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RANGE KILLER 
Tarbush, mesquite, and other brush, are the enemies of productive land. They crowd 
out grass- consume water -limit herd size and reduce calf crop. Mechanical brush 
control is a practical solution. 

By returning brushland to productive range, ductive, and increase your profit opportunities. 
landowners can realize more profit. And, they Talk it over with your Caterpillar Dealer or 
can help solve an increasing world food crisis. conservation contractor. Improving your range 

M. T. Longoria, Angelina Cattle Co., Laredo, today will help meet tomorrow’s demands. 
Texas provides a good example of what can be 
accomplished. He used to stock one head per 
30 acres. After rootplowing and reseeding, he 
now stocks one head per 18 acres and can better 
this. His calf crop has risen from 70% to 90 % 
and over, due to brush removal and better 
grass. In addition, he finds he can run, and 
watch over, more cattle, and needs fewer bulls 
and horses. 

After improving about 75% of his south 
Texas spread, Longoria concludes, “Rootplow- 
ing and reseeding is a sound investment. It’s 
like buying two or three ranches for the price Preparing the land for tomorrow 
of one.” 

Mechanical brush control, with modern Cat- 
a 

CATERPILLAR 
built equipment, can make your range more pro- C.WDHW .“d CII w. “.‘llW.d .r.0.m.,.. 01 E.UTdl,. I,,dO. co 
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Planning, Programming, 

Budgeting System 

JACK F. HOOPER 

Assistant Professor, Resource Economics, 
Department of Range Science, Utah State University, Logan. 

Highlight 

In August 1965, President Johnson issued a memoran- 
dum directing the heads of all government departments, 
bureaus, and agencies to install a programmed budgeting 
system better known as Planning, Programming, Budget- 
ing System (PPBS). Now, more than two years later, very 
few range technicians or scientists know what PPBS is, nor 
do they know how it will affect their work. The PPBS 
EX,Q,P_ ;E eur\13.;nea 9na I retxa;na 1;ct ;E ;nri,,aPa fnr thnw “,ULbAII AU cI~~JIUI~u,a UllcL u ILUILILI~ llUL *u IIIt,XUx&bU L”L LII”Ub 
persons interested in pursuing the subject further. 

Although many range people are talking about 
PPBS, very few of them actually know what it is. 
Several facetious suggestions have been made as to 
what the initials stand for, but in truth, PPBS 
stands for Planning, Programming, Budgeting Sys- 
tem. In August 1965, President Johnson issued the 
memorandum directing the heads of all govern- 
ment departments, bureaus, and agencies to install 
this system. Since then, implementing PPBS has 
progressed very slowly. Part of the reason for the 
deiay was and .is due to the fact that not many peo- 
ple even at the highest levels in government know 
what it is. What is even more distressing, of those 
who know what it is, very few know at present how 
they are going to implement PPBS. 

To understand the dilemma that the agencies 
are in, we should look at how PPBS got its start, 
why it was initiated, and what it is hoped PPBS 
will accomplish. 

Beginning as early as 19 12, President Taft’s 
Commission on Economy and Efficiency recom- 
~~ ~__ 1 3 -I.__ _. f _ ,I_ ___ _.__ ‘._ ___1_,‘____ 2___Y._,:___. ,__1 menaea arastic cnanges in exisrmg uuagetiug dna 

decision-making procedures. These changes along 
with those brought about by our two World Wars 
and the recommendations of the two Hoover Com- 
missions led to the Department of Defense adopt- 
ing a Programmed Budget in 1961. 

Before programmed budgeting, or under what 
we might call the old system, budgets have been 
organized at the highest levels by executive depart- 
ments. These budgets have usually been projected 
only one year ahead and emphasis has been on 
such things as personnel, supplies, and equipment. 
These budgets are what we might call input ori- 
ented. In other words, they focus on the people 
and supplies or other inputs that must be brought 
together if the programs and activities of a depart- 
ment or agency are to be achieved. This old system 

has proved satisfactory for relatively simple repeti- 
tive operations where no serious questions exist 
about the purposes of government activities and 
the value of their accomplishments. However, the 
old system is not well suited to decisions in a com- 
plex environment. This is the main fault of the 
old system, There is too little emnhasis Placed on r ~~~~_~_ r ~~~ 
the methods by which programs are chosen. In 
short, the old system gives little help in determin- 
ing whether we are spending the proper amount of 
money on the right things or not. 

Decision Making 
The proponents of the PPBS system believe it 

will improve decision making in the government. 
The system is designed to provide more effective 
information and analyses for decision making at 
all levels from (say) BLM and Forest Service dis- 
tricts up to the president. 

The overall system is modeled on the one devel- 
oped and tested in the Department of Defense 
during the past 6 years. The Defense Department 
began many years ago to lay the ground work for 
a planning and budgeting system. One key con- 
cept that facilitates the implementation of a plan- 
ning budgeting system is that of weapons systems- 
each system is an aggregate of the men, material, 
and facilities associated with a reasonably well de- 
fined output oriented as opposed to input oriented 
military program. Such a weapons system is ex- 
amined from two points of view; (ij its contribu- 
tion to the effectiveness of our defenses, and (2) 
the cost of providing this capability. By ranking 
the various methods of achieving a certain capabil- 
ity, the best method or weapons system can be 
chosen. 

PPBS places major emphasis on identification of 
program objectives and the measurement of “re- 
sults” or “output” in quantitative terms. However, 
identification of “output” or “results’‘-oriented ob- 
jectives is very difficult in the natural resources 
area. In fact, the probiem at present in impie- 
menting PPBS in the natural-resource oriented 
agencies is finding the output-oriented program 
categories to implement the system. 

The program categories are intended to group 
the things the BLM, Forest Service, or other agen- 
cies and departments do in such a way that they 
will bring into focus the goals and objectives of 
the agency so they fit into national goals and needs. 
Here is where citizens, interest groups, Congress, 
administrators, and pubiic servants need to revise 
their traditional ideas and do some bureaucratic 
unlearning. Administrators in government, and 
even the general public, have a tendency to think 
of programs in terms of “input oriented” cate- 
gories, i.e., paying salaries of employees, purchas- 
ing supplies and equipment, building capital as- 
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sets, or operating pieces of machinery. It is often 
very difficult for them to back off and define ex- 
plicitly the end product which these processes all 
serve. This task becomes even more difficult be- 
cause some subjects are just plain very hard to get 
a grasp on. What, for instance, is the goal of range 
reseeding? Is it to improve forage, improve water- 
shed values, to improve aesthetics, or what? And 
take the field of recreation, how do we measure it? 
What are the outputs? Visitor days? Picnic tables? 
Miles of scenic vista or what? And how do we try 
to design a program structure that can account for 
recreation in National Parks, in National Forests, 
at National Wildlife Refuges, at Bureau of Recla- 
mation reservoirs, and on the vast expanse of the 
Public Domain. These are the problems which 
must be solved before PPBS can be implemented 
successfully, because PPBS focuses on “output-re- 
sults oriented categories” rather than the means to 
these ends (input-oriented categories). 

The main source of information on PPBS, at 
present, is the Bureau of Budget Bulletin 66-3. 
This is not a “cookbook” but sets down only gen- 
eral guide lines that identify the major elements of 
the system and the results to be obtained. Al- 
though the manner in which PPBS will be imple- 
mented in each agency, bureau, and department is 
not finalized, the overall system is designed to en- 
able each agency to: (1) Make available to top 
management more concrete and specific data; (2) 
spell out more concretely the objectives of Govern- 
ment programs; (3) analyze systematically and 
present, for agency head and presidential review 
and decision, possible alternative objectives and 
alternative programs to meet those objectives; (4) 
evaluate and compare benefits and costs of pro- 
grams; (5) produce total rather than partial cost 
estimates; (6) present 0,r-r multi-year bases the costs 
and accomplishments of programs; and (7) review 
programs on a continuing, year round basis instead 
of on a crowded schedule to meet budget dead- 
lines. 

PPBS is not a new revolutionary approach. 
Economists and private businessmen have been us- 
ing the system for years in decision making. Even 
in terms of government decision making, there is 
very little that is new when you take PPBS apart 
piece by piece. What PPBS represents is an evolu- 
tion and strengthening of the existing budgeting 
system and the thing that is new about PPBS is 
that it brings together the various elements of 
decision making-something which has been little 
more than wishful thinking in the past. 

Good Data Needed 

You will be hearing more and more about PPBS 
and the agencies will no doubt be holding short- 
courses on pure economics in the not too distant 

future-because that is all PPBS is-managerial eco- 
nomics. 

In due time, there will be a manual to follow so 
there is no reason at present to go into more detail. 
It is important however, to cover some points 
which it is anticipated will be troublesome to those 
people who have to implement PPBS. The first 
point is that, although decision making under 
PPBS will strive for greater economic efficiency 
and be more like that in private enterprise, not all 
public objectives are compatible with pure eco- 
nomic efficiency. The public, elected representa- 
tives, or administrators may decide to pursue an ob- 
jective other than economic efficiency, or to select 
a means that is not the most efficient, because it 
has social or political objectives rather than eco- 
nomic ones. But, even when economic efficiency 
is not a goal, PPBS-type analyses can improve and 
strengthen decision making and will contribute to 
better management by forcing explicit definition 
of the objectives and by helping to choose least- 
cost methods to achieve these objectives. It will 
also permit explicit structuring of ends and means 
and clear identification of ends (outputs) and 
means (inputs) as separate kinds of information. 

The second point is that it is argued that PPBS 
will end the controversy as to whether range im- 
provements pay or not. Nothing will be decided if 
good data are not available and this leads to the 
third point. It will be the responsibility of range 
scientists and technicians to supply these data. It 
will also be their responsibility to supply data .in a 
meaningful form. Data suitable for ecological 
analysis is often inadequate for the economist or 
analyst. The type of data required, of course, will 
in many cases be multiple-rate or intensity data. 

Lastly, in regards to data, since under PPBS peo- 
ple at lower echelons of management may have re- 
sponsibility for data which will affect decisions at 
higher levels, the lower echelons will have a re- 
sponsibility to make the data available. The trou- 
ble in many cases is the data simply are not avail- 
able. What will be done, for .instance, if some 
questions are raised about reseeding? Technicians 
will have responsibilities to the grazing permittees 
and other users to do a thorough job of gathering 
and supplying data. They will also have a respo,n- 
sibility to the bureaus and agencies. What does 
one do when he doesn’t have the data? 

An example might illustrate how important good 
data will be and how important the lower-echelon 
decision-making units will be. When PPBS gets into 
full swing, it probably will be implemented with a 
benefit-cost rat.io as a ranking device. Presumably 
only those projects with a benefit to cost ratio of 
one or greater will be considered. Consider what 
will happen in the Forest Service. Every district 
will be submitting projects for approval, Each 
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Forest office will choose from the Districts those 
projects with the highest benefit to cost ratios. 
From the Forest, the Regional Office will choose 
the highest ratio projects and send them to Wash- 
ington, D.C. where the Regional projects will be 
analyzed. Forest Service projects will then be com- 
pared to other Department of Agriculture projects. 
Then Department of Agriculture, Department of 
the Interior, and other departmental projects will 
be reviewed by the President and the Bureau of 
the Budget. Thus, how much understanding of the 
problem a range technician at the district level dis- 
plays in the write up of a project will have a pro- 
found effect on whether it is approved or not. In 
this light, it behooves all range scientists, techni- 
cians, and agency personnel to be at least a little 
familiar with economics. 

In closing, there are some things that PPBS is 
not: 
(1) It is not a substitute for judgment, opinion, 
experience, and wisdom, but our judgment is no 
L~ee~~ l L”- -1x.+- ;,C,,-,e:,, ,,A DDRCJ ,L,.,lcl * UCLl_Cl Lllclll vu1 lllLullllaL.lull ClllU I I uo JllUUlU im- 

prove our information. 
(2) It is not an attempt to computerize the deci- 
sion-making process, although computers will surely 
enter the picture to solve more complex problems 
such as linear programming models, etc. 
(3) It is not a fad that will go away. 
(4) It is not just another way to cut expenditures. 
In fact, it may show some programs have not been 
receiving adequate support. 
(5) It is not just another piece of red tape. 
(6) It is surely not the answer to every problem 
nor a major problem solver. Neither will PPBS 
change the form in which the budget is sent to 
Congress. It should lead, however, to an improve- 
ment in the quality of the data and of the justifi- 
cations that are submitted in support of the budget. 
PPBS recognizes the hard choices which must be 
made. Those who advocate PPBS do so on the 
belief that with more information, with better in- 
formation, with alternative programs or goals 
spelled out, and with alternative ways of meeting 
these goals, some of the decisions of the future will 
hopefully be better decisions. 

In short, PPBS ought to help whenever possible 
to derive the maximum benefit for every dollar 
spent or per man day paid. PPBS is, plain and 
sim_plej th__e application_ of th_e nrincinleS of ph- 
lem solving and decision mak&-iz-managerial 
economics to the problems of running the govern- 
mental apparatus. 

For Further Reading 

For those interested in improving their own and 
their country’s decision-making capabilities, the 
following list of readings in Economics and PPBS 
may be of value. 

Elementary Economics 
Rr<~np r: F ANn bi7 n T~TICCATNT 1464 TTlt?-firl11rtinn Y_U__V~) Y. Y., Z_l.Y . . . Y. A VVUUIIII.~. au.,*. .aIILIV_UbLIVI1 

to agricultural economic analysis. Wiley. 258 p. 
MCKENNA, JOSEPH P. 1958. Intermediate economic theory. 

Dryden Press. 3 19 p. 
MCKENNA, JOSEPH P. 1955. Aggregate economic analysis. 

Dryden Press. 244 p. 
SAMUELSON, PAUL A. 1964. Economics, an introductory 

analysis. McGraw-Hill Book Company. 810 p. (Espe- 
cially chapters 1, 2, 4, 19, 20, 21, 22, 23, and 25) 

Advanced Economics 
LEFTWITCH, RICHARD H. 1961. The price system and re- 

source allocation. Holt. 381 p. 
BAUMOL, WILLIAM J. 1961. Economic theory and opera- 

tions analysis. Prentice-Hall, Inc. 438 p. 

Planning, Programmings, Budgeting System 
DORFMAN, ROBERT, ed. 1965. Measuring benefits of gov- 

ernment investments. The Brooking Institution. 414 p. 
HITCH, CHARLES J. 1965. Decision making for defense. 

University of California Press. 78 p. 
HITCH, CHARLES J., AND ROLAND N. MCKEAN. 1965. The 

economics of defense in the nuclear age. Atheneum. 
505 p. 

MCKEAN, ROLAND N. 1958. Efficiency in government 
through systems analysis. Wiley. 

NOVICK, DAVID, ed. 1965. Program budgeting . . . pro- 
gram analysis and the federal budget. Harvard Univer- 
sity Press. 310 p. Also available in paperback with 3 
fewer chapters. U.S. Govt. Printinu Office 2sC; pm I ““““b VLLl.,U. 

U.S. BUREAU OF THE BUDGET. 1965. Planning-Program- 
ming-Budgeting (Bulletin 66-3) Washington, D.C. (and 
the supplement to 66-3). 

Benefit Cost Analysis 
ECKSTEIN, OTTO. 1958. The economics of project evalua- 

tion. Harvard IJniversity Press. 300 p. 
SnwrH, STEPHEN C., AND EMERY N. CASTLE. 1964. Eco- 

nomics and public policy in water resource development. 
Iowa State University Press. 463 p. 

U.S. FEDERAL INTER-AGENCY RIVER BASIN COMMITTEE, SUB- 
COMMITTEE ON BENEFITS AND COSTS. May, 1950. Pro- 
posed practices for economic analysis of river basin proj- 
ects. U.S. Govt. Printing Office. 

U.S. SENATE DOCUMENT 97. 87th Congress. Poiicies, stan- 
dards and procedures in the formulation, evaluation, and 
review of plans for use and development of water and re- 
lated land resources. Also supplement No. 1. 



Effect of Post-Emergence Weed 

Control on Grass Establishment 

in North-Central Colorado1 

WILLIAM J. McGINNIES 

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

Agriculture, Fort Collins, Colorado. 

Highlight 

Winter-fallowing, planting grass into a clean seedbed, 
and controlling weeds during the seedling year, has been 
a particularly successful range-improvement practice in 
north-central Colorado. During the S-year period (1964- 
1966), season-long hand weeding and spraying with 2,4-D 
when weeds were 6 to 12 inches high produced good stands 
in a year of average precipitation. However, neither spray 
ing at later dates nor mowing the weeds at any date re- 
duced competition from weeds sufficiently to produce a 
satisfactory grass stand. In a wet year, weed control in the 
seedling stand was not beneficial. In a year of extreme 
drouth, satisfactory stands were not obtained with any level 
of weed control. It was concluded that a technique of 
planting into a clean seedbed and spraying to control 
broadleaf weeds during the seedling year of the grasses 
offers the best chance for a successful seeding if wind 
erosion does not become a serious problem. 

The elimination of competition from undesir- 
able plants before seeding rangeland is a standard 
procedure, and its importance cannot be overem- 
phasized (Hull et al., 1958). On the drier sites of 
north-central Colorado, various fallow treatments 
have also been reported to be beneficial (Bement 
et al., 1965). In the course of establishing many 
small experimental plantings at this location, a 
highly successful seeding technique has been devel- 
oped. In this technique, perennial vegetation is 
killed by moldboard plowing in the summer or 
fall preceding planting. The area is left moderately 
rough to reduce wind erosion and to increase snow 
accumulation during the winter-fallow period. In 
the spring, as early as weather permits, the area is 
smoothed and planted. The smoothing process in- 
volves light cultivation which also kills any weed 
seedlings that germinated in the preceding fall or 
very early spring. This procedure provides an ex- 
cellent seedbed, and good stands of grass seedlings 
are obtained in all but the driest years. However, 
this same seedbed is also near optimum for estab- 

IA contribution of Crops Research Division, Agricultural 
Research Service, U.S. Department of Agriculture, in co- 
operation with Colorado Agricultural Experiment Station. 
Published with the approval of the Director of the Colo- 
rado Agricultural Experiment Station as Scientific Series 
Paper No. 1211. 

lishment of annual weeds. On the experimental 
plots, the weeds have been eradicated as a routine 
procedure by a combination of mechanical and 
chemical control measures. 

The importance of post-planting weed control 
in establishing the grass stand has not been thor- 
oughly evaluated. McGinnies (1966) determined 
whether shade (such as might be produced by 
weeds), or the sudden removal of this shade (to 
simulate the mowing of a weed overstory), would 
have any beneficial or harmful effects on the grass 
seedlings. Neither the shade nor its sudden re- 
moval had any noticeable effect on seedling sur- 
vival. The present study evaluates the importance 
of weed control in seeded stands and compares 
mowing to a selective herbicide for this control. 
The results of this study are related to observa- 
tions from numerous experimental plantings in 
the research program at this location. 

Experimental Procedure 
The study area is on a sandy loam soil located just west 

of Fort Collins, Colorado. Average annual precipitation is 
14 inches. Native vegetation was shortgrass. 

The entire study area was plowed in the summer of 1963 
and fallowed until the plots were staked out in the spring 
of 1964. The experimental design was a randomized com- 
plete block with five replicates planted each year. The 
plots planted in 1965 and 1966 were kept weeded with a 
cultivator until they were planted. The individual plots 
were 9 x 20 ft and each contained 9 rows, spaced 12 inches 
apart. Nordan crested wheatgrass (Agropyron desertorum 
(Fisch. ex Link) Schult.) was seeded at a rate of 25 seeds/ft 
of row. Planting dates were April 16, 1964; April 8, 1965; 
and March 31, 1966. 

Treatments applied each year were as follows: 
1. No weed control (check treatment). 
2. Hand weeded to keep plots free of weeds all season. 
3. Mowed when weeds 6 to 12 inches tall. 
4. Mowed when weeds 18 inches tall. 
5. Mowed when weeds 24 inches tall. 
6. Sprayed with 2,4-D when weeds 6 to 12 inches tall. 
7. Sprayed with 2,4-D when weeds 18 inches tall. 
8. Sprayed with 2,4-D when weeds 24 inches tall. 

A rotary mower was used to clip the weeds and grass to 
about a I.5-inch stubble; all mowed material was removed 
from the plots. The amine formulation of 2,4-D (2,4- 
dichlorophenoxyacetic acid) at a rate of 3 lb acid equivalent 
in 60 gal water/acre was applied with a hand sprayer. (This 
heavy rate of application is probably excessive, but it was 
used intentionally to insure a rapid kill at the desired 
growth stages of the weeds.) 

No reliable evaluation of grass stands could be made dur- 
ing the year of seeding because of the dense weed cover. 
The plots were mowed to remove old weed and grass ma- 
terial from the previous year before growth started in the 
spring of the year following seeding. Stand ratings were 
made after grass growth was far enough along to be certain 
that the plants were well established. The rating system 
used to evaluate the stands is based on the distribution and 
number of plants and has a O-to-10 scale, on which “0” 

126 



WEED CONTROL 127 

Table 1. Effects of weed control treatments on stand rat- 
ings of crested wheatgrass seedings in “average,” “wet,” 
and “dry” years. 

Planting 
year and 
treatment 
number 

1964 (aver- 
age year) 

1 
2 
3 
4 
5 
6 
7 
8 

1965 (wet 
year) 

1 
2 
3 
4 
5 
6 
7 
8 

1966 (dry 

year) 
1 
2 
3 
4 
5 
6 
7 
8 

6-9 
16-18 
20-24 

6-9 
16-18 
20-24 

4-8 
12-18 
20-26 

4-8 
12-18 
20-26 

2-6 
12 
12 

2-6 
12 
12 

None 2.4 
Hand weed 8.0 

June 18 Mow 3.2 
July 14 Mow 5.2 
Aug. 13 Mow 3.8 
June 18 Spray 2,4-D 7.4 
July 14 Spray 2,4-D 3.2 
Aug. 13 Spray 2,4-D 2.4 

None 8.6 
Hand weed 9.6 

June 1 Mow 8.8 
June 24 Mow 9.2 
July 20 Mow 9.4 
June 1 Spray 2,4-D 8.8 
June 24 Spray 2,4-D 9.6 
July 20 Spray 2,4-D 8.8 

None .6 
Hand weed 4.4 

June 10 Mow .4 
July 26 Mow .6 
Aug. 30 Mow .8 
June 10 Spray 2,4-D 1.0 
July 26 Spray 2,4-D .4 
Aug. 30 Spray 2,4-D .4 

a Mowing was at a height of 1.5 inches, with the mowed vegeta- 
tion removed; an amine formulation of 2,4-D was applied at a 
rate of 3 lb/acre. 

b Rating made in spring of year following planting. Rating of 
0 = no stand; rating of 10 = perfect stand. 

equals no seeded plants in the plot, and “10” equals the 
best stand the plot can be expected to support. In general, 
a rating of “6” or above is considered to be a satisfactory 
stand. 

The spring of 1964 was slightly drier than “normal,” but 
it was still within the range of what can be called an “aver- 
age year.” However, the summer was particularly dry. Pre- 
cipitation in 1965 was slightly below normal in the early 
spring, but it was adequate for good germination of seeded 
grasses and weeds. June, with over 5 inches of rain, and 
July were wet. The winter of 1965-66 was dry, and 1966 
was one of the driest years of record throughout the entire 
season. 

Because of the wide differences in climatic conditions, it 
it was not possible to follow the study plan with regard to 
weed height at times of treatment. Weed heights at the 
time of treatment and dates of treatment are shown in 
Table 1. 

Results and Discussion 

Moderately dense stands of weeds developed on 
the plots in 1964 and 1965; in 1966 the weeds were 
sparse, scattered, and lacked vigor. The predomi- 
nant weeds were sunflowers (HeZianthus sp.), Rus- 
sian-thistle (Salsola kali var. tenuifolia Tausch), 
Belvedere summercypress (Kochia scoparia (I,.) 
Schrad.), and prairie pepperweed (Lepidium densi- 
f lorum Schrad.). 

The early spraying (weeds 6 to 12 inches high) 
was effective in all years because most weeds had 
emerged by that date; these plots remained almost 
free of weeds for the rest of the growing season. In 
1964 and 1966, the weed reduction from 2,4-D on 
the 18- and 24-inch treatments was moderate to 
poor because of dry soil and poor growing condi- 
tions. In 1965, spraying killed weeds on both of 
the later treatment dates. 

Early mowing (6 to 12 inch height) set the weeds 
back but did not kill many. The later mowing 
dates appeared much more harmful to the weeds, 
and, although many of the weeds were not killed, 
their growth was substantially retarded for the re- 
mainder of the season. No damage from mowing 
to the <grass seedlings was observed at any time. 

In 1964, the most nearly “average” year of the 
three, the differences due to treatments were great- 
est (Table 1). Hand weeding produced an excel- 
lent stand. The early spraying eliminated the 
weeds before they could deplete the soil moisture 
supply, and a very good grass stand resulted. The 
other treatments (with the possible exception of 
mowing when weeds were 16 to 18 inches high) 
provided no worthwhile benefit as compared to no 
weed control. 

The early moisture in 1965 was sufficient to give 
good seedling emergence, and the heavy June and 
July rains provided adequate moisture for both 
grass and weeds. Because of the abundance of 
moisture, weed control produced no benefit to 
grass stand establishment. 

In the extreme drouth of 1966, no satisfactory 
stands were obtained. A fair stand was obtained 
by using hand weeding, but this varied greatly be- 
tween plots. Although early spraying killed weeds, 
the weeds had already depleted the limited mois- 
ture supply. Thus, in a year as dry as 1966, even 
the most intensive weed-control treatment did not 
produce a satisfactory stand, and the less intensive 
treatments resulted in failures. Furthermore, these 
poor grass stands were not a consequence of inade- 
quate germination and emergence, because good 
seedling stands of grass were observed in mid-May 
before the weeds depleted the soil moisture. 

Bement et al. (1965) reported that severe weed 
competition accompanied spring planting, and the 
weeds caused some seedling losses. Late summer 
seeding following summer fallow produced good 
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stands and eliminated the weed problem because 
the weed seeds did not germinate at that season. 
However, at Fort Collins, satisfactory seedling 
stands from late summer plantings have not been 
obtained, but early spring plantings consistently 
produced good seedling emergence. The success of 
the spring plantings is not unexpected because, on 
the average, spring is the period of greatest pre- 
cipitation in this area. 

Plummer et al. (1955) reported that Russian- 
thistle and other summer-growing annuals “make 
their growth after the grass seedlings are fairly well 
established, and so do not need to be eliminated.” 
In north-central Colorado, crested wheatgrass seed- 
lings will remain green and will continue growing 
throughout the summer of the seedling year, pro- 
vided sufficient moisture is available, rather than 
become dormant in midsummer as do the mature 
plants. Therefore, it would seem advisable to 
eliminate even the summer-growing weed species, 
so that more soil moisture will be available for the 
grass seedlings. 

No evidence of damage to seedlings of crested 
wheatgrass, intermediate wheatgrass (Agropyror2. 
intermedium (Host) Beauv.), pubescent wheat- 
grass (A. trichophorum (Link) Richt.), or Russian 
wildrye (EZymus junceus Fisch.) from mowing or 
from spraying with 2,4-D has been observed in the 
present study, or in other plantings at this location. 

Although no seedling damage was observed from 
the heavy rate of application in this study, 3 lb/ 
acre of 2,4-D is generally considered to be an ex- 
cessive rate. However, determination of the most 
effective herbicide for local conditions or of opti- 
mum rates of application was beyond the scope of 
the present study. Further research is needed be- 
fore specific recommendations concerning herbi- 
cides and rate of application can be made. 

The only serious problem encountered so far in 
using the weed-free seeding method described here 
has been with wind erosion which sometimes blows 
the seed out. Wind damage has been held to a 
minimum by using the strip-planting technique 
described by Bement et al. (1965). Establishment 
of stubble for erosion control (Hull et al, 1958) 
has been intentionally avoided, because the mois- 
ture that is needed to establish the cover crop 
which is to be cut for stubble would utilize soil 
moisture and thus defeat the purposes of the fal- 
lowing (Bement et al., 1965). Methods for con- 

trolling wind erosion on clean seedbeds are being 
investigated. However, until better methods are 
developed, the strip-planting system should be 
used. 

Where downy brome (Bromus tectorum L.) is 
present, most of its seed germinates in the fall or 
very early spring if sufficient moisture is available. 
The small amount of spring cultivation needed to 
smooth the seedbed has usually eliminated this 
very competitive weedy grass, at least for the re- 
mainder of that particular year. 

Conclusions 

If one is willing to accept the risk of a blow-out 
loss from wind, or if wind erosion can be con- 
trolled, then early spring planting on a clean, fal- 
lowed seedbed, followed by thorough weed control 
in the seedling stand, appears to offer the highest 
probability of successful grass establishment in 
north-central Colorado. Assuming that mechani- 
cal weeding is impractical on a range seeding, the 
broadleaf weeds can best be controlled with 2,4-D 
when they are still small, but spraying should be 
delayed until after most of the weed seeds have ger- 
minated. In average years, spraying will improve 
stands substantially because it will eliminate most 
of the weeds before they can deplete the soil mois- 
ture. If the soil moisture during the growing sea- 
son is more than adequate, there probably will not 
be any benefit from spraying, but no harm will 
have been done. If the year turns out to be excep- 
tionally dry, probably no treatment will produce a 
satisfactory stand, but this is one of the hazards of 
range seeding in semiarid zones where failures 
must be expected in some dry years in spite of 
good seeding techniques. 
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Highlight 

Sulfur needs of Spanish clover, Lotus purshianus (Benth.) 
Clements and Clements, were determined by plant analysis 
in a nutrient solution study. Top growth was affected more 
than root growth by changes in S supply. Protein synthesis 
in the shoots was affected little by S deficiency. Sulfate-S 
was better than organic-S or total-S to diagnose the S status 
of the plant adequately. The critical sulfate-S concentra- 
tion for growth of the plant is about 100 ppm, dry basis, 
in the middle stem section of the shoots. 

Spanish clover is a native annual legume widely 
distributed in western United States. It is a key 
species in the management of the California range- 
land composed of an annual-plant mixture. Span- 
ish clover is important in the management of this 
unique rangeland because it is the only palatable 
plant that remains green and succulent in appreci- 
able amounts long after associated annuals have 
matured and diminished in feed value. Field tests 
(Green, 1959; Westfall, 1966) on soils of granitic 
origin have demonstrated that S fertilization will 
often lengthen the green period and increase total 
growth of Spanish clover. 

The amount of S that legumes need, and when 
to apply S to prevent S deficiency, varies among 
species (Gilbert, 1951; Jordan and Ensminger, 
1958). Symbiotic N fixation, soil characteristics, 
and climate, all influence the S needs of legumes 
(Walker, 1957). Sulfur requirements and esti- 
mated critical S concentrations have been reported 
for several introduced clovers (Jones, 1962; Jones 
and Martin, 1964) and for alfalfa (Pumphrey and 
Moore, 1965; Ulrich et al., 1967). But nothing is 
published about the concentration of S needed in 
Spanish clover to prevent S deficiency when other 
growth requirements are favorable. Guidelines are 

1 Cooperative investigations of Crops Research Division, 
Agricultural Research Service, U.S. Department of Agri- 
culture, Berkeley, California; and the Department of Soils 
and Plant Nutrition, University of California, Berkeley. 

2 Present address: San Joaquin Experimental Range, PSW 
Forest Range Experiment Station, Coarsegold, California. 

needed on how to sample this legume, and how to 
intrepret the data for a reliable diagnosis. 

The purpose of this study is to provide basic in- 
formation about : 1) the effects of S supplied in 
nutrient solution on growth of Spanish clover, 2) 
the effects of S supply on certain nutrient concen- 
trations within plant tissues, 3) the combination 
of plant part and chemical form of S most sensitive 
for diagnostic purposes, 4) the critical S concentra- 
tion, and 5) how to interpret the results in terms 
of S needed to prevent S deficient plants. 

Methods and Materials 
Seeds of Spanish clover were germinated in flats of soil 

and allowed to grow until 3 trifoliate leaves had developed. 
On June 10, 1964, the seedlings were removed from the 
soil, the roots washed with tap water, and the seedlings 
transplanted to nutrient solutions in 20.liter tanks. No 
nodules were on the roots. Ten seedlings were supported 
on each tank and held individually in corks with non- 
absorbent cotton. Each tank contained 20 liters of an aer- 
ated nutrient solution made from reagent grade salts and 
distilled water. Mineral composition of the solutions at the 
time the seedlings were transplanted was: 7.5 N03-, 1.0 
HzP04-, 4.0 Ca++, 4.0 K+ (plus K added with the variable 
S04’ treatments), 1.0 Mg”, 0.5 SiO,‘, and 0.5 Cl- (plus Cl 
added with certain micronutrients) in meq/liter; 0.25 B, 
0.25 Mn, 0.025 Zn, 0.01 Cu, 0.005 MO, and 2.5 Fe in ppm. 
Iron was added as a FeCb-EDTA complex. Manganese, 
Zn, and Cu were added as chloride salts. Boron was added 
as HsBO, and MO as MoOa-2Hz0 (85% assay). Primary salts 
were Ca(N03)2-4Hz0, Mg(NO+-6H20, KNOS, KHZPOJ, 
KCl, and Na,SiO,-9H,O. A second addition of nutrients, 
equivalent to the foregoing, was made directly to the old 
solutions 21 days after transplanting. No nutrient solution 
was removed from the tanks except by plant growth. Dis- 
tilled water was added as needed to maintain about 20 
liters of solution in each tank. The nutrient solutions were 
maintained between pH 6.0-7.0 with HCl. Sulfur was 
added as K,SO, at transplanting in the amounts shown in 
Tables 1 to 5, except for treatments 128 and 256 mg S/ 
plant, in which cases the first addition was limited to 64 mg 
S/plant. A second addition of 64 mg S/plant was made to 
the two highest S treatments 21 days after transplanting, 
and a final addition of 128 mg S/plant was made 7 days 
later to the highest S treatment. The S treatments were 
randomized in a serpentine, complete-block design with 5 
replications. The plants were grown for 36 days in full 
greenhouse sunlight and carbon-filtered air. 

The plants were harvested in the late vegetative to early 
blossom growth stage on July 16. The tops were cut from 
the roots at the epicotyl-hypocotyl junction. Fresh weights 
were obtained and the number of shoots recorded. Two 
representative shoots were selected from each plant, 20 
shoots/tank, and left intact. Three other shoots were se- 
lected from each plant, 30 shoots/tank, and separated by 
leaf age and stem section. Six leaves were taken from each 
shoot (Fig. 2b). The first leaf below the apical bud that 
had 3 fully open leaflets was selected as leaf 1. Five older 
leaves consecutively below leaf 1 were selected as leaves 2, 
3, 4, 5, and 6, respectively. Leaf samples included the leaf- 
let blades and petiolules but not the leaf petioles. All other 
leaves, leaf buds, and peduncles were stripped from the 
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Table 1. Fresh weight, oven-dry weight, and number of shoots of Spanish clover as affected by S treatments.l 

Change in 
Oven-dry weight, total dry 

Fresh wt g/plant wt in mg Top- 
root 

Treatment, of tops, 
per mg Number, 

Tops+ 
mg S/plant g/plant Tops Roots 

change ratio, 
Roots in S2 

shoots/ 
dry wt plant 

1.3 a” 0.24 a 0.24 a 0.48 a 1.0 a 4a 
2,000 

6.9 ab 1.25 b 1.23 b 2.48 b 1.1 ab 9b 
1,070 

13.3 b 2.12 c 1.43 bc 3.55 c 1.5 ab 10 bc 
795 

23.6 c 3.36 d 1.78 c 5.14 d 1.9b 11 cd 
312 

37.2 d 4.86 e 1.53 bc 6.39 d 3.6 c 11 cd 

12 

16 

32 

64 

41.8 de 5.07 e 1.29 b 6.36 d 4.0 cd 12 d 
67 

45.7 e 5.40 e 1.23 b 6.63 d 4.3 cd 12d 
9 

47.2 e 5.60 e 1.18 b 6.78 d 4.8 d 12d 
5 

47.6 e 5.60 e 1.33 b 6.93 d 4.4 cd 12d 

128 43.3 de 5.74 e 1.26 b 7.00 d 4.6 d 12d 

256 45.6 e 5.52 e 1.15 b 6.67 d 4.8 d 12d 

1 All data, except those in column 6, are means of 5 replications. 
2 Values in column 6 show the unit change in total dry matter with each unit change in added S, calculated from means in column 

5 and corresponding S treatments. 
3 Values within a column followed by like letters are the same statistically. Duncan’s Multiple Range Test, 0.05 probability. 

stems and the stems sectioned into upper, middle, and lower 
thirds. Top material not used for samples was weighed as 
residue. The roots were washed in distilled water and cen- 
trifuged at 40 g for 5 min. 

All plant parts were dried in a forced-draft oven at 70 C. 
Dry weights of plant parts and residue were recorded. Total 
top weight was the sum of the weights for the plant parts 
plus the residue, but excluded roots. The dried material 
was ground to pass a 40.mesh sieve, or pulverized. Leaves 
1 and 5 were not chemically analyzed. 

Sulfate-S, total-S, nitrate-N, phosphate-P (P soluble in 2% 
acetic acid), and total-P were determined with respective 
methods described by Johnson and Ulrich (1959). Total-N 
was determined by a modified micro-Kjeldahl method to 
include nitrate-N (Humphries, 1956). Organic-S is reported 
as total-S minus sulfate-S and crude protein as organic-N 
times 6.25. Organic-N is total-N minus nitrate-N. After wet 
digestion wieh nitric and perchloric acids, Ca and Mg were 
determined by atomic absorption (Berry and Johnson, 
1966), and K and Na by flame emission (Johnson and 
Ulrich, 1959). 

Results and Discussion 

Visual symptoms .-Plants grew equally well at 
all S treatments for 12 days after transplanting be- 
fore initial S deficiency symptoms appeared. Ter- 
minal leaflets of young leaves on S deficient plants 
became chlorotic before associated lateral leaflets 
or before leaflets of older leaves. A pinkish-red 
color, attributable to S deficiency, appeared along 

the outer fringes of young leaflet blades. As S 
deficiency became more severe, the entire plant 
assumed a chlorotic appearance with a pinkish-red 
color on the margins of the leaflet blades and along 
the petiolules, petioles, and stems. Sulfur deficient 
plants were stunted and abnormally erect. They 
had small leaves and thin, brittle stems. Roots of 
S deficient plants were darker, fewer in number, 
but larger in diameter, than normal roots. No 
nodules were on the roots. 

Plant growth .-Large differences in plant growth 
existed at harvest. The proportion of fresh weight 
of tops that was dry matter was higher for severely 
S deficient plants than for normal plants (Table 
l), because of the increased amount of necrotic tis- 
sue that was observed to be associated with S defi- 
ciency. Tops used S for growth more efficiently 
than did roots when ample S was in solution. But 
when S was limited, top growth suffered more than 
root growth. An 8-fold increase in the amount of 
S added, from 1 to 8 mg S/plant, resulted in about 
a 4-fold increase in dry weight of tops, from 1.25 
to 4.86 g/plant, but no significant change occurred 
in dry weight of roots. Thus, there was about a 4- 
fold change in the top-root ratio, with practically 
all of this change occurring in the tops. The num- 
ber in Row 2 and Column 6 of Table 1, shows that 
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Table 2. Sulfate-S in various parts of Spanish clover as affected by S treatments. 

Sulfate-S in ppm, dry basis1 

Treatment, 
mg S/plant 2 

Leaves 

3 4 6 

Stem sections 
Intact Fibrous 

Upper Middle Lower shoots roots 

1 
2 
4 
8 

12 
16 
32 
64 

128 
256 

25 a2 
35 ab 
40 ab 
50 b 

13oc 
200 c 
380 d 
600 e 
510 de 
590 e 

20 a 
30 ab 
40 b 
65 c 

100d 
120d 
330 e 
570 f 
500 f 
540 f 

25 a 
20 a 
40 b 
65 c 
75 cd 
95 d 

380 e 
550 f 
530 f 
600 f 

30 a 
35 ab 
45 b 
70 c 
95 c 

170d 
440 e 
550 ef 
530 ef 
650 f 

30 a 
30 a 
45 a 
45 a 

140b 
260 c 

1,610 d 
2,160 d 
1,960 d 
1,970 d 

30 a 
20 a 
20 a 
40 a 

210b 
610 c 

2,820 d 
3,040 d 
2,890 d 
2,870 d 

45 a 
40 a 
60 a 

140b 
800 c 

1,390 d 
2,750 e 
2,630 e 
2,590 e 
2,520 e 

30 a 
55 a 
85 ab 

100b 
270 c 
510d 

1,310 e 
1,460 e 
1,530 e 
1,420 e 

80 a 
70 a 
85 a 

420 b 
410b 

1,430 c 
5,170 d 
7,260 d 
8,910 d 
6,630 d 

1 Data are means of 5 replications. 
2 Values within a column followed by like letters are the same statistically, when determined on the logs of these data. Duncan’s 

Multiple Range Test, 0.05 probability. 

when plants were severely deficient in S, 1 mg of 
added S produced about 1 g of dry plant material. 
Efficiency of S utilization by the plant decreased 
as the S needs of the plant were met. 

Number of shoots per plant increased only about 
22% with an &fold increase in S supply, from 1 to 
8 mg S/plant (Table l), while top yield, dry basis, 
increased 290%. Top yield was clearly influenced 
more by size of leaves, stems, and shoots, than by 
number of shoots. 

Sulfate-S in plant parts.-Sulfate-S in the plant 
varied greatly with the plant part and the S treat- 
ment (Table 2). Less variation occurred in sul- 
fate-S concentration among plant parts at low S 
treatments (less than 8 mg S/plant) than at ade- 
quate and high S treatments. Roots had the widest 
range in sulfate-S concentration, from low to high, 
followed by the middle stem section. Leaf-blade 
tissue had the narrowest range in sulfate-S concen- 

tration, regardless of leaf age. At high S treatments 
(64 mg S/plant or more) only about 20% as much 
sulfate-S accumulated in leaf-blade tissue as in the 
adjacent stem tissue (Table 2). These observations 
are in agreement with findings for subterranean 
clover (Jones, 1962) but are in contrast to those 
found for alfalfa (Ulrich et al., 1967). The latter 
workers found much higher accumulations of sul- 
fate-S in leaf blades than in stems of alfalfa with 
ample S in solution. They also found that within 
the stems of alfalfa, the upper stem sections con- 
tained more sulfate-S than the middle and lower 
stem sections. Distribution of sulfate-S within the 
stem of Spanish clover, from treatments of 32 mg 
S/plant and more, was as follows: middle third > 
lower third > upper third (Table 2). Sulfate-S 
concentration was consistently higher in the lower 
third of the stem than in the middle third and up- 
per third, with 16 mg S/plant and less in solution. 

Table 3. Sulfate-S, organic-S, and total-S in the middle stem section and in the intact shoot of Spanish clover as af- 
fected by S treatments. 

Sulfur concentrations in %, dry basis’ 

Treatment, 
mg S/plant 

1 
2 
4 
8 

12 
16 
32 
64 

128 
256 

Middle stem section Shoot 

Sulfate Organic Total Sulfate Organic Total 

-2 a” 0.02 a 0.02 a _2 aY 0.03 a 0.03 a 
-’ a 0.02 a 0.02 a _2 a 0.05 ab 0.05 a 
-’ a 0.03 ab 0.03 a -’ a 0.06 b 0.06 a 
-’ a 0.04 b 0.04 ab _2 a 0.10 c 0.10 b 

0.02 ab 0.06 c 0.08 bc 0.02 ab 0.15 de 0.17 c 
0.06 b 0.07 c 0.13 c 0.05 b 0.14 d 0.19 c 
0.28 c 0.09 d 0.37 d 0.13 c 0.15 de 0.28 d 
0.30 c 0.09 d 0.39 d 0.14 c 0.17 ef 0.31 de 
0.29 c 0.08 d 0.37 d 0.15 c 0.16 def 0.31 de 
0.29 c 0.08 d 0.37 d 0.14 c 0.18 f 0.32 e 

1 Data are means of 5 replications. 
2 Less than 0.01%. 
3 Values within a column followed by like letters are the same statistically. Duncan’s Multiple Range Test, 0.05 probability. 
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Sulfate-S in middle stem section (ppm) 
FIG. 1. Relation of dry weight of tops to sulfate-S in the middle stem section of Spanish clover grown from nutrient solutions. 

Numbers with 5 like symbols show the mg of S per plant for each of ten S treatments. The critical sulfate-S concentration is 
100 ppm of sulfate-S in the middle stem section, dry basis. This value was taken from the curve at a 5% reduction from average 
maximum top growth. 

There was no measurable difference in concentra- 
tion of sulfate-S in leaf-blade tissue attributable to 
leaf age. This was true even at low S treatments 
where visual S deficiency symptoms appeared first 
and were more pronounced in the young leaves. 
Evidently the transfer of sulfate-S or elaborated-S 
from older to younger leaves was not sufficiently 
rapid, if at all, to prevent the yellowing observed 
first in young leaflets. 

Organic-S and total-S in the plant.---Most of the 
S in plants that were under stress for S was in the 
organic form; i.e., from treatments of less than 8 
mg S/plant (Tables 1 and 3). This remained true 
for S in the shoots even with ample S in solution. 
Apparently the organic-S concentration in the 
shoots was influenced more by organic-S in the leaf 
blades than by organic-S in the stems. Sulfur 
values in Table 3 for the middle stem section show 
that organic-S increased very little, relative to sul- 

fate-S in this plant part, when S in solution was 
adequate to high; i.e., 32 mg S/plant or more. 

Other plant nutrients.-Most of the total-l? in 
the middle stem section and in the shoot was in the 
unelaborated form as phosphate-P, regardless of 
the amount of S in solution (Table 4). Little dif- 
ference existed between phosphate-P values in the 
middle stem section and in the shoot. The uptake 
of sulfate-S from solution apparently enhanced the 
uptake of phosphate-P, because the increases in 
phosphate-P in the plant corresponded to increases 
in top growth (Table 1), sulfate-S in the plant 
(Table Z), and S treatment (Table 4). Uptake of 
nitrate-N was also enhanced by the uptake of sul- 
fate-S (Table 4), and for the same reasons as pre- 
viously given for phosphate-P. Most of the total-N 
in the plant was in the organic form; i.e., total-N 
minus nitrate-N (Table 4). Furthermore, the per- 
centage of N in the organic form, and consequently 
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FIG. 2a. 
tions. 

FIG. 2b. 

Leaf 4 
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500 1000 0 500 

Sulfate-S (ppm) 
Relation of dry weight of tops to sulfate-S in leaf blades 4 and 6, dry basis, of Spanish clover grown from nutrient solu- 
Refer to Fig. 1 for identification of symbols. 
Intact shoot from a normal plant of Spanish clover. Numbers 1 to 6 show immature to matured leaves, respectively. Stem 

sections were obtained by sectioning the stem into thirds after leaves were removed. 

crude protein content, in the shoot changed little 
with changes in S treatment. Crude protein ap- 
pears to have increased in the middle stem section 
of S-deficient plants but this increase may have 
been caused by amino acids and amides rather than 
protein. Corresponding increases did not occur in 
leaf blades. Nitrate-N did not accumulate in S 
deficient plants. These data suggest, therefore, that 
protein synthesis in the shoot was affected little by 
S deficiency. Crude protein would be expected to 
have a smaller percentage of S containing amino 
acids in S deficient plants than in normal plants, 
even though the total content of crude protein is 
the same. 

Cation concentrations in the plant as affected by 
S supply are shown in Table 5. Calcium and Mg 
concentrations were higher in the shoot than in the 
middle stem section, regardless of the S treatment. 
Undoubtedly, much of this difference was from the 
contribution made to the shoot by the leaves and 
leaf buds where nucleoproteins, chlorophyll, and, 
in normal plants, new cell walls were being formed. 

Potassium concentration increased more in the 
middle stem section than in the shoot with cor- 
responding increases in KzS04 additions (Table 5). 

Plant growth in relation to sulfur in plant parts.- 
Fig. 1 and 2a show detailed calibration graphs for 
the middle stem section and for leaves 4 and 6, re- 
spectively. These graphs were obtained by plotting 
dry weight of tops against the sulfate-S concentra- 
tion in the respective plant parts. The much 
greater accumulation of sulfate-S in the middle 
stem section, primarily conductive tissue, than in 
adjacent leaf blades, primarily photosynthetic tis- 
sue, is illustrated (Fig. 1, 2a, and 2b). This differ- 
ence existed only for plants supplied with 12 mg of 
S/plant or more. Graphs for the upper and lower 
stem sections and for the intact shoot were similar 
to Fig. 1, except for differences in sulfate-S accu- 
mulation with high S treatments as shown in Ta- 
ble 3. Likewise, graphs for leaves 2 and 3 were 
similar to Fig. 2a. 

Top yield without S added to the solution was 
only 0.24 g/plant dry weight (Table 1). Top yield 
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Table 4. Phosphorus, nitrogen, and crude protein in the middle stem section and in the shoot of Spanish clover as 
affected by S treatments. 

Concentrations in %, dry basis’ 

Middle stem section Shoot 

Treatment, Phosphate Total Nitrate Total Crude Phosphate Total Nitrate Total Crude 
mg S/plant P P N N Protein” P P N N Protein2 

1 0.29 a3 0.34 a 0.06 a 
2 0.32 ab 0.36 ab 0.17 b 
4 0.33 ab 0.37 ab 0.36 c 
8 0.31 ab 0.38 ab 0.78 d 

12 0.35 bc 0.42 bc 1.03 ef 
16 0.40 cd 0.48 cd 1.09 f 
32 0.44 d 0.52 d 0.97 e 
64 0.44 d 0.53 d 0.93 e 

128 0.43 d 0.52 d 0.95 e 
256 0.42 d 0.52 d 0.97 e 

4.44 d 27.4 
4.14 d 24.8 
3.60 c 20.2 
2.67 b 11.8 
2.36 a 8.3 
2.51 ab 8.9 
2.39 a 8.9 
2.36 a 8.9 
2.34 a 8.7 
2.38 a 8.8 

0.45 de 0.51 cde 0.11 a 4.16 ab 25.3 
0.37 ab 0.42 ab 0.18 a 4.07 a 24.3 
0.34 a 0.41 a 0.32 b 4.05 a 23.3 
0.34 a 0.42 ab 0.58 c 4.02 a 21.5 
0.40 bc 0.46 bc 0.74 d 4.32 abc 22.4 
0.42 cd 0.49 cd 0.86 d 4.51 bed 22.8 
0.48 e 0.54 de 0.82 d 4.73 d 24.4 
0.49 e 0.55 e 0.75 d 4.65 cd 24.4 
0.47 e 0.54 de 0.84 d 4.75 d 24.4 
0.48 e 0.55 e 0.80 d 4.76 d 24.7 

l Data are means of 5 replications. 
2 “Crude protein” is organic-N times 6.25; organic-N is total-N minus nitrate-N. 
3 Values within a column followed by like letters are the same statistically. Duncan’s Multiple Range Test, 0.05 probability. 

increased with additions of 1, 2, 4, and 8 mg S,/ 
plant, respectively, but there was no significant 
change in sulfate-S concentration in the middle 
stem section with these S treatments (Fig. 1). With 
S additions above 12 mg S/plant, however, concen- 
trations of sulfate-S in the middle stem increased 
rather rapidly with no corresponding increase in 
top growth. 

Figure 3 and 4 show schematically the relation of 
top growth to sulfate-S, organic-S, and total-S in 
the middle stem section and in the shoot, respec- 
tively. Sulfate-S values for both plant parts 
changed little until the S needs of the plant were 
nearly met. When top growth approached a maxi- 
mum, sulfate-S concentrations increased rapidly. 
Organic-S, in contrast, increased 3-fold in the shoot 

before the S needs of the plant were fully met (Fig. 
4). Likewise, total-S increased gradually in the 
shoot with increased top growth. Total-S in the 
middle stem section and in the shoot of S deficient 
plants was influenced primarily by changes in or- 
ganic-S (Fig. 3 and 4). But total-S in the middle 
stem section of normal plants was influenced more 
by changes in sulfate-S than by changes in organic- 
S (Fig. 3). Total-S in shoots from normal plants 
was influenced about equally by sulfate-S and 
organic-S. 

Critical S concentration and interpretation.-A 
reliable diagnosis of the nutrient status of plants 
depends upon a knowledgeable interpretation of 
the sample data. The calibration graph in Fig. 1 
illustrates the best plant part and best chemical 

Table 5. Cation concentration in the middle stem section and in the shoot of Spanish clover as affected by S treatments. 

Concentrations in %, dry basis’- 

Treatment, 
Middle stem section Shoot 

mg S/plant Ca Mg K Na Ca Mg K Na 

8 
12 
16 
32 
64 

128 
256 

0.51 a” 0.12 d 1.73 a -3 a 2.33 d 
0.62 ab 0.10 bc 2.76 b -3 a 2.63 e 
0.66 b 0.08 a 3.27 c 0.03 b 2.38 d 
0.69 b 0.08 a 4.23 d 0.04 bc 2.12 c 
0.84 c 0.1 I cd 5.18 e 0.04 bc 2.03 bc 
0.72 b 0.12 d 5.54 ef 0.05 c 2.08 c 
0.69 b 0.12 d 5.51 ef 0.05 c 2.01 bc 
0.69 b 0.12 d 5.69 f 0.05 c 1.99 bc 
0.62 ab 0.11 cd 5.81 fg 0.05 c 1.85 ab 
0.63 ab 0.10 bc 6.20 g 0.04 bc 1.74 a 

0.40 b 2.13 a -3 a 
0.38 b 2.35 a -3 a 
0.32 a 2.67 b 0.01 ab 
0.28 a 3.07 c 0.02 bc 
0.31 a 3.43 d 0.03 c 
0.31 a 3.61 de 0.03 c 
0.31 a 3.67 e 0.03 c 
0.32 a 3.74 ef 0.03 c 
0.31 a 3.93 fg 0.03 c 
0.29 a 4.15 g 0.03 c 

1 Data are means of 5 replications. 
2 Values within a column followed by like letters are the same statistically. 
3 Less than 0.01%. 

Duncan’s Multiple Range Test, 0.05 probability. 
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FIG. 3. Relation of dry weight of tops to sulfate-S, organic-S, 
Sulfur in shoot (ppm) 

and total-S in the middle stem section, dry basis, of Spanish FIG. 4. Relation of dry weight of tops to sulfate-S, organic-S, 
clover shown schematically. and total-S in the shoot, dry basis, of Spanish clover shown 

schematically. 

form of S to use to diagnose the S status of Spanish 
clover adequately. The middle stem section did 
not accumulate sulfate-S until maximum top 
growth was obtained, then sulfate-S increased rap- 
idly to values higher than those for any other 
aboveground plant part. This resulted in a curve 
that is highly desirable for diagnostic use with 
range forage plants (Hylton et al., 1965). The 
curve has a sharp transition zone, from deficiency 
to adequacy, and a broad range of sulfate-S values 
(Fig. 1). The middle stem section was easily iden- 
tified as the middle third of stems from shoots that 
were representative of the plant. The critical sul- 
fate-S concentration at 5% reduction in top growth, 
as estimated from the curve in Fig. 1, is about 100 
ppm dry basis. This means that plants with more 
than 100 ppm of sulfate-S in the middle stem sec- 
tions were supplied adequately with S, while plants 
with less than 100 ppm of sulfate-S in this plant 
part were deficient in S at the time of sampling. 
This value is in close agreement with those found 
for alfalfa (Ulrich et al., 1967) and for subterra- 
nean clover (Jones, 1962), although these workers 
suggested taking different plant parts. 

The degree of growth retardation of Spanish 
clover that could be attributed to S deficiency was 
dependent upon the length of time the plants had 
less than 100 ppm of sulfate-S, dry basis, in the 
middle stem section. Hence, to prevent S defi- 
ciency and subsequent growth retardation of Span- 
ish clover in the field, the S status of the plant 
should be determined intermittently during a 
growing season. If the sulfate-S concentrations fall 
below the critical value, a combination fertilizer 
and plant analysis program should be planned for 
the next season in accordance with the local cli- 
mate. 
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Highlight 

Clipping little bluestem, big bluestem, and indiangrass 
for 3 successive years at the seed-ripened stage or later in- 
creased yields and spring-initiated tillering of plants in a 
prairie-like glade grassland in the Missouri Ozarks. Clip- 
ping at any time during the summer reduced yields, but 
clipping between floral initiation and anthesis was the 
most damaging to plants. 

Grassland vegetation is sometimes clipped to 
simulate grazing so that the plant responses to fo- 
liage removal at different stages of development 
may be studied. Results of clipping studies can be 
useful in planning grazing systems that benefit the 
major forage species; they can also provide leads 
for additional research in grassland management. 

This paper discusses the responses of three grasses, 
little bluestem (AncEropogon scoparius Michx.), 
big bluestem (A. gerurdi Vitman), and indiangrass 
(Sorghastrum nutans (L.) Nash), to clipping at 
various stages of morphological development. 
These warm-season perennial grasses are major 
forage species of glade ranges in the Ozarks. The 
responses to clipping were evaluated on the basis 
of changes in plant yield and in number and 
height of tillers and culms. 

Experimental Area and Methods 

This study was made in a prairie-like ‘grassland in the 
Ozarks of southwest Missouri. This unique grassland, locally 
called the glades, is in the transition zone between the 
eastern oak-hickory forest and the southeastern fringe of 
the Tall Grass Prairie. Scattered throughout this natural 
grassed area are eastern redcedar (Juniperus virginiana L.) 
and various other woody plants. Species of oak (Quercus) 
and hickory (Carya) predominate on the deeper forested 
soils throughout the region. Some of the herbaceous spe- 
cies associated with the three study grasses are: prairie 
dropseed (Sporobolus heterolepis Gray), baldgrass (S. 
neglectus Nash), switchgrass (Panicum virgatum L.) sedges 
(Carex L. spp.), browneyedsusan (Rudbeckia missouriensis 
Engelm.), and compassplant (Silphium laciniatum L.). 

lNow on the staff of the U.S. Northeastern Forest Experi- 
ment Station. 

Many of the herbaceous species found in the glades are 
also common in the Tall Grass Prairie; but the glades dif- 
fer from the prairie primarily in parent material, soil de- 
velopment, and soil depth. The glade soils are shallow, 
silty clay loams which overlie bedded dolomitic limestone. 
The limestone outcrops at irregular intervals and forms 
contour terraces on the slopes. Depth of soil varies from 
about 45 cm (18 inches) just below an outcrop to nearly 
nothing above an outcrop and averages 12.5 + 10 cm (5 + 
4 inches). Mean annual precipitation is about 111 cm (44.4 
inches) with the greatest concentrations in April, May, and 
June. Soils saturated in the springtime can become air dry 
during the drought periods that usually occur from mid- 
July through August (Kucera and Martin, 1957). 

Seven clipping treatments were randomly assigned in a 
randomized block design to selected plants of little blue- 
stem, big bluestem, and indiangrass growing in their natu- 
ral habitat and previously protected from grazing for 5 
years. In each treatment 12 plants of a species were clipped 
once a year at a prescribed stage of plant development. 
The treatment was imposed upon the same 12 plants for 3 
consecutive years starting in 1961 and ending 1963. The 
following stages of plant development prescribed for clip- 
ping were determined by measuring heights of tillers and 
growing points throughout the growing season as reported 
bY Vogel (1965). 

1. 

2. 

3. 

Stage of plant development clipping date 
Vegetative growth stage-prior to ele- May 20-30 
vation of apical meristems. 
Growth of spring-initiated vegetative June 25-30 
tillers completed-a few apices of big 
bluestem and indiangrass elevated 
above clipping level. 
Early reproductive stage-reproductive July 20-25 
apices elevated above clipping level; 
inflorescences of big bluestem forming 
in the boot. 

4. 

5. 

6 
7 

Flowering stage-big bluestem in an- August 25- 
thesis; little bluestem starting anthe- September 5 
sis; indiangrass inflorescences starting 
to emerge from boot. 
Seed-ripened stage-stem elongation October I-10 
ceased; plants drying; seed of blue- 
stems starting to shatter but indian- 
grass seed still ripening. 
Plants dormant. November 15 
Plants not clipped-yields estimated at time of October 
clipping. 

Approximate 

[n the winter, before beginning the study, standing dead 
foliage was clipped from each study plant and from all the 
competitive vegetation within an area of about 0.4 m2 (4 
ft’). Later, at the appropriate time, the study plants were 
clipped and the foliage oven-dried and weighed. The vege- 
tation in the 0.4 m2 area around each plant was also 
clipped but discarded. All plants were clipped to 4 cm (1.5 
inches) above ground level. Yields of non-clipped plants 
and regrowth of clipped plants were estimated at the end 
of the growing season. Yields reported for treatments hav- 
ing regrowth are clipped weights plus estimated weights of 
regrowth at the end of the season. 

Tillers were counted on all plants just before the first 
clipping in May. Reproductive and vegetative culms were 
counted and their extended length (height) measured either 
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Table 1. Yields of little bluestem, big bluestem, and indiangrass plants in 1962 and 1963 (in percent of yields in 1961).* 

Time of 
clipping 

Little Big Indian- 
Bluestem Bluestem grass 

1962 1963 1962 1963 1962 1963 

May 
June 
July 
August 
October 
November 
No Clip 

84 a 70 b 85 bc 72 c 65 b 65 bc 
54 b 53 bc 62 d 63 c 57 b 56 bc 
43 b 34 c 58 d 52 c 41 b 34 c 
52 b 76 b 34 e 59 c 41 b 56 bc 
83 a 125 a 100b 159b 66 b 72 b 
89 a 152 a 122a 207 a 110 a 132 a 
84 a 77 b 87 bc 97 c 67 b 81 b 

l Within each data column, yield percentages having a letter in common are not significantly different at the 5-percent level of 
probability by the Duncan Multiple Range Test. 

when they were clipped or at the end of the growing sea- 
son. 

The changes in yield between 1961 and 1962 and be- 
tween 1961 and 1963 were tested for treatment differences 
by analysis of variance for a randomized-block design. Dif- 
ferences between pairs of treatment means were tested for 
significance by Duncan’s Multiple Range Test. Tiller data 
were not subjected to statistical treatment. 

Results 

Changes in yields between the first and third 
years of clipping were significantly different among 
treatments. Yields of all three grasses increased 
when clipped for 3 consecutive years in the dor- 
mant stage (November). Clipping after seed for- 
mation (October) also caused yields of little blue- 
stem and big bluestem to increase but not of 
indiangrass. Clipping at earlier stages of plant de- 
velopment (May through August) and no clipping 
reduced yields of all species (Table 1). 

Complete foliage removal when flowering stalks 
were starting to form (late July) was the most 
damaging treatment to all three grasses (Fig. 1). 
Furthermore, yields of plants clipped in July con- 
tinued to decline from the second to third year, 
whereas yields of plants clipped during anthesis 
(August) made some recovery the third year. Yields 
of little bluestem and big bluestem clipped during 
the vegetative growth stage (May) were reduced 
the second year and continued to decrease the 
third year. Yields of indiangrass plants clipped in 
May and of all three species clipped near the end 
of their vegetative-growth period (June) were about 
equal the second and third years. No plants were 
completely killed by any of the clipping treatments, 
although some were severely weakened. 

Initial tillering and reproductive culm produc- 
tion were also affected by clipping. Two years of 
clipping in the dormant season increased the total 
number of tillers initiated the following spring 
and only slightly decreased the number of repro- 
ductive culms. But the effect of earlier clippings 
and no clipping on tiller initiation and reproduc- 

tive culm production was inconsistent among treat- 
ments and species (Table 2). For example, clipping 
in October did not affect initial tillering of little 
bluestem and indiangrass but caused increased till- 
ering of big bluestem; on the other hand, it re- 
duced reproductive culms of indiangrass but not of 
the bluestems. By the third year, the numbers of 
tillers on plants clipped in May were nearly the 
same as the first year. But 2 successive years of 
clipping in July greatly reduced spring tillering of 
little bluestem and indiangrass although not of big 
bluestem (Fig. 2). Clipping in June, July, or Au- 
gust severely reduced the next year’s reproductive 
culm production on all grasses, but clipping in 
July was especially damaging. 

Table 2. Number of tillers and reproductive culms of little 
bluestem, big bluestem, and indiangrass plants in 1962 
and 1963 (in percent of number in 1961). 

Little Big Indian- 
Bluestem Bluestem 

Time of 
grass 

clipping 1962 1963 1962 1963 1962 1963 

Total tillers’ 
May 112 94 126 111 121 95 
June 71 55 114 96 63 63 
July 64 36 100 81 60 36 
August 77 80 68 75 73 73 
October 100 94 106 133 94 97 
November 120 112 145 154 128 142 
No Clip 98 68 108 102 95 84 

Reproductive culms’ 
May 30 40 60 60 43 43 
June 33 0 50 50 100 
July 10 5 6 9 0 
August 33 33 27 27 23 

;[ 

October 83 100 80 120 36 27 
November 80 80 43 64 73 91 
No Clip 45 45 71 71 50 43 

l Spring-initiated tillers counted at May clipping date. 
2 End-of-growing-season count for May, June, and no clip treat- 

ments. May and June counts represent regrowth after clipping. 
Other treatments counted at time of clipping. 

3 Reproductive culms not identified in 1961. 
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plants clipped in dormancy, in July, and not clipped. 

Yearly fluctuations in heights of reproductive 
culms were influenced more by summer precipita- 
tion (especially in July and August) than by 
clipping. Precipitation was highest the first sum- 
mer, lowest the second, and intermediate the third. 
Reproductive culms averaged 28, 31, and 24 cm 
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FIG. 2. Number of spring-initiated tillers in 1962 and 1963 (as 

percent of 1961) on plants clipped in dormancy, October, and 
July. 

(11 .O, 12.2, and 9.5 inches) taller the first year than 
the second for little bluestem, big bluestem, and 
indiangrass, respectively, but they were about as 
tall the third year as the first. 

Vegetative tillers of plants clipped in May, June, 
and July were shorter each year; but on plants 
clipped later and on plants not clipped, vegetative 
tiller heights were similar in all years. 
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Discussion 

The response of some perennial grasses to fo- 
liage removal has been related to the seasonal de- 
velopment of their apical meristems (Booysen et 
al., 1963). Grasses in which apical meristems (grow- 
ing points) reached a height permitting their re- 
moval by grazing were generally less resistant to 
intensive grazing than those grasses with growing 
points remaining at ground level (Branson, 1953). 
In our study, removal of growing points was not a 
major factor influencing the response of the three 
grasses to clipping. Big bluestem was the only grass 
in which growing points of vegetative tillers ele- 
vated high enough to be removed by clipping, but 
they did not elevate until after the formation and 
growth of leaves on vegetative tillers was com- 
pleted (Vogel, 1965). This suggests that further 
growth of those tillers will not occur whether grow- 
ing points are or are not removed. Leaf develop- 
ment stopped on reproductive tillers when the 
apices entered the reproductive phase, so their re- 
moval also would not affect further leaf growth. 
It appears then that injury from foliage removal 
during any stage of plant growth was not due pri- 
marily to loss of apical meristems but to loss of 
photosynthetic tissue and potential seed produc- 
tion. The disruption of normal photosynthetic and 
carbohydrate storage processes would usually be 
more critical than loss of seed. 

Booysen et al. (1963) indicated that the capacity 
of plants to produce lateral or secondary tillers also 
contributed to the grazing resistance of grasses. 
Jameson and Huss (1959) reported that clipping 
little bluestem after apical meristems were elevated 
enough to be removed stimulated tillering and in- 
creased yields the first year. Our July and August 
clipping treatments removed reproductive apices 
of all three grasses and vegetative apices of big 
bluestem but tillering and yields were greatly re- 
duced. By the second year these July-clipped plants 
formed so few reproductive tillers that the amount 
of lateral tillering, if stimulated by apex removal, 
was small. 

Soil moisture on the glades is very limited most 
years in late July and in August (Kucera and Mar- 
tin, 1957) so that, after clipping in July, growth of 
any secondary tillers that do form is greatly handi- 
capped. By measuring root caloric values of grasses 
in Illinois prairie, Hadley and Kieckhefer (1963) 
found that food reserves of big bluestem and in- 
diangrass were lowest just before flowering. This 
would coincide with the period between our July 
and August clipping dates. Thus, in the shallow 
soils of the glades, limited or unavailable soil mois- 
ture at the same time that food reserves are lowest 
could greatly restrict growth of new photosynthetic 
tissue necessary for replenishing food reserves in 
the roots. Furthermore, Jantii and Kramer (1956) 

found that, in soils drier than field capacity, defo- 
liated plants could not absorb moisture nearly as 
well as intact plants. Therefore, in dry glade soils, 
defoliated plants may be unable to absorb suffi- 
cient moisture for regrowth and for growth of new 
tillers from lateral buds. 

Obtaining reduced yields from clipping these 
three grasses in midsummer is apparently unique 
to the grassland under study because of the shallow 
drough ty soils. On prairie grassland with deep 
loam soils in nearby Oklahoma, greatest sustained 
yields of pure stands of these grasses were obtained 
by mowing every year in July-even greater yields 
than obtained by mowing in the dormant season 
(Dwyer et al., 1963). In another Oklahoma study, 
mowing every year about July 1 gave higher sus- 
stained yields of big and little bluestem than did 
mowing about September 1, although indiangrass 
was favored more by the September 1 mowing date 
(Hazell, 1965). 

Plants of big bluestem and indiangrass clipped 
in dormancy, in our study, increased in yield the 
second year even though mid-summer precipita- 
tion was below that in the first and third years of 
the study. The number of spring-initiated tillers 
also increased the second year and apparently con- 
tributed to the increased yields. Clipping of these 
grasses during the dormant season in an Iowa 
prairie caused earlier and more rapid growth of 
tillers the following spring (Ehrenreich and Aik- 
man, 1963). Spring growth of tillers on our plants 
clipped in dormancy was also more rapid and vig- 
orous than growth of tillers on other treatments. 
Root caloric values of these grasses were found to 
be highest after flowering in an Illinois prairie 
(Hadley and Kieckhefer, 1963). Therefore, plants 
clipped in the seed-ripening stage and in dormancy 
had greater food reserves available for tiller growth 
the following spring than did plants in the other 
clipping treatments. 

The response of big and little bluestem plants to 
clipping in October was similar to the response of 
plants clipped in dormancy. Indiangrass plants, 
however, responded to clipping in October more 
like the plants clipped in August, suggesting a dif- 
ference in rate of reproductive development among 
the grasses. Vogel (1965) showed that flowering 
stalks of indiangrass developed and matured more 
slowly than those of big and little bluestem. Flow- 
ering stalks of the bluestems had reached 80 to 90% 
of their final height by late August, but on indian- 
grass they had reached only 50 to 60% of their final 
height. 

Yields of nonclipped (check) plants might be 
expected to respond mostly to the amount of sum- 
mer precipitation, but lower yields in the future 
would not be unusual. Other studies have shown 
that litter buildup in undisturbed prairie-grass 
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vegetation caused lower soil temperatures and de- 
layed growth in the spring, fewer flower stalks, and 
reduced yields (Ehrenreich and Aikman, 1963; 
Weaver and Rowland, 1952). 

Conclusions 

grazing for Ozark forest and glade ranges. 

The reduced forage yields caused by summer 
clipping and the increased yields caused by clip- 
ping in the seed-ripening and dormant stages sug- 
gest that fall and winter grazing is best for glade 
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Tarweed (Madia glomerata Hook.), sometimes 
called cluster tarweed, is the dominant plant on 
extensive areas of depleted, but potentially pro- 
ductive mountain rangelands in the Western USA. 
This plant secretes a sticky substance and gives off 
a strong scent which accounts for its name. It is 
only slightly grazed by livestock. Stands range 
from scattered plants to over 1,000/ft2. Tarweed 
infested lands yield from 200 to 2,000 lb/acre of 
tarweed and from 10 to 300 lb/acre of native grass 
(Fig. 1). 

Tarweed seeds germinate under the snow cover, 
and plants commence growth before the snow 
melts. The roots elongate more rapidly than roots 
of seeded grasses, and the many spreading roots 
compete with seeded plants for moisture and plant 
nutrients. Seeding failures have been numerous 
when tarweed is present. 

Carnahan and Hull (1962) found that death loss 
of seeded plants of intermediate wheatgrass (Agro- 
pyron inter-medium (Host) Beauv.) increased sig- 
nificantly as the number of tarweed plants in- 
creased, and that as few as four tarweed plants/fP 
resulted in loss of grass seedlings. Tarweed plants 
contained substances which inhibited normal labo- 
ratory germination of seeds of intermediate wheat- 
grass and also reduced the growth of intermediate 
wheatgrass in the greenhouse. The inhibitory sub- 
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Tarweed (Madia glomerata Hook.), sometimes 
called cluster tarweed, is the dominant plant on 
extensive areas of depleted, but potentially pro- 
ductive mountain rangelands in the Western USA. 
This plant secretes a sticky substance and gives off 
a strong scent which accounts for its name. It is 
only slightly grazed by livestock. Stands range 
from scattered plants to over 1,000/ft2. Tarweed 
infested lands yield from 200 to 2,000 lb/acre of 
tarweed and from 10 to 300 lb/acre of native grass 
(Fig. 1). 

Tarweed seeds germinate under the snow cover, 
and plants commence growth before the snow 
melts. The roots elongate more rapidly than roots 
of seeded grasses, and the many spreading roots 
compete with seeded plants for moisture and plant 
nutrients. Seeding failures have been numerous 
when tarweed is present. 

Carnahan and Hull (1962) found that death loss 
of seeded plants of intermediate wheatgrass (Agro- 
pyron inter-medium (Host) Beauv.) increased sig- 
nificantly as the number of tarweed plants in- 
creased, and that as few as four tarweed plants/fP 
resulted in loss of grass seedlings. Tarweed plants 
contained substances which inhibited normal labo- 
ratory germination of seeds of intermediate wheat- 
grass and also reduced the growth of intermediate 
wheatgrass in the greenhouse. The inhibitory sub- 
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stances were water soluble and not inactivated by 
boiling or freezing, or cold or warm storage. Ash- 
ing destroyed the toxic properties. 

Workers report some success from seeding tar- 
weed infested lands, but most of them also indi- 
cate that no completely satisfactory seeding method 
has been found (Stevenson, 1950; Plummer et al., 
1955; Hull et al., 1962; Hull and Holmgren, 1964). 
This report describes a method of seeding which 
has been successful on experimental and large-scale 
plantings. 

Experimental Seedings 
Experiments were in a weedy opening in the 

spruce-fir type in Franklin Basin in southeastern 
Idaho. The area is at 8,400 ft elevation and slopes 
3% west. Annual precipitation averages 46 inches 
with 6.7 inches from June 1 to September 30. 
Snow usually covers the area from early November 
to early June. The dominant vegetation is tar- 
weed, though there is considerable bushy knot- 
weed (Polygonurn ramosissimum Michx.), collomia 
(Collomis 2inearis Nutt.), bicolor biscuitroot (Lo- 
matium Ze@ocar@nn (Torr. and Gray) C. and R.), 
panicle willowweed (Epilobium panicdatum 
Nutt.), lambstongue groundsel Senecio integer- 
~imus Nutt.); and many spring-growing, fleshy- 
rooted plants such as lanceleaf spring beauty 
(Clnytonia lanceolata Pursh), Indian potato (Oro- 
genia Zinearifolia S. Wats.), and tuber stai-wort 
(SteZlaria jamesiana Torr.). 

The soil is clay loam. The pH ranges from 5.6 
to 5.8. It appears as though considerable topsoil 
has been lost. Though the soil is low in organic 
matter and plant nutrients, it is adequate for grass 
growth. A major undesirable characteristic of tht 
soil is that it compacts and hardens quickly after 

snow melt. This slows and reduces seedling emer- 
gence. On this area there is also heavy seedling 
loss from frost heaving (Hull, 1966). 

Procedures 

‘Ilie tested many methods of seedbed preparation 
and seeding: several types, rates, and dates of ap- 
plying herbicides; and many species. There were 
four replicates of each treatment. Seeding work 
which began in 1957 has continued each spring 
and fall to the present. Spring treatments were 
made after snow left the area, usually early June. 
At this time, tarweed was in the 2. to G-leaf stage 
and from .2 to .5 inch tall. Fall treatments were 
made in September. Grass on fall-seeded plots was 
usually in the 1. to 2.leaf stage when plots were 
sprayed in the spring. Spraying was at 1.5 lb/acre 
acid equivalent of isopropyl ester of 2,4-D. Culti- 
vation and plowing was to an average depth of 5 
inches. The sawdust mulch was .5 inch deep over 
the entire plot area. Pocket gophers were con- 
trolled with poisoned gain. 

Seed was planted from 0.5 to 0.75 inch deep, 
depending upon seed size, at 25 seeds/ft of drill 
row. This was 12 lb/acre for intermediate wheat- 
grass, 7 lb/acre for slender wheatgrass (A. tmchy- 
caulum (Link) Malte ex A. F. Lewis), and 8 lb/ 
acre for smooth brome (Bromus inermis Leyss.). 
All counts and ratings are the average of these spe- 
ties. 

Plants in each treatment were counted in spring 
and fall for the first 3 years, and each fall for the 
next 2 years. Success ratings were made in 1966 
and 1967. These ratings indicate the success of an 
established stand or the potential of a seedling 
stand as follows: 9-10, excellent; 7-8, good; 5-6, 
fair; 34, poor; l-2, very poor; 0, failure. 
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Table 1. Success ratings in 1967 for 7 seeding treatments at Franklin Basin from 1957 to 1966. 

Treatment 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 Average 

Plow spring, drill spring - 3 8 5 5 7 5 5 5 8 5.7 
Spray spring, drill fall, spray spring - 5 4 2 5 2 2 4 2 7 3.7 
Drill fall, spring spray 1 31 ---- 2 4 3 2.3 
Spray spring, drill spring - 2 1 2 - - - 3 1 4 2.2 
Plow fall, drill fall 3 4 2 4 1 1 - 2 3 3 2.6 
Summer fallow, drill fall - 5 3 0 4 1 2 - 2 2 2.4 
Plow and drill fall, apply sawdust mulch 1 4 1 3 1 1 - - 4 2 2.1 

1 Spray treatments were isopropyl ester of 2,4-D at 1.5 lb/acre. 

Thirteen seeding treatments, not listed in Ta- 
ble 1, were used during some or all of the 10 years. 
They were either impractical, did not increase the 
seeded stands, or gave poor results: 

1. 

3 +. 

3. 

4. 

5. 

;: 

8. 
9. 

10. 

11. 

1.2. 

Plow and drill in the spring and apply lime 
at 5 tons/acre. 
Plow and broadcast seed at 25 lb/acre in 
the spring. 
Furrows 4 inches deep on Z-ft centers and 
drill in the bottom of the furrows and on 
the ridges between. 
Cover seed in open furrows with .75 inch 
of sawdust. 
Cover seed in open furrows with .5 inch of 
sand. 
Straw mulch 1 inch deep. 
Drill wheat one fall and forage grasses the 
next. 
Use wheat as a nurse crop for forage grasses. 
Cover seeded rows with different types and 
widths of plastic strips. 
Spray seeded rows with different types, rates, 
and widths of strips of asphalt and wax 
emulsions. 
Spray with different types and rates of her- 
bicides. 
Remove blocks of soil to a 12-inch depth 
and replace with valley soil and seed spring 
and fall. 

Results 

The abnormally harsh growing conditions of the 
experimental site made seedling establishment 
difficult; hence all ratings are low. Seeding in the 
spring gave the best stands. However, spring seed- 
ing is not generally feasible on high elevation lands. 
The next best method was spraying in the spring 
with 1.5 lb/acre 2,4-D and drilling in the fall. This 
was followed by respraying the next spring at 1 lb/ 
acre 2,4-D if tarweed had more than 2 plants/ft2. 
The second spraying was made in 5 of the 10 years. 
This treatment gave fair stands, was feasible under 
most conditions, and was the only method used for 
large-scale seeding. This discussion is, therefore, 
concerned mainly with this treatment. Six other 
treatments are used for comparison (Table 1). 

13. Apply nitrogen, phosphorus, potash, and 
minor elements at different rates and sea- 
sons. 

Large-Scale Range Seedings 
The 1957 and subsequent experimental seedings 

showed that spraying with 2,4-D and drilling held 
promise. Therefore, this method was tested on the 
following eight depleted range areas in the Cache 
National Forest in northern Utah and southeast- 
ern Idaho: Roundup Spring, Roundup Spring 
(north), Six-bit Spring, Red Wells, Running Wa- 
ter Spring, Big Spring, Eli Ridge, and Paris Mead- 
ows. The first 7 areas are in the vicinity of Monte 
Cristo, about 40 miles northeast of Ogden, Utah. 
The last one is in Paris Canyon, 15 miles west of 
Paris, Idaho. Treated areas were depleted open- 
ings in the aspen (Pofx~lus tremuloides Michx.), 
spruce-fir (Picea spp. and Abies spp.), or lodge- 
pole pine (Pinus contorta Dougl.). On weedy open- 
ings, tarweed was dominant with much the same 
associated species as at Franklin Basin, plus some 
slender hairgrass (Deschamfxia eEongata (Hook.) 
Munro) on most areas and large patches of wild 
onion (Allium spp.) at Paris Meadows. Roundup 
Spring and Running Water Spring had many areas 
of big sagebrush (Artemisia trident&a Nutt.) 
which were treated the same as the weedy open- 
ings. 

Most areas are near 8,000 ft in elevation. They 
range from near flat drainage bottoms up to mod- 
erately steep slopes, which face mainly south but 
with some facing east and west. The soil is mostly 
loam with some areas of gravel and rocks. Soil nu- 
trients and organic matter are low, but usually suf- 
ficient for grass growth. Annual precipitation aver- 
ages approximately 40 inches, with 6 inches from 
June to September. 

The standard seeding procedure was to spray in 
the spring by ground rig or helicopter at 2 lb/acre 
of the isopropyl ester of 2,4-D, drill in the fall, and 
respray the next spring at 1 lb/acre. Seeding was 
followed by pocket gopher control with the “bur- 
row-builder” and by hand. The harsher sites at 
Red Wells and Running Water Spring had contour 
furrows to help hold water on the area (Fig. 2). 
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Table 2. Year seeded, percent composition of species, and 1966 ratings of seeded stands at eight locations. 
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species 
“y$ 

Brome, mountain 10* 
Bronx, smooth 20 
Foxtail, meadow 10 
Oatgrass, tall 5 
Orchardgrass 5 
Timothy 25 
Wheatgrass, intermediate 5 
Wheatgrass, slender 15’ 
Misc. 5 
Rating 10 

* Most of this is native grass. 
**Some parts seeded again in ,965. 

30* 5* 1’ 
5 20 20 
5 5 10 

T 5 4 
10 15 10 
20 15 25 

5 20 3 
25* lo* 25” 
_ 5 
6 6 

_ 
10 

Seeds were drilled with the rangeland drill in 
deep furrows spaced 12 inches apart. Efforts were 
made to cover seed .5 inch. The following species 
were drilled at 17 lb/acre on sprayed areas or 
broadcast on the newly constructed contour fur- 
rows: 

Species lb/acre 
Intermediate wheatgrass 4 
Slender wheatgrass 4 
Smooth brome 4 
Tall oatgrass (Arrhenatherum elatius (L.) Presl) 2 
Meadow foxtail (Alopecurus pratensir L.) 1 
Orchardgrass (Dnctylis giom~rata L.) 1 
Timothy (Phleum pralense L.) 1 

The 1966 estimated percentage of each species in 
the eight areas and the ratings are shown in Table 

5* 
25 
10 
5 
5 

15 
5 

25* 
5 
9 

65* 
5 
0 

T 
T 
5 
5 

15% 
5 

10 

0 0 
0 10 
0 40 

20 20 
30* 20* 
30 4 

9 R 

2. Seeded plants ranged from 2.4 plants/ft2, with a 
patchy distribution at Six-bit Spring and Roundup 
Spring (north), up to 6.0/ft* with more even dis- 
tribution on the areas which rated 9 and 10. Prior 
to treatment these areas averaged 100 to 300 lb/ 
acre of grass and 300 to 500 lb/acre of tarweed and 
other forbs. One year after treatment, gnss in- 
creased to between 900 and 1,300 lb/acre (Fig. 3). 

Spraying killed 100% of the sagebrush. Native 
grasses, especially slender wheatgnss and mountain 
brome (Bromus carinatus Hook. and Am.), in- 
creased and formed a good stand on sagebrush 
areas at Roundup Spring and Running Water 
Spring. These same species increased rapidly and 
formed most of the stand on Eli Ridge. 

Discussion 
Most of the 20 seeding methods tried on the ex- 

perimental plots gave poor stands. The major rea- 
son was soil compaction and frost heaving on the 
experimental area (Hull, 1966). Methods which 
were poor to fair on the experimental area gave 
qood stands on other sites and on the large-scale 
seedings. The best experimental method was plow- 
ing and drilling in the spring. However, because 
of wet roads, uneven drying, and a short planting 
season, spring seeding on high elevation ranges is 
practical only on accessible areas. Fall plowing and 
drilling gave poor stands on experimental areas 
and was a failure on large-scale seedings. Because 
of rocks, gullies, steep slopes with attendant ero- 
sion hazards, and the high incidence of failures, 
plowing is not practical for large-scale seedings. 

Eliminating plowing and spring seeding, herbi- 
tidal spraying and drilling was the most practical 
and economical method for seeding these weedy 
rangelands. Several combinations of seeding and 
sprayin with 2,4-D have been tested. The three 
most wdely used are: (1) spraying in the spring, 
drilling in the fall, and respraying the next spring; 
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(2) drilling in the fall and spraying in the spring: 
and (3) drilling and spraying in the spring. The 
first mentioned gave the best results. Spraying 
early in the spring for 1 or 2 years usually elimi- 
nated tarweed for 2 or more years. With little 
competition, the seeded plants grew rapidly. For 
example, at Rig Springs, the production of grass 
increased from 104 lb/acre prior to spraying and 
seeding to 910 lb/acre one year later. 

Respraying the 2nd spring was necessary where 
tarweed was present. Respraying was with 1 lb/ 
acre of 2,4-D when grasses were in or beyond the 
4-leaf stage so that there was little grass damage. 

Some workers report no damage to grass at any 
stage of growth with up to 2 lb/acre of 2,4-D.2 
Work by Klomp and Hull showed that spraying 
with 2,4-D damaged seedling grasses in the field 
and in the greenhouse.3 Damage decreased as 
plants developed beyond the 1-2 leaf stage and 
also when lower rates of 2,4-D were used. 

All experimental and large-scale seedings showed 
the necessity of tarmeed control for success. The 
thin stands of seeded grass at Six-bit Spring, 
Roundup Spring (north), and in spots at Paris 
Meadows were attributed to tarweed competition. 
This agrees with work by Camahan and Hull 
(1962). 

Most high-elevation lands with a weedy plant 
cover have heavy pocket gopher populations. Go- 
phers must be controlled because they can prevent 
the establishment of a seeded stand, and even 
destroy an established gnss stand. 

*Personal communication. 
3Unpublished annual progress reports for 1965 and 1966. 

Conclusions 

The most practical method of seeding high-ele- 
vation tarweed infested ranges was spraying in the 
spring with 2 lb/acre of isopropyl ester of 2,4-D, 
drilling in the fall, and respraying the next spring. 
Though this method gave only fair stands on the 
harsh experimental site, it gave good-tomexcellent 
stands on large-scale seedings. Plowing and seed- 
ing in the spring was the only experimental method 
which gave better stands than spraying and drill- 
ing. Seeding in the spring, however, is not prac- 
tical for most large-scale seedings. 
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Highlight 

Supplementing late-summer native shortgrass range with 
1.5 lb of cottonseed meal or 1.5 lb of sorghum grain re- 
sulted in similar lo-year average gains with yearling steers. 
During seven of ten years the steers receiving sorghum 
grain gained as much or more than cottonseed meal-fed 
steers. In the other three years animals fed cottonseed 
meal gained more during the supplementation period. This 
work indicates the occurrence of significant interactions in 
supplementation studies on native range in areas with 
variable climatic conditions. Specifically, the experiments 
suggest that if rainfall has been high and lush grass growth 
is present during late summer, animal response to a high 
protein supplement is greater than to an energy supple- 
ment. On the other hand, supplementing with grain ap 
pears as beneficial and less expensive than cottonseed meal 
in dry years. 

Tests conducted from 1949 to 1956 (Launch- 
baugh, 1957) showed a growth response by year- 
ling steers to supplementing moderately-grazed 
native shortgrass range with 1.5 lb/head of 41% 
protein cottonseed meal daily during August, Sep- 
tember, and October. Steers receiving the supple- 
ment gained 20 lb/head more than the unsupple- 
mented lot during August and September, and by 
November 1 were 46 lb/head heavier. However, 
unsupplemented steers lost 18 lb/head during Oc- 
tober, while those fed the supplement gained 8 lb/ 
head, accounting for a large part of the net differ- 
ence in gains. The addition of cottonseed meal in- 
creased steer gains every year except one, a year 
with nearly twice the average annual precipitation 
which favored green forage production the entire 
grazing period. 

The tests were modified in 1956 to compare 
sorghum grain with cottonseed meal as a supple- 
ment to native grass for yearling steers during the 
last two months of a five-month grazing season, 
May 1 to October 1, to determine if a less expen- 
sive energy supplement could be used in place of 
the more costly protein supplement. 

Studies reviewed by Oelberg (1956) showed that 
range vegetation is highest in quality early in the 

l Contribution No. 216, Fort Hays Branch, Kansas Agricul- 
tural Experiment Station, Hays. 

“J. R. Brethour is now in a partnership ranch operation at 
Maple Hill, Kansas. 

g-rowing season and decreases in nutritive value 
with maturity. Maturing forage has less protein 
and may contain less readily available carbohy- 
drate. Precipitation may influence quality of 
range forage directly or indirectly. Generally rain- 
fall causes increases in nitrogen, phosphorus, and 
soluble fat in the growing plant, while drought 
may cause a reduction in the protein and phospho- 
rus constituents and increase amounts of calcium 
and crude fiber. 

Supplementing dormant grass to correct nu- 
trient deficiencies is common when domestic ani- 
mals are wintered on such forages (Knox and Wat- 
kins, 1958; Nelson et al., 1955; and Smith et al., 
1967), but is not generally practiced during the 
latter stages of forage maturity. 

In addition to the cited studies at Hays, experi- 
mental work in Oklahoma indicated that feeding 
as little as 1 lb/head per day of cottonseed cake to 
yearling steers on native grass after July 1 in- 
creased gains above those obtained when steers 
received no supplement (McIlvain, 1959). Other- 
wise studies comparing protein and grain supple- 
ments on native grass have placed major emphasis 
on feeding fattening rations to two- and three-year- 
old steers during most of the summer grazing sea- 
son. 

Experimental Area and Procedures 

The experimental area is part. of the Fort Hays 
Branch Station of the Kansas Agricultural Experi- 
ment Station at Hays, Kansas. The pastures used 
varied in topography due primarily to seasonal 
drainages running nearly the entire length of each 
pasture. The lowland vegetation of the narrow in- 
termittent water courses graded rather sharply into 
the more typical shortgrass type on the upland de- 
scribed by Albertson (1937). Dominant vegetation 
was a shortgrass matrix of buffalograss (Buchloe 
dactyZoides (Nutt.) Engelm.) and blue grama 
(Bouteloua grucilis (H.B.K.) Lag. ex Steud.) with 
a discontinuous overstory of western wheatgrass 
(Agropyron smithii Rydb.). The latter occurred in 
variable patches over the higher terrain, but be- 
came a more uniform stand on the lower ground 
along the drainage systems. During 1957 to 62 
western ragweed (Ambrosia psilostachya DC.) was 
abundant. throughout the vegetation complex, but 
was scarce during 1956 and 1963 to 65. 

The experimental area weather is typical of the 
Great Plains. The climate is characterized by large 
deviations from the mean in rainfall and tempera- 
ture, with annual extremes in climatic conditions. 
Thus, spring, summer, and fall may be relatively 
cool and moist or hot and dry, and winters may be 
mild to cold with little or no snow, or heavy snow 
covers may remain for several weeks. 

A pasture that previously had been moderately 
grazed during the summer was divided into two 
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Table 1. Gain of steers (in lb/head) grazing native short- 
grass pasture and supplemented with cottonseed meal or 
sorghum grain during August and September. 

Supplement on Pasture1 

1.5 lb Cottonseed 1.5 lb Sorghum 
Summer Grazing Meal Grain 

Phase After August 1 After August 1 

May-July, prior to 
supplementation 

1956 117 122 
1957 109 101 
1958 93 105 
1959 104 102 
1960 86 100 
1961 107 90 
1962 152 156 
1963 129 122 
1964 147 151 
1965 163 176 

Average 121 122 

August-September, during 
supplementation 

1956 75 89 
1957 130 134 
1958” 70 40 
1959 64 68 
1960 41 41 
19612 102 81 
1962” 87 62 
1963 101 104 
1964 88 93 
1965 98 103 

Average 86 82 

l Supplements were alternated annually between two pastures. 
*Within year gains significantly different (p < .05). 

35-acre pastures in the spring of 1956. Division 
was made so that shape, plant composition, and 
range sites were comparable. 

Ten yearling steers were placed in each pasture 
about May 1 and kept there until about October 1. 
Based on previous experience, the pastures stocked 
at this rate would be moderately to lightly grazed 
except during extreme drought years. The study 
was conducted 10 years, 1956 through 1965. Be- 
fore 1962, the steers had been wintered in dry lot 
on sorghum silage-sorghum grain-alfalfa hay ra- 
tions and were in fleshy condition when put to 
pasture. From 1962 through 1965 the pastures 
were stocked at the start of the grazing season with 
steers that had been wintered on native shortgrass 
pasture supplemented with alfalfa hay and sor- 
ghum grain and were typical of stocker cattle. 

The steers were weighed after an overnight 
shrink before going on pasture, at monthly inter- 
vals, and at the end of the grazing period. After 
the August 1 weighing, steers in one pasture were 
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fed 41% cottonseed meal at the rate of 1.5 lb/head 
per day, while steers in the other pasture received 
1.5 lb of rolled sorghum grain. Supplemental feed 
was placed in bunks daily and feeding continued 
until the close of the grazing season on approxi- 
mately October 1. Supplemental rations were al- 
ternated each year to help minimize pasture differ- 
ences. 

Standing growth samples were hand-clipped 
monthly to the estimated grazing height from 10 
random locations in each pasture for crude protein 
content analyses on a dry matter basis. Each col- 
lection included two classes of herbage, a compos- 
ite sample of buffalograss, blue grama, western 
wheatgrass and intermixed old growth, and a sepa- 
rate sample of western ragweed. Subsamples were 
bulked monthly by class for analyses. 

Results and Discussion 

Average gains for the IO-year period were similar 
under both types of late-season supplementation, 
both prior to and during feeding (Table 1). Ex- 
cept for the last year, pre-supplementation gains 
were higher on one pasture compared with the 
other, but gains within years were not significantly 
different during this grazing phase. Steers receiv- 
ing sorghum grain gained as much or more than 
those fed cottonseed meal during the supplemen- 
tation phase seven of the ten years. The other 
three years, animals fed cottonseed meal gained 
significantly more during the supplementation pe- 
riod. Estimated forage remaining at the end of the 
grazing season exceeded 1,500 lb/acre each year ex- 
cept 1956 when there was approximately 300 lb,/ 
acre. Thus response to supplementation did not 
appear to be confounded by forage shortages. For- 
age intake measurements were not made, but us- 
age appeared heaviest on western wheatgrass, fol- 
lowed by blue grama and buffalograss, and least 
on western ragweed. 

Although a protein supplement produced more 
response some years while an energy supplement 
was just as effective in other years, a relationship 
between animal response and an independent vari- 
able was not readily apparent. It might be as- 
sumed that a greater response to protein supple- 
mentation would indicate a protein deficiency in 
the available forage. Crude protein content of ran- 
domly collected total forage samples shown in Ta- 
ble 2, however, did not indicate any clear relation- 
ships between low protein of the forage during the 
latter part of the grazing season and differential re- 
sponses to kind of supplementation. The correla- 
tion coefficient between herbage crude protein 
content and steer gain response to protein supple- 
mentation was r = -.32 (n.s.). 

Consideration of crude protein levels in the 
available forage alone indicated need for a protein 
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Table 2. Percent crude protein of standing growth* ex- 
clusive of broadleaved weeds during supplementation. 

Sampling date 

Year August 1 September 1 October 1 Average 

1956 9.5 9.0 6.9 8.5 
1957 7.1 6.0 5.9 6.3 
1958 7.0 6.7 5.4 6.4 
1959 6.1 4.8 4.8 5.2 
1960 5.9 5.7 4.9 5.5 
1961 6.2 6.9 5.2 6.1 
1962 6.4 5.1 5.2 5.6 
1963 8.6 6.4 8.9 8.0 
1964 5.3 5.3 6.4 5.7 
1965 7.4 6.2 4.5 6.0 

1 Blue grama, buffalograss, and western wheatgrass in varying 
amounts plus 0 to 10% intermixed old growth. 

rather than an energy supplement during several 
years when grain appeared as effective in produc- 
ing gain as cottonseed meal. This disparity may be 
partially explained by the selectivity of grazing 
animals in their foraging habits. 

Studies by Cook and Harris (1950) have shown 
large variations in chemical composition between 
range plant parts. Investigations by Van Dyne 
( 1965) dealing with annual vegetation indicated 
crude protein content and carbohydrates other than 
lignin and cellulose were higher in plant heads 
than in stems and leaves. Van Dyne and Heady 
(1965) found 1.5 to 2 times as much crude protein 
in esophageal fistula samples of sheep and cattle as 
in clipped herbage collected in July, August, and 
September. Rumen-fistulated steers used in studies 
by Cable and Shumway (1966) selected a diet 1.53 
to 2.91 times higher in crude protein than hand- 
clipped samples of the major available grasses. The 
excess of rumen protein over grass protein de- 
pended on the availability of higher-protein shrubs 
and forbs that grew with the perennial grasses, and 
on selection of high-protein parts of the grasses. It 
was concluded that since the abundance of the 
high-protein plants varied greatly with time that 
protein content of grass clippings did not reliably 
indicate protein level in a steer’s diet. 

In the present study the consumption of un- 
known quantities of high-protein ragweed (10 to 
15% crude protein in August-September) plus ex- 
pected protein differences in selected grasses and 
grass parts suggests that steers probably consumed 
a diet with a protein level unrelated to the level 
in the hand-clipped samples. Thus it may be con- 
cluded that range plant quality analyses per se are 
of little value in predicting performance of ani- 
mals grazing on the range that produced the sam- 
ples for analyses. 

The three seasons of 1958, 1961, and 1962 when 
protein was superior to an energy supplement were 

Table 3. Response of steers grazing native shortgrass pas- 
ture to cottonseed meal or sorghum grain during August 
and September as affected by July-August precipitation, 
1956-65. 

Advantage of: 

July-August CSM over Grain over 
precipitation grain CSM 

Year (inches) (lb/ head) (lb/head) 

1956 3.86 - 14 
1957 7.03 - 4 
1958 12.17 301 - 

1959 5.87 - 4 
1960 3.85 0 0 
1961 9.25 211 - 

1962 10.44 25l - 

1963 5.90 - 3 
1964 3.24 - 5 
1965 7.08 - 5 
98-year. average 

precipitation 6.16 

1 Advantage significant (P < .05). 

exceptionally favorable for forage growth through- 
out the entire growing season. In contrast to the 
other years, vegetation was never under drought 
stress, but was lush from the beginning of spring 
growth until the first fall frost. 

It is difficult to relate animal performance to a 
nonobjective character of range forage; however, 
animal response appeared to be closely associated 
with the amount of July-August precipitation, 
which greatly influenced forage growth (Table 3). 
The correlation coefficient of precipitation during 
these months with difference in gain on cottonseed 
meal supplement over that of sorghum grain was 
r = 29 (p < ,005). 

A possible explanation for this phenomenon is 
that in years of high summer precipitation and 
rank forage production, forage protein intake is 
lower per unit of dry matter despite selective graz- 
ing of steers. Therefore supplemental protein 
toward the end of the grazing season is beneficial. 
When plant development is limited more or less 
by lack of soil moisture, protein intake appears to 
be satisfactory so energy is the limiting factor. 
Since in seven of ten years sorghum grain was as ef- 
fective as cottonseed meal, perhaps some of the cot- 
tonseed meal protein was converted to energy and 
grain sorghum supplied both protein and energy. 
Under such circumstances energy needs may be 
more economically met with a grain supplement. 

There appeared to be deviations from the estab- 
lished trend of summer rainfall and need for sup- 
plemental protein in 1957 and 1965. July-August 
precipitation amounts were approximately one inch 
above average those years and some responses to 
cottonseed meal might have been expected. Al- 
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Highlight 

Depression of tillering near the onset of flowering is 
characteristic of several perennial grasses. This was studied 
in hardinggrass by producing for comparison at one time 
both vegetative and reproductive plants through manipula- 
tion of daylength and temperature. Reduced tillering at 
the heading stage is associated with some aspect of the re- 
productive condition, as well as with the increasing dryness 
and temperature which may exist at this stage of growth in 
the field. Grazing to remove elongating flowering culms 
will stimulate tillering if conditions favorable for growth 
prevail. 

The growth of basal axillary shoots, commonly 
called tillers, provides most of the forage produced 
by herbage grasses. To a large degree, grass pro- 
duction depends on the numbers and size of grass 
tillers. The variety of factors affecting tillering, 
however, is large and success hinges on understand- 
ing them individually and collectively. Langer 
(1963) in a review of tillering literature lists geno- 
type, temperature, light intensity, water supply, 
mineral nutrition, flowering, photoperiod, and 
growth regulators as the principal factors affecting 
tillering. Such an array leads to uncertainty in as- 
sociating particular factors with observed tiller be- 

havior in the field. As a result, many investigators 
have studied tillering under controlled environ- 
ments. 

Rate of tiller emergence is not constant if a suf- 
ficient span of the life cycle of the plant is ob- 
served. Seasonal trends in tiller numbers have been 
reported for smooth bromegrass (Bromus inermis) 
by Lamp (1952), for S-48 timothy (Phleum 
fwatense) and S-215 meadow fescue (Festuca pra- 
tensis) by Langer (1958) and Langer et al. (1964), 
and for orchardgrass (Dactylis glomerata) by Tay- 
lor and Templeton (1966). In each instance a de- 
cline in rate of tillering or in tiller numbers is 
noted near the jointing, heading or anthesis stages 
with an increase in tillering observed soon there- 
after. Although such depression in tillering near 
the onset of flowering is generally reported, it is 
not understood whether this is a response to en- 
vironmental factors, to the reproductive stages of 
development, or to both. 

The present investigation was undertaken to 
clarify this question, and to consider the impor- 
tance of reduced tillering during reproductive de- 
velopment in the management of herbage grasses. 

Materials and Methods 
Hardinggrass (Phalaris tuberosa var. stenoptera) 

was studied in a S-year-old stand at the Hopland 
Field Station, and in the greenhouse either on 
first-year plants grown from seed or on clonal pop- 
ulations from selected mature plants taken from 
the field at Hopland. 

Through the spring of 1962, growth in the field 
was measured in terms of height, and periodically 
a plot was cut at 2 inches above ground for mea- 
surement of the regrowth during the ensuing 30 
days. This regrowth was related to the stage of de- 
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characteristic of several perennial grasses. This was studied 
in hardinggrass by producing for comparison at one time 
both vegetative and reproductive plants through manipula- 
tion of daylength and temperature. Reduced tillering at 
the heading stage is associated with some aspect of the re- 
productive condition, as well as with the increasing dryness 
and temperature which may exist at this stage of growth in 
the field. Grazing to remove elongating flowering culms 
will stimulate tillering if conditions favorable for growth 
prevail. 

The growth of basal axillary shoots, commonly 
called tillers, provides most of the forage produced 
by herbage grasses. To a large degree, grass pro- 
duction depends on the numbers and size of grass 
tillers. The variety of factors affecting tillering, 
however, is large and success hinges on understand- 
ing them individually and collectively. Langer 
(1963) in a review of tillering literature lists geno- 
type, temperature, light intensity, water supply, 
mineral nutrition, flowering, photoperiod, and 
growth regulators as the principal factors affecting 
tillering. Such an array leads to uncertainty in as- 
sociating particular factors with observed tiller be- 

havior in the field. As a result, many investigators 
have studied tillering under controlled environ- 
ments. 

Rate of tiller emergence is not constant if a suf- 
ficient span of the life cycle of the plant is ob- 
served. Seasonal trends in tiller numbers have been 
reported for smooth bromegrass (Bromus inermis) 
by Lamp (1952), for S-48 timothy (Phleum 
fwatense) and S-215 meadow fescue (Festuca pra- 
tensis) by Langer (1958) and Langer et al. (1964), 
and for orchardgrass (Dactylis glomerata) by Tay- 
lor and Templeton (1966). In each instance a de- 
cline in rate of tillering or in tiller numbers is 
noted near the jointing, heading or anthesis stages 
with an increase in tillering observed soon there- 
after. Although such depression in tillering near 
the onset of flowering is generally reported, it is 
not understood whether this is a response to en- 
vironmental factors, to the reproductive stages of 
development, or to both. 

The present investigation was undertaken to 
clarify this question, and to consider the impor- 
tance of reduced tillering during reproductive de- 
velopment in the management of herbage grasses. 

Materials and Methods 
Hardinggrass (Phalaris tuberosa var. stenoptera) 

was studied in a S-year-old stand at the Hopland 
Field Station, and in the greenhouse either on 
first-year plants grown from seed or on clonal pop- 
ulations from selected mature plants taken from 
the field at Hopland. 

Through the spring of 1962, growth in the field 
was measured in terms of height, and periodically 
a plot was cut at 2 inches above ground for mea- 
surement of the regrowth during the ensuing 30 
days. This regrowth was related to the stage of de- 
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Table 1. Height of uncut plants and daily increase in re- 
growth following a single cutting at different stages of 
development in 1962. 

For 30 days following cutting 

Average 
daily 

Date of regrowth 
cutting (inches) 

March 14 .26 
April 2 .38 
April 17 .47 
May 2’ .20 
May 16 .14 
June 4” .oo 

1 Plants in boot. 
? Plants in anthesis. 

Total 
rainfall 
(inches) 

.87 

.57 

.72 

.63 

.48 

.oo 

Average 
daily Height 

maximum of uncut 
temperature plants 

(“F) (inches) 

68 7.5 
75 10.3 
71 14.0 
72 16.8 
77 24.5 
88 41.5 

velopment of the plants when cut, and to the pre- 
vailing temperature and rainfall recorded at a 
nearby weather station. 

Plants in the greenhouse were so manipulated 
that both vegetative and reproductive individuals 
were available at the same time within one clone 
or within one lot of test material, thereby permit- 
ting a critical comparison to reveal the differences 
associated with the reproductive stage of develop- 
ment. This was possible in hardinggrass since it is 
a long-day plant and usually requires some cold ex- 
posure prior to floral induction (Ketellapper, 1960). 
We found considerable difference among harding- 
grass plants in the cold requirement. Therefore, 
by supplying adequate cold to part of an experi- 
mental lot and not to the rest, or by providing cold 
near the threshold of the amount required, both 
vegetative and reproductive plants could be ob- 
tained under the long daylengths subsequently 
provided. Furthermore, plants determined to have 
a lesser cold requirement for induction would 
flower when subjected directly to ZO-hr daylength, 
whereas those receiving only a 16-hr photoperiod 
would remain vegetative. The details of each treat- 
ment are presented with the results to which they 
pertain. Records were taken weekly on the vege- 
tative and the reproductive plants indicating the 
number of new tillers per plant over l-inch long, 
the number of dead tillers, and the date of head- 
ing, if any. A tiller was considered dead when all 
leaf blades had turned brown, and heading was 
marked as that date on which the tip of the inflo- 
rescence was visible above the subtending leaf col- 
lar. Enumerations of tiller numbers excluded the 
main culm of the plant. 

Results and Discussion 

The growth behavior of one stand of mature 
hardinggrass in the field at Hopland is presented 
in Table 1. Through April 17, growth in overall 
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FIG. 1. Cumulative production of tillers over l-inch long in first 
year growth of hardinggrass. 

height and regrowth following cutting was vigor- 
ous, and both temperature and precipitation con- 
ditions were favorable. By early May the uncut 
plants showed reproductive development, being in 
the boot stage, and the subsequent rapid increases 
in height depict the elevation of the flowering 
culms. However, regrowth rates declined rapidly 
following the May 2 and later cuttings, and at the 
same time moisture became meager and tempera- 
tures increased. No regrowth was measurable after 
the June 4 cutting. Clipping the plants when in 
boot or later obviously removes many of the grow- 
ing points. The termination of growth in height 
by a culm which loses its growing point has been 
pointed out by Branson (1953), Cook and Stoddart 
(1953), and Laude (1957). Regrowth in these cases 
is attributable mainly to the elongation of vegeta- 
tive shoots and of new tillers. Among the factors 
which may be involved, therefore, in the reduced 
regrowth commencing in early May are not only 
the increasing dryness and temperature, but also 
possibly the stage of reproductive development at 
that time and the amount of new tillering. This 
possibility was studied further in the greenhouse. 

It had been determined in previous greenhouse 
plantings of hardinggrass that subjecting the seed- 
lings to 5 weeks of 36 F and short daylengths prior 
to exposure of these plants to 17-hr photoperiod, 
would result in approximately half of the plants 
heading and the rest remaining vegetative. Seed- 
lings 35 days old were exposed to 5 weeks of such 
cold conditioning. They were then placed under 
17-hr daylength in a greenhouse averaging 82 F in 
the daytime and 70 F at night, and were watered 
daily. Fig. 1 depicts the cumulative production 
of tillers in reproductive and in vegetative plants. 
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FIG. 2. Average numbers of tillers (total, living, and dead) on 

reproductive plants of two clones before and after heading. 

Long-day exposure began 7 weeks before head 
emergence. Until 2 weeks before heading both 
lots tillered at the same rate. Then for 4 weeks, 
centering on the time of head emergence, the re- 
productive plants developed no new tillers while 
the vegetative plants continued to initiate tillers at 
near the previous rate. By 1 week after head emer- 
gence, this divergence in tiller numbers had become 
statistically significant at the 5% level. Resumption 
of tillering in the headed plants occurred some 2 
weeks after heading. First tiller mortality was ob- 
served 1 week after heading in the reproductive 
plants but tiller mortality in the vegetative plants 
did not commence until 5 weeks later. 

In order to eliminate genetic variability as a 
factor in the comparison between vegetative and 
reproductive plants, clonally propagated material 
was used in further comparisons. Clones were se- 
lected which possessed no obligatory cold require- 
ment for induction, and therefore, in the absence 
of prior cold conditioning, would flower in the 
greenhouse under 20-hr photoperiod but remain 
vegetative under 16 hr of light. One clonal seg- 
ment was established per 6-inch pot filled with a 
1 to 1 mixture of loam soil and sand. No nutrient 
additions were provided during the experiment. 
Six weeks was allowed for the establishment and 
early growth of the segments before commence- 
ment of the photoperiod treatment and by this 
time the plants supported 3 tillers. 

The behav ior of the vegetat ive and reproductive 
plants was in agreement with the curves presented 
in Fig. 1. Vegetative plants continued to produce 
tillers at a relatively constant rate. The reproduc- 
tive plants developed no new tillers for a period of 
4 to 6 weeks centering on the time of heading, and 
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numbers of tillers died commencing near the onset 
of heading. The cumulative total of tillers pro- 
duced, together with the number living or dead at 
14-day intervals is presented in Fig. 2 for the re- 
productive plants of two clones. Six weeks before 
heading the rate of tiller production was alike in 
plants destined to head or to remain vegetative. 
Divergence in tillering behavior became apparent 
3 to 4 weeks before head emergence. At this time 
new tillers ceased to appear on the reproductive 
plants. Near the time of head emergence, tiller 
mortality commenced on reproductive plants, but 
no tiller mortality was evident on the vegetative 
plants for another 8 weeks. The number of living 
shoots on vegetative plants became significantly 
greater than on the reproductive plants within 2 
weeks after head emergence of the latter. A re- 
sumption of tillering by the reproductive plants 
was evident 3 to 4 weeks after they had headed. 
The tillering behavior depicted in Fig. 2 was ob- 
tained on plants subjected to a 20-hr photoperiod, 
and was compared to that of vegetative plants re- 
ceiving a 16-hr photoperiod. It was considered 
possible that this difference in photoperiod may 
have produced the tillering responses noted. Pre- 
liminary trials with clone B had revealed that fol- 
lowing a 5-week cold conditioning, the plants 
would head under 17-hr daylength. Accordingly, 
both reproductive and vegetative plants of this 
clone were obtained under 17-hr photoperiod after 
the former had received cold treatment and the 
latter had not. Again the vegetative plants con- 
tinued to tiller while the reproductive plants near 
the heading stage did not, but exhibited some 
tiller mortality. These results would support the 
contention that the depression of tillering at the 
heading stage is associated with some aspect of the 
reproductive condition, and not the daylength em- 
ployed. Since the divergence in tillering behavior 
commences well before head emergence, it would 
appear further that factors are involved other than 
the mobilization of metabolites to the seed. 

The depression in tillering and the tiller mor- 
tality noted in hardinggrass near the onset of head- 
ing is associated with the stage of development of 
the plant, as well as with the environmental fac- 
tors of increasing dryness and temperature which 
often prevail. That depression of tillering in har- 
dinggrass which centers on the heading stage is 
transitory in nature. If favorable conditions for 
growth persist, tillering will resume soon after 
heading. The decline in rate of tillering when 
flowering culms are elongating can be offset to a 
degree by grazing or clipping the flowering stalks. 
Such terminal bud removal is followed by renewed 
tillering. Grazing the plants to accomplish this ap- 
pears to be a sound practice when seed production 
is not desired. At the Hopland Field Station, sheep 
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have been observed to take the heads almost pref- 
erentially between the anthesis and seed shatter- 
ing stages of maturity. Grazing heavily at these 
stages also eliminates growth which can become 
coarse and stemmy. 

It is not known at this time whether harding- 
grass exhibits a tillering pattern generally found in 
perennial grasses, nor exactly what causes the re- 
duced tillering near the onset of heading. These 
questions should receive additional study. 
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FIG. 1. Turkey showing the Aegean Area. 
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FIG. 2. Average monthly tem~eratum and rainfall at IZMIR, 
Turkey (data from monthly bulletin of Statistics, Republic of 
Turkey, Prime Ministry, State Imtitute of Sfatistics, May, 
1966). 

because it is too steep or too rocky to cultivate. 
Some areas of the more level fertile valley soils are 
used for year-round grazing because of accessibility 
to the villages. As in many countries that have 
evolved through a nomadic system, the harvesting 
of native forage is taken very much for granted, a 
point that has been adequately covered by John- 
son (1966). Ignorance of some facts about basic 
plant physiology and sheer pressure for survival 
has driven the people to over-utilize land, resulting 
in all the attendant ills that now need attention. 
And so it is with most countries that have devel- 
oped their grazing practices through a free-use sys- 
tem. Pressure on the land by grazing animals is 
steadily increasing and the ranges are downgrad- 
ing (Cornelius, 1962). Livestock numbers in Ta- 
ble 1 show the increase over the past 20 years. Fur- 
ther, the area under cultivation has increased from 
36 million acres to 59 million, while the grazing 
land has diminished by over 20 million. Data for 
the Aegean area are not available, but this area has 
come under more than its share of pressure brought 
about by a natural increase and accelerated by an 
influx of people from other less climatically favor- 
able areas of Turkey. 

Harlan (1954) showed that Turkey was carrying 
twice as many animal grazing units per area as the 
United States. He pointed out such high carrying 
capacities are reached at the expense of quality and 

Table 1. Livestock numbers in Turkey in thousands (from 
summary of agricultural statistics, Publication No. 464, 
Republic of Turkey, 1964). 

Class 1944 1954 11164 

Sheep 22,450 26,808 32,654 
Goats 12,250 16,121 15,599 
Angora goats 4,975 4,958 5,563 
Cattle 9,549 10,867 13,211 
H”ll&eS 557 1,071 1,202 
CXll& 104 89 46 
Horses 1,067 1,214 1,210 
Donkeys 1,644 1,710 1,918 
Mules 85 117 216 

TOTAL 52,982 62,956 71,620 

partly by the efficient utilization of all feed stuffs. 
At that time he suggested the Turkish needs are 
for more forage rather than fewer livestock. 

This paper has two objectives: to relate the 
Aegean ranges to other similar grazing lands of the 
world, thus fulfilling one of the objectives su:~- 
gested by Tomanek (1966); it is hoped that it wll 
stimulate interest in further studies which are so 
desperately needed in Turkey. 

Methods of Measurement 
Plant composition and ground cover were deter- 

mined on three range areas using 20 m line tran- 
sects and a 20 x 25 cm frequency frame carrying 
two 20 mm loops from which vegetation density 
was read. Yield was hand clipped from m2 qua- 
drats and reported in Sgreen weight. 

All three areas were within 20 km of Izmir, in 
the foothills at an elevation of between 50 and 
150 m. 

Grubbing Poterium sfkmsum L. 

On site “A” the Turkish Forest Service, using 
grub-hoes and axes, removed all the weedy shrubs 
from the lower more gentle slopes, (Fig. 3). The 
most prevalent weed and the one causing greatest 
loss in range potential is thorny burnet, Poterium 
sf~inosum L. The bush was windrowed, piled and 
burned, and the ash spots seeded to perennial 
grasses. On the areas sampled, the operation had 
been done the previous fall. Sampling was carried 
out in the middle of April, with the ultimate aim 
of plotting the change in plant population after 
grazing resumed in two years time. Two questions 
were uppermost. Would the Pot&urn repopulate 
the area and if so, how fast? 

Line intercepts through an adjacent untreated 
stand showed Poterium with a crown cover of 46%, 
Ci.rtus snluifolius L., I%, and Pistacia terebinthus 
L., 11%. Little in the way of palatable vegetation 
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Table 2. Botanical compositian on selected sites in the 
Aegean area of Turkey presented as percentage ground 
mver and yield of green weight vegetation. 

Area 

A B c 
“eg&lti0” % % % 

Perennial grasses 9 4 24 
Annual Trifolium 23 9 3 
Annual Medicago 2 2 
Annual grasses 18 12 6 
Annual weeds 10 17 3 
Perennial weeds 5 11 6 
Poterium sp. 2 1 
Rare ground 26 24 13 
ROCk 2 11 30 
Litter 3 9 15 
Yield, kg/ha. 3,970 3,150 6,420 

was apparent under this shrub cover but neverthe- 
less was present in subdued form as yields of palat- 
able forage were approximately 400 kg/ha. The 
cleared area, for such a short recovery time, had 
shown a remarkable comeback. Average percent- 
age composition for the vegetational groups are 
given in Table 2. The perennial grasses which 
made up only 9% consisted mainly of Poa bulbosa 
L., Dactylis glomerata L., and Lolium fxmxne L. 
Annual grasses were prevalent, making 19% of the 
vegetation, and consisted largely of Bromus and 
Festuca sp. The annual clovers were mainly Tri- 
folium subterraneum L. and T. campestre Schreb. 
Species of annual Medicago were scarce on this 
site. Yield from this vegetation was approximately 
10 times that found under the shrub growth. 

Rehabilitation of Former Cultivation 
On a second area, “B,” the situation was much 

the same except that this was a northwesterly slope 
that some years before had been broken and 
cropped to tobacco. The objective was to see what 
vegetation would eventually predominate under 
complete protection from grazing. Here, Lolium 
perenne and Cynodon dactylon (L.) Pers. along 
with some Hordeum bulbosum L. made up the 
perennial grass compliment. Annual grasses, 
mainly annual Bromus and Elymus caput-medusae 
L., were very abundant. The area generally had a 
weed aspect with a high percentage of Cirsium sp., 
Taraxacum sp., Plantago sp., and Antemaria sp. 
Annual legumes were prevalent with Hippocrepis 
unisiliquosa L., Hymenocar@x circinnatus (L.) 
Savi, Astragalus hamosus L., Trigonella monantha 
C. A. Mey, and Onobrychis crista-galli (L.) Lam, 
interspersed with at least 10 species of annual Tri- 
folium, these being dominated by T. camp&w, T. 
angustifolium L., T. tomentosum L., and T. scab- 
rum L. Annual Medicago, particularly iM. poly- 
morpha var. vulgaris (Bath.) Shinners, M. orbi- 

cularis (L.) All., and M. turbinata (L.) All., were 
found on some transects. Brush cover consisting of 
Poterium spinosum and Alhagi pseudalhagi (Bieb.) 
Dew., covered up to 12% of the area. Palatable 
vegetation clipped on this site averaged 3,150 bg/ 
ha. On a small rocky knob within the site which 
had not been cultivated, Quercus coccifera L. was 
prevalent. 

Shrub Removal and Terracing 
The third area, “C,” had been hand terraced into 

meter-wide ditches every 5 meters up the slope 
with the weedy brush being grubbed and burned. 
Trees, Pinus +m L., had been planted along the 
inside slope of the terrace. Protection had been 
afforded the area for 2 years. It occurred on a very 
rocky SE slope with favorable moisture conditions 
which may have accounted for its excellent forage 
production. The figures in Table 2 show 24% 
perennial grasses. The site was dominated by 
Hordeum bulbosum which reached a height of 130 
cm (Fig. 4). Other grazing plants of importance 
were Dactylis glomerata, Cynodon dactylon, and 
Agropyron semicostatum (Stud.) Nees ex Boiss. 
This site had the lowest percentage of bare ground 
but the highest percentage of rock for the three 
areas studied. It was interesting to observe that 
Trifolium subterraneum occurred in relative abun- 
dance under such a heavy perennial stand which 
yielded a tota! qeen weight of 6,400 kg/ha. 

These few m&al figures from the 3 sites indi- 
cate the rich ground cover of the Aegean ranges 
and because of the preponderance of annuals 
changes in vegetative composition may be wrought 
very rapidly. 

Cost and Returns 
The rehabilitation of Turkish ranges will re- 

quire both labor and expense. The Turkish Forest 
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Service determined that the cost for grubbing, pil- 
ing, and burning the brush along with windrowing 
rocks on the contour was approximately 1,000 Turk- 
ish lira (TL)/h a or about $40/acre. The return to 
the grazier for beef is about 3 TL/kg, (139/lb). If 
we assume that 400 kg of green forage will produce 
roughly 10 kg of beef, then each improved hectare 
is giving a return of 300 TL/year which will re- 
quire three grazing seasons before cost of improve- 
ment has been returned. The cost of improvement 
cannot and should not be borne by grazing alone 
as watershed values are paramount when such an 
operation is begun. 

Adjacent to site “C” was 22 ha of land that had 
been treated similarly two years previously and the 
grazing rights were auctioned. It was bid at 2,500 
TL (approximately $250). This was estimated to 
provide 100 animal unit months of grazing at a 
cost of 25 TL/A.U.M. ($2.50/A.U.M.). The yield, 
air dry from the adjacent area, was approximately 
2,400 kg/ha. Assuming that an animal would re- 
quire 400 kg of dry matter per month, including a 
safe carryover, then grazing capacity was 132 
A.IJ.M.‘s and had been slightly underestimated. 

It is noteworthy that such a high value is placed 
on grazing and serves to emphasize the real need 
for a concerted program to improve and maintain 
such an important resource. 

How can a Program be Made to Work? 
Before success in proper land use in Aegean 

Turkey can be achieved there must be- 
1. An increase in land control by a responsible au- 

thority such as the Forest Service. 
2. A developmental research program set up to 

provide answers and information on such ques- 
tions as: 
a. What is the carrying capacity of various 

ranges? 
b. What is the ecological classification of dif- 

ferent areas according to climate, soils, and 
species present? 

c. Can capacity be increased economically by 
weed and brush control, range seeding, or 
range fertilization? 

3. A concerted educational effort to make vil- 
lagers aware of the high relative value of good 
forage in terms of lamb, beef, and milk prod- 
ucts to improve and keep up adequate protein 
nutrition. 

4. Emphasis on forage production to take the 
pressure off hard-used rangeland during the 
summer months. Forage can and should be 
grown in rotation with cotton. Forage could 
enter the cereal-tobacco rotation to take advan- 
tage of the winter rainfall. The common rota- 
tion at present allows the land to be fallow 
from cereal harvest in July through to the fol- 
lowing May when tobacco is planted. Some 

5. 

6. 

initial trials showed that 2,000 kg/ha could be 
harvested for green feed in that period of time. 
It was pointed out that this practice may injure 
the quality of the tobacco, particularly if a 
legume was grown. It is high time that coun- 
tries with inadequate nutrition for their people 
started to look at the food requirements rather 
than the dollar export value of such commodi- 
ties as tobacco and cotton, profit from which 
usually finds its way into foreign pockets. 
Some form of quality control and standards for 
meat, comparable to those in developed Euro- 
pean countries, particularly if surpluses are 
achieved and export to this ready market is de- 
sired. 
An examination of the animals themselves to 
determine if they are efficient. Feed conver- 
sion figures should be determined for the vari- 
ous breeds. If these are less than elsewhere, 
then breeding programs could be established 
whereby better blood could be introduced. 

It must be emphasized that these simple matters 
are not up to F.A.O. or any other world organiza- 
tion. These things must be the desires and aims of 
the people of Turkey. It is up to them to under- 
take this work. They have the facilities, the trained 
personnel, the extension organizations to do this 
job. They will undoubtedly need the help and en- 
couragement of some of us, but it is their country 
and their responsibility to make a better place for 
their expanding populations. 

In this paper we have attempted to demonstrate 
that the lands of the Aegean are tremendously pro- 
ductive and quick to improve if given a chance. 
We have tried to say that there is hope for Aegean 
Turkey, through good planning and a conscien- 
tious effort on the part of her trained people to 
adequately feed her expanding flocks and herds. 
There is still time to reverse the land deterioration 
if action is taken now. 
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Highlight 

Range Research faces a challenge to help maintain a 
healthy range livestock industry and productive use of 
rangelands for water yields, wildlife, and recreation. Re- 
search findings could well mean the difference between a 
declining resource and a realization of potential produc- 
tivity from rangelands, worldwide. 

In the rapidly changing world of today the re- 
search of the future can be expected to take some 
dramatic turns in response to economic pressures 
generated by population, politics, and technology. 
Consider the population problem alone: By the 
year 2000 the population of the earth is expected 
to reach 6 billion. In terms of the theme for the 
annual meeting this year (1967), during the next 
20 years we will see an increase in population of 
1.5 billion. These additional humans, plus those 
existing will place great demands on the range re- 
sources of the world. Among their wants will be a 
demand for a greater supply of red meat, more 
fibers for clothes, abundant clean water for per- 
sonal or industrial use, space to live in and escape 
the crush of other humans, and an aesthetic and 
safe environment to enjoy when they escape to the 
countryside. 

There are even suggestions that livestock graz- 
ing on rangelands will eventually be a thing of the 
past. In a speech on March 20, 1967, Secretary of 
Agriculture Freeman described the scene across the 
U.S.A. in the year 2000, “Few livestock are visible 
although the U.S. produces twice as many as in 
the sixties. Livestock are now kept in the environ- 
mentally controlled shelters that dot the landscape. 
More people are eating meat for cattle, hogs, and 
sheep grow to market size on a third less feed and 
in a third less time.” At an after-dinner talk to the 
California Section ASRM in 1963, Mr. Nelson 
Crow, Editor of the Western Livestock Journal, 
predicted an increasing number of livestock would 
be carried on improved pastures or in feedlots for 
extended periods because of unfavorable economic 
conditions on rangelands. 

These may appear to be extreme views but they 
illustrate that Range Management research faces a 
challenge to help maintain a healthy range live- 

l Paper 
Range 
1967. 

presented at Annual Meeting, American Society of 
Management, Seattle, Washington, February 14, 

stock industry. Research findings could well mean 
the difference between a viable industry and one 
plagued with problems. 

To ensure that my perspective in this assign- 
ment was in proper focus I solicited ideas from re- 
search workers in the Pacific Northwest, the Great 
Basin, the Great Plains, the Chihuahuan grass- 
lands, and the Annual Range. For what I say here, 
however, I take full responsibility. 

In the past 20 years research has often been done 
on a “cut and try” basis to find the right fit. In 
the future we will see more action programs worked 
out on the basis of measurements and scientific 
principles. Thus, we can expect to understand 
more of the “why” and “how” of things we do in 
range management in addition to the “what.” 

We still do many things on the basis of guess- 
work and budgetary expediency. For example, 
range reseeding often takes place on a contractual 
basis from an administrative work plan, but it is a 
gamble against weather, rodents, insects, and seed- 
ling diseases, unfavorable soil conditions, and com- 
petition from existing vegetation. There is still no 
good “prescription” for successful seedling estab- 
lishment; yet in other fields of agriculture, a grower 
would go broke using practices we take for granted 
in range management. 

In the field of agricultural chemicals we are slow 
to make use of new materials and practices. Cost, 
difficulties of application, and complexities of the 
problem are given as excuses for slow results. A 
potential market of 900 million acres in the U.S.A. 
alone should serve as an incentive for the develop- 
ment of new chemicals and bring costs in line with 
ability to pay. 

Even though we know many things about the 
physiology and autecology of forage and browse 
species we still are operating in the dark. What do 
we really know about the effects of grazing on 
growth potential, plant food reserves, and repro- 
duction of forage and browse species? Why do 
some of our valuable forage species apparently fail 
to respond to nitrogen fertilization and yet others 
may accumulate toxic levels of NO, under certain 
environmental conditions? Are natural plant inhib- 
itors effective in germination and plant competi- 
tion? If so, how do they work and how can they be 
used to advantage in range management? 

Much has been said about multiple use of range- 
lands over the past years but, like the weather, 
hardly anything has been done about it. Even the 
professional societies seem to go their own separate 
ways! For example, using a multiple use approach 
many ranchers in California pay their taxes with 
receipts from recreation activities on their ranches. 
Also, what is our potential for safely increasing 
rangeland water yield? Consider the situation in 
California where about 103 million acre feet of 
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precipitation is received but only about 27 million 
is used. A large portion is lost on the watershed 
and never gets to the user. Several of the western 
states have disagreed for years over Colorado River 
water and yet many more million acre feet of wa- 
ter could be obtained by proper watershed vegeta- 
tion manipulation. 

What are the upper limits of productivity for 
rangelands? Have we ever considered our problem 
in such a context? In our agricultural science lab- 
oratories we are beginning to understand why 
some plants are more efficient in photosynthesis. 
Some of the reasons appear to be the result of 
quickly achieving a high leaf-area index, of being 
able to retain CO2 during the dark period, to store 
the products of photosynthesis more efficiently, or 
to lose less water by transpiration. Yields as high 
as 43 tons/acre dry matter of Napier grass have 
been cited in Puerto Rico. We don’t have as favor- 
able an environment on our rangelands but we 
should set as our goal the upper limit of produc- 
tion for our better species in all environments. 

Future international considerations may well 
force greater competition with economic systems 
where land and labor costs are low. How efficient 
can we be in the use of our resources to produce 
various livestock products? Are we prepared to 
meet competition with an increase in efficiency of 
livestock production? “Ten pounds of feed are re- 
quired to make a pound of beef (liveweight). If 
beef production efficiency were increased 40% 
(which is the increase made by broilers in the last 
25 years) we would reduce present production costs 
by more than $1.5 billion per year. Converting 
feed to demanded types of meat with less fat would 
greatly reduce costs and might well result in better 
diets.” 

Why have we apparently avoided research on 
the genetic selection and reseeding of shrubs for 
range use and improvement? It appears that we 
have left this area to the game managers and yet 
the nutritive value and ecological tolerance limits 
of such shrubs as Atriplex, Eurotia, Acacia, Kochia, 
etc. have much to offer in range management. 

Why should forage be allowed to deteriorate at 
the end of the growing season? Is it necessary for 
perennial grasses? Do we have a good physiologi- 
cal answer for proper use factors that have been 
established for many species? 

How can fuel concentrations of dense brush be 
reduced safely? How can a substitute cover be es- 
tablished and will such a substitute cover yield 
benefits of increased water yield, greater forage 
production, improved wildlife habitat, and recrea- 
tional opportunities, in addition to the reduction 
of the fire hazard? There is still considerable con- 
troversy about the place of fire as a tool in range 
improvement in the U.S.A. and other countries. 

How productive can we make desert areas? Is 
the best solution to reseed with shrubs, grasses, or 
cactus? Can we actually reseed when we wish or 
must we leave it up to chance? 

These are only a few of the questions which face 
us in the future. Research must be developed to 
probe these and many other questions. 

A few of the special areas that should receive in- 
tensified research in the next twenty years include: 
1. 

2. 

3. 

4. 

5. 

6. 

Find new ways of environmental modification 
for increasing plant establishment under diffi- 
cult environments. We must be able to bring 
about an improvement to such environmental 
factors as moisture, fertility, temperature, and 
competing organisms. 
Intensify research on the physiology, ecology, 
and genetics of existing and potential forage 
and browse species. Information is needed on 
the physiology of grazing response, timing of 
use, plant constituents, and effect of environ- 
ment. Plant morphology related to animal use 
would also be a fruitful area of study. 
Develop range uses of agricultural chemicals to 
modify plant growth. More than just weed con- 
trol is needed. Work should include selective 
chemicals for seedling establishment, soil con- 
ditioning, growth promotion, growth inhibi- 
tion, increasing palatability, and maintaining 
forage quality. All should be studied for meth- 
odology of application and obtaining safe resi- 
due levels. 
Expand research interests to problems associ- 
ated with multiple use of rangelands, particu- 
larly increased recreation use. We must solve 
sociological problems involved in conflicts of 
land use. Research can provide the answers for 
compatibility of grazing and recreational use. 
Our research should result in closer ties with 
wildlife and recreation interests. If we fail to 
do this, other groups will take the leadership 
and leave us talking to ourselves! 
Adapt vegetation analyses to high-speed com- 
puter techniques. Improve range plant and soil 
surveys and better determine range response to 
management and utilization. 
Develop new techniques for increasing produc- 
tivity including vegetation manipulation. We 
must develop new or adapted forage species, in- 
cluding shrubs. To accelerate research on shrubs 
I suggest the establishment of a shrub research 
foundation or laboratory with an international 
seed bank and browse seed orchards. Our stud- 
ies should lead the way to new concepts in fer- 
tilization, forage manipulation, and grazing 
management. Since our rangelands are arid or 
semiarid, any practices which would promote 
more efficient moisture utilization should re- 
sult in greater forage production. 
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Encourage research and application of plant 
pathology, entomology, and vertebrate zoology 
on range problems including biological con- 
trol. Particularly needed is research from these 
fields to ensure greater success in seedling es- 
tablishment and to increase plant longevity. 
Improve economic analysis of rangeland re- 
sources as to their true value as a source of food, 
water, recreation, and wildlife. 
Encourage research on the economic size of 
land units and land-tenure systems. This is of 
considerable importance in many countries of 
the world. The range management approach 
should receive consideration in land-use pro- 
grams. 

The foregoing list should not imply any priority 
for research. However, priorities should be made 
for existing and proposed research by each research 
organization and range scientist. Projects that are 
not expected to provide worthwhile information, 
those which promise to yield small returns for 
large investments, and projects which have become 
outdated should be terminated or remodeled. 

Equally important as research is to the future of 
the Society of Range Management, are the research 
scientists themselves. An atmosphere of coopera- 
tion and mutual appreciation must be maintained 
in the Society and its publications. We need a 
greater exchange of ideas and a stimulating en- 
vironment of inquiry. More time should be allo- 
cated in our meetings for discussion and debate. 
A recent visitor to the U.S.A. commented in his 
report to the F.A.O. of the United Nations that he 
was surprised to find so little interchange of ideas 
among staffs of the various research stations. Our 
society must not become a group of individuals 
promoting their own or a particular public agen- 
cy’s interests. 

I believe we must make a renewed effort to up- 
grade the professional image of the Society. There 
should be more of the basic research findings in 
the RANGE JOURNAL rather than to lose them 
to other journals. We can start by getting more 
research reports and research needs presented at 
the Annual Meetings of the Society. The program 

committee for the Seattle Meeting did a good job 
in this respect. 

A continual evaluation of the educational stan- 
dards of the profession is essential if we are to 
avoid a parochial outlook which could result in 
our becoming a second or third-choice profession. 
We should so model our range management cur- 
ricula that we can serve as an entry for wildlife 
managers and for others interested in wildland re- 
sources. If we are not progressive in our attitudes 
we will become known for our narrow interest in 
forage alone and not the total resource. 

Budgetary support for research must not be ne- 
glected. Economy is mentioned in some areas of 
the nation-yet our National Budget is the largest 
ever. We’re spending over $40 billion to put a 
man on the moon but very little to find new ways 
to feed the billions left behind. Research budgets 
must be increased and streamlined if range man- 
agement is to progress. The trend for a more basic 
approach in agricultural research requires the pro- 
vision of adequate equipment to obtain the kinds 
of answers that are expected. 

Only a few of the challenges that lie ahead have 
been mentioned here. Furthermore, we should not 
be unaware of the progress made in the past be- 
cause the solution of past problems has often in- 
troduced or created the problems of the future. 
We must now eagerly tackle the truly difficult and 
new problems and avoid the rehash of lessons al- 
ready learned. The team approach offers many 
exciting opportunities. Complex problems may be 
brought down to manageable proportions by the 
combined forces of range scientists, biometricians, 
geneticists, and others. The time is past, whether 
we admit it or not, when a range researcher could 
be a successful jack of all trades. The greatest 
progress will come from team research working on 
problems greater than any of us now imagine. 

I believe the next 20 years will be a challenging 
period for research in Range Management. It will 
call forth the best from each of us to plan, admin- 
ister, evaluate, understand, and apply the findings 
of studies that will make available to a changing 
and expanding population the rangeland resources 
of this continent and of the world. 
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Highlight 

White-tailed deer were primarily grazers, rather than 
browsers, during the winter-spring periods of 1963, 1964, 
and 1965, in South Texas. There were only minor dif- 
ferences in distribution of major forage classes in deer 
diets from distinct range site groups, but major differences 
existed in species composition of diets in relation to site. 
Complexity of diet reduced the importance of any one or 
several species in the diet. Among high priority forage spe- 
cies, perennials were more important than annuals. Deer 
food habits varied according to availability and phenology 
of range vegetation, and were further modified by forage 
preferences. 

Major emphasis in management of South Texas 
rangeland has been directed toward sustained pro- 
duction of domestic livestock. Much of the same 
rangeland also supports substantial populations of 
white-tailed deer (Odocoileus virginianus Bod- 
daert). This dual use of rangeland compounds 
management problems (Glazener, 1958). The pre- 
ferred and most-used foods of each class of grazing 
animal in a given locality must be known as a basis 
for sound management of common-use ranges. 

Previous studies have shown that deer in the 
South and Southwest are primarily browsing ani- 
mals, except during late winter and early spring 
when there is usually an increase in utilization of 
grasses and forbs (Hahn, 1945; Davis, 1952; Good- 
rum and Reid, 1954; ‘CYhite, 1961; McMahan, 
1964). Similar trends have also been noted in other 
regions (Chapman, 1939; Korschgen, 1962). 

McMahan (1964) reported that forbs appeared 
to be of greater importance in deer diets in the 
Texas Edwards Plateau region than generally be- 
lieved. 

In South Texas, Davis (1952) reported that total 
consumption and diet of deer on the King Ranch 
followed the annual progression of plant growth 

l Contribution No. 115, Welder Wildlife Foundation, Sinton, 
Texas. Dr. Clarence Cottam and Mr. W. C. Glazener of 
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M.S. Thesis by the senior author. 
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on the range. He found that browse comprised the 
major portion of the diet, with mast crops being 
sought after and consumed in quantity whenever 
available. Competition between deer and cattle 
for grasses appeared negligible except in late win- 
ter and early spring. Competition for forbs was 
also highest during this period. 

This paper presents results of the first phase of 
deer food habits research on the Welder Wildlife 
Refuge in the Coastal Bend region of South Texas. 
The study was designed to determine composition 
of winter-spring deer diets on common-use ranges 
of the area and to develop food preference criteria 
as a basis for management. 

Study Area and Methods 
The study was conducted on the Rob and Bessie Welder 

Wildlife Foundation Refuge, near Sinton, Texas. The 
Welder Refuge consists of 7,800 acres of native rangeland, 
adjacent to the Arkansas River in San Patricia County. It 
is located in a transitional zone between the Gulf Prairies 
and Marshes, and the South Texas Plains described by 
Thomas (1962). 

Climate, soils, topography, vegetation, and history of land 
use on the study area have been described in detail by Box 
(1961) and by Box and Chamrad (1966). 

The flora of the study area consists of a complex of ap- 
proximately 1,000 plant species (Jones, Rowell, and John- 
ston, 1961; Gould and Box, 1965). Some 16 plant com- 
munities have been mapped and described on the Refuge 
(Box and Chamrad, 1966). The area, in general, may be 
appropriately depicted as a grassland-bushland complex 
(Fig. 1). 

Forage production in the area is normally limited during 
mid and late winter (January-February), while a period of 
peak production normally occurs from March through June 
(Box, 1960). During this study succulent green forage of 
all classes was especially scarce early in 1963, due to 
drought. It was much more plentiful during similar periods 
in 1964 and 1965. Initial vegetative response in late winter 
and early spring was very slow in 1963 and about normal 
in 1964, while unusually early and rapid in 1965. Drought 
conditions were pronounced during late April and May, 
1963. 

Ranching on the study area consists of a steer operation. 
A continuous grazing system with periodic deferments is 
practiced. Deer have continuous access to all pastures. 
Moderate stocking rates were in effect preceding and 
throughout the duration of the study. This included a local 
population of approximately 1,300 white-tailed deer and 
a total of about 500 steers. Ranges on the Welder Refuge 
were in fair to good range condition. 

Composition of deer diets was determined through ru- 
men analyses. Phenology and availability of forage species 
on the range were determined to complement rumen analy- 
ses. 

Deer collections were conducted bi-weekly during the 
winter-spring period of 1963 (January through May); 50 
deer were killed during this period. A smaller sample of 
five animals was taken in late March 1964. Five animals 
were also taken in mid-January 1965. Each field collection 
consisted of taking five adult deer during early morning 
feeding hours. 
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Deer collections were made on the basis of soils and range 
plant communities. In each collection, attempts were made 
to take two animals, at random, that had been feeding in 
plant communities of upland clay and clay loam sites, two 
animals at random from plant communities of upland 
sandy and sandy loam sites, and one animal at random from 
a lowland mixed soils site. The lowland sites represented 
less extensive areas of either swalrs, dry lake beds, or river 
bottomlands. 

Rumen samples were handled and prepared for analysis 
according to standard procedures and technique madifica~ 
dons of Chamrad (1966). Rumen contents were sampled 
using the point analysis method of Chamrad and Box 
(1964), and a water suspension technique, aided by wide- 
field binocular microscope, and reference collections. 

Working reference collections of plant materials in vari- 
ous stages of phenology were used as aids in identification. 
These consisted of (1) mounted specimens on 4 x 6 inch 
index cards, and (2) succulent materials preserved and 
stored in 2 X % inch plastic vials of 10% formalin. A com- 
plete verified herbarium of all plant species recorded for 
the study area was also utilized. 

Vegetational attributes of the range were evaluated by 
ocular reconnaissance, the point method, and the line in- 
terception method (National Academy of Sciences-National 
Research Council, 1962). The phenology of vegetation on 
the area was also studied at periodic intervals during the 
winter-spring period. 

Preference Ratings 

In order to more accurately evaluate the relative impor- 
tance of individual forage plants in the diet, preference rat- 
ings were calculated using (1) frequencies of occurrence in 
rumens, (2) volumetric percentages in rumens, and (3) 
availability of plants on the range. Frequencies of occur- 
rence and volumetric percentages were derived through 
runen analyses. Range sampling data were used to estab- 
lish availability classes, with associated numerical availabil~ 
ity factors, for all plant species or groups occurring in deer 
diets. The following availability classes were used: rare-l, 
occasionalL2, frequent-3, abundant-4. 

Preference values were calculated for each species or 
plant group in the diet by multiplying percent frequency 
of occurrence in rumens times percent volume in *nmens. 
This preference value, calculated from romen data, is cam- 
parable to that described by Dwyer (1961), using frequency 

FIG. 2. Relative proportions of the major foraxe classes in the 
1963 winter-spring diet of white-tailed deer. 

of utilization and percent utilization of grazed plants cm 
the range. 

Preference ratings were then calculated by weighing prei~ 
erence values against availability of species on the range. 
This preference rating is similar to the index of forage 
preference described by Van Dyne and Heady (1965). 

The following formulae were used to arrive at relative 
preference ratings of species used by white-tailed deer on 
the Welder Wildlife Refuge: 

Preference Value = Percent Frequency x Percent Volume 
Preference Value 

Preference Rating = 
Availability Factor 

The preference rating for any given species is relative to 
every other species with which it occurs on the range and 
in the diet during a given season or grazing period. 

Results and Discussion 
Distribution and Fluctuation of Forage 

Classes in Deer Diets 
The extent of use of the major forage classes 

(browse, forbs, and grasses) constitutes a useful 
and valid criterion for evaluating and comparing 
diets of range animals. 

Differences between the three major foray-e 
classes in deer diets on the Welder Wildlife Rk 
uge were highly significant (P < .Ol). Deer on the 
Welder Wildlife Refuge were primarily ,~azers, 
rather than browsers during the winter-sprmg pe- 
riod (Fig. 2). Herbaceous plants made up 90% of 
the total diet for the winter-spring period. Forbs 
made up the highest percentqe of the diet, 68%; 
grasses occupied an intermediate position, 22%; 
and browse was lowest, 5%. An unidentifiable par- 
tion, 5%, was assumed to be distributed among the 
three forage classes. 
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FIG. 3. Relative proportions of major forage classes in deer 
diets for specific periods in 1964 and 1965, compared with 
similar periods in 1963. 

Mast was of insignificant importance in deer 
diets on the Welder Refuge during this study. The 
limited amounts of mast which occurred in the 
diet were included in the forage classes of respec- 
tive parent plants. 

Mean values for forage classes in deer diets for 
specific periods in the spring of 1964 and the win- 
ter of 1965 are compared with those of similar pe- 
riods in 1963 (Fig. 3). Growing conditions preced- 
ing and during these periods were much more 
favorable in 1964 and 1965 than in 1963. Although 
species compositions in deer diets were consider- 
ably different for the periods compared, relative 
proportions of the major forage classes in the diets 
were very similar. 

Marked fluctuations occurred in the composi- 
tion of deer diets during the winter-spring period. 
The distribution of major forage classes in the diet 
at biweekly intervals throughout the 1963 winter- 
spring period is presented in Fig. 4. Differences 
between dates within forage classes were highly 
significant. Values shown for each collection date 
are mean values including three major site groups. 
Differences between sites within forage classes in 
the diets were not statistically significant. 

Heavy utilization of forbs and grasses, with only 
light to moderate browsing, was the general trend 
in deer food habits throughout the winter-spring 
period. The primary use of browse was during 
January and May, when green forage of herbaceous 
species was scarce on the range, and when mast 
was locally available from several browse species. 

/” . 
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FIG. 4. Biweekly fluctuations in composition of the 1963 winter- 
spring diet of white-tailed deer. 

These results represent diets of freely foraging 
deer on fair and good condition range with a wide 
selection of species of all forage classes. In con- 
trast with previous studies, there appeared to be a 
much stronger trend in preference for and utiliza- 
tion of herbaceous species throughout the winter- 
spring season. 

Complexity of Diet 

A minimum of 160 different plant taxa occurred 
in the Welder deer herd’s diet during the winter- 
spring period of 1963. Nine additional plant taxa, 
not recorded in 1963, were determined from lim- 
ited sampling in the spring of 1964 and the winter 
of 1965. The 1963 total included 107 taxa of forbs, 
30 taxa of grasses and sedges, and 23 taxa of 
browse. The number of different plant taxa oc- 
curring in individual animals, collected during the 
winter-spring period, ranged from 5 to 34. All 
plants identified in deer diets during this study are 
recorded by Chamrad (1966). 

The number of different plant taxa in deer diets 
fluctuated throughout the winter-spring period 
and varied according to forage class and site. The 
biweekly differences in the number of species oc- 
curring in deer diets can be related in some respect 
to the phenology and availability of plant species 
on the range. 

Certain species made up as much as 50 to 60% 
of the volume of a few individual diets. Frequen- 
cies of occurrence reached 82%. These, however, 
were exceptional cases. Many other species oc- 
curred in individual diets in amounts of less than 
5% by volume, and many occurred as only a trace 
(less than 1% by volume) in individual rumens and 
in the overall diet. 

Many biologists consider low volumetric per- 
centages (5% or less) for individual species as only 
trace items. A large portion of the Welder deer 
diet was a composite of items occurring in amounts 
of less than 5% by volume. Some plants in this 
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category have the potential to make significant con- 
tributions to deer diets in a dynamic habitat. Such 
individual food items were given due consideration 
in the total diet, since the point contact method of 
rumen analysis (Chamrad and Box, 1964) gave a 
quantitative measurement of items represented by 
volumes as low as 1%. The large number of spe- 
cies involved in the diet minimizes the overall im- 
portance of any one or several species. 

Twelve to 15 species made up approximately 
50% of the winter-spring diet of deer from each of 
three groups of range sites on the Welder Refuge. 
Many more species were involved to round out the 
other half of these deer diets. Some species with 
high frequencies of occurrence in the deer diet, as 
well as some with high percentages of volume, 
actually contributed a relatively small portion to 
the overall winter-spring diet of deer on the 
Welder Refuge. 

The complexity of diet further limits the valid- 
ity of any single expression of quantitative data. 
Some species had relatively high frequencies of oc- 
currence in deer rumens but were low in volu- 
metric percentages, and vice versa. Therefore, 
preference ratings were used to more accurately 
evaluate the relative importance of individual for- 
age plants in the diet. 

Diet in Relation to Range Sites and Plant Communities 

Major differences in species composition exist 
between plant communities supported by different 
groups of range sites on the Welder Refuge (Box 
and Chamrad, 1966). In deer diets, there were no 
significant differences between site groups within 
forage classes; however, highly significant differ- 
ences existed between the specific diets of animals 
feeding on different groups of range sites. 

Rumen analyses revealed only minor instances 
of combined use of clay and sandy sites. In most 
instances, foraging immediately prior to collection 
had been restricted to either clay and clay loam 
sites or to sandy and sandy loam sites. However, 
there was combined use of closely associated plant 
communities within these broad edaphic group- 
ings. Deer that had been feeding in lowland mixed 
soils sites had usually also fed in the surrounding 
upland areas, regardless of what the upland areas 
were. Likewise, animals that fed near lowland 
areas invariably ventured into these areas for a 
small portion of their diet. 

Under certain conditions, large numbers of deer 
concentrate on the open sandy sites, dry lake beds, 
and brush controlled areas. Michael (1965) and 
Knowlton (1964) 1 a so reported such observations. 
It appears that deer have certain food preferences 
related to succulence of vegetation, or to some 
other associated attribute of new plant growth in 
these areas. 

Grazing concentrations on the sandy sites are 
more apparent after vegetation begins to green up 
following rains. Vegetative response to improved 
moisture conditions is usually quicker on the sandy 
soils than on the fine-textured soils; also, vegeta- 
tion responds to lighter precipitation on the sands 
than on the clays. Much of the rapid green-up on 
sandy soils following rains is in the form of ephem- 
eral plants, but there is also a marked response 
among the perennial plants. Perennial species 
made greater contributions than annual species in 
the winter-spring diets of deer sampled in 1963, 
1964, and 1965. 

New plant growth is frequently more available 
and more abundant in recently treated brush-con- 
trol areas. This is especially true relative to browse 
species (Box and Powell, 1965). Some mechanical 
brush-control treatments also generate early suc- 
cessional stages which produce an abundance of 
annual forbs and grasses. However, new growth is 
also generated among some perennial forbs and 
grasses. In January 1965, deer were collected from 
an area that had been rootplowed in the summer 
of 1963. Rumen analyses revealed that the com- 
posite of perennial plant species was considerably 
more important in these diets than the composite 
of annual species. 

Deer concentrations on the dry lake beds are 
most pronounced during periods of severe drought. 
Under such conditions, some green vegetation per- 
sists for longer periods in these depressions than on 
the surrounding upland sites. 

It is not known just how much significant shift- 
ing actually occurs between the major range site 
groups of clay and clay loam soils and those of 
sandy and sandy loam soils during grazing concen- 
trations, or at other times. Based upon findings of 
Michael (1965), it is doubtful that the deer in- 
volved in these grazing concentrations have ex- 
tended or gone beyond their normal home ranges. 

From the standpoint of management it is impor- 
tant to establish precedence and degree of use of 
individual forage species contributing to the diets 
of animals using a given range. Each site stands 
alone, relative to its potential contribution to the 
diet of a grazing animal. Therefore, evaluations of 
individual plant taxa in the diet should be made 
in relation to some ecological entity, such as plant 
community or range site. 

High priority forage plants for each of three ma- 
jor range site groups were established on the basis 
of (1) preference ratings and (2) combined con- 
tributions of a minimum of 50% of the total vol- 
ume of diet from a given site group. 

Clay and clay loam sites.-High priority forage 
plants contributing to deer diets on clay and clay 
loam sites during the winter-spring season are pre- 
sented in Table 1. This group of 12 forage plants 
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Table 1. High priority forage plants for white-tailed deer 
from clay and clay loam sites. 

Taxon or group 
Freq? Vol.2 

(%) (%) A.F.3 P.R.* 

Texas wintergrass (Stipu 
leucotricha) 81.8 

Wild onion & falsegarlic (Allium 
spp. and Nothoscordum 
bivalve) 72.7 

Falsemallow (Malvustrum 
aurantiacum) 63.6 

Rescuegrass & Ozarkgrass 
(Bromus willdenowii and 
Limnodea arkansana) 50.0 

Whorled nodviolet (Hybanthus 
verticilla tus) 36.4 

Lythrum (Lythrum californicum) 45.5 
Sawtooth fogfruit (Phyla incisa) 45.5 
Geranium (Geranium 

carolinianurn and 
G. texanum) 36.4 

Buffalograss (Buchloe 
dactyloides) 54.5 

Primrose (Oenothera spp.) 40.9 
Wildmercury (Argythamnia 

humilis) 36.4 
Bladderpod (Lesquerella spp.) 3 1.8 

9.4 

5.4 

6.8 

4.8 

2.1 
5.0 
5.5 

4.9 

2.1 
2.6 

0.9 
1.7 

4 192 

3 131 

4 108 

3 80 

1 76 
3 76 
4 63 

3 59 

4 29 
4 27 

2 16 
4 14 

1 Frequency of occurrence in diet from this site. 
a Percentage of volume in total diet from this site. 
3 Availability factor. 
* Preference rating. 

made up 5 1% of the deer diet on clay and clay 
loam sites. The next twelve plants contributed only 
an additional 12% by volume to the diet. The high 
priority forage plants consisted of nine forbs and 
three grasses. Nine of the high priority forage 
plants were perennials. 

At least 93 additional plant taxa contributed 
minor amounts to the diet from clay and clay loam 
sites in 1963, and a few others were recorded in 
1964 and 1965. 

Sandy and sandy loam sites.-The high priority 
forage plants contributing to deer diets on sandy 
and sandy loam sites are presented in Table 2. 
Fifteen forage plants contributed 51% by volume 
to the deer diet on these sites. The next 15 plants 
contributed 15% by volume to the diet. On the 
sandy and sandy loam sites the high priority forage 
plants included 13 forbs, two grasses, and one 
browse taxon. This group contained 10 perennials 
and five annuals. 

An additional 93 plant taxa contributed minor 
amounts to the winter-spring diet from sandy and 
sandy loam sites. 

Lowland mixed soils sites.-The high priority 
forage plants of lowland mixed soils sites are pre- 
sented in Table 3. Fourteen different plant taxa 
contributed 50% of the volume in deer diet from 

Table 2. High priority forage plants for white-tailed deer 
from sandy and sandy loam sites. 

Taxon or group 
Freq. Vol. 
(%) (%) A.F. P.R. 

Old-man’s beard (Clematis 
drummondii) 58.8 

Herbaceous mimosa (Mimosa 
strigillosa) 35.3 

Texas wintergrass (Stipu 
Zeucotricha) 58.8 

Snoutbean (Rhynchosia 
americana) 41.2 

Rescuegrass & Ozarkgrass 
(Bromus willdenowii and 
Limnodea arkansana) 47.1 

Sawtooth fogfruit (PhyZa incisa) 41.2 
Groundcherry (+mast) 

(Physalis viscosa) 17.6 
Horsemint (Monarda punctatu) 41.2 
Anemone (Anemone caroliniana 

and A. decapetala) 11.8 
Gaura (Gaura spp.) 35.3 
Evening primrose 

(Oenothera grandis) 23.5 
Wild onion & falsegarlic 

(AZZium spp. and 
Nothoscordum bivaZve) 35.3 

Milkpea (Galactia canescens) 17.6 
Hackberry (Celtis Zaeviguta 

and C. reticulata) 11.8 
Annual broomweed 

(Xanthocephalum texanum 
and X. sphaerocephalum) 23.5 

11.4 

4.7 

3.8 

4.5 

4.3 
4.3 

2.5 
2.8 

2.4 
1.7 

2.5 

1.3 
0.8 

2.2 

1.4 

223 

83 

74 

62 

51 
44 

44 
38 

28 
20 

20 

these sites. The next 14 plants made up only 15% 
of the diet. High priority forage plants on lowland 
mixed soils sites included 11 forbs, two grasses, and 
one browse taxon. Ten perennials and four an- 
nuals were involved. 

Eighty-two other plant taxa were identified in 
rumen samples, representing the lowland areas. A 
few high priority forage plants, determined for the 
lowland sites, were possibly influenced by com- 
bined use of adjacent upland communities. 

The determination of high priority forage plants 
is an important preliminary step toward establish- 
ing key utilization species and other valid manage- 
ment criteria for common use ranges in South 
Texas. Additional information must eventually be 
obtained for the more promising species, relative 
to their ecology on native ranges, grazing toler- 
ances, forage potentials, nutritional values, seasonal 
usage, and common usage by deer and domestic 
livestock. 

Summary 

Rumen analyses were used to study winter and 
spring food habits of white-tailed deer on the 
Welder Wildlife Refuge in South Texas, during 
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Table 3. High priority forage plants for white-tailed deer May, and it remained far below that of forbs 
from lowland mixed soils sites. throughout the season. 

There were only minor differences in the dis- 
tribution of the major forage classes in the diets 
from different range site groups. However, major 
differences existed between specific diets of deer 
from the different sites. Distinctive diets, relative 
to species composition, existed for clay and clay 
loam sites, for sandy and sandy loam sites, and to 
some extent for lowland mixed soils sites. 

High priority forage plants for each site group 
were determined on the basis of preference ratings 
and combined volumetric contributions to the diet. 
A minimum of 160 different plant taxa occurred 
in the winter-spring diet. From 12 to 15 taxa were 
determined to be high priority forage plants for 
each range site group. Four plant taxa were com- 
mon to all three sites as high priority forage plants 
in deer diets. From 66 to 75% of the high priority 
forage species were perennials. 

During the winter-spring period in South Texas, 
the diet of white-tailed deer varied according to 
availability and phenology of range vegetation, but 
was strongly modified by forage preferences. 

Taxon or group 
Freq. Vol. 

(%> (%) A.F. P.R. 

Sawtooth fogfruit (Phyla in&a) 
Herbaceous mimosa 

(Mimosn stri@ZZosa) 
Old-man’s beard (Clematis 

drummondii) 
Texas wintergrass (Stipu 

Zeucotricha) 
Gaura (Gauru spp.) 
Spiny aster and saltmarsh aster 

(Aster spinosus and 
A. subulutus) 

Woodsorrel (Oxulis dillenii 
and 0. drummondii) 

Rescuegrass Pe Ozarkgrass 
(Rromus willdenowii and 
Limnodeu arkansana) 

Phlox (Phlox cuspiduta and 
P. goldsmithii) 

Geranium (Geranium 
carolinianurn and 
G. texunum) 

Dayflower (Commelina erecta) 
Snoutbean (Rhynchosiu 

americana) 
Hackberry (Celtis Zuevigutu 

and C. reticulatu) 
Wild onion & falsegarlic 

(AZZium spp. and 
Nothoscordum bivalve) 

63.6 7.0 

27.3 6.6 

45.5 6.6 

54.5 5.3 
54.5 3.2 

36.4 

36.4 

54.5 

27.3 

27.3 
18.2 

27.3 

18.2 

27.3 

5.6 

2.0 

2.5 

2.4 

2.9 
1.7 

1.1 

2.2 

1.4 

4 

2 

4 

4 
3 

4 

2 

4 

2 

3 
2 

2 

3 

3 

111 

90 

75 

72 
58 

51 

36 

34 

33 

26 
15 

15 

13 

13 

the period of January through May 1963, the 
spring of 1964, and the winter of 1965. 

Rumen contents were sampled with a point- 
frame analyzer and a water suspension technique. 
Availability of range forage was determined 
through standard vegetational sampling techniques. 

Preference ratings, based on frequency of occur- 
rence and percent volume in rumens and availabil- 
ity of forage on the range, were established for 
specific food items occurring in the diet. 

Deer were primarily grazers, rather than brows- 
ers, during the winter-spring period in South 
Texas. Ninety percent of their diet consisted of 
herbaceous plants. Forbs made up 68% by volume 
of the diet, grasses 22%, and browse 5%; 5% was 
unidentifiable to forage class. Forbs were most 
heavily used by deer during April. Grasses were 
most important during February, when their vol- 
ume in deer diets exceeded that of both forbs and 
browse. Browse, including mast, was of minor im- 
portance in the winter-spring diet. The primary 
use of browse was during January and May, when 
green forage of herbaceous species was scarce on 
the range. The volume of browse in the diet ex- 
ceeded that of grasses only from mid-April through 
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Highlight 

The mid-summer food habits of white-tailed deer on the 
Welder Wildlife Refuge were studied by rumen analysis, 
using the point analysis method. Preference ratings were 
developed from the data collected. Deer diet in relation to 
soil type was: clay areas 70% forbs, 22% browse, and 8% 
grasses; and sandy areas 53% forbs, 45% browse, and 2% 
grasses. Seven species from the combined sand and clay 
areas made up 50% of the deer diet. Mast averaged 29% 
of the diet from the combined sand and clay areas. 

The overall study of white-tailed deer on the 
Welder Wildlife Refuge includes an examination 
of their food habits. This paper reports the results 
of a study of the mid-summer diet of deer on the 
Refuge. 

Chamrad and Box (1968) found that herbaceous 
plants made up 90% of the winter and spring diet 
of the Welder deer herd. Drawe (1967) found 
similar results. Utilization data from the latter 
study indicated that there was no major competi- 
tion between deer and cattle on the Refuge. Davis 
(1952) found that browse made up most of the diet 
of deer on the King Ranch in South Texas. Deer 
and cattle competed for grasses and forbs only in 
late winter and early spring. 

1 Contribution number 117 Welder Wildlife Foundation, 
Sinton, Texas and number 36 ICASALS. 

2Present address: Department of Range Science, Utah State 
University, Logan. 

The Welder Wildlife Refuge is located near 
Sinton, Texas. The Refuge is a 7,800 acre area of 
native rangeland in the transition area between 
the Gulf Prairies and Marshes and the South 
Texas Plains (Gould, 1962). The climate, soils, 
topography, and vegetation of the Refuge have 
been described in detail by Box (1961) and by 
Box and Chamrad (1966). The vegetation of the 
area can best be described as a grassland-brushland 
complex. 

Methods and Procedures 

Sixteen deer were collected with a high-powered 
rifle during August 1965 by a member of the staff 
of the Welder Wildlife Refuge under a special per- 
mit from the Texas Parks and Wildlife Depart- 
ment. Rumen samples were collected and prepared 
for analysis according to procedures outlined by 
Chamrad and Box (1968). Samples were analyzed 
by the point analysis method described by Cham- 
rad and Box (1964). I terns encountered in analysis 
were identified with the aid of a Welder reference 
collection of succulent plant materials, the Welder 
Herbarium, and a succulent plant collection made 
during the time of deer collection and during 
analysis of the rumens. 

Preference ratings were developed for each spe- 
cies identified from the rumen. The formula pre- 
sented by Chamrad and Box (1968) was used in 
developing these ratings: 

Preference rating = 
% frequency of occurrence X % volume 

availability factor 

Percent frequency of occurrence for a species was 
the percentage of rumens sampled in which the 
species occurred. Percent volume was the percent- 
age of points used in sampling that contacted the 
species. Availability factors were based on abun- 
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The mid-summer food habits of white-tailed deer on the 
Welder Wildlife Refuge were studied by rumen analysis, 
using the point analysis method. Preference ratings were 
developed from the data collected. Deer diet in relation to 
soil type was: clay areas 70% forbs, 22% browse, and 8% 
grasses; and sandy areas 53% forbs, 45% browse, and 2% 
grasses. Seven species from the combined sand and clay 
areas made up 50% of the deer diet. Mast averaged 29% 
of the diet from the combined sand and clay areas. 

The overall study of white-tailed deer on the 
Welder Wildlife Refuge includes an examination 
of their food habits. This paper reports the results 
of a study of the mid-summer diet of deer on the 
Refuge. 

Chamrad and Box (1968) found that herbaceous 
plants made up 90% of the winter and spring diet 
of the Welder deer herd. Drawe (1967) found 
similar results. Utilization data from the latter 
study indicated that there was no major competi- 
tion between deer and cattle on the Refuge. Davis 
(1952) found that browse made up most of the diet 
of deer on the King Ranch in South Texas. Deer 
and cattle competed for grasses and forbs only in 
late winter and early spring. 

1 Contribution number 117 Welder Wildlife Foundation, 
Sinton, Texas and number 36 ICASALS. 

2Present address: Department of Range Science, Utah State 
University, Logan. 

The Welder Wildlife Refuge is located near 
Sinton, Texas. The Refuge is a 7,800 acre area of 
native rangeland in the transition area between 
the Gulf Prairies and Marshes and the South 
Texas Plains (Gould, 1962). The climate, soils, 
topography, and vegetation of the Refuge have 
been described in detail by Box (1961) and by 
Box and Chamrad (1966). The vegetation of the 
area can best be described as a grassland-brushland 
complex. 

Methods and Procedures 

Sixteen deer were collected with a high-powered 
rifle during August 1965 by a member of the staff 
of the Welder Wildlife Refuge under a special per- 
mit from the Texas Parks and Wildlife Depart- 
ment. Rumen samples were collected and prepared 
for analysis according to procedures outlined by 
Chamrad and Box (1968). Samples were analyzed 
by the point analysis method described by Cham- 
rad and Box (1964). I terns encountered in analysis 
were identified with the aid of a Welder reference 
collection of succulent plant materials, the Welder 
Herbarium, and a succulent plant collection made 
during the time of deer collection and during 
analysis of the rumens. 

Preference ratings were developed for each spe- 
cies identified from the rumen. The formula pre- 
sented by Chamrad and Box (1968) was used in 
developing these ratings: 

Preference rating = 
% frequency of occurrence X % volume 

availability factor 

Percent frequency of occurrence for a species was 
the percentage of rumens sampled in which the 
species occurred. Percent volume was the percent- 
age of points used in sampling that contacted the 
species. Availability factors were based on abun- 
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Table 1. Percentages of forage classes in deer diets on clay 
and sand during August 1966. 

Soil type 

Clay 

Sand 

Dates Browse Forbs Grasses 

Aug. 5 44 47 9 
Aug. 20 0 94 6 
Aug. 5 4.5 53 2 
Aug. 20 (no collection made) 

dance of a plant on the range: rare-l ; occasional- 
2; frequent-3; and abundant-4. 

Results and Discussion 

Deer on the Welder Wildlife Refuge were more 
grazers than browsers during summer, 1965. On 
clay soils their diet consisted of 70% forbs, 22% 
browse (including mast), and 8% grasses. On sandy 
soils the diet was 53% forbs, 45% browse (includ- 
ing mast), and 2% grasses. These percentages are 
based on preference ratings, since the importance 
of a species involves all three components of the 
preference rating formula. These figures follow 
the trend indicated by the data of Chamrad and 
Box (1968) for the winter-spring period of 1963. 

Deer diet on clay soils varied from the August 5 
collection to the August 20 collection (Table 1). 
No rain was recorded in July, thus the herbaceous 
vegetation became relatively dry. Deer began to 
utilize the leaves, succulent branch tips, and mast 
crops of some of the browse plants. A rain totaling 
1.5 inches fell on August 4, following which the 
perennial forbs and grasses began new growth. 
When the mast crops of the browse plants dwindled 
away, deer utilized mostly forbs. 

Fifty-eight species of plants were identified from 
the diets of Welder deer for summer, 1965. This 
included 9 browse species, 42 forb species, and 8 
grass species. Chamrad and Box (1968) reported 
160 taxa in the winter-spring diet of Welder deer. 
Though the number involved in this study is not 
as high as for Chamrad and Box, the time period 
and phenological changes of the vegetation were 
not as great. Such a complex diet reduces the im- 
portance of one or a few species. 

Three forbs and one browse plant made up 50% 
of the diet on the clay, and one forb and two 
browse species made up 50% of the diet on the 
sand. Preference ratings for these and other spe- 
cies making up at least 1% by volume of the diet 
are listed in Tables 1 and 2. The other 34 species 
not listed in Tables 1 and 2 should not be con- 
sidered insignificant. Some of these species are 
more important during other seasons when they 
are in a different stage of growth; some have a po- 
tential to be more important should the habitat 
change. 

Clay soils.-Based on preference ratings, the order 
of importance of the four major species from clay 

Table 2. Preference ratings for species making up 50% 
of the deer diet and at least 1% by volume of the diet 
on clay soils; based on analysis of 12 rumens. 

Pref. 
Specie+ Rating 

Browse 

Acacia farnesiana (mast) 43 
A. furnesiunu (mast) 10 
A. tortuosu (mast included) 33 
Opuntiu lindheimeri (mast) 863 
Prosopis glundulosu (mast included) 43 
P. glundulosu (mast) 19 

Forbs 

Ambrosia psilostuchyu 67 
Aster subulutus var. ligulutus 31 
Commelinu erectu var. ungustifoliu 61 
Cynunchum burbigerum 213 
Desmun thus virgu tus var. depressus 

(mast included) 463 
D. virgutus var. depressus (mast) 8 
Euphorbiu ulbomarginatu 63 
Gerurdiu heterophyllu 175 
Muchuerantheru tenuis 100 
Mulvustrum uuruntiucum 17 
Oenotheru speciosu var. childsii 52 
Xunthocephulum texanum 22 

l Plant names are according to Jones, Rowell, and Johnston 
(1961) and Gould and Box (1965). 

soils was (1) pricklypear (Opuntia lindheimeri 
Engelm.), (2) bundleflower (Desmanthus virgatus 
(L.) Willd. var. depressus (Humb. and Bonpl.) 
Turner), (3) 1 b g c im in swallowwort (Cynanchium 
barbigerum (Schhele) Shinners), and (4) gerardia 
(Gerardia heterophylla Nutt.) (Table 2). Avail- 
ability factors were as follows: occasional, prickly- 
pear, climbin g swallowwort, and gerardia; and 
abundant, bundleflower. Volumetric percentages 
were relatively high for all four species (i.e., from 
6 to 19%). Frequencies of occurrence for these four 
species ranged from 50 to 100% of the rumens sam- 
pled. 

Pricklypear made up as high as 63% of the vol- 
ume of an individual rumen. This same species 
occurred as low as 5% by volume in other rumens. 
Other examples of this variability could be given. 
These differences in individual diets should be 
considered when nutritional values are determined 
for a species. 

Mast was an important part of the diet of white- 
tailed deer during August 1965. The high occur- 
rence of pricklypear mast in the rumens made it 
the number one plant on the clay. Mast made up 
25% of the volume of the total diet. Plants con- 
tributing to this include: huisache (Acacia far- 
nesiana (L.) Wind.), 2%; pricklypear, 19%; mes- 
quite (Prosopis gZanduZosa Torr.), 3%; and bundle- 
flower, 1%. The importance of mast should not be 
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Table 3. Preference ratings for species making up 50% 
of the deer diet and at least 1% by volume of the diet 
on sandy soils; based on analysis of 4 rumens. 

Specie+ 

Browse 

Pref. 
Rating 

Acacia farnesiana (mast included) 806 
A. farnesiana (mast) 558 
Opuntia lindheimeri (mast) 69 
Prosopis glandulosa (mast) 9 
Zanthoxylum fagara 219 

Forbs 
Acalypha radians 85 
Ambrosia psilostachya 117 
Aster subulatus 94 
Commelina erecta var. ligulatus 314 
Eupatorium odoratum 34 
Rhynchosia americana 21 
Solanum spp. 131 

l Plant names are according to Jones, Rowell, and Johnston 
(1961) and Gould and Box (1965). 

overestimated, however, because from August 5 to 
August 20, the amount of mast in the diet went 
from 25% to less than 5% of the volume. 

Sandy soils. -The three most important plants 
on sandy soils ranked as follows: (1) huisache, (2) 
widow’s tears (Commelina erecta L. var. angusti- 
folia (Michx.) Fern.), and (3) pricklyash (Zan- 
thoxylum fagara (L.) Sarg.) (Table 3). Availability 
factors for these species were: frequent, pricklyash; 
and abundant, huisache and widow’s tears. Volu- 
metric percentages were relatively high. Individ- 
ual rumens contained as high as 52% by volume of 
a particul ar species. Frequencies of occurrence 
were 100% for huisache and 75% for pricklyash and 
widow’s tears. 

Mast made up 33% of the volume of the diet on 

SECOND CALL 
FOR PAPERS 

22nd Annual Meeting, ASRM 

Calgary, Alberta 

Request for volunteer papers to be 
presented at the 1969 annual meeting 
of the American Society of Range Man- 
agement has been made by the Pro- 
gram Committee. 

The annual meeting is one of the 
Society’s principal means “. . . to stim- 
ulate discussion and understanding of 
range and pasture problems, (and) to 
provide a medium of exchange of ideas 
and facts among members and with 
allied scientists . . . .” Hence, papers 
are earnestly solicited from all people 

sandy soils. Species that contributed to this total 
were: huisache, 29%; pricklypear, 3%; and mes- 
quite, 1%. 

The most important plants on both sand and 
clay areas were perennials. Only one annual, 
gerardia, was in the upper 50% of the diet. Grasses 
were not an important part of the mid-summer 
diet of the deer. 

Rumen analyses and preference ratings are tools 
available to facilitate making management deci- 
sions on rangelands. Forage preference is animal 
dependent and must be determined directly or in- 
directly through the animal. Through the use of 
preference ratings, manipulation of range forage 
can be geared to maintaining or increasing plants 
with high ratings and controlling those with low 
ratings. 
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who are engaged in any phase of range 
management: ranchers, researchers, ad- 
ministrators, teachers, and students. 
The author need not be a member of 
the Society. The committee will ap- 
preciate agency or department heads 
bringing this notice to the attention 
of promising people in their organiza- 
tion. 

Those who wish to present papers at 
the Calgary meeting should submit to 
the Program Committee, by June 1, 
1968, the following: (1) title, (2) pre- 
liminary abstract of 200 words or less, 
and (3) a separate supporting state- 
ment. The latter should indicate the 
significance of the paper, tell if it is 
new research, literature review, prac- 

f& 
tical experience, or philosophical, and 
also state the method of presentation 
(reading, charts, slides, etc.). Four 
copies of this material should be sent 
to: 

Mr. Alex Johnston 
Canada Agricultural Research 

Branch 
Research Station 
Lethbridge, Alberta, Canada 

The committee’s final selection of 
papers will be made on the basis of a 
review of this material; authors of ac- 
cepted papers will be notified no later 
than September 1, 1968. They may re- 
vise their preliminary abstracts for pub- 
lication, and will be notified of the 
deadline for the revised abstracts. 
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Highlight 

The national grassland program has produced a number 
of beneficial changes in both the land and the economy of 
southwestern Kansas. Through the federal purchase and 
conversion of marginal farmland to grassland and integrat- 
ing the management of these lands with associated private 
lands, soil erosion and water runoff have been reduced and 
a more dependable supply of summer forage has been 
provided the area’s livestock industry. Multiple use man- 
agement of the government lands has also produced a habi- 
tat for wildlife, ponds for waterfowl and fish, and recrea- 
tional opportunities. The grassland program in southwestern 
Kansas seems to be accomplishing its objective of proper 
land use consistent with the conservation of the area’s nat- 
ural resources. 

parts of the Unitkd States during the 1930’s. The 
number of such cases was particularly great in 
those areas of the country where families were try- 
ing to gain a living from the use of submarginal 

Mortgage foreclosures, tax delinquencies, and 
personal hardships were commonplace in many 

m Grasslands 

o,v 

TIC. 1. Location of United States National Grasslands, 1966. 

The Area 

ception of 480 acres in adjacent Stevens County, is 
The Cimarron National Grassland, with the ex- 

located in Morton County, Kansas (Fig. 2). The 
grassland extends mainly along the Cimarron River, 
with the greatest area located south of the river. 

farmland and depleted rangeland. In an attempt 
to alleviate some of the distress emanating from 
the use of these lands, the U.S. Department of Ag- 
riculture in 1934 initiated a program of submar- 
ginal land purchase and development. This pro- 
gram by the end of 1946 had established some 250 
land utilization projects with a total acreage of 11.3 
million acres in 45 states of the conterminous 
United States. In 1954 approximately 3.8 million 
acres of utilization project land were transferred to 
the Forest Service for permanent retention and 
management. These lands which were incorpo- 
rated into National Grasslands are being devel- 
oped for such multiple uses as range, wildlife habi- 
tats, watershed protection, and recreation. 

stonton 
r-- - 

county KANSAS ------------ 
(----- 

------- 
l 

This paper deals with the rehabilitation and 
management of an almost contiguous tract of sub- 
marginal land in an area of semiarid climate. Al- 
though the findings reported here are limited to 
those of a single project, enough similarities exist 
between the Cimarron Grassland and other na- 
tional grasslands (Fig. 1) to make this study useful 
in an understanding of the program and some of 
its results. 

OKLAHOMA 

lThe author wishes to gratefully acknowledge the help of 
Mr. Steward J. Adams, District Ranger, Cimarron National FIG. 2. The Cimarron National Grassland. Shaded areas repre- 
Grassland, U.S. Forest Service, Elkhart, Kansas. sent government-owned land, 
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FIG. 3. Annual and crop season precipitation at Richfield, Kansas, 1931-1966. Compiled from U.S. Department of Commerce 
records. 

The first purchase of project land was made in 
1935 with emergency funds of the Agricultural 
Adjustment Administration and included nearly 
54,000 acres. In 1938 an additional 42,800 acres 
were acquired under Title III of the Bankhead- 
Jones Farm Tenant Act. Through additional pur- 
chases and exchanges the project reached its maxi- 
mum and present acreage of 107,000 acres in 1942. 
This acreage represents about 25% of the total 
land area of Morton County (Schumacher and At- 
kins, 1965). Additional purchases of land, possibly 
as much as 6,000 acres, and some exchanges of ara- 
ble land for poorer land are planned for the fu- 
ture. 

The climate of the Cimarron Area may be de- 
scribed as semiarid, characterized by light precipi- 
tation, confined largely to the warmer half of the 
year; moderately high wind velocities of about 15 
mi/hr; and a high rate of evaporation and transpi- 
ration (Guest, 1951). The average annual precipi- 
tation as recorded at the cooperative U.S. Weather 
Bureau reporting station 10 miles west-southwest 
of Richfield, Kansas, is 15 inches (Fig. 3). Prob- 
ably more important than the average annual rain- 
fall is the extremes of precipitation which between 
1931 and 1966 ranged from a high of over 25 
inches to a low of approximately six inches. About 
75% of the annual precipitation usually falls dur- 
ing the growing season between March 1 and Sep- 
tember 30. Snow supplies little effective moisture 

since it is commonly accompanied by high winds 
and much of it drifts into road cuts and low places. 

Frost is seldom a restricting factor to agriculture 
except after abnormally warm weather in March 
or early April. 

Most of the National Grassland is located in the 
Cimarron River Valley and on the uplands adja- 
cent to the river. The river valley averages about 
0.5 mile in width and is mantled with sandy soils. 
These soils have a slope of 0 to 3% and during pe- 
riods of flooding often become a part of the river 
channel. On the upland south of the river, the 
soils are mostly sands and loamy fine sands which 
occur in dunes or hills with slopes of 5 to 25%. 
Because of rapid permeability and low moisture- 
holding capacity, wind erosion is common on the 
areas of unprotected land. The Cimarron Grass- 
land also includes most of the nonarable steep and 
broken land along the north side of the river. In 
these areas which have a slope of 5 to 15%, the 
soils are chiefly calcareous sandy loams and calcar- 
eous loams. A few isolated sections of project land 
are located from three to ten miles north of the 
river. These areas of nearly level to gently sloping 
tableland are covered with silt loam and loam soils. 
The soils are well suited to wheat and sorghum 
(Sorghum vulgare) production. However, wind 
erosion is a hazard on the nearly level land while 
both wind and water erosion are problems on the 
gently sloping land (Dickey et al., 1963). 
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Table 1. Acreage of grassland used and number of cattle 
grazing Cimarron National Grassland for selected years.l 

Acres No. 
Year used cattle Months 

1943 18,000 676 5.0 
1944 20,000 890 5.3 
1945 21,240 1,421 5.5 
1946 29,598 2,063 5.7 
1947 35,391 2,056 5.0 
1948 45,63 1 2,478 6.0 
1949 54,597 3,036 6.0 
1950 54,597 2,769 6.0 
1955 94,218 3,608 5.0 
1960 94,000 2,916 6.0 
1965 88,309 3,305 5.5 
1966 88,309 3,465 6.0 

l Steward J. Adams, District Ranger, Cimarron National Grass- 
land. 

Resource Use 

At the time that the Department of Agriculture 
made its first purchase of project land in 1935, 
wind erosion in the area, as well as the entire Great 
Plains, had reached such magnitude that it had be- 
come a national problem. Wind erosion was par- 
ticularly severe along the Cimarron River since 
nearly one-third of the land had been cultivated, 
and most of the soil was unstable and subject to 
blowing. Even on the rangeland most of the per- 
manent plant cover had been destroyed either by 
overgrazing or by the deposition of dust. In reha- 
bilitating these areas, the first step was to tem- 
porarily stabilize the soil. Where possible the land 
was listed and seeded usually to sorghum and 
broomcorn (Sorghum vulgare var. technicum) since 
these crops were slow to deteriorate and were more 
likely to reseed the following year. 

By 1943, grass (blue grama, Bouteloua gracilis; 
buffalograss, Buchloe dactyloides; sand lovegrass, 
Eragrostis trichodes; crested wheatgrass, Agropyron 
cristatum; and Canada wildrye, Elymus canadensis) 
had been well enough established on 18,000 acres 
of the project so that the land could be grazed (Ta- 
ble 1). This acreage during the first year supported 
nearly 700 head of cattle over a five-month period. 
As more land has been successfully seeded to grass 
(sideoats grama, Bouteloua curtipendula; and little 
bluestem, Andropogon scoparius, because of better 
drought qualities have been substituted in the 
grass mixture for crested wheatgrass and Canada 
wildrye), the number of cattle grazed annually has 
increased to more than 3,000 head. Permits to 
graze the grassland have been and are issued 
mainly to local farmers and ranchers of the Mor- 
ton County Grazing Association which was organ- 
ized in 1944. During 1966 only 26 permits were 
given to nonmembers. The government deter- 
mines each year the number of animal units that 
are to be grazed and the length of grazing season. 

Table 2. Average annual use and income of Cimarron Na- 
tional Grassland, 1953-1962.l 

Item 

Animal-unit months 
of grazing 

Number 

16,025 

Federal 
income 

$15,365 

hilineral leases 

Recreational visits 

Misc. land use incl. 
pipeline easements 

11 $53,674 

3,465 

101 $14,648 

Total annual income 

l U.S. Department of Agriculture, 1965. 

$83,687 

The grazing period is usually from five to six 
months, although in 1956 the project was used for 
only four months. 

The grazing association and individual permit 
holders are responsible for the maintenance of 
fences and sources of water which were constructed 
originally during the revegetation program in or- 
der to provide the proper distribution of livestock. 
The grazing fees are adjusted annually in relation 
to the market value of cattle and average about 
$15,000 a year (Table 2). Some 25% of this revenue 
along with the money received from pipeline ease- 
ments and mineral leases is returned to the county 
in which the project land is located and is used for 
schools and roads. 

Although the primary objective of the Cimarron 
National Grassland is to demonstrate proper land 
use, the project is also being developed as a habitat 
for wildlife and for recreation. The grassland is 
cooperating with wildlife agencies in improving 
the physical environments of such game birds as 
the ring-necked pheasant (Phasianum colchicus 
torquatus), quail (scaled, Callipepla squamata and 
bobwhite, Colinus virginianus), and lesser prairie 
chicken (Tympanuchus pallidicmetus). Morton 
County had its first deer (Odocoileus hemonkus) 
season in 1965. Predator and rodent control on the 
grassland is limited and is usually carried out on 
an individual case basis. Several ponds for water- 
fowl and fish have been constructed along the Cim- 
arron River by the Kansas Forestry, Fish, and 
Game Commission. 

The Cimarron Grassland is becoming increas- 
ingly important for recreation. During 1965, nearly 
10,500 people used the area for such purposes. This 
number was more than two times greater than the 
number that visited the grassland during 1959. 
The most popular facility during 1965 was the de- 
veloped picnic sites (4,000 visitors); approximately 
3,500 visits were made for general enjoyment and 
sightseeing; and about 2,500 people used the grass- 
land for hunting and fishing. Some use (around 
100 people) was made of the area for scientific 
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study and the pursuit of hobbies. Camping sites 
and additional picnic facilities as well as some ob- 
servation platforms overlooking the wagon trails 
of the Cimarron Branch of the Santa Fe Trail are 
planned. 

Results of Rehabilitation Program 

The land use problems of Morton County, Kan- 
sas, although existing in different degrees of inten- 
sity since the county’s first settlement, received 
little national attention until the U.S. Department 
of Agriculture started its land utilization program 
in 1935. 

One of the accomplishments of this federal pro- 
gram was the establishment for the first time of a 
definite policy for the management of the area’s 
submarginal land. Prior to 1935, the land charac- 
terized by a complicated pattern of private owner- 
ship either had been cultivated in units too small 
for economic crop production or the vegetative 
cover had been severely damaged or destroyed by 
overgrazing. By the purchase of lands that were 
not self-sufficient and integrating them into the 
management of associated private lands, it has 
been possible to use both the public and private 
lands more in accordance with their capabilities. 
It had been evident for many years that the coun- 
ty’s submarginal land could not provide an ade- 
quate living for single families but little had been 
done by individual farmers, or by state and local 
agencies because of the costs and the length of time 
necessary to rehabilitate the land. 

The Cimarron National Grassland has also dem- 
onstrated that the public purchase and the conver- 
sion of large tracts of unproductive land from sub- 
marginal annual cropping uses to more extensive 
agricultural uses such as grazing can be undertaken 
in such a way as to benefit the land and improve 
the area’s economy. The restoration of a perma- 
nent cover of grass on such land has not only stabi- 
lized the soil even during drought periods but it 
has also decreased the rate of water runoff. Eco- 
nomically speaking, it has been found that this 
land even when governmentally owned can under 
supervision be advantageously used by ranchers 
and farmers. This managed land in providing a 
dependable supply of forage for about 3,500 head 
of cattle each year has greatly increased the eco- 
nomic stability of southwestern Kansas. It has like- 
wise made it possible for more private owners to 
carry out economical operations on farm units that 
were previously too small. 

The grassland has in addition been of demon- 
strational value. With the availability of a depend- 
able source of pasture on the National Grassland 
every year, the cattlemen in the area have been 
able to carry out more effective management of 
their own land. Although the success of the grass- 

land program as an educational process has never 
been fully measured it no doubt has had a far- 
reaching effect on the attitudes and practices of the 
farmers and ranchers living in southwestern Kan- 
sas and adjacent Colorado and Oklahoma. 

In adition to strengthening the area’s livestock 
industry and providing a more consistent source of 
revenue for the local county government, the Cim- 
arron National Grassland has also provided recrea- 
tional opportunities for a part of the High Plains 
which is sorely lacking in such facilities. Since the 
use of the project for recreation has been carried 
out without interference or reduction in value of 
the grassland for grazing, the benefits derived from 
recreational use might be considered as an extra 
dividend. Just how important, monetarily speak- 
ing, it is difficult to say since fees are not charged 
at the present time for the use of recreational 
facilities. 

Conclusions 

Although the American public has shown a 
preference for an economic system in which land 
is owned and managed by private individuals, it 
has, nevertheless, accepted the governmental con- 
trol of poorer lands and land purchased for recrea- 
tional purposes. In Morton County, Kansas the 
proper conservational use of land in private hands 
has been exceedingly difficult to accomplish espe- 
cially in the areas along the Cimarron River. It 
would appear that in the case of Morton County 
the long-range interests of the county can best be 
served by the public control and management of 
the poorer land. There is little doubt that the land 
is best suited for grazing. However, without the 
proper management every year, damage to the land 
may occur even from grazing. Through the inte- 
grated management of the poorer public lands 
with privately owned lands, the Cimarron Na- 
tional Grassland should provide maximum bene- 
fits to the greatest number of people, consistent 
with the conservation of the area’s natural re- 
sources. 
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Highlight 

Yearling Romnelet wethers were used to compare reed 
canarygrass and brome-orchard-ladino with two levels of 
nitrogen and ladino clover as additives to the reed canary 
grass for three consecutive years. When all factors were 
taken ‘into account the brome-orchard-ladino gave the 
most satisfactory results followed closely by the reed canary- 
grass-ladino clover mixture. Reed canarygrass alone pro- 
duced the lowest number of sheep days over a three-year 
period and the lowest actual gains per hectare. The reed 
canarygrass plus 300 kg of N/ha produced the highest ac- 
tual weight gain, 640 kg/ha, and the greatest number of 
sheep days, 2,240. However, the nitrogen fertilizer cost 
$84.00/ha, which cannot be justified in terms of additional 
T.D.N. produced. Ladino clover not only makes a sub- 
stantial contribution to the total dry matter produced but 
also provides nutrients in the form of nitrogen for the reed 
canarygrass in the mixture. 

The most obvious use of reed canarygrass is in 
reclaiming low-lying, poorly drained soils. In the 
United States it has been used extensively to con- 
trol erosion in water courses and in low areas that 
are flooded for relatively long periods. To date 
many farmers and ranchers have been reluctant to 
use it for hay or pasture on high-quality land that 
could support other grasses and legumes. 

Vose (1959) gives a comprehensive review of the 
agronomic potential of reed canarygrass and states 
that early spring growth is best utilized for grazing. 
He also mentions that only a system of manage- 
ment that involves intermittent grazing is likely to 
be suitable for reed canarygrass, as the young un- 
folding shoots are prominent and rather tall, and 
would be selectively grazed under a system of con- 
tinuing pasturing. Richards and Hawk (1945) re- 
ported a low palatability for sheep when grazing 
reed canarygrass. However, Schoth (1938) stated 
that reed canarygrass was primarily a pasture <grass, 
“its long life, long grazing season, and the large 
quantity of very succulent, palatable forage pro- 
duced makes it a valuable pasture plant where it 
survives.” Hughes et al. (1953) point out that in 
general seeding a legume with reed canarygrass has 
not been successful. This has been due to the 
smothering effect of the tall-growing grass. How- 
ever, he does suggest that ladino clover may be 
grown with reed canarygrass if the grass is not al- 
lowed to get higher than 12 to 15 inches. 

Because of the perennial shortage of good spring 
range in the interior of British Columbia, it is felt 
that irrigated pastures can play an integral part in 
over-all ranch management for both the sheepman 
and the cattle rancher. If they are not used full 
time for grazing they may be harvested for hay or 
silage. Irrigated pastures also provide a means of 
increasing livestock numbers. 

The objective of this experiment was to evaluate 
reed canarygrass, with three levels of N, for use as 
an irrigated pasture crop for sheep, compared to 
the presently recommended mixture of brome- 
grass, orchardgrass, and ladino clover. 

Materials and Methods 

This experiment was conducted at the Research Station, 
Kamloops, British Columbia. The area is characterized by 
high summer temperatures, high evaporation rate, and rela- 
tively low precipitation. These climatic conditions have 
produced semi-desert soils, low in organic matter, and rela- 
tively high in calcium and potassium. Prior to the start of 
the experiment the area had been used as an irrigated al- 
falfa hay field. 

The five kinds of pasture used and seeding rates were: 
(a) bromegrass 13.45 kg/ha, orchardgrass 8.97 kg/ha, ladino 
clover 1.12 kg/ha; (b) reed canarygrass 11.21 kg/ha; (c) 
reed canarygrass 11.21 kg/ha plus 300 kg/ha of N, applied 
in three applications; (d) reed canarygrass 11.21 kg/ha plus 
150 kg/ha of N applied in three applications; (e) reed 
canarygrass 11.2 1 kg/ha plus ladino clover 1.12 kg/ha. 

Where reed canarygrass was used, the varieties Frontier, 
Ottawa Synthetic 1, and Commercial were seeded sepa- 
rately, each on one-third of each field. 

The pastures were established in June 1959, but were not 
grazed that year. Prior to establishment, 134 kg/ha of P,O, 
as superphosphate (0-20-O) was broadcast. The soil was 
disced and packed. All fields were clipped twice during the 
year of establishment to control weeds. 

Three (.135 hectare) paddocks were sown to each of the 
above-mentioned mixtures, to utilize a three-paddock rota- 
tion system and provide for 3 replicates. Sprinkler irriga- 
tion was used on all paddocks. The water used was up to 
9 dm/ha. 

The experimental animals were Romnelet wethers pur- 
chased in the fall from the same ranch for each year of the 
trial. They were wintered on silage and hay at the Research 
Station, Kamloops. Grazing the experimental paddock be- 
gan in May 1960 with 15 animals per paddock. The num- 
bers were increased during the flush growth period to take 
care of the additional forage available. The extra animals 
were maintained on similar pasture when not required for 
the experimental paddocks. The average length of a rota- 
tion cycle was 20 to 30 days, seven days for grazing and the 
balance for recovery of the paddock. This, of course, varied 
with the availability of herbage and the climatic conditions. 
Even with this system of “put and take” management it 
was impossible to prevent some waste due to trampling by 
the animals and rejection of the coarse culms. To remove 
the waste material the plots were clipped after the removal 
of the animals. This material was raked and weighed and 
a sample collected for dry matter determination. 

The grazing season averaged 136 days starting May 9 and 
terminating September 14 to September 26, depending on 
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Table 1. Lamb performance as related to grass production, on various pastures during 3 years, 1960-62. 

Dry matter Weight gain DM/kg gain T.D.N. 

Av. 
Treatments Pro- Con- daily Pro- Con- No. of 
3-paddock duced sumed Ratio Actual gain duced sumed Total kg/kg % used sheep 
rotations (kg/ha) (kg/ha) P/C (kg/ha) (kg) (kg) (kg) (kg/ha) gain for gain days 

1960 
RCG 
RCG + 150 kg/ha N 
RCG + 300 kg/ha N 
RCG + ladino 
Brome, orchard, 

ladino 
1961 
RCG 
RCG + 150 kg/ha N 
RCG + 300 kg/ha N 
RCG + ladino 
Brome, orchard, 

ladino 
1962 
RCG 
RCG + 150 kg/ha N 
RCG + 300 kg,/ha N 
RCG + ladino 
Brome, orchard, 

ladino 
J-year summary1 
RCG 
RCG + 150 kg/ha N 
RCG + 300 kg/ha N 
RCG + ladino 
Brome, orchard, 

ladino 

7,386 5,536 1.33 
11,020 6,867 1.61 
11,835 7,968 1.49 
12,258 9,693 1.27 
10,237 6,462 1.58 

7,236 4,556 1.59 
14,876 9,759 1.52 
15,643 10,273 1.52 
13,874 11,027 1.26 
12,820 9,807 1.31 

4,654 3,124 1.49 
13,014 9,624 1.35 
13,988 11,152 1.25 

9,47 1 7,711 1.23 
10,199 8,304 I .23 

6,426 c 4,405 b 1.46 
12,970 ab 8,750 a 1.48 
13,822 a 9,797 a 1.41 
11,868 ab9.477 a 1.25 
11,085 b 8,191 a 1.35 

NS 

363 
582 
618 
548 
660 

167 
304 
438 
474 
362 

382 
805 
864 
690 
854 

.ll 

.15 

.15 

.14 

.18 

.05 

.05 

.07 

.08 

.06 

.15 

.14 

.15 

.14 

.18 

9.21 
8.57 
8.71 

10.20 
7.03 

19.6 
22.2 
16.2 
13.3 
16.1 

5.53 
7.35 
7.35 
6.21 
5.40 

6.89 
5.35 
5.85 
8.03 
4.45 

12.4 
14.6 
10.6 
10.6 
12.3 

3.72 
5.44 
5.90 
5.08 
4.40 

3,658 
4,856 
5,334 
5,061 
4,923 

2,962 
5,524 
6,022 
6,038 
5,429 

2,836 
5,826 
6,180 
5,292 
5,582 

10.1 
8.3 
8.6 
9.2 
7.5 

17.7 
18.2 
13.7 
12.7 
15.0 

7.4 
7.2 
7.2 
7.7 
6.5 

30.2 
35.9 
36.9 
34.0 
40.1 

14.9 
20.0 
21.0 
22.7 
19.3 

36.2 
33.0 
33.4 
32.2 
40.5 

1,324 
1,605 
1,720 
1,625 
1,495 

1,378 
2,505 
2,575 
2,505 
2,325 

1,030 
2,290 
2,425 
2,090 
1,975 

304c .lO 
564b .ll 
640 a .12 
571 ab .12 
625 ab .14 

NS 

11.48 
12.70 
10.75 

9.89 
9.48 

NS 

7.67 
8.44 
7.44 
7.89 
7.03 

3,152 b 11.7 
5,476 a 11.2 
5,845 a 9.8 
5,464 a 9.9 
5,312 a 9.7 

27.1 
29.6 
30.4 
29.6 
33.3 

1,244 b 
2,133 a 
2,240 a 
2,073 a 
1,932 a 

NS 

l Duncan’s Multiple Range-means having the same subscript are not significantly different (P < 0.05). 

the year and the treatment. The animals were weighed at 
the beginning and the end of the grazing season and each 
time they were moved. Water was withheld overnight but 
normal grazing was allowed. From this data average daily 
gains were calculated as well as the feed efficiency data. 

The total dry matter produced was estimated by the use 
of cage yields. The dry matter consumed is an estimate us- 
ing the “difference method.” Pasture output was measured 
in terms of dry matter production and consumption, ani- 
mal weight gains, T.D.N. output, and number of sheep 
days. The yield of T.D.N. was calculated according to the 
method outlined by Sylvestre and Williams (1952). This 
method consists of calculating the T.D.N. and requirement 
of a given animal from maintenance and the T.D.N. re- 
quired to produce a given amount of gain in live weight. 
It is based on Morrison’s total digestible nutrients because 
of the large amount of data that is available which makes 
possible the fixing of fairly reliable standards. Because 
T.D.N. estimates are estimated from the theoretical require- 
ments for maintenance in gain of animals they are indepen- 
dent from estimates of herbage dry matter yields, and hence 
total T.D.N. production may give a more reliable estimate 
of total forage productivity of pasture. 

An analysis of variance was used to compare the grass, 
grass plus N, and grass-legume mixtures. 

Results and Discussion 

Reed canarygrass, when grown alone and with- 
out commercial fertilizer, produced only slightly 
more than half of the standard pasture mixture of 
brome-orchard-ladino. This is what might be ex- 
pected with a pure stand of grass grown under ir- 
rigation, especially with reed canarygrass which is 
a gross feeder of all nutrients. When 300 kg/ha of 
nitrogen were applied to reed canarygrass it sig- 
nificantly outyielded the standard pasture mixture 
producing 13,822 kg/ha (Table 1). However, 
there was no significant increase in forage yield be- 
tween the two rates of nitrogen application. When 
a small amount of ladino clover seed was added to 
the reed canarygrass seeding the resulting forage 
production was slightly better than the standard 
pasture mixture, and almost twice as much as when 
the reed canarygrass was grown alone. 

However, by 1962 forage production of the fields 
originally seeded to reed canarygrass and ladino 
clover had declined considerably. This was due in 
part to the fact that the animals found the clover 
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extremely palatable, grazed it very close, thereby 
reducing the stand of the legume. 

The dry matter consumed is an estimate of the 
total dry matter intake of the animals as estimated 
by the “difference method.” The more completely 
the herbage produced is utilized the closer will be 
the ratio of production over consumption to 1. 
U7ith the exception of the reed canarygrass alone 
with no applied N there was no significant differ- 
ence between the other treatments in the amount 
of dry matter consumed, and in the case of the 
P/C ratio there was no significant difference be- 
tween treatments, although the reed canarygrass 
plus ladino clover indicated better utilization of 
the forage. 

The actual weight gains in terms of kg/ha 
showed significant difference for the three-year 
summary with the highest production being from 
the reed canary paddocks that had been fertilized 
at the rate of 300 kg/ha of nitrogen, and the low- 
est production as might be expected from the reed 
canarygrass alone which produced only 304 kg/ha 
of mutton. The standard pasture mixture of brome- 
orchard-ladino was second in terms of production 
of mutton followed closely by the reed canary- 
ladino clover paddocks. There was no significant 
difference between the three highest treatments. 
Average daily gain between treatments was not sig- 
nificant. In the case of dry matter per kilogram of 
gain there was no significant difference in dry mat- 
ter produced or dry matter consumed. The dry 
matter consumed per kilogram of gain indicates 
the efficience of gain which is slightly in favor of 
the brome-orchard-ladino clover. 

Poor response of the animals in 1961 is difficult 
to explain. They were fed a similar diet during 
the winter of 1960-61 as for the other two winters. 
The quality of the vegetation was similar, the ani- 
mals were from the same rancher, and were in 
good health. The only explanation may have been 
temperature. No shade was provided and 1961 had 
above-average mean temperatures for May, June, 
July, and August. 

Neathery (1964) working in Georgia with Hamp- 
shire and Hampshire x Dorset lambs had a similar 
experience. In 1960 the average daily gain was 
0.13 kg; 1961, 0.04; and 1962, 0.08. Cassard et al. 
(1956), working with range wether lambs sired by 
Suffolk and Corriedale rams and similar ewes, re- 
ported average daily gains ranging from 0.11 kg to 
0.16 on irrigated pastures. The higher gains were 
from the Suffolk crosses. 

Because average daily gains and total gain are so 
easily influenced by grazing management and other 
factors, animal gains frequently do not accurately 
reflect total pasture productivity. This was true in 
1961 where the actual total gain was down but the 

dry matter produced was the highest of the three 
years in the test. Hence T.D.N. production gives 
a more reliable estimate of total productivity of 
the pastures. 

The average starting weight of the lambs in 
1960 was 48.7 kg; 1961, 46.8; and 1962, 38.6. The 
average gain for the season per animal was 17.8 in 
1960, 13.8 in 1961, and 19.9 in 1962. This was for 
all groups and treatments. The T.D.N. in terms 
of kg per kg of gain represents a combination of 
T.D.N. requirements for maintenance and gain. 
Since the portion of T.D.N. for gain is calculated 
directly from the actual gains, any differences in 
the amount of T.D.N. required per pound of gain 
are a function of the differences in maintenance 
requirements of the animals which is related to 
rate of gain. The lower the average daily gain the 
higher should be the amount of T.D.N. required 
per kg of gain. This was the case in this experi- 
ment where the amount of T.D.N. required per 
kg of gain was higher for the reed canarygrass than 
the reed canarygrass plus 150 kg/ ha of nitrogen. 
The wethers had an average daily gain of 0.10 and 
0.11 kg, respectively, for these two treatments. In 
1961 there was an extremely large amount of 
T.D.N. used per kg of gain, which in turn is re- 
flected in the percent used for the gain. 

The production of lamb per hectare was main- 
tained at a high level by use of additives of nitro- 
gen or ladino clover to reed canarygrass. However, 
the economics must be considered. The cost of 
nitrogen is approximately ZS$/kg. This means 
$84.00/ha to produce an additional 336 kg of lamb. 
However, 267 kg of extra lamb can be produced 
with the addition of 1.12 kg/ha of ladino clover 
seed mixed with reed canarygrass at the time of 
seeding at a cost of only 506. In the case of the 
nitrogen fertilizer it must be applied each year in 
split applications, while ladino clover will persist 
for two or three years. 

However, by the third year of the test the ladino 
clover had been reduced considerably. This was 
due to the palatability of the ladino clover, which 
was g-razed with relish by the sheep. The loss of 
ladino clover in the stand meant a corresponding 
reduction in the amount of nitrogen that could be 
“fixed” by the legume for the use by the reed 
canarygrass in the mixture. 

Neathery (1964) noted the fact of changes in 
pasture quality as the season progressed. In his 
study a decline in pasture T.D.N. explained 61% 
of the variation in the decline of average daily gain 
of lambs on pasture. He also found that the ani- 
mals receiving a corn supplement on pasture had 
a slower rate of decline in average daily gain. This 
would indicate a definite advantage to feeding a 
grain supplement in the latter part of the season 
when pasture T.D.N. is declining. 
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Conclusions 

The early spring growth of reed canarygrass can 
best be used by grazing. Reports on palatability 
vary, probably due to the growth stage of the 
plant. The forage should be grazed early and eaten 
down to prevent the plants from flowering and be- 
coming coarse and unpalatable. 

In view of the growth habit, only a system of 
management which involves intermittent grazing 
is likely to be suitable for reed canarygrass. The 
young shoots are rather prominent and tall and 
would be selectively grazed under a continuous 
system of grazing. 

For maximum production it would appear that 
reed canarygrass plus ladino clover is the cheapest 
mixture. However, as ladino clover tends to be 
reduced by grazing, a fertilizer program might be 
superimposed on the reed canarygrass-ladino clover 
mixture to maintain high forage production over 
a longer period. 

One of the main problems in handling irrigated 
pasture is to obtain complete utilization of the 
forage during the peak growth and at the same 
time be able to make allowances for that period in 
the late fall when growth has slowed down, and in 
some cases practically ceased. This is particularly 
true with reed canarygrass which is extremely pro- 
ductive during the spring but tends to become dor- 
mant in September. The addition of commercial 
fertilizer at this time is of little use in maintaining 
growth. 

It may be necessary in the spring to cut one pad- 
dock of the rotation for hay or silage in order to 
prevent growth from becoming rank and unpalat- 
able, and hence wasted. 

Zero grazing was not tried but might be desir- 
able to obtain maximum production on a per 
hectare basis. 

The brome-orchard-ladino clover mixture may 
be a little easier to manage but it was not signifi- 
cantly better than reed canarygrass fertilized at 150 

and 300 kg/ha, or reed canarygrass plus ladino 
clover, in terms of total gain or production of 
T.D.N. 
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Highlight 

Parry rabbitbrush was controlled with Tordon 22-K at 2 
lb/ acre. Treatments significantly increased grass, with a 
corresponding decrease in forbs. 

The increase of numerous brush and other un- 
desirable species on rangelands of the West is a 
serious and ever-increasing problem. On Black 
Mesa, which is approximately 30 miles west of 
Gunnison, Colorado, one of the most noxious spe- 
cies is Parry rabbitbrush (Chrysothamnus f~arryi 
(A. Gray) Greene). In some areas this species con- 
stitutes a sizable portion of the vegetation. More- 
over, it is a vigorous competitor for soil moisture, 
nutrients, and space. Where it is abundant, there 
is a marked decrease in herbage of other species, 
many of which are valuable forage plants for live- 
stock. 

Parry rabbitbrush is widely scattered through 
the intermountain west, being reported from Wyo- 
ming, Nevada, Colorado, and Utah. Elevations at 
which it has been found range from 6,000 to 
11,000 ft. 

As with other species of rabbitbrush, Parry rab- 
bitbrush sprouts prolifically from the underground 
roots. Injury to the aerial portion of the plants 
frequently triggers the physiological response which 
develops sprouts. These may soon function as in- 
dependent plants, and result in a larger number 
of plants than were present in the original stand. 

Efforts to control rabbitbrush by various herbi- 
cides, burning, rail dragging, and plowing have 
been reported, all with varying degrees of success 
(Robertson and Cords, 1957; Hyder et al., 1958; 
Blaisdell and Mueggler, 1956; and Cook et al., 
1965). Because rabbitbrush is usually not as sus- 
ceptible to control measures as sagebrush with 
which it is commonly associated, sagebrush control 
often merely releases the rabbitbrush from plant 
competition, thereby creating a more difficult 
problem (McKell and Chilcote, 1957). If rabbit- 

l Headquarters at Fort Collins, in cooperation with Colo- 
rado State University. 

brush is only partially killed, the remaining plants 
soon reach normal size and abundance. Once con- 
trolled, however, rabbitbrush reinvades slowly, 
particularly where understory herbaceous vegeta- 
tion is abundant (Frischknecht et al., 1953). 

The Study Method 

To determine whether Parry rabbitbrush was susceptible 
to control, cooperative research was initiated in 1964 on 
Black Mesa. The chemicals used were Tordon 22-K2 (4- 
amino-3, 5, 6 trichloropicolinic acid) and 2,4-D. Additional 
trials were made in 1965 with Tordon 22-K and Tordon 
Beads, which contain 2% 4-amino-3, 5, 6 trichloropicolinic 
acid with sodium tetraborate as a carrier. 

Treatments in 1964 were made on two dates that coin- 
cided with two recognizable stages of rabbitbrush growth. 
The first application was made June 24, when new growth 
of rabbitbrush was up to 3 inches in length. The second 
treatment was applied on other plots in the same area July 
14, when rabbitbrush growth was from 3 to 6 inches long. 

Each treatment was applied at three locations where rab- 
bitbrush was abundant together with a grass-forb under- 
story. Ten l/100-acre plots were marked at each location 
and treatments were assigned at random. 

Treatments within a date consisted of: 
1. 24-D isopropyl ester at 3 lb/acre acid equivalent in 5 

gal water. 
2. Tordon 22-K at 0.25 lb in 100 gal/acre water. 
3. Tordon 22-K at 0.5 lb in 100 gal/acre water. 
4. Tordon 22-K at 2 lb in 100 gal/acre water. 
5. Control. 

Observations on the plots consisted of counts of rabbit- 
brush plants before treatment and again in July 1966. 
Sometimes it was difficult to identify individual plants be- 
cause of the sprouting characteristics of the species. There- 
fore a group of stems was arbitrarily considered as an indi- 
vidual plant where the stems emerged from the soil within 
an area 6 inches in diameter. 

In addition to counting the rabbitbrush on each plot, 
samples of the forbs and grasses were clipped before treat- 
ment and at the peak of growth in 1965 and 1966. Herbage 
was clipped within three 5-ft2 subplots randomly located at 
each clipping date in each l/100-acre plot. 

Treatments in 1965 were applied on plots 15 x 100 ft at 
one location on Black Mesa. Three treatments were ap- 
plied August 17 when rabbitbrush was in the early flower- 
ing stage. Each treatment was randomly located and repli- 
cated twice; a seventh plot was reserved as a check. 

Treatments were as follows: 
1. Tordon Beads-ZOO lb/acre. 
2. Tordon Beads-100 lb/acre. 
3. Tordon 22-K-2 lb/acre in 100 gallons of water. 

Prior to treatment, density of rabbitbrush and Fremont 
geranium (Geranium fremon tii Torr.) plants was estimated 
on the area according to the point-centered quarter method 
described by Cottam and Curtis (1956). In 1966, complete 
counts of these two species were made on individual plots. 

2Trade names are used for the benefit of the reader and 
do not imply endorsement or preferential treatment by 
the U.S. Department of Agriculture. 
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Table 1. Percent kill of Parry rabbitbrush, and herbage 
production (lb/acre) in 1966 following herbicide appli- 
cations in 1964. Black Mesa Experimental Forest and 
Range, Colorado. 

Treatment 
Rabbitbrush 

Herbage production 

Herbicide lb/acre kill grasses forbs 

Early Applications 
2,4-D 3 _* 1,398 582 
Tordon 0.25 8 1,921 294 
Tordon 0.5 _* 1,926 134 
Tordon 2 65 2,418 36 

Late Applications 
2,4-D 3 30 1,690 365 
Tordon 0.25 16 1,423 284 
Tordon 0.5 22 1,913 146 
Tordon 2 82 2,474 19 

Control - 1,575 1,043 

* Actual increase in number of plants. 

Results and Discussion 

Tordon 22-K was the most promising treatment 
in terms of rabbitbrush kill and subsequent grass 
production (Table 1). There was no significant dif- 
ference in herbage production between dates of 
spraying but there were fewer rabbitbrush plants 
in 1966 on plots which had been sprayed July 14. 
Tordon sprayed at 2 lb/acre had achieved an aver- 
age 82% kill. When sprayed 3 weeks earlier, this 
same rate produced a 65% kill of rabbitbrush. 

Rabbitbrush plants on other plots sprayed early 
(June 24) increased an average of 15% by 1966. 
Although the top growth of many plants was 
killed, the spray treatment, except at the heaviest 
rate, stimulated sprouting and resulted in more 
plants in 1966. Also, because leaf growth was not 
complete at the time of treatment, some plants de- 
veloped new leaves on the old stems. 

Tordon 22-K at 2 lb/acre gave significantly 
higher kills of rabbitbrush than 2,4-D or the lower 
rates of Tordon; however, for the late treatments, 
2,4-D was second only to the heaviest rate of Tor- 
don. There was no difference in the percent kill 
of rabbitbrush between the two lighter rates of 
Tordon application. 

The treatments reduced the crown cover of rab- 
bitbrush noticeably. After two years, the stems of 
most plants consisted primarily of young succulent 
growth. Where herbicides had not entirely wet 
the foliage, the characteristic “flags” were left on 
older stems. A second spray application, as has 
been recommended by Cook et al. (1965), might 
increase the kill substantially. 

Because previous research (Cook et al., 1965) 
had recommended adequate soil moisture when 
rabbitbrush is treated, gravimetric samples for soil 
moisture determinations were observed on each 
plot at the time of treatments in 1964. On the ear- 

lier date, soil moisture averaged 12.7% and 19.7% 
at 0 to 6 inches and 6 to 12 inches, respectively. 
Three weeks later it averaged 10.0 and 11.3% at 
these same depths. Thus, it appears that sufficient 
leaf development is more critical for the reduction 
of Parry rabbitbrush than is higher soil moisture. 

On Black Mesa, moisture in the upper foot of 
soil frequently will not be limiting for plant 
growth from mid-July through August, due to the 
usual pattern of increased precipitation at that 
time. Consequently, adequate soil moisture and 
full leaf development at this period may combine 
for maximum kills of rabbitbrush. This possibility 
is supported by the 1965 treatments made August 
17, after nearly 4 inches of precipitation had been 
received in July. 

Prior to treatment in 1965, rabbitbrush averaged 
12,866 plants/acre on the site, or about one plant 
per 3.4 ft2. Counts of living plants in July 1966 
indicated a 99% kill on the two plots sprayed with 
Tordon 22-K at the rate of 2 lb/acre. Tordon 
Beads at 200 lb/acre produced a 45% kill of rabbit- 
brush, but at 100 lb/acre there was no reduction 
compared to the check plot. 

In the 1965 rabbitbrush treatments, the same 
chemicals were very effective on Fremont gera- 
nium. This species has in the past been difficult 
to control. Since it produces more herbage than 
any other forb on the area, but is worthless for 
forage, it is of interest that all three treatments 
produced satisfactory kills. From an average of 
1,267 plants/acre in 1965, the following reductions 
were indicated by the 1966 records: 

Tordon Beads 100 lb/acre 
Tordon Beads 200 lb/acre 
Tordon 22-K 2 lb/acre 

Furthermore, it is likely that the 
m 1 -11 * . 

Percent Kill 
of Geranium 

78 
96 

100 

kill by Tordon 
Beaus wnr increase since pronounced epinasty of 
leaves was observed on surviving geranium plants 
in 1966. 

Total herbage production on the plots sprayed 
in 1964 averaged within 50 lb of that on the con- 
trol plots 1 year later. The composition was al- 
tered, however, from 55% grass on the control to 
87% grass herbage on the treated plots. The fol- 
lowing year, production averaged 60 and 89% 
grasses on the control and treated plots, respec- 
tively. 

The treatments significantly reduced the herb- 
age production of broad-leaved species. Tordon 
at the Z-lb rate reduced the forbs in 1966 to less 
than 2% of the composition. The 0.5-lb treatment 
with Tordon was almost as successful; it changed 
the herbage composition to 93% grasses and 7% 
forbs. There were no significant differences in forb 
production between dates or sprays. 
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Total herbage production on the sprayed plots 
averaged 490 lb/acre less than on the control plots 
in 1966. Plots sprayed with Tordon at 2 lb/acre 
averaged only 144 lb/acre less. Because of the con- 
version to a grass stand and the elimination of 
many worthless forb species, there was consider- 
ably more forage available following the treat- 
ments. 

The areas have been grazed by cattle in the sum- 
mer and early fall. On these small plots, which 
have been essentially converted to grass by the 
spray treatments, as well as on other areas up to 
0.25 acre in size that had been sprayed to control 
the forbs, there has been noticeably heavier utili- 
zation of the grasses than on the surrounding range 
(Fig. 1). 

In previous spray trials involving large areas on 
Black Mesa, the cattle were extremely reluctant to 
graze areas that had been sprayed. Possibly by re- 
ducing the size of the sprayed areas this problem 
could be avoided on sites where there is a tendency 
for the large bun&grasses to become overly rank 

and unpalatable when the competing forbs are re- 
moved. 

Conclusions 
To control Parry rabbitbrush with Tordon 22-K, 

it was necessary to apply the herbicide as a foliage 
spray at the rate of 2 lb/acre. Tordon applications 
of 0.25 and 0.5 lb/acre and applications of 2,4-D 
at 3 lb/acre reduced the crown cover of rabbit- 
brush, but failed to produce satisfactory kills. 
Spraying was most successful when new growth of 
rabbitbrush was well advanced-from the time it 
reached 3 to 6 inches lonp until the early stages of ., 
flowering. 

The spray treatments significantly increased grass 
production, and correspondingly decreased forbs. 
Total herbaceous moduction was amroximatelv 
the same on the n&ted and the m&ted controi 
plots. 
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The International Biological Program 

T. C. BYERLY 

Administrator, Cooperative State Research Service, U.S.D.A., 
and Vice Chairman, U.S. National Committee, International 

Biological Program, Washington, D.C. 

Its objective is to evaluate the biological basis of produc- 
tivity in relation to human welfare. It will provide infor- 
mation for more nearly adequate estimates of actual and 
potential yield of biological resources of the land, of fresh 
water, and of the sea. 

The biological productivity of the world, its many eco- 
systems and their innumerable niches occupied by plants, 
animals, and microbes are major determinants of human 
populations and their biological welfare. Conversely, direct, 
indirect, planned, and inadvertent intervention of man in 
his environment are determinants of the biological produc- 
tivity of that environment. 

The IBP is a nongovernmental undertaking sponsored 
by the International Council of Scientific Unions (ICSU). 
Its international governing body is a special committee of 
ICSU. The international headquarters are located at 7 
Marylebone Road, London NW 1. Dr. E. B. Worthington, 
Scientific Director, and the small international staff are lo- 
cated at that address. The President of the special com- 
mittee (SCIBP) is J. G. Baer of Switzerland. 

Among seven sectional committees, four are of particular 
interest to range scientists: 

(A) The Section Committee on Productivity Terrestrial 
(PT). The convener is F. Bourliere of France. The PT 
programs of 35 participating countries include studies of 
grassland, woodland, shrub communities, wetlands, and 
desert. These include studies of primary productivity, sec- 
ondary productivity, and soil decomposition processes. The 
Section has advised National Committees that PT studies 
of primary and secondary productivity should (1) be un- 
dertaken on the same sites, insofar as possible, (2) aim at 
comparing wild and man-modified ecosystems in the same 
environmental conditions, and (3) compare the same type 
of widespread organisms in different environments, e.g., 
bracken, domestic herbivores on grasslands, rodents, graniv- 
orous birds, and grasshoppers. 

(B) The Sectional Committee on Conservation Terres- 
trial (CT). Its convener is E. M. Nicholson of England. 
This Section is identifying and characterizing biologically 
noteworthy terrestrial sites as study sites and for designa- 
tion of sites which should be preserved. 

(C) The international program of the Sectional Com- 
mittee on Use and Management (UM). Its convener is 
G. K. Davis of the University of Florida. 

(D) Nutrition research is fostered by an International 
HA-UM Committee under leadership of C. G. King, 
U.S.A., current President of IUNS. The sectional program 
includes intensive nutritional studies of human population 
groups in contrasting habitats, assessment of human nutri- 

tional status as a part of HA studies on working capacity, 
altitude tolerance, and other studies. Of special interest to 
range scientists is the project on wild and domesticated 
large herbivores, jointly sponsored by the UM and PT Sec- 
tions. Scientists in several European, African, and Ameri- 
can countries have indicated intent to participate in this 
study. Previous research indicates that some wild African 
herbivores may be more efficient converters of roughgage 
to meat in their native habitats than are introduced domes- 
tic livestock species. 

The following countries have formed National Commit- 
tees for participation in the IBP: 

Argentina, Australia, Austria, Belgium, Brazil, Bulgaria, 
Canada, Chile, China (The National Republic of), 
Czechoslovakia, Finland, France, Germany (Federal Re- 
public of), Germany (Democratic Republic of), Ghana, 
Greece, Hungary, India, Indonesia, Israel, Italy, Japan, 
Kenya, Korea (Republic of), Mexico, Netherlands, New 
Zealand, Nigeria, Norway, The Philippines, Poland, 
Rhodesia, The Republic of South Africa, Spain, Sweden, 
Thailand, Union of Soviet Socialist Republics, United 
Kingdom, United States, Uruguay, Venezuela, Republic 
of Vietnam, and Yugoslavia. 

The scientific program of the IBP consists principally of 
these national programs which are coordinated through 
SCIBP and its Sectional Committees. The major part of 
the financing for the IBP is from national sources and is 
devoted to national programs. 

The U.S. National Program 

U.S. participation is sponsored by the National Academy 
of Sciences-National Research Council. A U.S. National 
Committee has been established within the Division of 
Biology and Agriculture. W. Frank Blair, University of 
Texas, is Chairman of the Committee. 

The National Committee has 18 members which include 
the Chairmen of nine Sectional Committees. Seven of these 
correspond in scope to the seven Committees of IBP, al- 
though the U.S. Committee corresponding to the Interna- 
tional Sectional Committee on Conservation Terrestrial 
(CT) is called Conservation of Ecosystems (CE). Subcom- 
mittees on Environmental Physiology (EP) and Systematics 
and Biogeography (SB) complement these seven Sectional 
Committees. 

The PT and PF subcommittees jointly propose the study 
of whole systems, such as drainage basins or landscapes, 
through team effort by U.S.A. and foreign scientists. Where 
possible, ecosystems studied will include both undisturbed 
areas and those importantly modified by human use. 

The PP subcommittee held two research planning con- 
ferences in 1967; one at San Jose, Costa Rica, organized by 
E. R. Lemon, Chairman of PP, dealing with physiological 
limitations on primary productivity under stresses of water 
and temperature variations. The second conference, held 
at Davis, California, organized by C. C. Delwiche, dealt 
with the cycling of nitrogen in the biosphere and the man- 
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agement of that element for increased food production. 
Participants included scientists from the U.S.A. and from 
Latin America countries in both conferences. 

The CE subcommittee is encouraging the collation and 
dissemination of information on the major aquatic and ter- 
restrial ecosystems of the U.S.A. A register of information 
on designated natural areas on Federal lands is in prepara- 
tion by a committee of U.S. Departments of Agriculture 
and Interior scientists. 

The subcommittee on Use and Management of Biologi- 
cal Resources (UM) plans to emphasize plant gene pools; 
use of blood traits for identifying useful animal genetic 
stocks; biological control; human nutrition; cereal ecology; 
new food protein sources; and food microbiology. 

The program on analysis of ecosystems has as Director 
Fred Smith of the University of Michigan. Through IBP, 
PT, and PF, research on six major biomes will be coordi- 
nated with that in other countries. Range scientists will 
find opportunities for participation in studies of desert, 
tundra, and woodland biomes. Success of studies of native 
grasslands and grazable deserts, as well as alpine and arctic 
tundra used as rangelands, depends on their participation. 

About 20 shortgrass sites from Canada through the 
Great Plains to Mexico have been visited. A working group 
met at Colorado State University on October 5, 1967, to 
review research sites. The major area for intensive study 
is the “Pawnee” site in Colorado. George Van Dyne of 
Colorado State University is developing the Grassland 
project. 

The phenology program will interest many range scien- 
tists. They know and some have participated in the im- 
pressive phenological study led by J. M. Caprio at Mon- 
tana State University using the common purple lilac as an 

A Hand Seed Divider and Method for 
Planting Experimental Plots 

ROGER R. KERBS AND HAROLD E. MESSNER 

Range Aid and Range Technician, Rocky Mountain Forest 
and Range Experiment Station, Forest Service, U.S.D.A., 

Rapid City, South Dak0ta.l 

Highlight 

Quick, precise, and even seed distribution was obtained 
with a plastic seeding device and wood trough, both of 
which cost less than $7 for material and required less than 
four man-hours for construction. These two items ap- 
preciably reduced the time required to plant grasses and 
legumes on small experimental plots. 

A major problem in seeding small experimental plots is 
obtaining equipment that will handle a wide variety of 
different-sized seeds in very small amounts, and permit uni- 
form spacing of seed. A seed divider and a 5-ft planting 
trough (Fig. 1) were designed to meet these requirements. 
A particular study required that grass and legume seeds be 
evenly distributed along a IO-ft row. The seeds were pack- 
aged by weight into equal portions for each IO-ft row. 

1 Central headquarters maintained in cooperation with Colo- 
rado State University at Fort Collins. Research reported 
here was conducted in cooperation with the South Dakota 
School of Mines and Technology at Rapid City. 
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index plant. Program plans include wide participation in 
PF and PT phenological studies with widely distributed 
plant and animal species. 

The Interagency Coordinating Committee (ICC) was 
established by the National Science Foundation in response 
to a letter from Donald Hornig, Director of the Office of 
Science and Technology, designating the NSF as coordinat- 
ing agency for Federal participation in the IBP. Harve 
Carlson, NSF, is Chairman of ICC. The Atomic Energy 
Commission, the Departments of Agriculture, Defense, 
Commerce, Health, Education and Welfare, Interior, and 
State, NASA, the Smithsonian Institution, and NSF have 
appointed representatives to ICC. These agencies partici- 
pate directly in research programs of IBP, indirectly through 
support funds for budgeted expenses of the U.S. National 
Committee, justified to the ICC and through support to 
IBP research submitted to the respective agencies through 
their respective and usual procedural routes. 

Individual scientists or scientific groups who wish to par- 
ticipate in the IBP can become familiar with it from Re- 
port No. 2, “U.S. Participation in the International Bio- 
logical Program” and Report No. 3, “Research Studies Con- 
stituting the U.S. Contribution to the International Bio- 
logical Program.” These publications may be obtained 
from the U.S. National Committee for the International 
Biological Program, Division of Biology and Agriculture, 
National Academy of Sciences-National Research Council, 
2101 Constitution Avenue, Washington, D.C. 20418. 

Projects to be accepted must be relevant to the IBP ob- 
jectives and must benefit from international cooperation. 

Proposals which require funds are to be prepared in ac- 
cord with guidelines provided by granting agencies. Provi- 
sion of funds for a proposal rests with the granting agency. 

Similar planting designs to test adaptability of plants have 
been used as early as 1945 (Johnson and Hull, 1949). A 
device for spacing seeds within rows in flats is described by 
Dade (1966). 

This article describes how the seeds in each package were 
evenly dispersed along each row in a field plant&g 
conducted in the Black Hills of South Dakota. 

trial 

FIG. 1. Seeds in each segment of the seed divider are emptied 
into corresponding 1 .-ft segments of the planting trough. 
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find opportunities for participation in studies of desert, 
tundra, and woodland biomes. Success of studies of native 
grasslands and grazable deserts, as well as alpine and arctic 
tundra used as rangelands, depends on their participation. 

About PO shortgrass sites from Canada through the 
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review research sites. The major area for intensive study 
is the “Pawnee” site in Colorado. George Van Dyne of 
Colorado State University is developing the Grassland 
project. 
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evenly dispersed along each row in a field planting trial 
conducted in the Black Hills of South Dakota. 
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ing lid. 

Material and Design 

The small seed divider, measuring 2.25 x 2.25 x 12 
inches, was constructed with xL6-inch~thick clear acrylic plas- 
tic for the shell, and ‘,&inch-thick clear plastic for the in- 
terior partitions. Each division held seed for 1 it of the 
row to be planted. The seeds were first placed into the 
seed divider and spread out evenly with a spatula or small 
brush. The interior partitions, which cowrcd only half of 
the bottom of the divider (Fig. 2), permitted the operator 
to spread the seeds evenly on one side, then tilt the di- 
vider so that the seeds would slide toward the partitions 
and into the 10 compartments in nearly equal portions. 
The seed divider has a sliding lid that allows the operator 
to empty each division individually into the trough. 

The planting trough is 5 ft long, with a divider at each 
ft interval (Fig. 1). Consuuction material consisted of s/a~ 
inch pine for the sides and ends, and ‘L-inch plywood for 
the dividers. The entire surface was painted black. The 
paint allowed the seeds to slide easily, and also made the 
seeds more visible. Seeds from each division of the seed 
divider were emptied into a corresponding I-ft division of 
the trough and spread evenly. The trough was then tilted 

to allow the evenly spaced seeds to fall into the prepared 
srcdbed. 

Discussion 

The small seed divider and trough worked very well on 
small plots, and greatly speeded up the planting operation. 
Seed disuibotion along the rows was very uniform. By us- 
ing clear plastic, the oprrator could ret the seeds at all 
rimes. The seed divider W~F economical to construct and 
required only a few hours to assemble: furthermore, it can 
1~~. constructed to any desired proportion. A seed divider 
map bc constructed for either a right-banded or a Ieft~ 
handed oprrator. 

OK problem encountered with the &stir container was 
tbal sta\ic clcctricity built up on all exposed surfaces dnr~ 
ing use. Seeds would cling to the surfaces, and slow the 
operalion considerably. To overcome this, the plastic was 
treated with “StatikiI.“2 All indications of static electricity 
were eliminated after two treatments. Two treatments a 
day were sufficient to keep the divider relatively free of 
static electricity. As the number of treatments on the di- 
vider increased through use, the daily buildup of static elec- 
tricity appeared to decrease. 

A wind shield was constructed to prevent light seeds from 
being blown from the planting trough. The wind shield 
was not needed on calm days. This shield was effective 
when winds ranged from 10 to 30 mph. 

Although many different species of grasses and legumes 
of various sizes and numbers were seeded with this seed 
divider and trough, no other problems were cncounterrd. 
This seeding technique is effective ior planting different 
species on small plots where mechanical drills would not 
meet the desired requirements. 

LITERATURE CITED 

DADF, Euccx~. 1966. A planter for spacing seeds within 
rows in flats. Agron. J. 58:636-637. 

JOHNSON, W. M., AND A. C. HULL, JR. 1949. Range fork 
age species for seeding in ponderosa pine areas. U.S. 
Forest Serv., Rocky Mountain Forest and Range Exp. %a. 
Res. Note 5, 3 p. 

?Trade names are used for the benefit of the reader, and 
do not imply endorsement or preferential treatment by 
the 1J.S. Department of Agriculture. 
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seeds more visible. Seeds from each division of the seed 
divider were emptied into a corresponding I-ft division of 
the trough and spread evenly. The trough was then tilted 

to allow the evenly spaced seeds to fall into the prepared 
seedbed. 

Discussion 

The small seed divider and trough worked very well on 
small plots, and greatly speeded up the planting operation. 
Seed distribution along the rows was very uniform. By us- 
ing clear plastic, the operator could see the seeds at all 
times. The seed divider was economical to construct and 
required only a few hours to assemble; furthermore, it can 
be constructed to any desired proportion. A seed divider 
may be constructed for either a right-handed or a left- 
handed operator. 

One problem encountered with the plastic container was 
that static electricity built up on all exposed surfaces dur- 
ing use. Seeds would cling to the surfaces, and slow the 
operation considerably. To overcome this, the plastic was 
treated with “Statikil.“2 All indications of static electricity 
were eliminated after two treatments. Two treatments a 
day were sufficient to keep the divider relatively free of 
static electricity. As the number of treatments on the di- 
vider increased through use, the daily buildup of static elec- 
tricity appeared to decrease. 

A wind shield was constructed to prevent light seeds from 
being blown from the planting trough. The wind shield 
was not needed on calm days. This shield was effective 
when winds ranged from 10 to 30 mph. 

Although many different species of grasses and legumes 
of various sizes and numbers were seeded with this seed 
divider and trough, no other problems were encountered. 
This seeding technique is effective for planting different 
species on small plots where mechanical drills would not 
meet the desired requirements. 
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Tropical Pastures. Edited by 
W. Davies and J. L. Skidmore. 
Faber and Faber Ltd., London, 
England. 2 15 p. 1966. 50s. 

This book is a compendium on pas- 
tures written by 15 authorities on var- 
ious aspects of forage production and 
utilization in the tropics. 

The thirteen chapters are entitled: 
Problems of pasture improvement; 
Soils and soil fertility; Ecology and 

the human influence; Plant physiology 
and the future; Plant introduction se- 
lection; Breeding and multiplication; 
Legumes and their associated Rhino- 
bium; The feeding value of tropical 
pastures; Animal selection for the trop- 
ical environment; Diseases and dys- 
functions of the grazing animal; The 
organization of research and communi- 
cation of results; The economics of 
tropical grassland; Experimental de- 
sign and sampling; and Reflections 

and the future. Both the introduction 
and terminal sections are discussions 
by the editors. 

Range people will be interested in 
the problems of tropical pastures and 
the knowledgeable comments assem- 
bled in this book. However, they will 
be disappointed in the lack of atten- 
tion to range management problems. 
Generally they are dismissed by saying 
that in the dry tropics about all that 
can be done is to reduce stocking pres- 



sure and thus alleviate grazing dam- 
age. No positive suggestions are of- 
fered since potentials are too low and 
the risk too high for employing pres- 
ently available improvement tech- 
niques. Although one will generally 
have to agree with this statement, it 
is true only when forage problems are 
considered from an agronomic and 
strictly pasture viewpoint. This is one 
area in which range people can and 
should make their voice known; i.e., 
giving perspective to the overall tropi- 
cal forage problems and not limiting 
themselves to pasture per se. In fact, 
one section obviously overlooked is 
pasture and forage problems in rela- 
tion to other land uses. This facet is 
touched on only briefly in the chapter 
on ecology and the human influence. 

The other section of concern to 
range people is on research and com- 
munication of results to the users. It 
is true that more research on forage 
improvement is needed but so is more 
understanding and knowledge of the 
ecology prior to modification by the 
agronomist. In fact, many undesirable 
consequences of tropical development 
schemes could have been avoided by 
knowing more about the natural plant 
communities even though highly dis- 
turbed. 

Illustrations used are good and rep- 
resent a cross section of tropical areas 
and conditions. It is only natural that 
most examples in this book were 
drawn from the English-speaking trop- 
ics. Worthwhile additions could have 
come from Spanish, French, and Dutch 
centers of influence as well. 

In summary, the material compiled 
by Davies and Skidmore and their as- 
sociates is a worthwhile contribution. 
Most of my comments emphasize the 
need for another book on tropical for- 
age management which these authors 
made no pretense to cover. From a 
range man’s viewpoint, this book 
would be more useful if it contained 
information on the importance and 
use of forages in relation to overall 
agricultural development.-Donald W. 
Hedrick, Range Management, Oregon 
State University, Corvallis. 
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Sheep Breeds of the Mediter- 
ranean. By L. L. Mason. 
Published by arrangement with 
FAO of the UN by the Com- 
monwealth Agricultural Bu- 
reaux, Farnham Royal, Bucks., 
England. 215 p. 1967. 157 
plates. Price 65s. 

sheep in the Mediterranean region 
produce about 750,000 tons of meat, 
3,400,OOO tons of milk, and 209,000 
tons of grease wool annually. Most of 
the milk is converted to cheese (4 to 
5 lb of milk yield one lb of cheese). 
Much of the cheese is eaten locally, 
but some, such as Roquefort, is ex- 
ported in large quantities. 

In his Introduction, the author says, 
“The aim of this publication is to de- 
scribe the types of sheep found in the 
Mediterranean countries. All coun- 
tries with a Mediterranean coastline 
have been included with the obvious 
addition of Portugal. For France, the 
breeds in the southern third of the 
country only are included.” The au- 
thor has achieved this aim in an out- 
standing manner. About 175 breeds 
and varieties are described. The de- 
scriptions are generally complete, and 
the units of measure are standardized 
and defined. Many of the breeds are 
illustrated in the 157 excellent photo- 
graphs. Of all the breeds described, 
probably only the Merino types will 
be familiar to American readers. The 
sheep industry of each of the coun- 
tries is outlined briefly, and the dis- 
tributions of the various breeds within 
the countries are described. 

Although this is primarily a refer- 
ence book, anyone with an interest in 
sheep will find it very interesting to 
browse through. Furthermore, the au- 
thor’s comments about the adaptation 
of breeds and types of sheep to specific 
needs and environments should re- 
ceive more consideration both here 
and abroad.-William J. McGinnies, 
Crops Research Division, Agricultural 
Research Service, U.S.D.A., Fort Col- 
lins, Colorado. 
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One may wonder why there should 
be so many breeds in this region. The 
author frequently points out how each 
breed has been developed to meet spe- 
cific needs with regard to topography, 
climate, social patterns, and economic 
needs. For example: In the Greek 
Zackel breed, pure-white animals are 
“culled because of lack of resistance to 
solar radiation (dermatitis in the pres- 
ence of Hypericum spp.),” and the 
Black Merino of Portugal is selected 
in part for resistance to photosensiti- 
zation. Attempts to “improve” these 
breeds by crossing with the outside 
breeds, the British mutton breeds in 
particular, have frequently reduced 
hardiness. 

You will enjoy reading “The need 
for rangelands research in Australia” 
by R. A. Perry (1967) in PROCEED- 
INGS OF THE ECOLOGICAL SO- 
CIETY OF AUSTRALIA, Vol. 2:1-14. 
Other interesting papers in Vol. 1 and 
2 of this new periodical are cited in 
Current Literature. Copies of Vol. 1 
(1966) and 2 can be purchased for 
$1.50 and $2.00, respectively. Subscrip- 
tions ($5.00) and orders for copies of 
the Proceedings should be sent to the 
Treasurer, Mr. A. G. McArthur, For- 
est Research Institute, Cotter Road, 
Canberra, A.C.T., Australia. 

CONSERVATION DIRECTORY 1968. 

This is a new 1968 listing of organiza- 
tions, agencies, and officials concerned 
with natural resource use and man- 
agement. Prepared, published, and 
obtainable from: The National Wild- 
life Federation, 1412 Sixteenth St., 
N.W., Washington. D.C. 20036. Price 

It should also be noted that many 
of the breeds listed are “triple-purpose 
breeds” and are used for milk produc- 
tion as well as for meat and wool. The $1.50. - 

SpecSsts in Qudity N AT I V E G R AS S E S 
Wheatgrasses l Bluestems l Gramas l Switchgrasses l Lovegrasses l Buffalo l and Many Others 

We prow. harvest, brocess these seeds Native Grasses Harvested in ten States 
You. Inquiries ’ ‘ SHARP BROS. SEED CO. Phone 398223 1 

Appreciated HEALY, KANSAS 
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VIEWPOINTS 

Range Management in ASRM 
Under the caption “The President 

Speaks Out” in the Society Business 
section of the July Journal of Range 
Management (20: 277-278, 1967), Dr. 
C. Wayne Cook presented some very 
thought-provoking problems for con- 
sideration by the members of the So- 
ciety. It would be presumptuous even 
to suggest that I have an answer to 
any one of these points and certainly 
that is not the purpose here, but since 
additional comment was invited per- 
haps the following will prompt further 
thought on the questions asked and 
points raised. 

Dr. Cook asked, “How can we make 
the term range management more 
meaningful to John (2. Public?” Per- 
haps if JQP knew and understood the 
interrelationships between range graz- 
ing and other uses; recreation, wild- 
life, water, etc., in which he is vitally 
interested, the chore might be easier. 
Dr. Heady pointed out, in JRM 20(5): 
283, 1967, the closeness of these land 
uses and the need to correlate both 
thinking and action concerning them. 
But back to the point, more impor- 

tant, I think, is a slight variation of 
the question. How can we make the 
term range management more mean- 
ingful to members of ASRM? Cer- 
tainly every one on the ASRM roster 
has some idea of range management 
and probably could expound if neces- 
sary. But how many really know, from 
having done the job, just what range 
management is and how it works? 

ASRM membership includes ranch- 
ers, scientists, educators, administra- 
tors, researchers, and seed, chemical, 
and equipment salesmen to mention 
only a few. Every one is important 
but how many can and do put all the 
pieces together to form the whole- 
range management? For the answer 
many would think that the ranchers 
are foremost as range managers among 
this diverse membership. Maybe so, 
but for every practicing ranch-range 
manager that I know, ASRM member 
or not, there are several who still trust 
to luck and the vagaries of the weather. 
Undoubtedly there are good range 
managers in all segments of the mem- 
bership but this isn’t enough. To have 
a range management society we’ve got 
to know what range management is 

and how to practice it! Dr. Stoddart’s 
article in JRM 20(5):304-307, 1967 is 
a good place to start if you are a be- 
ginner or have taken Society objectives 
too lightly to date. Our Journal and 
our meetings are filled with items on 
ecosystems and a dozen other highly 
technical subjects and these are essen- 
tial-all part of the whole-but we 
need more spoken and written words 
on how they fit in, how they work-in 
other words, range management. 

In agency circles many can recall the 
early days of the soil conservation pro- 
gram when it was the general belief 
that the objective was to lay out con- 
tours, classify soils, etc., so the land 
owner could qualify for a subsidy of 
some kind. Now, finally, this com- 
mendable program in its entirety has 
been dignified as a land program which 
includes all aspects of use, conserva- 
tion, and management-a serious at- 
tempt to conserve and put to its high- 
est use the soil resource of the nation. 
Similarly, other federal agencies have 
been administering grazing lands for 
many years but only recently has this 
essential effort been recognized as 
range management. But this isn’t to 
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say that all federal ranges are well 
managed-many are subjected only to 
regulated use with too little regard for 
proper season of grazing, best adapted 
kind of livestock, rate of stocking, etc., 
and in some cases there isn’t even a 
good estimate of grazing capacity for 
guidance. And this, in part, is because 
the administrators responsible for these 
lands, many of whom are ASRM mem- 
bers, do not really know what range 
management is all about. So, should 
we be surprised that John Q. Public 
and fewer than all the members of 
ASRM, after only 20 years of organ- 
ized exposure, do not know the full 
meaning of range management? 

Dr. Cook returned to this same ques- 
tion in item number five but with 
reference to foreign countries and in- 
dicated that the term range manage- 
ment has no connotation in terms of 
a science or profession by foreigners. 
So far as Latin America is concerned 
Dr. Cook is completely correct. Our 
term “range” has no translation in 
Castellano. “Range management” be- 
comes “manejo de pasturas”-manage- 
ment of pastures-a far cry from range 
management in western North Amer- 
ica. Except for Patagonia, the four 
southernmost provinces in Argentina, 
and a portion of the Chaco in the 
northwestern part of the country, there 
are no rangelands in that vast country. 
Similarly, Uruguay has changed its 
grazing lands by plowing, introduction 
of exotic species, too heavy grazing, 
and other such practices. But native 
or not, all grazing lands in these coun- 
tries are called “camps” and fenced 
portions thereof are “potreros.” A 
potrero only 2 or 3 years out of culti- 
vation is usually considered as “camp0 
natural.” This may indicate the ex- 
pected difficulty of selling range man- 
agement in the Argentine and other 
Latin countries-call it science, art, 
profession, or whatever else in North 
America. Other Latin countries, Brazil, 
Chile, Paraguay, etc., still have rem- 
nants of native grazing lands but the 
trend toward change is accelerating. 

Range and range management as 
such are unrecognized in two other 
important livestock-producing coun- 
tries. Both Australia and New Zealand 
have developed their own systems and 
procedures of handling and improving 
native grazing lands and their workers 
might be expected to resist another sys- 
tem. I have heard authorities from 
these countries say with respect to 
range management in North America 
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that we didn’t know anything better 
to do with our lands and anyway they 
were so poor we could do nothing but 
what we call range management. In 
the face of such situations it may be 
rather difficult to convert foreign 
countries to our range management 
thinking. 

In item six Dr. Cook asked how 
range management could become a 
more respected occupation but, fortu- 
nately, he answered this one himself. 
Yes, every Society member has a re- 
sponsibility to know and understand 
range management and to sell it at 
every opportunity. This, in my opin- 
ion, will sell the Society and help hold 
the several hundred members that are 
lost each year. Recently a California 
Section member said to me, “Hell, you 
used to sell the Forest Service, not the 
Society and each of us tends to sell his 
own outfit and kind of thinking, not 
the ASRM.” Maybe he was right-I 
didn’t think so a few years back-but 
now I wonder how many ASRM mem- 
bers are doing this today. The impor- 
tant thing, of course, is to sell the 
brand that gets the job done and if we 
the members of the range Society 
know what we are talking about this 
should be the ASRM brand! As the 
old saying goes, charity begins at home 
-so let’s be concerned with range 
management know-how in the Society 
before we worry too much about John 
Q. Public. We need more of it in our 
meetings and our Journal, i.e., if we 
are to have a range management So- 
ciety. This is opposed to the current 
trend, I know, but there are still 
nearly a billion acres of range in the 
United States alone that need the con- 
tinuing attention of professionals, so 
let’s get with it! 

Finally, it matters little whether 
range management is recognized as a 
science, art, profession, or practical 
discipline so long as the rangelands in 
North America and throughout the 
world are managed for sustained high 
production of food, fiber, water, recre- 
ation, etc. And we as professional 
range managers had better see that at 
least the North American ranges pro- 
duce, for once our neighbors learn 
what range management is and how 
to realize the full, sustained potential 
of their wonderful camps, the industry 
here at home may become even less 
lucrative than at present. 

So, I guess my main point is that we 
the members of ASRM should heed 
Dr. Cook’s call by giving a little con- 

centrated thought to range manage- 
ment and what it can and does mean 
to the public, especially when and as 
dispensed through the American So- 
ciety of Range Management. 

E. J. Woolfolk 
Susanville, California 

8 

How Far Have We Come?- 
Where Are We Going? 

The inclusion of several thought- 
provoking editorials and letters in re- 
cent issues of the Journal has caused 
me to do some reflecting on the aims 
and goals of the Society. 

“The American Society of Range 
Management was created in 1947 to 
foster advancement in the science and 
art of grazing land management, to 
promote progress in conservation and 
greatest sustained use of forage and 
soil resources, to stimulate discussion 
and understanding of scientific and 
practical range and pasture problems, 
to provide a medium for the exchange 
of ideas and facts among society mem- 
bers and with allied technologists, and 
to encourage professional improvement 
of its members.” (Italics mine) 

Although the above paragraph is re- 
stated on the inside cover of each issue 
of the Juornal of Range Management, 
the policy of the Society as a whole has 
not measured up to these noble objec- 
tives. Since its first annual meeting 
twenty years ago, the ASRM, through 
its membership, has made some great 
contributions to the field of range sci- 
ence. However, I feel the Society has 
not met its responsibilities on three 
counts: (1) achieving recognition of 
range management and its application 
as a profession; (2) adequately serving 
the rancher element of the Society; 
and (3) supplying high-quality scien- 
tific articles to the editor of the Jour- 
nal. All are part of, or stem from, 
one problem-trying to be all things 
to all people-trying to maintain in 
the ASRM the romantic appeal of the 
wild rangelands of the West and the 
cowboy, trying to maintain a rapport 
with the rancher, while at the same 
time preaching that the profession is 
one which requires scientific training. 
While I am not saying that it is neces- 
sarily wrong to try to be all things to 
all people, I do say it is time to closely 
examine how far the Society has come 
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in 20 years and where we expect it to 
go in the next 20 years. 

The Range Journal, the Society, and 
the Society objectives grew out of a 
need on the part of stockmen, re- 
searchers, and technicians for a med- 
ium for the exchange of facts and de- 
velopments in the field, for a forum 
for new ideas, and for a market place 
for the discussion of policies not af- 
forded by other societies. 

The Journal has served well as a 
medium for the exchange of facts. 
However, as witnessed by the articles 
and exchanges of letters in the .Jour- 
nal over the past few years, the Society 
has been primarily interested in wild 
rangeland management and range live- 
stock. I suggest that there needs to be 
a conscious effort to expand the con- 
cept of range science, the sphere of 
study, and the exchange of facts to in- 
clude the many single and multiple 
uses of grazing land. 

One of the stated objectives of the 
Society is to further “the art and sci- 
ence of grazing land management.” 
Grazing land management is not based 
only on plant ecology as most articles 
in the Journal would lead one to be- 
lieve, but on an assemblage of, among 
other things, soil science, ecology, ani- 
mal science, range science, agronomy, 
economics, sociology, political science, 
and public relations. Nor should the 
study of grazing be restricted to domes- 
tic livestock. Wildlife also graze the 
range and even micro-organisms in the 
seas graze phytoplankton. Advance- 
ment in science is often made by peo- 
ple working on the fringes of a scien- 
tific discipline who, because they do 
not have preconceived ideas of what 
will and will not work and are not 
subject to the same biases as people 
within the field, can take more objec- 
tive views of the problems. For this 
reason, and also the fact that advance- 
ment is made in minds of individual 
men and not by the haphazard or even 
systematic gathering of facts, I feel it 
is in the best interests of the Society 
and its membership to encourage 
broader types of articles for the Jour- 
nal. 

I also suggest that the Range Jour- 
nal as a forum for the exchange of 
ideas and as a medium for the discus- 
sion of policies and proposed policies 
needs to be closely examined. The pro- 
posal has been made that we have two 
journals or two sections in each jour- 
nal, one which is oriented to practcial 
problems, and one to scientific prob- 
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lems. For sure, there should be more 
emphasis on exchange of ideas rather 
than just reporting facts. 

The impression that the Society is 
trying to compete with such “popular” 
journals as the Western Livestock 
Journal, the American Cattle Producer, 
or the National Wool Grower, is evi- 
dent when you look at the ad run by 
the Society in the “popular” journals, 
“Modernize your range operations. 
Get the facts. Keep up to date on re- 
search developments and successful 
ranching experiences.” Do we really 
expect ranchers to get ideas for im- 
proving their operations out of the 
Range Journal Why represent our- 
selves as a bunch of “talk downers?” 
Let’s appeal to a rancher’s intellect, 
not try to sell him a “bill of goods.” 

This brings up another point-mem- 
bership. How often have you heard- 
“every member get a member,” or “go 
get that rancher member?” Contrary 
to what seems to be popular belief in 
the Range Society, quantity does not 
make quality. Fred Renner at the Salt 
Lake City annual meeting in 1961 said 
he visualized the membership of the 
Society at 10,000 in 1975, but, he ad- 
ded, in order to do it the format of 
the Journal needed to be changed to 
appeal to the rancher. I feel it would 
be unwise to try to compete with the 
“popular” journals just to get mem- 
bers. Mr. Renner was right; the Range 
Journal is the only publication of its 
kind in the world. Since the Journal 
is to serve as an outlet for publications 
vitally concerned with range science, 
let’s work to improve it, not down- 
grade it. 

Granted, there is a large turnover 
in rancher membership, but it is be- 
cause of the emphasis on number of 
members. In the over-zealous attempt 
by the Society to sell memberships and 
the Journal, the subscriber often is un- 
sure what it is we are selling. It is im- 
plied (made explicit in our advertise- 
ments) that the rancher will get ideas 
from the Journal for improving his 
operation. This is the wrong selling 
point. The majority of ranchers who 
subscribe now are members of the So- 
ciety, not for the tips on ranching, but 
because of their genuine interest in re- 
search and intellectual stimulus. We 
should appeal to ranchers on this 
basis. We should not tell them the 
Journal will make immediate mone- 
tary gains for them, but rather the ex- 
change of ideas and information which 
the Journal affords will foster an at- 
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mosphere within which inquisitive 
minds will foster new ideas which may 
be moneymakers for the rancher in 
the future, if not the present. With 
this approach, in good faith, we can 
go to all ranchers and industry for 
membership on the grounds that 
through their membership they are 
fostering the improvement of grass- 
land-livestock production through sci- 
entific endeavor. We might even go 
so far as to ask for donations or raise 
membership rates to build research 
and scholarship funds. 

For those who argue that the Range 
Journal is not providing the kind of 
information that ranchers need and 
want, the editors of the popular pub- 
lications would only be too happy to 
print the articles that some people say 
the ranchers want if range people 
would just write them. The Western 
Livestock Journal has 50,000 subscrib- 
ers. It seems more efficient to put ar- 
ticles containing sifted results for gen- 
eral rancher information in this type 
of publication and make the Range 
Journal the professional journal for 
the exchange of fundamental informa- 
tion and ideas between professionals 
in the field of Range Science. 

Another solution, of course, is to 
turn the Journal over to the “popu- 
larists” and let the “scientists” start 
the Journal of Range Science that has 
been discussed for some time. 

Many “range managers” will not 
agree with the statements in this pa- 
per. This was not expected, as it was 
written to promote discussion. How- 
ever, there is presently brewing among 
some factions of the Society, a move- 
ment to raise the public image of the 
range manager. It is my view that we 
stand no hope of achieving this goal if 
we do not first elevate our professional 
standards. One point on which there 
should be agreement is that we must 
carefully examine and encourage dis- 
cussion on “How far have we come?” 
and even more importantly, “Where 
are we going?” 

Jack F. Hooper 
Utah State Univ., Logan, Utah 
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PLLRC Study To Idaho 

The Public Land Law Review Com- 
mission announced January 30, 1968 
that it had awarded a contract to the 
University of Idaho for a study of 
“The Forage Resource of the Public 
Lands,” to be completed by March 
1969. 

Dean E. W. Wohletz of the Univer- 
sity’s College of Forestry, Wildlife, and 
Range Sciences is project director for 
the study; staff advisors include Dr. E. 
W. Tisdale and Dr. L. A. Sharp. Dr. 
A. D. Smith, on leave from Utah State 
University, was named as staff project 
officer. Tisdale, Sharp, and Smith are 
members of the ASRM. 

Representative Wayne Aspinall (D- 
Colo.), Chairman of the Commission, 
termed the study “the most complete 
analysis of public land grazing and 
forage policy ever undertaken.” He 
also stated it would indicate the sig- 
nificance of the public lands to the 
livestock industry and examine the 
various competing demands for forage- 
producing lands. 

Four aspects of the public land graz- 
ing question will be given major at- 
tention in the study: (1) importance 
of the forage resource and that seg- 
ment of the livestock industry which 
is dependent upon the public lands to 
the local, state, and national econo- 
mies; (2) the relationship of grazing to 
other uses of the public lands; (3) au- 
thority for administration of grazing 
on public lands; and (4) the effect of 
public land grazing policies on the 
ranching sector. 

Data will be collected to show pres- 
ent contribution of the public lands to 
the nation’s food and fiber needs, and 
future contribution will be estimated. 
The study will also point out how 
much forage has been allocated to 
wildlife and how much forage land 
has been withdrawn for recreational 
use. The final report will present a 
complete review of the statutes, regu- 
lations, and practices pertinent to ad- 
ministration of public land grazing, 
and special attention will be given to 
pricing and fee policies, tenure, sta- 
bility of the ranching enterprise, and 
security of investment. 

The Commission also announced 
that hearings, open to the press and 

public, will be held in Washington, 
D.C. on April 5 and 6, 1968. Federal 
agencies concerned with the retention, 
management, and disposition of the 
public lands have been invited to pre- 
sent their views. 

New Look At CSU 

Recent changes have been made in 
both the staff and goals of the Range 
Science department at Colorado State 
University. New faculty members who 
have joined, or who will be joining, 
the staff include Drs. C. Wayne Cook, 
Donald A. Jameson, Robert W. Mar- 
quiss, Phillip L. Sims, and George M. 
Van Dyne. 

Colorado State is now offering a 
program leading to the Ph.D. degree 
with emphasis on basic training in the 
biological and physical sciences. Re- 
search efforts are to be expanded into 
the fields of plant and animal eco- 
physiology, range plant and animal 
nutrition, the ecological basis of man- 
agement practices, and the mathemati- 
cal analysis of natural resource prob- 
lems. 

Applicants, who have training at the 
Ph.D level in range science or related 
fields, are invited for positions varying 
from the assistant to associate profes- 
sor levels. Interested persons should 
write to Dean C. H. Wasser, College 
of Forestry and Natural Resources, 
Colorado State University, Fort Col- 
lins, Colorado 8052 1. 

9 
Watershed Science At Utah State 

A brochure from Utah State Univer- 
sity’s College of Natural Resources an- 
nounces new curricula in Watershed 
Science, described as “a challenge in 
natural resource management.” 

The Watershed Science Unit admin- 
isters programs in Watershed Science 
or Watershed Management at the un- 
dergraduate and graduate levels. Op- 
tions, emphasizing watershed manage- 
ment in conjunction with range man- 
agement or forestry, also are available. 

Supporting facilities for this pro- 
gram include the Utah Water Re- 
sources Laboratory, which houses re- 
search sections in weather modification, 
water control and management, re- 
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sources planning, instrumentation, fluid 
mechanics and hydraulics, water qual- 
ity, drainage and salinity, and ground 
water. 

New Name At Berkeley 

The former School of Forestry at 
the Berkeley campus has been as- 
signed the name School of Forestry 
and Conservation by the Regents of 
the University of California. 

In announcing the change, Dr. John 
A. Zivnuska, Dean of the School of 
Forestry and Conservation, and a mem- 
ber of the Society, stated that “. . . 
broadening of the name of the school 
reflects the emphasis on the total en- 
vironment and on broad social pur- 
poses characterizing forestry education 
at Berkeley since its establishment in 
1914. Further, it emphasizes the ties 
between forestry and the conservation 
movement that have existed since Gif- 
ford Pinchot and Theodore Roosevelt 
led the great conservation crusade 
early in this century.” 

Both undergraduate and graduate 
forestry programs at UC permit spe- 
cialization in the fields of timber man- 
agement, park and recreational land 
management, range management, wild- 
life habitat management, and water- 
shed management. 

9 
Texas Tech Staff Changes 

Gerald W. Thomas, Dean of Agri- 
culture, Texas Technological College, 
recently announced that Dr. Clarence 
Cottam and Mr. W. Caleb Glazener, 
Director and Assistant Director of the 
Welder Wildlife Foundation, have been 
appointed as Adjunct Professors to the 
Range and Wildlife Management Sec- 
tion of the Department of Agronomy 
and Range Management. They will 
serve as special lecturers, consultants 
to the Tech faculty, and advisers for 
graduate students working in wildlife 
management. 

Dr. Martin Gonzalez, Director of 
the Ranch0 Experimental La Cam- 
pana, Chihuahua, and a member of 
the Board of Directors of ASRM, has 
been appointed a Consulting Profes- 
sor in Range Management. This ap- 
pointment further establishes Texas 
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Tech’s international ties in the field 
of range management. 

Dr. Donald A. Klebenow, formerly 
with the Department of Natural Re- 
sources, Saskatchewan, joined the 
Range and Wildlife Management Sec- 
tion in January. He will work with 
Dr. Henry Wright and Dr. Bill E. 
Dahl on various aspects of brush con- 
trol. 

Additional appointments include 
Dr. Robert A. Dar-row, Chief of the 
Chemical Branch of the Army Biologi- 
cal Lab, Ft. Detrick, Maryland, as Con- 
sulting Professor, and Dr. William J. 
Waldrip, Ranch Manager of the El- 
wood Estate, Colorado City, Texas, as 
Adjunct Professor. 

9 

Move For Larry Davis 

The elected president of the Ne- 
braska Section of ASRM, Larry D. 
Davis, formerly SCS work unit conser- 
vationist stationed at Halsey, Nebraska, 
was recently appointed Administrative 
Assistant on the staff of the Soil Con- 
servation Society of America, Ankeny, 
Iowa. He took up his new duties on 
April 1. 

Named by the Nebraska Section 
Council to replace Davis as Section 
president was Jerry Garner. Mr. Gar- 
ner is a rancher from Brownlee, Ne- 
braska. 

8 

Holscher To Direct International 
Forestry Staff 

Clark E. Holscher, a member of 
ASRM, has been appointed director of 
the International Forestry Staff of the 
Forest Service. In his new position 
Mr. Holscher will head all Forest Ser- 
vice cooperation with international or- 
ganizational affairs, and will be re- 
sponsible for training programs for 
foreign foresters. 

Mr. Holscher is a native of Iowa 
and a graduate of Iowa State Univer- 
sity. Throughout his professional ca- 
reer he has specialized in studies aimed 
at the conservation of range vegetation 
and forest watersheds. He was chosen 
as USDA representative to the recent 
International Conference on Water for 
Peace, held in Washington, D.C. in 
1966-67. 

9 

A. A. Beetle With Floating Campus 

Alan A. Beetle, head of the Univer- 
sity of Wyoming’s Range Management 

Section, is spending the winter teach- 
ing college ^ students aboard the SS 
Ryndam, a 15,000-ton “floating cam- 
pus” sponsored by Chapman College, 
Orange, California. 

Beetle is visiting professor of life sci- 
ence aboard the ship, which has ap- 
proximately 500 students representing 
more than 200 different colleges. The 
students were selected for their all- 
around ability and their natural curi- 
osity about people. 

Ports of call for the college cruise 
include Lima, Valparaiso, Punta Are- 
nas, Buenos Aires, Montevideo, Salva- 
dor, Dakar, Casablanca, Malaga, Ath- 
ens, Istanbul, Dubrovnik, Venice, 
Rome, Lisbon, Rotterdam, and Lon- 
don. The Ryndam sailed from Los 
Angeles on February 3 and is sched- 
uled to dock in New York on May 24. 

8 

Forest Service Officer Retires 

John C. Miller retired from the For- 
est Service at the end of January, 1968. 
For the past two years he was Chief, 
Branch of Range Improvement and 
Development for the Rocky Mountain 
Region, Denver. 

Miller’s career with the Forest Ser- 
vice spanned more than 32 years, and 
included various assignments on Na- 
tional Forests in Colorado and Wyo- 
ming. He is a charter member of the 
ASRM, and is affiliated with the Colo- 
rado Section. 

Mr. Miller has established a new 
home in Grand Junction, Colorado. 

Hugh Martin Retires 

Retirement has ended 38 years of 
government service for Hugh E. Mar- 
tin, Range and Watershed Manage- 
ment Advisor, Agency for Interna- 
tional Development, Ankara, Turkey. 

Mr. Martin is a 1929 graduate of 
Colorado State University, and his first 
permanent assignment was as a forest 
ranger on the old Washakie National 
Forest in Wyoming. He was one of 
the last persons appointed under the 
old “Forest Ranger” civil service ex- 
amination. In subsequent years he 
served in a number of different posi- 
tions with the Forest Service, mostly in 
the Rocky Mountain Region, and 
transferred to the State Department’s 
Foreign Service in January, 1961. 

Martin’s first overseas assignment 
was as forestry advisor to the Somali 
Republic. He was then assigned to 
Turkey, working on range and water- 
shed management until completion of 
the AID general forestry project in 
that country. During this period he 
also made range condition surveys of 
the three Central Treaty Organization 
countries-Turkey, Iran, and Pakistan 
-and spent some time as a consultant 
in Lebanon and Yemen. 

A member of ASRM for many years, 
Mr. Martin previously served as a di- 
rector of the South Dakota Section. 
He is also a member of the Society of 
American Foresters, and of the Inter- 
national Society of Tropical Foresters. 

Wildlife Society Officers 

Officers of The Wildlife Society for 
1968-69, installed at that Society’s an- 
nual meeting in Houston, Texas on 
March 11, are: President, Dr. Thomas 
G. Scott, Head, Department of Fish- 
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eries and Wildlife, Oregon State Uni- 
versity; President-Elect, Dr. Edward L. 
Kozicky, Conservation Director, Olin- 
Mathieson; and Vice-President, Dr. 
Tony J. Peterle, Professor of Zoology, 
Ohio State University. 

Fred G. Evenden is Executive Secre- 
tary and Treasurer of The Wildlife 
Society, which has its headquarters at 
3900 Wisconsin Avenue, N.W., Wash- 
ington, D.C. 

% 
Errata 

The following corrections are noted 
for the paper A Chemical Fallow Tech- 
nique for Control of Downy Brome 
and Establishment of Perennial Grasses 

SOCIETY BUSINESS 

on Rangelund, JRM 20(l): 35-41: soil 
classification for Paradise Hill shown 
in Table 1 should read Duric MoZZic 
Camborthid; on page 39, first column, 
the date of application of 24-D should 
be May 20, 1964. 

8 
Australian Research Lab 

Australia has established an arid 
lands research laboratory at Alice 
Springs near the center of the conti- 
nent. It was opened last November 
by Mr. Charles E. Barnes, Minister for 
Territories. 

The laboratory will research arid 
land grazing management, plant spe- 
cies, and the preservation of the pas- 

toral industry in dry areas. Mr. Barnes 
noted that there was a danger of large 
areas of grazing country in Australia 
being turned into deserts by unwise 
grazing practices. These arid zones, 
he said, were not true deserts and their 
forage resources were capable of sus- 
taining a substantial cattle population 
if properly managed. 

8 

If you are interested in acquiring a 
set of the Journal of Range Manage- 
ment, from Vol. 1, No. 1 through Vol. 
16, No. 5, contact Charles M. Schu- 
macher, 1439 Sunset Drive, Huron, 
S.D. 57350. This set to be left intact. 

SOCIETY BUSINESS 

NOTES ON THE ANNUAL MEETING 

Representatives from the Mexico Section were present in force. 
Photo by Nelson Bernard 

As this is being written the final attendance count for 
the 1968 Annual Meeting is not available; however, to say 
there were slightly more than SOO-including ladies, student 
contestants, and Youth Range Forum delegates-would not 
be far wrong. The meeting was held at the Sheraton-West- 
ern Skies Motor Inn in Albuquerque, New Mexico on Feb- 
ruary 12-15, and it was excellent in all respects. Mark 
Stevens, chairman of the Arrangements Committee, Thadis 
Box, chairman of the Program Committee, and the mem- 
bers of their respective committees deserve the sincere 
thanks of all who attended. 

The first day of the meeting, February 12, was given over 
to registration and to meetings of the Board of Directors, 
Advisory Council, and the Range Management Education 
Council. 

New ASRM officers for 1968 are (left to right) Robert E. Wil- 
liams, Board member; E. J. Dyksterhuis, President: Donald A. 
Cox, President-Elect; and Raymond M. Housley, Board mem- 
ber. 

Toro Commercial Photography 

A general session in the morning of the second day fea- 
tured the welcoming ceremonies and orientation talks on 
the Southwest. The keynote session in the afternoon of 
that day, on the theme “Range Uses and Users,” included 
addresses by Marion Clawson, Resources for the Future; 
Alfred L. Edwards, Deputy Assistant Secretary of Agricul- 
ture; Honorable Thomas G. Morris, Congressman from 
New Mexico; Joseph P. Lindusta, Bureau of Sports Fish- 
eries and Wildlife; E. R. Overton, President, National 
Wool Growers Association; and Boyd Rasmussen, Director, 
Bureau of Land Management. 

During the remainder of the meeting technical papers 
were presented at two, sometimes three, concurrent sessions. 
That all of these sessions were well attended attests to the 
high quality of the program content. 

The annual business meeting of the Society was held in 
the evening on Tuesday, February 13. Reports were given 
by several officers and committeemen, and the new officers 
of ASRM were introduced and officially installed: E. J. 
Dyksterhuis, President; Donald A. Cox, President-Elect; 
and Board members Robert E. Williams and Raymond M. 
Housley, Jr. 
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eries and Wildlife, Oregon State Uni- 
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Ohio State University. 
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Old enough to vote! Carleton S. Fonte, Joseph F. Pechanec, and 
Waldo R. Frandsen (left to right) were present at the organi- 
zational meeting of ASRM, and each has attended all of the 
21 Annual Meetings since then. 

Toro Commercial Photography 

(The address of the retiring President, C. Wayne Cook, 
appeared in the March issue of the Journal; E. J. Dykster- 
huis’ “President’s Letter” and other reports are included in 
this issue). 

At the business meeting “Certificates of Outstanding Ac- 
complishment and Service” were awarded by the President 
on behalf of the Society to E. William Anderson, Kenneth 
W. Parker, and Frederic G. Renner. The citations accom- 
panying these awards are reproduced herein. 

The meeting was brought to a successful conclusion on 
Thursday evening with a banquet which featured both 
good food and good entertainment: a brief, but most il- 
luminating, talk was given by Wendell Chino, President of 
the Mescalero Apache Tribal Council; and students from 
the Institute of American Indian Arts, under the direction 
of Mrs. Josephine Wapp, presented an excellent and 
unique style show-“100 Years of Indian Fashions.” 

Awards -were given during the banquet to winners of the 
Photo Contest, the 1968-69 Scholarship winner, and to high 
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PRESIDENT’S LETTER 

Coming now from the position of 
president-elect to president, feelings of 
inadequacy are more frequent. At 
such times it helps to remember that 
at least a majority of you must have 
voted for me, even if that was more 
than a year ago. 

Any rangeman elected to this office 
must feel deeply grateful to his col- 

The registration desk was constantly busy. 
Photo by Nelson Bernard 

point teams and individuals of the Range Plant Contest. 
A special “Citation for Highest Service” and handsome sil- 
ver tray were awarded to John G. Clouston, the retiring 
Executive Secretary of the Society. Mr. Clouston was un- 
able to attend the meeting because of illness, and the 
award was most graciously accepted on his behalf by Mrs. 
Myrta Bates, who for many years has been secretary in the 
Society’s Portland office. 

During the four-day affair many of the ladies present 
took advantage of a specially arranged tour to historic Old 
Town, but several days of snowy, blowy weather resulted in 
the cancellation of a planned excursion to Santa Fe. To 
help make up for this turn of events, however, an enjoy- 
able dance followed the banquet. 

leagues. When off-guard, he may even 
fail to conceal his pride in having 
achieved this recognition. My high 
point will come if, at the end of my 
term, you think I have done well. For 
this I’11 need your suggestions and 
criticisms. 

The Society needs more members 
and persistent efforts toward our goals. 
This report and the list of committees 
tells much about these goals. What 
we should plan and what we can ac- 
complish depends very largely on num- 
ber of members, because that is the 
dominant factor in financing essential 
Society activities from youth programs 
to informational materials and the cen- 
tral office. Membership is increased 
by individual members like you. In- 
creases have come mostly from the 
man here and there who has a few 
blank membership cards handy at all 
times. When a likely prospect appears 
he simply asks him. 

It has been my privilege to work 
with both John Clouston and F. T. 
Colbert, outgoing and incoming Ex- 

4% 
ecutive Secretaries, respectively. Here 
let me simply record that Mr. Clouston 
deserves our esteem and gratitude for- 
ever; and that Mr. Colbert, long be- 
fore he was on the payroll, showed by 
highly competent and dedicated work 
that we had chosen a worthy successor. 

Dr. C. Wayne Cook, whom I follow 
as president, has aided me unstintingly, 
and by his administration has pro- 
vided a setting for greatly accelerating 
advances in Society affairs. The Board 
of Directors you have provided is of 
the finest. 

Of concern to all of us is the fact 
that the contribution we make and can 
make to the general welfare is but lit- 
tle understood outside our small circle. 
For this reason the following four 
quotes from Marion Clawson, Director 
of Land Use Programs for the Ford 
Foundation, might well be committed 
to memory for use as needed: 

“Native grazing land is the largest 
single category of land in the United 
States. 

“This land is used for grazing be- 
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cause it has little or no use for other 
primary purposes. 

“The meat that can be produced on 
it is in relatively high demand. 

“Its output per acre is low, but its 
output per man is relatively high.” 
(Am. Sot. Agron., Special Pub. No. 7, 
1966). 

Almost a century ago John W. 
Powell, second Director of the U.S. 
Geological Survey, recognized a kind 
of agricultural land west of the Mis- 
sissippi that he termed “native grazing 
land.” He insisted on land classifica- 
tion and large grazing units per man 
located with respect to water supply. 
His 1878 report on “Lands of the Arid 
Region,” pointing out land that was 
neither cropland nor forest land, was 
rejected by Congress, surveys were cur- 
tailed, and he resigned. The subdivi- 
sion of the country into square miles 
without regard for climate and soil or 
location of water, and the 160-acre 
“Homesteads” continued westward ir- 
respective of land-use capability. 

If you have visited with easterners 
or urbanites this year (1968) you have 
learned that they still view the coun- 
tryside as composed of fields, forests, 
and deserts. You also have learned 
that they believe advances in agricul- 
ture are made only by advances in 
farming and forestry. The overwhelm- 
ing majority of professors in our uni- 
versities are no exception. 

In the decade ahead, let’s try for a 
simple majority of youths and adults 
knowing that there is another kind of 
land known as rangeland, that the 
basic facts about it, for practical pur- 
poses, are the four points made by 
Clawson above, that advances here are 
made by advances in ranching, and 
that range science, applicable here, is 
the primary concern of a category of 
professionals known as rangemen. 

The natural forage growth on this 
vast acreage can be doubled through 
management of grazing, plus artificial 
brush control or range reseeding in 
some areas. This better rangeland 
cover is essential (a) to maintain the 
American ranching industry in a com- 
petitive position with imports and sub- 
stitute products, (b) to reduce flood- 
ing, erosion, silt pollution, and 
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sedimentation of reservoirs and bays, 
(c) to improve water supplies for mu- 
nicipal, industrial, irrigation, and rec- 
reation developments, (d) to improve 
conditions for wildlife, fisheries, and 
recreation, and (e) to beautify pastoral 
America. 

Acquainting the general public with 
these facts is a part of the responsi- 
bility of each member and the special 
work of our Public Relations Commit- 
tee. Our 15 Sciential Committees 
should insure much better understand- 
ing of the nature of rangeland and of 
the special role of rangemen, range 
science, and of our Society, among pro- 
fessional groups and the scientists of 
the world. But their public relations 
function is incidental to their major 
purpose, which is initially to organize 
our own knowledge in summary-re- 
views as related to kind of land. This 
main framework must encompass and 
should strengthen localized details. 

It is anticipated that this initial 
work of each Sciential Committee will 
be publishable within one to three 
years. Meanwhile, articles and ad- 
dresses on their subjects are in order; 
but our common first objective is thin, 
paper-bound, summary reviews of prin- 
ciples and problems suitable for study 
in our, and related disciplines, espe- 
cially by junior and senior range stu- 
dents. Each paper should include a 
selected bibliography or citation, and 
possibly a limited number of schematic 
diagrams, tables or simple maps. Each 
report is to be published by the ASRM 
under a title like the name of the com- 
mittee, and be sold from the Executive 
Secretary’s office. Authorship is to be 
joint up to three names or by assign- 
ment of one name as Editor, for refer- 
ence purposes, and with other con- 
tributors named within the publica- 
tion. 

These committees will include our 
Delegates to other groups of scientists 
in societies with whom we share an in- 
terest. Our official delegate shall re- 
port for the ASRM to and from the 
allied discipline. He shall have wide 
latitude for independently represent- 
ing the ASRM within the scientific 
field of his assignment. Any matters 
coming to his attention that may affect 

ASRM policy, tend to confound range- 
land with timberlands, croplands, or 
barren deserts, or tend to confound 
volunteer native pastures with cul- 
tured pastures or arable lands shall 
promptly be brought to the attention 
of the ASRM. 

Our goals are: (1) recognition of 
rangeland as a unique and vast natu- 
ral resource; (2) the organization of 
knowledge concerning this resource; 
and (3) recognition that rangemen by 
training and experience are also well 
qualified to deal with problems and 
management of native haylands, native 
pasture lands, and grazable timber- 
lands. All of these have complex mix- 
tures of perennials that volunteer, 
varying more in response to grazing 
coactions than to practices associated 
with cultured pastures. 

We should at all times openly recog- 
nize that problems and treatments of 
cultured (tame) pastures on arable 
lands are best specified by agronomists 
and that problems and treatments of 
timberlands are best specified by for- 
esters, though we must often have a 
grazing and a conservation interest in 
such lands and, therefore, seek to col- 
laborate within the limits of this in- 
terest and of our specialized knowl- 
edge. 

Sincerely, 

E. J. Dyksterhuis 
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Notice 
The Board of Directors and the Ad- 

visory Council of ASRM will meet in 
separate official sessions at the summer 
meeting of the Society in Boise, Idaho, 
July 28-29, 1968. 

WANTED BY JULY 15: Send to the 
Executive Secretary (1) your ideas for 
the design of a small, attractive ASRM 
decal for autos, and (2) the names of 
any decal manufacturers you know 
about, and their price per 1,000. Your 
design suggestions probably should in- 
clude the Trail Boss and the words 
“Member, American Society of Range 
Management.” 
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COMMITTEES AND COMMITTEE CHAIRMEN 
FOR 1968 

In the interests of conserving space, 
the full committee list is not being 
published. Names and addresses of 
other committeemen will be supplied 
by the Executive Secretary upon re- 
quest. 
Advisory Council 

Peter V. Jackson 
Box 112 
Harrison, Montana 59735 

Finance and Planning 
Charles E. Poulton 
Department of Range Manage- 

ment 
202 Withycombe 
Oregon State University 
Corvallis, Oregon 9733 1 

Membership 
Francis T. Colbert 

(a) Special Committee for Interest- 
Group Membership 

Raymond M. Housley, Jr. 
U.S. Forest Service 
P. 0. Box 1268 
Flagstaff, Arizona 86002 

Public Relations 
Gerald W. Thomas 
Dean of Agriculture 
Texas Technological College 
Lubbock, Texas 79406 

Policy 
Board of Directors 

Annual Meeting (Calgary, Alberta, 
1969) 

Wallace R. Hanson 
514 1 lth Avenue, S. W. 
Calgary, Alberta 

(a) Program Committee 
Alex Johnston 
Agricultural Experiment Station 
Lethbridge, Alberta 

(b) Local Arrangements 
E. A. McKinnon 
422 Crescent Road 
Calgary, Alberta 

(c) Displays 
Frank M. Jacobs 
Room 251 
1632 14th Street, N. W. 
Calgary, Alberta 

(d) Photo Contest 
Hugh E. Cosby 
Soil Conservation Service 
Room 103, Federal Building 
Minot, N.D. 58701 

(e) Plant Contest 
Harold Goetz 
Botany Department 
North Dakota State University 
Fargo, N.D. 58102 

(f) Interview Service 
John Ehrenreich 
Department of Watershed 

Management 
University of Arizona 
Tucson, Arizona 8572 1 

(g) Preliminary Arrangements, 1970 
(Denver, Colorado) 

Donald H. Euler 
Rt. 1, Box 513A 
Golden, Colorado 8040 1 

(h) 1971 Convention City 
John G. Clouston 
2534 N. E. 32nd Place 
Portland, Oregon 972 13 

Cooperation with Interdisciplinary 
Organizations 

Francis T. Colbert, 
General Chairman 

(a) American Association for the Ad- 
vancement of Science 

Grant A. Harris, Representative 
(b) American Institute of Biological 

Sciences 
Francis T. Colbert, Representative 

(c) National Research Council (Divi- 
sion of Biology and Agriculture) 

Robert S. Rummell, 
Representative 

(d) Agricultural Research Institute 
Kenneth W. Parker, 

Representative 
(e) Scientific Manpower Commission 

Robert S. Rummell, 
Representative 

Depository Library 
Neil West 
Department of Range Science 
Utah State University 
Logan, Utah 84321 

History and Archives 
Alan A. Beetle 
Agronomy Department 
University of Wyoming 
Laramie, Wyoming 82070 

International Relations 
Clark E. Holscher 
6405 Dahlonega Road 
Washington, D.C. 200 16 

Nominations 
Howard R. Foulger 
2505 Glenn Drive 
Missoula, Montana 5980 1 

Elections 
Francis T. Colbert 

Professional Standards 
C. H. Wasser 
College of Forestry and Natural 

Resources 
Colorado State University 
Fort Collins, Colorado 80521 

Publications 
Francis T. Colbert 

(a) Book Reviews 
Donald N. Hyder 
Room 272, South Hall 
Colorado State University 
Fort Collins, Colorado 80521 

(b) Current Literature 
Meredith J. Morris 
240 West Prospect 
Fort Collins, Colorado 80521 
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Charles Terwilliger, Jr. 
1104 Fairview Drive 
Fort Collins, Colorado 80521 

(c) Journal Material in Spanish 
Martin H. Gonzalez 
Ranch0 Experimental La 

Campana 
Apdo. Postal 682 
Chihuahua, Chih., Mexico 

(d) Range Plant List 
Alan A. Beetle 
Agronomy Department 
University of Wyoming 
Laramie, Wyoming 82070 

(e) Scientific Supplements Published 
by ASRM 

Francis T. Colbert 
Robert S. Campbell 
RR 7 
Quincy, Illinois 62301 

(f) Scientific Supplements Published 
by Others 

C. L. Leinweber 
Department of Range Science 
Texas A & M University 
College Station, Texas 77843 

(g) Ten-Year Index 
Donald W. Hedrick 
Department of Range Manage- 

ment 
202 Withycombe 
Oregon State University 
Corvallis, Oregon 9733 1 

Scholarships 
Melvin S. Morris 
Montana State University 
Missoula, Montana 5980 1 

Special Awards 
Reginald M. De Nio 
4228 Columbia Pike 
Apt. 22 
Arlington, Virginia 22204 

Special Projects 
August L. Hormay 
101 Arcadia 
San Francisco, California 94 

Youth Education 
Bobby J. Ragsdale 
4004 Tanglewood Drive 
Bryan, Texas 77801 

(a) Boy Scout Merit Badge 
Geoffrey E. Greene 
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(b) Elementary and High School 
Ralph J. Kotich 

(c) 4-H and FFA 
(d) Range Camps 

Joseph M. Mohan 
Ralph Samson 

(e) Youth Awards 
Ben Roche 
Emmett W. McCord 

(f) Range Facts Forum 
Barry N. Freeman 
Ned Jeffries 
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SCIENTIAL COMMITTEES 
Rangeland Biometeorology 

Gerald W. Tomanek 
Botany Department 
Ft. Hays Kansas State College 
Hays, Kansas 67601 

Rangeland Fire Influences 
J. D. Dodd 
Department of Range Science 
Texas A & M University 
College Station, Texas 77843 

Rangeland Genotypes 
Donald R. Cornelius 
P. 0. Box 245 
Berkeley, California 94701 

Rangeland Hydrology 
F. A. Branson 
U.S. Geological Survey 
25 Federal Center 
Denver, Colorado 80225 

Rangeland Livestock 
C. Wayne Cook 
Department of Range Science 
Colorado State University 
Fort Collins, Colorado 80521 

Rangeland Recreation 
Rangeland Reference Areas 

E. William Anderson 
1509 Hemlock 
Lake Oswego, Oregon 97034 

Rangeland Roadsides 
Wayne G. McCully 
Texas Transportation Institute 
Texas A & M University 
College Station, Texas 77843 

Rangeland Shrubs 
Eamor Nord 
Forest Fire Laboratory 
P. 0. Box 5007 
Riverside, California 92507 

Rangeland Soils and Land-Use 
Capabilities 

Roy D. Hockensmith 
Soil Conservation Service 
Washington, D.C. 20250 

Rangeland Wildlife 
James G. Teer 
Department of Wildlife Science 
Texas A & M University 
College Station, Texas 77843 

Cultured Pastures of Arable Lands 
to Complement Range Seasonally 

George A. Rogler 
Box 459 
Mandan, N.D. 58554 

Native Haylands 
Donald F. Burzlaff 
Department of Agronomy 
University of Nebraska 
Lincoln, Nebraska 68503 

Native Pasture Lands of Farms and 
Forest Climates 

Lorenz F. Bredemeier 
5805 Dorsett Drive 
Madison, Wisconsin 537 11 

Timberland Grazing 
T. H. Ripley 
U.S. Forest Service 
Room 3106, South Building 
Washington, D.C. 20250 

American Society of Range 
Management Citation For 

Outstanding Accomplishment 
And Service 

E. William Anderson 

In recognition of his outstanding 
devotion to the American Society of 
Range Management and his contribu- 
tion to the Profession of Range Man- 
agement. 

E. William Anderson was born in 
North Dakota and raised on an Idaho 
farm. He received his education at the 
University of Idaho (B.S. 1937) and 
Oregon State University (M.S. 1940). 
Since his graduation, he has continued 
as a real student of Range Manage- 
ment. 

He was employed by the Forest Ser- 
vice in Idaho, Montana, and Utah, by 
the Soil Conservation Service in Ore- 
gon, by the Grazing Service in Oregon 
and Washington, returning to the 
Soil Conservation Service in Oregon. 
From 1943-46 he served in the Pacific 
Combat Area as Lieutenant Com- 
mander, USNR Air Combat Intelli- 
gence. He is now State Range Con- 
servationist for the Soil Conservation 
Service in Oregon. He has earned 
three EXCELLENT and two OUT- 
STANDING performance ratings and 
been awarded two USDA Certificates 
of Merit. 

Mr. Anderson is a charter member 
of the American Society of Range 
Management, a member of Phi Kappa 
Phi, and Gamma Sigma Delta honor- 
aries, a member of the Soil Conserva- 
tion Society of America, Northwest 
Scientific Association, Isaac Walton 
League, and is listed in Who’s Who in 
America. 

In the Pacific Northwest Section of 
the Society, he has participated in 
many programs and served on numer- 
ous committees. He was a Council 
member for 6 years and has served as 
Vice Chairman and Chairman. 

On the national level he has served 
as Chairman of the Nominations, Mem- 
bership, and Meetings Committees and 
as a member of several others. He 
served 6 years on the Board of Direc- 
tors, has been a liaison officer between 
the Board of Directors and the Sec- 
tions Advisory Council, and was Presi- 
dent of the Society in 1962. 

Professionally he has participated in 
many range short courses, training con- 
ferences, and interagency meetings. He 
is a leader in plant-soil relationships, 
the determination and description of 
range sites, and in teaching the ad- 
vantages of rotation and deferred graz- 
ing systems. His effectiveness is at- 
tested to by many published papers in 
the Journal of Range Management 
and more particularly by the improved 
range management practices in effect 
on western rangelands as a result of 
his farm and ranch planning. 

For his outstanding service to the So- 
ciety and to the profession of range 
management, E. William Anderson is 
awarded the American Society of Range 
Management’s “Certificate of Merit.” 

% 

Kenneth W. Parker 
In recognition of his many signifi- 

cant accomplishments in range man- 
agement research and his contribution 

American Society of Range 
Management Citation For 

Outstanding Accomplishment 
And Service 
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to the scientific management of range 
resources. 

Kenneth W. Parker received degrees 
at the University of California in 1928 
and 1929. Thereafter, he continued 
his graduate studies and served as as- 
sistant to Professor A. W. Sampson, 
with whom he authored several publi- 
cations. 

From 1932 to 1937 he was a member 
of the faculty of New Mexico State 
College where he performed research 
and taught courses in range manage- 
ment and animal husbandry. 

In 1937 he joined the Southwestern 
Forest and Range Experiment Station 
of the Forest Service. Here he began 
a varied and productive career culmi- 
nating in a position as Division Chief 
in charge of Forest Service range man- 
agement research in Arizona and New 
Mexico. Among his accomplishments 
was the development of technology for 
controlling mesquite, cacti, burro- 
weed, and snakeweed. 

In 1948 Mr. Parker was assigned the 
task of developing a scientific and us- 
able method for measuring range con- 
dition and trend on National Forest 
lands. His study resulted in a system 
generally known as the Parker S-step 
method, and extensively used by the 
Forest Service and other agencies. 

In 1952 he became Assistant Direc- 
tor of the Division of Range Manage- 
ment in the Washington Office to 
head up a nationwide evaluation of 
condition on National Forest ranges. 
During this period of serious contro- 
versy over policies of management on 
National Forest ranges, Mr. Parker’s 
counsel was relied upon for decisions, 
and he soon earned a reputation for 
fair appraisals and sound judgment. 
Four years later he became Chief of 
the Division of Range Management 
and Wildlife Habitat Research. 

Throughout his career he has influ- 
enced capable young men to seek a 
future in the field of range science. 
Many Federal-State-Private research 
and administrative agencies and insti- 
tutions are staffed with scientists re- 
cruited and trained by Mr. Parker. 

He is a charter member of the Amer- 
ican Society of Range Management and 
has played a prominent part in the 
growth of the Society at local, na- 
tional, and international levels. He is 
also a member of several other profes- 
sional and honorary societies and has 
authored over 50 scientific publica- 
tions. Throughout the world he is a 
recognized authority among his col- 

leagues who frequently seek his coun- 
sel and participation in international 
meetings. 

For his outstanding contributions to 
range science and research application, 
Kenneth W. Parker is awarded the 
“Certificate of Merit” of the American 
Society of Range Management. 

Frederic G. Renner 
For outstanding contributions to 

range management and for exceptional 
originality and leadership in the de- 
velopment of practical conservation 
techniques widely adopted by range 
livestock-producers. 

American Society of Range 
Management Citation For 

Outstanding Accomplishment 
And Service 

Frederic G. Renner began his career 
in range management on the Santa Fe 
National Forest, New Mexico, in July 
1922. He subsequently worked on four 
other National Forests until 1929, 
when he transferred to the Research 
Branch. In 1932 he was assigned re- 
sponsibility for establishing the San 
Joaquin Experimental Range in Cali- 
fornia. In 1936 he transferred to the 
Soil Conservation Service as Research 
Liaison Officer and Assistant Chief of 
Operations. From 1942-1961 he was in 
charge of range conservation. Since 
his retirement in 196 1, after 40 years 
of Federal service, he has pursued a 
career of writing and is an authority 
on Western art and Americana. 

Mr. Renner has contributed materi- 
ally to preserving the soil and plant 
resources of our native rangelands, 
improving the management techniques 
that achieve conservation on those 
lands, and strengthening the livestock 
industry. He exercised exceptional 

ability in working with scientists, tech- 
nicians, and livestock operators and in 
converting scientific knowledge into 
terms meaningful to the man on the 
land. 

He provided leadership in develop- 
ing and getting into use the range site 
and condition method of inventorying 
rangelands that is standard in the Soil 
Conservation Service. He has worked 
diligently for range conservation stan- 
dards required by the Civil Service 
Commission. 

In 1946, he directed a survey of the 
Vouraikos River Watershed in the 
Peleopennesos of Greece. Later trips 
to study range problems took him to 
Argentina, Canada, Chile, Egypt, In- 
dia, Italy, Sweden, the Netherlands, 
and New Zealand. He has represented 
the United States Government at four 
International Grassland Congresses. 

Mr. Renner has authored many bul- 
letins, articles, and several books. In 
1960, he received the U.S. Department 
of Agriculture’s Superior Service Award 
and, in 1961, he received the American 
Motors Conservation Award. 

He was Chairman of the original or- 
ganizing committee for ASRM, which 
developed the first constitution and 
by-laws. He subsequently served as the 
Society’s second national president in 
1949. 

For these outstanding accomplish- 
ments and services to the profession of 
Range Management, Frederic G. Ren- 
ner is awarded the “Certificate of 
Merit” of the American Society of 
Range Management. 

4% 
John G. Clouston 

American Society of Range 
Management Citation For 

Highest Service 
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In recognition of his devoted service 
as Executive Secretary of the American 
Society of Range Management during 
the period 1957 to 1968. 

John G. Clouston has been the 
source of inspirational challenges for 
Society officers and members during 
his tenure in office, and has dilligently 
promoted and maintained consistency 
and continuity between successive 
Boards of Directors. 

He has provided a continual guid- 
ing influence to the Society by his 
clear perception of objectives and pur- 
poses, his understanding of priority 
needs, and his trustworthy counsel to 
its officers. 

% 

During the rapid expansion and 
growth of the Society, he established 
and maintained efficient office pro- 
cedures to serve the needs of Society 
officers and the Sections. This was 
achieved through personal dedication 
and service over and above the re- 
quirements of the part-time job of 
Executive Secretary as established by 
the Board of Directors. 

His office administration and pru- 
dent management of finances has al- 
lowed the Society to grow, develop a 
far-reaching program and, at the same 
time, accumulate a financial 
that now allows bolder steps 
the Society’s forward progress. 

RANGE PLANT CONTEST 

Wayne Cook congratulates (left to right) Joe Bob Watson, James 
George, Jon Weddle, and Fe Busby, members of Texas Tech’s 
winning Range Plant Contest team. 

Toro Commercial Photography 

In the range plant identification contest, the team from 
Texas Technological College, Lubbock, walked off with 
top honors, missing only six points of a possible 3,000. The 
team was coached by Dr. Henry A. Wright. 

The contest consisted of the proper identification of 100 
herbarium mounted specimens of rangeland plants. Four- 
teen universities and colleges had teams competing in this 
event, a popular feature of the annual meeting. 

Dr. Jim Grumbles’ team from Utah State University took 
second place honors with 2,973 points, and third place went 
to the University of Idaho’s team, coached by Dr. Lee 
Sharp. This group accumulated 2,943 points. 

In the individual scoring, first place was shared by Karl 
Simonson, Utah State, and James George, Texas Tech, 
each of whom made a perfect score of 1,000. There was also 
a second place tie: Joe Bob Watson and Jon Weddle, both 
of Texas Tech, turned in scores of 997. Individual third 
place honors went to Fe Busby, also from Texas Tech. 

Because 

PHOTO CONTEST 
Top recognition in the black and 

white category went to George Wol- 
stad, Missoula, Montana, for his pic- 
ture of a pack train, and Paul Gilbert 
of Hot Sulphur Springs, Colorado, 
took first place in the color slide divi- 
sion. 

A special award was presented to 
Brent Harrison, Rock Springs, Colo- 

reserve rado, for an unusual three-part pic- 
toward ture story depicting range deteriora- 

tion. 

the committee had not anticipated the ties, a 
coin was tossed to see which of the first and second place 
tie winners took home the available plaques. Duplicate 
plaques were sent to the other two students. 

8 % 

1968-69 SCHOLARSHIP WINNER 

Dr. C. Wayne Cook (left) presents the 1968-69 ASRM Scholar- 
ship Award to Wayne W. West, Jr. 

Toro Commercial Photography 

The American Society of Range Management awarded a 
two-year $1,000 scholarship to Wayne W. West, Jr., a high 
school senior from Pleasant Hill, California. 

The son of a member of the Society (Wayne West, Sr. is 
with the Range Management Division of the Forest Service 
regional office in San Francisco), young West was selected 
for the award in recognition of his outstanding scholastic 
record, his displayed talent of leadership, and his profes- 
sional development in the science of range management. 
He is in the top one percent of his high school class. 

Wayne plans to major in range management in college 
and will be entering the University of Nevada in Reno this 
fall. 
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ASRM Publications 
Journal of Range Management.- 

The 1967 Journal increased to 430 
numbered pages with 112 papers and 
reports, a slight increase over 1966. 
Percentage of non-technical articles 
dropped from 20% in 1966 to 16%. 
Some 138 mss. were received, one more 
than last year; 17 mss. were withdrawn 
or dropped. The backlog on December 
3 1, 1967 was 97 mss., enough for the 
first five issues of 1968. Average time 
of publication after receipt increased 
from seven to eight months. 

Regular advertisers supporting the 
Journal were Caterpillar Tractor, 
Fleco Corp., Sharp Bros. Seed Co., 
Oregon Ryegrass Growers, and Long- 
mont Seed Co. 

Allen Press, Lawrence, Kansas, was 
chosen as Journal printer for 1968, as 
announced in the January Journal. A 
new schedule of page charges was ap- 
proved-see separate statement in this 
issue. 

I must acknowledge the fine assis- 
tance of the three retiring members of 
the Editorial Board: Evan Flory, Hor- 
ton Laude, and Robert Harris. New 
members selected for three-year terms 
are: John Eh renreich, J. B. Hilmon, 
and Alastair McLean. 

Ten-Year Index.-Work started on 
the second IO-year Index, 1958-67; 
hopefully it will be completed in 1968. 
Don Hedrick is in charge. 

Range Plant L&.-Alan Beetle com- 
pleted a draft of a comprehensive 
range plant list, including all plant 
names mentioned in the Journal 
through 1967. It is under review and 
consideration for financing publication 
costs. 

Publication of Range Material in 
Spanish.-Spanish Summaries of Jour- 
nal articles for 1967 are to be printed 
and distributed from Texas Techno- 
logical College under the supervision 
of Thad Box. Martin Gonzalez and 
the Mexico Section are responsible for 
the translations. 

Advances in Range Science.-Plans 
for an annual book covering advances 
in selected scientific topics contribut- 
ing to range management are progress- 
ing, with Charles Leinweber heading 
the committee. 

Robert S. Campbell, Editor 

9 

Journal Page Charges 
A charge of $30 per printed page 

for financially supported articles was 

announced in the March Journal (JRM 
21(2): 101 and 121, 1968). The charge 
applies to mss. received by the Editor 
after March 30, 1968, but does not in- 
clude editorial or distribution costs, or 
costs of reprints. Exempt from the 
charge are accepted mss. that are: 1) 
financially unsupported, 2) invited by 
the Editorial Board as especially meri- 
torious, and 3) short technical notes 
one-half printed page or less. Papers 
not subject to the flat page charge may 
still be charged $30 per page in excess 
of four. 

In accordance with publication pol- 

icy in 1967, papers received by the Edi- 
tor on or before March 30, 1968, are 
exempt from the flat page charge but 
will continue to be subject to a charge 
of $30 per printed page in excess of 
four. The Editorial Board wishes to 
make it clear that Journal page charges 
are not necessarily aimed at limiting 
the length of papers if more than four 
printed pages are needed to present 
the results and their application. The 
financial situation of ASRM simply re- 
quires that supporting agencies share 
the cost of reporting their work in the 
Journal. 

AMERICAN SOCIETY OF RANGE MANAGEMENT 
Profit and Loss Statement 

Income from all sources 
December 31, 1967 

Memberships and Subscriptions ____________________._..__--________________________..__._ $49,961.78 
Sale of Journal Reprints ____________________.._.__---_--____._----------____---_______-_._..__ 3,132.28 
Advertising ____.____________.____________________---_________---------_--.___________ ..__.._.._._..___.__ 1,176.17 
Sale of Old Journals _________________________.____._._--_-_-.____.------___-_-_.________--_.______ 626.25 

Journal Page Charges ____________________----______ _____.____________ ________._..__.___..______ 945.00 
Investment Income ____________________-___--__________-----_______-_-_--------____________________ 1,499.82 
Miscellaneous Income ____________________---__--_____--__--------__________--_._.._._._.._..___._ 1,581.61 
Sale of Abstracts ____________________----____________._____________________--__-__________________._ 40.75 
Sale of Emblems _____________________-_--___--_-_____.__-----_-_________--------__..__.___._________ 687.00 
Career Brochures (net) ______________________..._..________..____-------_--____ ___________.___._ (291.97) 
Index Sales ___________________________--------___--____.._.__----________----.-----___.__________-___._._ 7.00 
Glossary Sales (net) _____________________-__----__--____------------_..___._---__ _.___.__._.__.._.__ ( 87.36) 

$59,278.33 
Net Profit ___.__._____________----________--.----_________.__.----____________--------______..____________ $ 5,028.07 

$54,250.26 
Expenses 

Secretary’s Office __________________________._-----_-_________._..._._______..__._._------------_._____ $ 8,46 1.56 
Journal Publishing ____________________________-.-__...__--________---------_-_____-___-----___._._ 20,265.24 
President’s Office _____________________________.__._.___________._.._._---_________--_---------_.._.._ 971.10 
Editor’s Office _________________________________________..._-____________________--_._._.._-----_._.... 872.28 
Reprint Cost _______________________-------________._.._..___-_.._.__._.._---------____---_-------_....__ 3,044.98 
Unbudgeted Expense ____________________----________---------_-_________----_...___.____________ 315.50 
Salary Expense _____________________-__-------_____________----____________._________..________-_____._ 17,5 15.70 
Emblem Cost ________________________-----_______ ______________________---------_-__._._-_-_---__..._. 300.35 
Depreciation Expense _______._____________---________.__________ ____~~__~~~~__~_.~~_~~_~_~..~___ 516.64 
Furniture, Fixture & Equipment _________________________-----------_.._____-----__..___ 641.00 

Prizes and Awards ___.__________..__________------________----------_.________--_ ._.__.__._____. ____ 556.95 
General Committee __________________________________________________-_--------___________---_..__._ 201.63 

Public Relations: 
Travel ___.________________-___________----______________------_---_________-----__._.____.____..____ 110.91 
Advertising _______________________----_____________ _____.______________-----_._.________-___..__ 272.68 
Postage _____ ______ ________. __ ____________ _ . . _ _ _ _ 17.03 
Handbooks ________________ _____________.______.____-_-._____________________._.._.____-__._.___ 186.71 

$54,250.26 
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American Society of Range Management 
Balance Sheet 

December 31, 1967 

Assets 
Cash ______._____________---------____________________________-_____-_-------________________---- $ 7,480.96 
Petty Cash ________________________------____--_---__________________________--______________ 8.01 
Life Membership Trust ____________________----__________________________--______ 4,428.OO 
U. S. Savings Bonds __._________________________--______--__-----_____.____.________ 26,700.20 
Savings Acct. # 43 ____________________--------------._____________________ _______.___ 8069.34 
Savings Acct. # 9546 ____________________---_______ .__._.__ _______ .______ __..___ .____ 2,026.59 
Furniture, Fixtures and 

Equipment (less depreciation) _______________.______________________.___ 3,390.03 
Accounts Receivable ____________________-------_-- ._._.__. _______ _.____. ________ _._ 1,420.72 
Inventory 

Stationery & Supplies ____________________----------._.__--------------...._ 915.53 
Emblems ___________________________________-__----..___________-___.______.____.____ 115.50 
Glossaries ____________________----_--____-____________--__-___._____-___-----_--_.__._ 560.00 
Prepaid Insurance __________________________----------_.___---------__---.._._ 33.56 

TOTAL ASSETS ____________________----____--------______.____.__-_______.____.__..________ $55,148.44 
Liabilities 

None 
Capital 

Operating Reserve ____________________________..______---..________----------_--__--__ $50,720.44 
Life Membership Trust ____________________________________-___________________._ 4,428.OO 
TOTAL LIABILITIES AND CAPITAL ______________________.__--_-------_--___.__ $55,148.44 

% 9 

Range Management Education Council Meeting 
The Ninth Annual meeting of the 

Range Management Education Coun- 
cil was held in Albuquerque, New 
Mexico on February 12, 1968. After- 
noon and evening sessions were con- 
ducted by Dr. Thadis Box, the 1967 
Chairman. One additional school, 
Chico State College, was accepted as a 
member of the Council, bringing the 
total membership to 29, as follows: 

University of Arizona 
Brigham Young University 
University of California 
Chico State College 
University of Chihuahua 
Colorado State University 
California State Polytechnic 
Fort Hays State College 
Humboldt State College 
University of Idaho 
Iowa State University 
Kansas State University 
University of Montana 
Montana State University 
University of Nebraska 
University of Nevada 
New Mexico State University 
Northern Arizona University 
North Dakota State University 
Oklahoma State University 
Oregon State University 
South Dakota State University 
Sul Ross State College 
Texas A & M University 
Texas Technological College 

Utah State University 
University of Washington 
Washington State University 
University of Wyoming 

The Council expressed its concern 
over the new announcement for the 
federal Range Conservationist exami- 
nation. This examination still does 
not call for a degree in range manage- 
ment, nor are certain courses required 
that the Council feels are very impor- 
tant. For example, the Council pre- 
viously has specifically listed courses in 
taxonomy, plant ecology, plant physi- 
ology, zoology, soils, and animal hus- 
bandry as necessary to qualify as a 
range manager, and these recommen- 
dations have been endorsed by ASRM. 
Since these courses are not required 
for a Range Conservationist qualifying 
under the requirements of the recently 
published announcement, a motion 
was passed by the Council urging that 
the Civil Service Commission and all 
interested resource agencies support 
an increase in entrance standards. 

Concern was also expressed over the 
General Resource Manager examina- 
tion. A fear still persists that there is 
a possibility of resource management 
agencies hiring those not adequately 
trained in the fundamentals of resource 
management. A motion was unani- 
mously passed opposing the General 
Resource Manager examination. 

The Range Curriculum Committee 
of the Council reported that the aver- 
age curriculum contained 17.9 semester 
credits of range management course 
work, but there are variations from 15 
to 24.5 semester credit hours. Attempts 
to agree upon course names and de- 
scriptions have not yet been successful. 
It is felt that this is important for 
Civil Service evaluations of transfer 
students and for the presentation of a 
united front by the range schools. 
Further, the range schools teach ap- 
proximately 40% of the “range man- 
agement core” in the general area of 
range plants, 23% in range techniques, 
and 38% in range principles. 

The Vocational Training Commit- 
tee reported that four schools are of- 
fering continuing education in range 
management for credit, seven without 
credit, and that four additional schools 
plan to start such programs. One 
school now offers correspondence 
courses. 

A report from the Instruction Im- 
provement Committee presented six 
suggestions for consideration by the 
Council: 

1. 

2. 

3. 
4. 

5. 

6. 

Exchange of slides, plant speci- 
mens, and other class materials. 
A laboratory and field trip out- 
line series for range management. 
Use of the transparency projector. 
Use of extension personnel for 
teaching range courses. 
Workshop courses for county 
agents, professional people in 
fields other than range manage- 
ment, and ranchers. 
Teaching aids, electronic and 
other. 

Dr. Wayne Cook reported on the 
status of ASRM membership of ex- 
range management students. He found 
that 58% of the students who had re- 
ceived range management degrees dur- 
ing the last 15 years are not now stu- 
dents, while 26% had never been mem- 
bers. Council members plan to urge 
their students to join the Society. 

R. S. Campbell, Editor of the JRM, 
discussed the need for page charges for 
sponsored research articles. The Coun- 
cil went on record, by a majority vote, 
as favoring a page-charge for all pages 
published. 

Officers elected for 1968 were: 
Ervin Schmutz, University of Ari- 

zona, Chairman 
Paul T. Tueller, University of Ne- 

vada, Vice-Chairman 
Herbert Fisser, University of Wyo- 

ming, Secretary 
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1968 Section Officers 
President 

John Ehrenreich 
Watershed Management Dept. 
University of Arizona 
Tucson, Arizona 8572 1 
Robert H. Blanford 
49 Starlit Circle 
Sacramento, California 9583 1 
Donald H. Euler 
Rt. 1, Box 531-A 
Golden, Colorado 8040 1 
Walt Sundell 
6803 Fernwood Drive 
Boise, Idaho 83705 
Orvis H. Lowry 
Sayre, Oklahoma 73662 

Jerry Garner 
Brownlee, Nebraska 69 126 

J. Boyd Price 
P. 0. Box 4850 
Soil Conservation Service 
Reno, Nevada 89505 
Will Orndorff 
Bingham, New Mexico 87815 

Phillip E. Van Cleave 
704 Washington 
Miles City, Montana 59301 

Peter V. Jackson 
Box 112 
Harrison, Montana 59735 
Claude Dillon 
5503 N. Cannon 
Spokane, Washington 99208 
Charles M. Schumacher 
1439 Sunset Drive 
Huron, S.D. 57350 
Norwin E. Linnartz 
School of Forestry 
L. s. u. 
Baton Rouge, La. 70803 
J. L. Richmond 
134 River Oaks 
San Angelo, Texas 76901 
Nick J. Cozakos 
2867 Carole Drive 
Salt Lake City, Utah 84121 

Don Sylvester 
P. 0. Box DD 
Torrington, Wyoming 82240 
Glen D. Fulcher 
Range Management Staff 
B.L.M. U.S.D.I. 
Washington, D.C. 20250 
Francisco A. Falomir 
Edif Union Ganadera Desp 204 
Chihuahua, Chih., Mexico 
S. E. Bastard 
Box 293 
Nanyuki, Kenya 

Secretary 

S. Clark Martin 
P. 0. Box 5735 
Tucson, Arizona 85703 

Billy R. Templeton 
25388 Fay Avenue 
Sunnymead, California 92388 
Pat 0. Currie 
521 Deines Court 
Fort Collins, Colorado 80521 
Abb H. Taylor 
Route 2 
Meridian, Idaho 83642 
John A. McLemore 
Route 3 
Cheyenne, Oklahoma 73628 
Harlan C. DeGarmo 
Box 203 
Stapleton, Nebraska 69 163 
James A. Young 
A.R.S. Crops Res. Div. 
University of Nevada 
Reno, Nevada 89507 
Duane Michael 
8206 San Juan Rd., N.E. 
Albuquerque, New Mexico 87108 
Harold Goetz 
Botany Department 
N. D. State University 
Fargo, N.D. 58102 
Geoffrey E. Greene 
1900-32nd St. South 
Great Falls, Montana 59401 
Harry H. Wegeleben 
3 14 Federal Bldg. 
Yakima, Washington 9890 1 
Dwaine C. Smith 
1304 Broadway 
Pierre, South Dakota 57501 
Lewis L. Yarlett 
Soil Conservation Service 
P. 0. Box 1208 
Gainesville, Florida 3260 1 
R. B. Dooley 
208 Greer 
San Angelo, Texas 76901 
Fred H. Fuller 
U.S. Forest Service 
Fed. Bldg., 125 S. State 
Salt Lake City, Utah 84111 
Kendall Johnson 
320 Corthell Rd. 
Laramie, Wyoming 82070 
Marlyn V. Jones 
961 N. Longfellow 
Arlington, Va. 22205 

Leandro E. Lujan, Jr. 
Aptdo 682 
Chihuahua, Chih., Mexico 
John T. Cassady 
P. 0. Box 30362 
Nairobi, Kenya 
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1968 SUMMER MEETING IN IDAHO 

luly 29-31, 1968 . 

The annual summer meeting of ASRM, to be hosted this 
year by the Idaho Section, is set up as a Family Outing Tour! 
Going from Boise to the beautiful Stanley Basin and Bear 
Valley, the tour starts at 1:OO p.m. on July 29 and winds up 
the afternoon of July 31. All members of the Society and 
their families are invited to participate. 

This has been planned as a “fun and show me” affair, with 
two nights camping out (the less hardy may arrange for mo- 
tel accommodations at Stanley, Idaho) and two days of ob- 
serving natural resource management in practice: range im- 
provements, elk summer range, spawning areas for the 
Chinook salmon, the proposed Sawtooth National Recreation 
Area, and historic and current mining operations. Evening 
slide talks and discussions will augment the observations 
made during the two days’ travel. At the end of the tour sev- 
eral short guided trips have been arranged for those who are 
interested, or just an hour’s drive will take one to Sun Valley 
where all the summer activities will be in full swing. 

For those who do not have their own gear, arrangements 
are being made to provide camp-out equipment-tents, air 
mattresses, sleeping bags. Meals made available for the tour 
include two early-morning cowboy breakfasts, lunches, and a 
steak barbecue the second night out. 

The Tour Committee does need an estimate of the num- 
ber which will be attending. Write to William R. Meiners, 
Bureau of Land Management, 230 Collins Road, Boise, 
Idaho 83702 for full details on the itinerary, facilities, trans- 
portation, and costs. But send him your reservation as soon 
as possible; if you wish motel accommodations in Stanley, 
your reservation, together with a $10.00 deposit, must be 
made by June 15th. 

Letters to the Editor 

To the Editor: 

I had fully intended to say a few 
words at the Albuquerque Convention 
in the way of a farewell to the Society 
in my official capacity as Executive 
Secretary. As is now known I was pre- 
vented by illness. 

Although it would have been a sur- 
prise I would have said something in 
the way of appreciation for the Service 
Citation and Award presented there. 
I understand from many sources, how- 
ever, that I was well represented in 
that respect. 

I do want to take this opportunity 
to say that I have enjoyed my eleven 
years as an official of the Society. I 
have been privileged to work with a 
group of dedicated, intelligent, and 
cooperative people and I am sure that 
I have received much more from the 
Society than I gave to it. 

As to the citation, it was earned not 
by me alone but by the many friends 
and associates who through their ad- 
vice, council, suggestions, and plain 
hard work have through the years 
helped over the rough spots. 

To the many friends, from every- 
where the Society exists, who have sent 
good wishes for my health, a sincere 
thank you. I shall be seeing you at fu- 
ture conventions. 

John G. Clouston 
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