENCH-Bureau of Land Management. 

w 

EARL D. SANDVIG recently returned 
from a special mission to Chile to study 
range conditions and make recom- 
mendations to the Chilean government. 
He has accepted the position of assistant 
regional forester in charge of personnel 
management for the Pacific Northwest 
region of the Forest Service. Sandvig 
was formerly chief of range and wildlife 
management for this region. 

w 

THOMAS I. DUDLEY, formerly with 
the BLM in Miles City, Montana, left 
in April on a two-year technical assist- 
ance assignment to Amman, Jordan, 
under the FOA. Dudley will replace 
NORMAN FRENCH, who is returning to 
the Bureau of Land Management in the 
U. S. Dudley will be Chief of the Co- 
operative Department for Range and 
Forest Resource Development and re- 
sponsible for projects in waterspreading, 
soil conservation, forestry, underground 
water development, range improve- 
ments and range reseeding. 

PALMER SCHIELE, agricultural en- 
gineer for the BLM at Albuquerque, 
New Mexico, has arrived in Israel on a 
two-year assignment under the Point IV 
program. Palmer will work with the 
Israeli Government in initiating range 
waterspreading and other soil and water 
conservation measures on rangelands. 

KEITH J. FINLEY, agricultural en- 
gineer in the Albuquerque, New Mexico 
office of the Bureau of Land Manage- 
ment is in Amman, Jordan on a two- 
year assignment to serve as head en- 
gineer for waterspreading projects in the 
Cooperative Department of Range and 
Forest Resource Development with the 
U. S. Operations mission to Xmman. 

IN THE FIELD 
ALBERT K. MITCHELL, rancher of 

Albert, New Mexico, is a member of 

President Eisenhower’s National Agri- 
cultural lldvisory Commission which is 
reviewing the agricultural problems of 
small farmers. The commission recently 
endorsed the 1955 budget requests for 
agricultural research and education as 
proposed by the Department of Agri- 
culture. 

w 

WELDON 0. SHEPHERD, formerly in 
charge of Range Management Research 
at the Southeastern Forest Experiment 
Station at asheville, North Carolina, 
has transferred to Washington as as- 
sistant in the division of Range Manage- 
ment Research in the Forest Service. 

E. J. WOOLFOLK, formerly in charge 
of range management research work at 
the Northern Rocky Mountain Forest 
and Range Experiment Station at Mis- 
soula, Montana, has transferred to the 
Southeastern Forest Experiment Station 
at Asheville, North Carolina in charge 
of range management research. 

CLARENCE E. KINGERY, formerly 
Conservation Specialist with the Soil 
Conservation Service at Fort Worth, 
Texas, is Range Conservationist for the 
western two-thirds of Oklahoma with 
headquarters in the Oklahoma State 
Office. 

Recent appointments and transfers in 
the Soil Conservation Service include: 

ALAN H. ANDERSON, Soil Conserva- 
tionist, Coleman, Texas 

R. Y. BAILEY, Research Liaison 
Representative, Auburn, Alabama 

JOHN A. BARTRUFF, Assistant State 
Conservationist, Laramie, Wy- 
oming 

ROBERT L. BROWN, Assistant State 
Conservationist, Portland, Oregon 

DONALD H. FULTON, Soil Conserva- 
tionist, Elko, Nevada 

THOMAS P. HELSETH, Assistant State 
Conservationist, Boise, Idaho 

PETER N. JENSEN, Range Conser- 
vationist, Dodge City, Kansas 

JERSE J. NEWLUN, Soil Scientist, 
Yakima, Washington 

R. M. MILHOLLIN, Range Conser- 
vationist, Stephenville, Texas 



RUDY J. PI:DERSON, Soil S&r&t, 
Snn Angelo, Tcxss 

PAUL M. ScHEFFvx, Wsshington- 
Field Biologist, Oakland. Cali- 
fornia 

L. E. SrwRBURNF:, Soil Coneervation~ 
ist. Soda. Horines. Idaho 

FRANCIS A. SMITH, Soil Conservntion- 
ist, Pined&, TIyoming 

JAMES E. SMITH, JR., Plant Mntwial 
Specialist, San Antonio, Texas 

RALPH S. E. SMITK, Soil Scientist, 
Watford City, North Dakota 

JULIEN J. TURNER, Conservation En- 
gineer, Phoenix, Arizona 

VIRGIL L. Warsaw, formerly with tbe 
SCS at Dickinson, North Dakota, is 
employed by the North Dakota .Ygri- 
cultural Extension Service. 

EAMOR c. NOliD, \Vb” recently con- 
&ted residenre requirements for the 
Ph.D. in range managenwnt at Texas 
.\. RT \I. College, is now with thr Cnli- 
fornia Forest and Range Experiment 
Station working on the new Game 
Brownn Project rvith A. J,. HORYAY. 

W. E. -\IAIwIx, Extension Soil* 
Specialist of the liniversity of Cali- 
fornia, is heading large-scale range 
fertilizer trials in seven California coun- 
ties in 1954 in woperation with fertilizer 
companies, local storkmen and county 
farm advisors. 

CLARK TEHELL of the University of 
Idaho is the new Superintendent of the 
Knoll Creek Field St&ion, Nevada 

191 

Agricultural Experiment Station at 
Contact, Nevada. 

In Memoriam 

Members of the Society extend their 
sympathy to Bob Campbell, former 
Editor of the Journal, at the death of 
his wife, Imogene F&l; Camphell, on 
April 21, 1954. Mrs. C:rnpbell died of 
cancer following a year’s illness. 

Mm. Bob Campbell was active with 
Bob on the detailed editorial work of 
getting out the Journal for the period 
1950 to 1952. She helped Bob immensely 
in this work, especially during the last 
year when the press of other duties 
occupied his time. Mrs. Camphell at- 
tended several of the meetings of the 
Society and her presence will be missed 
by many. 

nnrid A. S&age, (1901-3954) 

Range management and the Range 
Society lost one of its most active sup- 
porters and workers in the death of DA- 
VID A. S.<VAGC, former president of the 
AmericanSocietyof Range~anagement, 
on April 3, 1954. Savage, 53, was found 
dead at his home from self~inflicted 
gunshot wounds. At the time of his 
death, “Dave” nxs the Superintendent 
of the IT. A. Southern Great Plains Field 
Station at \Vo”dward, Oklahoma. 

Savage was born at Laurel, Montana 
on August 12, 1901. After graduation 
from l\Iontana State College in 3924 
be took a position as dunior .Igr”n”mist 
with the Burearl of Phmt Industry 
until 1927. He w.s a member of the 
experiment station staff at Montana 
State College in 19’28 and of the Fort 
Hags Experiment Station until 193i 
n-hen he bernme associated with the 
IXvision of Forage Crops and Diseases 
vork at the Southern Great Plnins Field 
Station. Savage became Senior Agron”. 
mist and Superintendent of the station 
in 1948. 

Dave left a well marked trail behind 
him of major nceomplishments in the 

field of rangeland improrement. He de- 
veloped methods for reseeding ahan- 
doned farm and crop land which trnve 
been applied on well over a million acres 
in the Southern Great Plains. Savage 
w&s also instrumental in developing 
brush control practices for range im- 
provement that have been used on 
nearly three million acres of sngehrush- 
infested ranges. Through his efforts 

information was given to the public on 
many additional phases of livestock 
husbandry and range improvement 
which greatly helped to increase th? 
standard of living of the stockmen of 
that region. 

In 1946 Savage was detailed to 
Alaska by the U. S. Department of 
Agriculture to investigate the potential- 
ities of that area for range livestock. 
He was a member of a technical assist- 
ance mission group to Uraguny and in 
November, 1952 he w~ls assigned as a 
range management specialist on an 
F.10 mission to Mexico. This nssign- 
ment “as conducted at the rcqnest of 
storkmen and the government of Mexiro 
to advise nnd assist in the development, 
planning and executing of ft program for 
increasing the productivity of the 
grazing lands of that country. Savage 
resumed his position as Superintendent 
of the Southern Great Plains Field 
Station in I\Torember, 1953. 

Dave ras n charter memher of the 
American Swiety of Range hlansge- 
ment and served as President in 1950. 
He WV active in the affairs of the 
Society and aided greatly in its early 
devel”pme”t. 



WITH THE SECTIONS 

ARIZONA 

LYNN HENRY, Secretary of the Ari- 
zona Section, reports that the section 
now has ‘232 members, of which 112 are 
ranchers. The Arizona Section has con- 
sistently had a high proportion of ranch- 
ers in its membership and the group is 
to be commended for maintaining this 
active interest. This section ranked first 
in 1953 in getting the largest number 
of new members. Keep up the good 
work ! 

CALIFORNIA 

MILTON D. MILLER, Extension Serv- 
ice, Orland, was appointed by the 
Executive Committee to serve as Secre- 
tary-Treasurer of the California Section. 
JAMES I. MALLORY, of the University 
School of Forestry, was appointed as 
custodian of the archives of the Section. 

Tentative plans of the California 
Section call for a July tour into the 
Modoc and Shasta ‘national forests, 
including the Pit Soil Conservation Pilot 
District. 

Bay Area Chapter 

On January 11, 1954, the Chapter 
met at the University of California 
School of Forestry for an interesting 
and enlightening presentation and dis- 
cussion of range fertility and fertiliza- 
tion. W. E. MARTIN, Extension Soils 
Specialist, stimulated thought and dis- 
oussion by relating brush and weed 
invasions to a low soil fertility level. 
AMRAM KADISH, range management 
student, described his study of range 
fertilization effects. HAL MILLER of the 
Soil Conservation Service told the group 
about large scale demonstrations of 
range fertilization in California. JAY 
BENTLEY of the California Forest and 
Range Experiment Station gave Chap- 
ter members information on weight 
gains by cattle on pastures where an- 
nual legumes have been stimulated by 
sulphur fertilization. Professor A. W. 
SAMPSON introduced the speakers and 
led the discussion. 

The February meeting was devoted 
to the topic “Use of Chemicals in Control 
of Undesirable Range Plants, under the 
chairmanship of H. F. HEADY. Speakers 
and topics included: ARTHUR SEELEY, 

Legal requirements; ARNOLD M. 
SCHULTZ, Brush seedlings; DONALD R. 
CORNELIUS, Weeds on mountain mead- 
ows; D. IRVING GROVER, Weeds on 
annual ranges ; BRYAN C. SANDLIN, 
Coyote brush. 

On March 8, the Chapter met to 
discuss grazing management systems in 
California. GEORGE C. WOOD, San 
Ramon Valley rancher, spoke about 
ranching with both sheep and cattle. 
JAMES I. MALLORY of the U. C. School 
of Forestry described some of the sheep 
grazing practices on the University’s 
Hopland Range Field Station. WALTER 
H. JOHNSON, Alameda County Farm 
Advisor, discussed cattle grazing on 

Section Meeting Calendar 

July 6 South Dakota, field day, 
Black Hills 

July 23-24 Wyoming, field day, 
Big Horn National Forest 

Aug. 10 South Dakota, ranch tour, 
Allen Smith Ranch, Kadota 

Aug. 31 South Dakota, ranch tour, 
Harding County 

Alameda County range lands. M. W. 
TALBOT, Associate Director of the Cali- 
fornia Forest and Range Experiment 
Station, talked about a grazing manage- 
ment system for the perennial bunch- 
grass ranges of Northeastern California. 
CHET WING of the California Wool- 
growers Association was chairman of 
the meeting. 

On April 12, the final meeting of the 
series was held. M. L. UPCHURCH of the 
Agricultural Research Service was 
chairman of a panel discussing leases, 
rentals and permits for grazing land. 
G. A. CAMERON of the Pacific Gas and 
Electric Company described the grazing 
leases of that organization and D. W. 
Cox of the Forest Service Region 5 
talked about the history and present 
status of permits for grazing national 
forest land. ED ROWLAND, Bureau of 
Land Management, and FRANK DUTRA, 
Contra Costa County rancher, were 
unable to participate in the program. 

The Bay Area Chapter has been in 
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existence for somewhat over a year and 
Chairman BILL HARTMANN, Secretary 
JAY BENTLEY and Program Chairmen 
D. R. CORNELIUS and H. H. BISWELL 
have done a very satisfactory job of 
providing opportunities for range people 
to discuss common problems and topics 
of mutual interest. H. H. BISWELL was 
elected Chairman of the Bay Area 
Chapter for the next year. JAMES I. 
MALLORY, of the University School of 
Forestry, was elected Secretary.- 
James I. Mallory. 

COLORADO 

On February 20, a joint meeting of 
the Colorado Section, the Rocky Moun- 
tain Section of the Society of American 
Foresters and members of Region 4 
Wildlife Management Society was held 
at Colorado A. & M. College, Fort 
Collins. This meeting was held in con- 
junction with the Forestry Days pro- 
gram on the campus. The grass board 
contest held at the Denver stock show 
was discussed. It is hoped that this con- 
test may be extended to other sections 
and that a national exhibition of the 
grass boards be conducted in collabora- 
tion with the Denver Stock Show next 
January or at our National Meeting. 
RODNEY TUCKER and CHUCK TERWIL- 
LIGER of the Grass Board Committee 
gave the report of the contest for last 
year at Denver. 

The principal address at the meeting 
was given by DAVE SAVAGE of the 
Southern Great Plains Field Station on 
the topic Problems and Possibilities of 
Natural Resource Development in Parts 
of the Western Hemisphere. Savage dis- 
cussed natural resource problems as 
observed on his recent missions to 
Alaska, Uraguay and Mexico. Directors 
FRED KENNEDY and GEORGE WEAVER 
reported on the annual meeting. 

ERNEST MCCRARY reported on the 
Conservation Week program, sponsored 
by the Colorado A and M College 
Conservation Council.-C. S. Fonte. 

IDAHO 

Officers of the Idaho Section elected 
at the March meeting include: 
Chairman: JAMES P. BLAISDELL, U. S. 

Sheep Experiment Sta., Dubois 
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Vice-Chairman: PETER W. TAYLOR, Soil 
Conservation Service, Shelley 

Secretary-Treasurer: WALTER MUEG- 
GLER, U. S. Sheep Experiment Sta., 
Dubois 

Council: VIRGIL STARR, Bur. of Land 
Management, Idaho Falls; and ROB- 
ERT L. CASEBEER, U. S. Fish and 
Wildlife Service, Boise. 

NEVADA 

Newly-elected officers of the Section 
are as follows: 
Chairman: JOHN M. FENLEY, Box 590, 

Las Vegas 
Vice-Chairman: WILLIAM N. WHITE, 

Bur. of Land Management, Reno 
Secretary-Treasurer: LOUIS D. HATCH, 

U. S. Fish and Wildlife Service, 
Box 432, Las Vegas 

Council: NED A. SMITH, Box 332, Win- 
nemucca; LAWRENCE SETTELMEYER, 
Gardnerville; JOSEPH H. ROBERTSON, 
Department of Range Management, 
University of Nevada, Reno 

SOUTH DAKOTA 

The fifth annual meeting of the 
South Dakota Section was held in 
Rapid City, February 5-6 with more 
than 80 persons attending. The get- 
acquainted session with movies and 
dutch lunch was a high point of the 
meeting. Speakers and topics on the 
first day’s session included: LESTER M. 
BERNER, Some aspects of watershed 
management in the Black Hills; CARL 
LARSEN, Range condition surveys as a 
basis for grazing preferences; GENE 
TERRILL, Irrigated pastures in South 
Dakota; WENDELL BEVER, Deer range 
management in the Black Hills; LES 
ALBEE, Renovation of crested wheat- 
grass with alfalfa. HARLAND MEANS led 
a discussion on range management 
problems. 

A panel on Pro@ Margins in Range 
Livestock Production was led by IKE 
CHASE of the Black Hills Forest Ad- 
visory Council. Panel members and 

You help to 
January 1st. 

keep 

topics were: DON DAVIS, Management 
of native ranges for maximum sustained 
production; U. J. NORGAARD, Establish- 
ment of tame pastures and hay crops; 
CHET SMITH, Maintenance of fertility 
for maximum hay production; TOM 
STRACHAN, Harvesting hay for highest 
quality; HENRY HOLZMAN, Feeding for 
most economical gains; and JAMES K. 
LEWIS, Research for increased efficiency 
of livestock production in South Dakota. 

The program committee has planned 
a series of seven field tours during 1954. 
The first of these tours was held on 
April 19 on the Wolff winter sheep 
range southeast of Scenic in Shannon 
County. The group inspected’the winter 
range and lambing operations and saw a 
colored movie of Mr. Wolff’s year-round 
program.-Les Albee. 

TEXAS 

The annual meeting of the Texas 
Section was held on January 13 at 
College Station. The group of 74 mem- 
bers and guests was led on a field tour 
of experimental and demonstration 
work in range management and brush 
control on the Department of Range 
and Forestry Experimental Area and on 
outlying ranches. Discussion leaders in- 
cluded: A. H. WALKER, retiring Chair- 
man; VERNON A. YOUNG; ROBERT R. 
RHODES; WAYNE G. MCCULLY; FRANK 
W. GOULD; GERALD W. THOMAS; and 
W. J. WALDRIP. A plant utilization con- 
test was held at the Frank Seale Ranch 
at which LAMAR LESSER of Smiley 
placed first among the ranchers present 
and C. A. RECHENTHIN won first place 
in the technician group. 

ROGER Q. LANDERS, JR. of Menard, 
senior student at Texas A. & M. College, 
was given the yearly Section award for 
Outstanding Range Student in 1953. 
The plaque for the range management 
department having the outstanding 
student was presented to W. G. Mc- 
CULLY representing Texas A. & M. 
College. OMER E. SPERRY presided as 
toastmaster at the annual banquet 

which featured an address by C. 
“DUTCH” HOHN, rancher. Dutch re- 
lated, as only he can, experiences with 
conservation in Texas and on his 2635 
acre ranch. 

Plans for the Texas Section include 
five meetings to be held at various 
locations in the state. The first of these 
programs was held in Abilene on May 
10.-C. A. Rechenthin. 

WYOMING 

The Wyoming Section collaborated 
with the Colorado-Wyoming Academy 
of Science in a panel discussion of range 
management at the University of Wy- 
oming, April 30, 1954. Papers presented 
on the program included: The so-called 
primitive grasses, ALAN A. BEETLE, 
Univ. of Wyoming; A Montana grass- 
land relict area, JOHN STURM, grad. 
student, Univ. of Wyoming; Some 
temperature relationships of Big Horn 
Mountain soils, MORTON MAY, grad. 
student, Univ. of Wyoming; The effect 
of chemical sagebrush control upon the 
use of sagebrush-grass type range land, 
DALE BOHMONT, Univ. of Wyoming; 
Effects of seed treatments upon the 
germination of certain browse species in 
Colorado, RAYMOND J. BOYD, grad. 
student, Colorado A. & M. College; 
Control of grass diseases by fungicidal 
seed treatment, JOHN EHRENREICH, 
Colorado A. & M. College. 

The next meeting of the Wyoming 
Section will be July 23 and 24, 1954 in 
a program jointly sponsored with the 
Bighorn National Forest Permittees 
Association, the U. S. Forest Service, 
and the Wyoming Agricultural Experi- 
ment Station. The program will include 
observations of field experiments in the 
Bighorn National Forest on sagebrush 
spraying, range pitting, infiltration 
studies, range survey and rates of graz- 
ing for sheep and cattle. Society mem- 
bers wishing to attend can receive 
further information from the secretary. 
-Alan A. Beetle. 

expenses if you Pay your membership fee for 1955 before 



SOCIETY BUSINESS 

AMERICAN SOCIETY OF RANGE MANAGEMENT 

National Committees for 1954 

Don Davis 
Carlton S. Fonte 
Carl Ham 
Dean L. Higgins 
A. C. Hull, Jr. 
M. J. Reed 
Robert S. Rummell 
Thomas G. Willis 
Vernon A. Young 
David F. Costello, Counselor 

Program 
Kenneth W. Parker, Chairman 
A. L. Hafenrichter 
T. Joseph Snyder 
Kling L. Anderson 
Hudson G. Reynolds 
James A. B. McArthur 
Robert E. Williams 
Kenneth Conrad 
Robert A. Williams 
William P. Dasmann 
Mont H. Saunderson, Counselor 

Washington Affairs 
A. C. Hull, Jr., Chairman 
Grover F. Brown 
Ernest Palmer 
George E. Weaver, Counselor 

Annual Meeting Place : Convention 
City, 1956 

Don Dayis, Chairman 
Merle D. Varner 
Laurence E. Riordan 
George E. Weaver, Counselor 

Displays and Contests Civil Service 
Donald R. Cornelius, Chairman 
Farrell A. Branson 

R. K. Pierson, Chairman 

Harold W. Cooper 
Donald F. Hervey 
Hershel M. Bell 

Lee T. Burcham 
Grant A. Harris 

Charles R. Joy 
B. W. Allred, Counselor 

Research Methods 
C. Wayne Cook, Chairman 
Harold H. Biswell 
M. L. Upchurch 
A. L. Baker 
Vernon A. Young, Counselor 

Technical Planning 
Ben 0. Osborn, Chairman 
Donald W. Hedrick 
Arthur D. Smith 
Donald N. Hyder 
E. J. Woolfolk 
E. J. Dyksterhuis, Counselor 

Local Arrangements 
Maurice S. Beckley, Chairman 
Eugene L. Thomas 
Harold W. Miller 
A. George Park 
John Baumgartner, Jr. 
L. C. Barnard 
George Britton 
Tom Honneycutt 
Allenby L. White 
Harold F. Heady, Counselor 

National Advertising (Temporary) 
Fred G. Renner, Chairman 

Library and Depository 
Grant A. Harris, Chairman 
Wesley Keller 
Walter B. Rumsey 
Myrvin E. Noble 
A. P. Atkins, Counselor 

Nominations 
Warren C. Whitman, Chairman 
Liter E. Spence 
William N. Anderson 
Quentin Williams 
A. D. Stoesx 
W. 0. Shepherd 
W. R. Hanson 
Harold B. LeSueur 
Wilkie Collins, Jr. 
E. J. Dyksterhuis, Counselor 

Natural Resources 
Edward G. Grest, Chairman 
C. R. Briggs 
Herbert C. Hanson 
Evan L. Flory 
Vernon A. Young, Counselor 

Election 
Thomas G. Willis, Chairman 
Rodney Pringle 
H. Keary DeBeck 
Mont H. Saunderson, Counselor 

Membership 
W. James Anderson, Chairman 
Frank D. Abercrombie 
Clarke A. Anderson 
John C. Baird 
Lester J. Berry 
James P. Blaisdell 
J. B. Campbell 
Norman K. Carlson 
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Handbook 
J. S. McCorkle, Chairman 
Harold R. Hochmuth 
E. H. McIlvain 
M. W. Talbot 
B. W. Allred, Counselor 

Program of the Future 
F. G. Renner, Chairman 
Daniel A. Fulton 
Harold F. Heady 
Joseph F. Pechanec 
W. T. White 

Sale of Display Space 
W. T. White 

Cooperation with Youth Organizatior 
Karl G. Parker, Chairman 
R. H. Tucker 
Charles Terwilliger 
Alfred H. Walker 
E. R. Jackman 
A. P. Atkins, Counselor 

NEW LIFE MEMBERS ADDED IN 19: 

B. W. ALLRED, Soil Conservation Serl 
ice, Washington, D. C. 

A. P. ATKINS, Box 470, Guymol 
Oklahoma 

ROBERT S. CAMPBELL, Southern Fore; 
Expt. Sta., New Orleans, La. 

W. R. CHAPLINE, F. A. O., V’ Terme t 
Caracalla, Rome, Italy 

W. A. DONAHOE, White Sulphl 
Springs, Montana 

CHARLES A. GRAHAM, San Joaquj 
Experimental Range, O’Neals, Cali 

LISLE R. GREEN, San Joaquin Exper 
mental Range, O’Neals, Calif. 

AUGUST L. HORMAY, California Forest 
Range Expt. Sta., Berkeley, Calif. 

I. D. MALDONADO, Dr., Valencir 
Venezuela 

JOSEPH F. PECHANE~, U. S. Fore: 
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ANNUAL MEETINGS 

The Eighth Annual Meeting of the 
American Society of Range Manage- 
ment will be held in San Jose, Cali- 
fornia, January 2528, 1955. MAURICE 
S. BECKLEY, Agricultural Extension 
Service, 201 Post Office Bldg., San Jose, 
California is Chairman of the Local 
Arrangements Committee. 

w 

The summer meeting of the Board 
of Directors will be held July 26, 1954 
at the Shirley-Savoy Hotel in Denver, 
Colorado. 

METHODS AND TECHNIQUES IN 
RANGE RESEARCH 

A tentative outline of the proposed 
handbook on Methods and Techniques in 
Range Research as submitted to the Board 
of Directors at the Seventh Annual Meet- 
ing of the American Society of Range 
Management, Omaha, Nebraska, January 
ZQ, 1954 by the Research, Methods Com- 
mittee consisting of C. WT~yN~ COOK, 
Chairman, HAROLD H. BISWELL, D. A. 
SAVAGE, M. L. UPCHURCH and A. L. 
BAKER. 

1. Introduction 
A. 

B. 

C. 

D. 
E. 

F. 

The field of range management 
and the development of research 
work 
Problem analysis and selection 
of research problems 
Range problems compared to 
other fields of research 
1. Dual nature, i.e., effect of 

livestock on range and effect 
of range on livestock 

2. Weather variability, annual 
and perennial vegetation, soil 
and plant heterogeneity 

3. High animal variability on 
fixed grazing environment 
due to state of maturity, sex 
and temperament 
a. need for maximum uni- 

formity in animal compo- 
sition between groups and 
between years where pas- 
tures are variable factor 

Need for standardization 
Appraising the problem and 
planning the project 
1. Need for preliminary survey 

a. climatic conditions 
b. soil types-best use of 

land-previous treatment 
c. type of livestock best 

adapted to program 
Teamwork with others in associ- 
ated fields 

2. 

3. 

4. 

5. 

6. 
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Methods of Studying Vegetation 
A. Sampling technique 

1. Quadrats (photograph, panto- 
graph, chart, etc.) 

2. Point analysis 
3. Line intercept 

B. Measuring the quantity of 
vegetation 
1. Frequency -list 
2. Basal area 
3. Foliage density 
4. Numbers 
5. Weight and estimates 
6. Clipping 

C. Measuring the quality of vege- 
tation 
1. Animal gains or cow days 
2. Chemical composition 

a. selecting the sample 
b. analyses to be made 

3. Digestibility 
4. Indexes to nutritive values 
5. Application of nutritional 

data to range practices 

4. Exclosures 
B. Degree of use 

1. Ocular estimate by plot 
2. Ocular estimate by average of 

plants 
3. Weight measurements 
4. Height measurements 
5. Stem count 
6. Twig length measurements 
7. Photographic method 

7. Livestock for Grazing Trials 
A. 

B. 

Species best adapted to general 
environment-cattle or sheep, or 
common use by both species 
Class of livestock 
1. 

2. 

3 

D. Key areas, key species 

Methods of Inventorying Vegetation 
A. Reconnaissance survey method 
B. Square foot density survey 

method 
C. Range condition and trend 

method 

Breeding animals (cows or 
ewes) 
Non-breeding animals (steers 
or wethers) 
Relative merit of different 
species; classes within species 
from standpoint of economic 
problems, environmental 
adaptation and forage utili- 
zation 

8. General Livestock Procedure and 
Management 

1. 
A. Experimental design 

Assessment and Control of Eco- 
logical Factors 
A. Climatic factors 
B. Edaphic factors 

1. Soil heterogeneity and its 
measurement 
a. Soil moisture, soil com- 

paction, soil temperatures, 
soil fertility, erosion and 
aeration 

2. 

3. 

4. 

C. Biotic factors 
1. Management 
2. Succession 
3. Competition 
4. Fire 

D. Physiographic factors 

5. 

6. 

Studying Root Habits and De- 
velopment 
A. Value of knowledge of root 

reactions 
B. Root reserve analyses 
C. Trench washing method 
D. Trench tracing method 
E. Steel cylinder method 
F. Soil block washing method 

7. 

8. 

Forage Utilization 
A. Palatability and preference 

1. Movable cage method 
2. Stomach analyses 
3. Feeding minutes 

9. 

Number head- per lot or 
replicate for optimum ac- 
curacy 
Methods of selection and 
allotment to secure uni- 
formity between groups 
Method of orderly replace- 
ment-in cases where con- 
tinuous yearlong trials are 
indicated with breeding stock 
Weighing procedure-number 
of initial, intermediate and 
final weighings-time of 
weighing-order, etc. 
Body scores and measure- 
ments techniques for evalu- 
ating animal differences 
Seasonal variation in number 
of animals on experimental 
pastures to compensate for 
variation in forage production 
and to secure uniform utili- 
zation 
Methods of securing optimum 
and uniform grazing pressure 
over entire experimental area 
Effective controls on all 
common livestock parasites, 
infectious diseases, etc., in 
order to reduce animal error 
to a minimum level 
Discussion of suitable equip- 
ment for weighing and han- 
dling livestock as a means of 
reducing error due to handling 
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and thus aid in the accumw 
lation of accurate information 

B. hleasuring effect of grazing pro- 
cedure on livestock 
1. Gain in nxight per nnimnl 

unit or zmimal gain per 
gramng umt 

2. Change in animal condition 
8.8 reflected by body scores 

3. Percentage increase (calf or 
lamb crop) 

4. Type and percentage of 
forage removal as related to 
animal gains “I losses in 
weight, percentage calf crop, 
etc. 

5. Blood chemistry to determine 
relative mineral levels under 
varying systems of grazing 

0. Long-time effect on growth 
and reproduction (breeding 
stock only) of different 
methods of grazing 

9. Expertmental Grazing 
A. 1lanegement studies 

1. Yearlong grasing~continu~ 
“US, etc. 

3. Deferred--rotation grazing 
3. Grazing intensity 
4. Rance readiness 
5. Distribution of enter and 

mineral supplements 
B. The pastures 

1. Number, size, shape, water, 
etc. 
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2. Supplemental feeds during 
studies 

3. Adjusting for various degrees 
of utilization 

1. Estimstcs of the immber of 
samples required 

2. Area, shape i~nd nature of 
sampling unit 

3. Testing the efficiency of 
sampling 

B. Fbmdom sampling 
C. Importance of replication 
D. Choice of the error for testing in 

analysis of variance 13. 
E. Fiducial inferences and state- 

ments 
F. Stratified sampling 
G. Systematic ssmpling 
II. Regression, eovariance and ror- 

relation 
I. Ch-square 
J. Group comparisons 

11. Experimental Designs (Illustrations 
for use and anal&ws of data and its 
app&ation lo range research) 
A. Completely randomized designs 
B. Randomized blocks 
C. Latin squares 
D. Simple factorial experiments 
E. Split-plot experiments 

F. Incomplete blocks 
C. Lattice designs 
II. Lattice squares 
I. Single plot vemus multiple plot 

technique 

Economics of Range Research 
A. 1Ieasurine mnee moduction 

output ,’ .’ . 
B. An&&ion of theory of pro- 

d&ion economics “to r&c 
problems 

C. Evaluating economic problems 
of conservation 

D. Evaluating economic problems 
arising from tenure, etc. 

Studies of Specific Problems fn 
Range Management (To be included 
if believed deeairatle but appears too 
large a project end an u&m&d mm 
Such, illvatratias rould be presented 
in Chapter II .) 
Examples might be: 
A. Range seeding 

1. Designs 
2. Rates and spacings 
3. Competition 
4. Rodent effects 

B. Brush and weed control 
1. Designs 
2. Sprays 
3. Burning 
4. Moehanienl 
5. Biological controls 

Sheep fescue, Festuca otim. A 
tion from a plant introduced 
Kenya, Turkey. Photograph by 
L. ScHwEaD1~~aN, Pullman, 
First prize, Portrait of Individual 
Photography Contest at Omah; 
braska annual meeting. 

T?-ash 
Plant, 

t, Ne- 
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