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Limits on Western Range Forage Production- 
Water or Man1 

Water is generally regarded as the limiting factor in forage production on 
arid rangeland. If 800 lb. is taken as the water requirement for a pound of 
range forage, 12 inches as the average precipitation, and 400 lb. as the average 
forage production/acre, only 12.5% of the precipitation, or 1.5 inches, is used 
in producing the forage crop. If we estimate that in addition, 1%~ inch is lost 
to deep percolation, 1 inch to over-the-surface runoff, and 1 inch to undesirable 
vegetation, we account for 4 inches. Thus, the remainder, two-thirds of the total 
precipitation, is lost by evaporation, without benefit to man. The importance 
of the resource lost bv evanoration is discussed in relation to the potential pro- 
ductivity of arid land;. A 

U. S. history during the 19th 
century was one of westward move- 
ment, characterized by buffalo 
hunts, Indian wars, cattle kingdoms 
on the plains, the sod busters, the 
pony express, the transcontinental 
railroad and telegraph, barbed wire, 
and range wars. In the westward 
migration, largely by people of 
European descent, there was no 
background experience to alert 
them to the low per-acre productiv- 
ity of the arid West as compared to 
the humid East. In those days the 
range was thought of as an inex- 
haustible resource. That it was not, 
had to be learned the hard way, and 
by the time it was learned, much 
of the range had been seriously 
damaged. 

The concept of water as the limit- 
ing factor in range forage produc- 
tion developed naturally, once the 
limits of arid land productivity were 
realized. All one had to do was 
note the limited precipitation, com- 
pared to the higher precipitation in 
the Eastern States. Western soils 
were generally regarded as more 
productive than those in the East 
(less leached), and the western cli- 
mate was less inclined to foster 
plant diseases. Certainly if the soils 
and climate were favorable, water 
had to be the limiting factor. 

The interesting, if tragic, story of 
the western range has been written 
by many and is common knowledge 
to all range-oriented people. Inter- 
ested “outsiders” will get an account 
of range deterioration in central 
Texas from Bentley (1898). Barnes 
(1926) gives a comprehensive and 
fascinating treatment of the entire 
western range. 

A written statement cannot alter 
the facts, and water is the limiting 
factor in the sense that if more 
water is provided, production is in- 
creased. This is amply borne out 
by the superior production of crops 
under irrigation in the West as 
compared with production under 
natural precipitation. But it may 
be profitable to take a fresh look at 
the water resource in the West and 
consider it in relation to the plant’s 
need for water. 

1 Cooperative investigation by the Plant 
Science Research Divison, Agricultural 
Research Service, U. S. Department of 
Agriculture, and the Utah Agricul- 
tural Experiment Station. Utah Agri- 
cultural Experiment Station Paper 
1051. Received July 13, 1970; ac- 
cepted for publication January 16, 
1971. 

The intent is not to offer a pre- 
cise analysis. The available infor- 
mation is too scanty-there are too 
many gaps. But, on the basis of 
the information we have, reasonable 
generalizations can be made. They 
sum up to a fairly startling picture, 
and suggest that the limiting factor 
is not so much water as it is man’s 
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ability to intelligently manage the 
water received. 

The Water Requirement of Plants 

A considerable body of informa- 
tion has been accumulated on the 
water needs of plants. For the arid 
West, Briggs and Shantz (1914) and 
Shantz and Piemeisel (1927) con- 
ducted some classic work at Akron, 
Colorado early this century. They 
found that different species of 
plants transpired from less than 300 
lb. to over 1000 lb. of water/lb. of 
dry matter produced. Those with 
relatively high water needs included 
smooth brome (Bromus inermis), 
western wheatgrass (Agropyron 
smithii), and alfalfa (Medicago 
satiua). Those with a low water re- 
quirement included sudangrass (Sor- 
ghum sudanense), blue grama (Bou- 
teloua gracilis), and buffalograss 
(Buchloe dactyloides). Crested 
wheatgrass (Agropyron desertorum) 
was in an intermediate position. 
Dillman (1931) verified the water 
needs of the above species in studies 
conducted at Newell, South Dakota 
and Mandan, North Dakota. 
McGinnies and Arnold (1939) re- 
ported the water requirement of 
many Arizona range plants. They 
also obtained values from less than 
300 to over 1000. Water require- 
ment studies have generally been 
conducted for short periods only, 
when growth is rapid. But some in- 
formation is available for extended 
periods. McGinnies and Arnold 
(1939-Table 22) report for 12 
warm season grasses a mean summer 
water requirement of 489, and a 
mean yearlong requirement of 567. 
On a yearlong basis these grasses 
used 16% more water/unit of dry 
matter produced than they did dur- 
ing the summer growing season. 

Similar data have not been found 
for cool season grasses in the In- 
termountain Region. Since these 
grasses begin growth very early in 
the spring and enter dormancy when 
soil moisture is depleted, it does not 
seem likely that the difference in 
water requirement during the grow- 
ing season and for the entire year 
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would be greater than for the warm the western range (U. S. Forest Ser- competing vegetation from an aver- 
season grasses. It might well be less. vice, 1936) and assume an animal age acre of western range. This also 

For the purpose of this study, 800 unit need of 20 lb. dry matter/day, is an extravagance we cannot afford. 
lb. will be used as the average water the grazed forage crop would aver- Corrective measures can be highly 
requirement for forage species on age 200 lb./acre. A policy of take profitable to the operator as evi- 
the western range. half and leave half would indicate dented by many examples from all 

a total production of about 400 lb./ parts of the western range. 
Water Received Per Acre acre. 

If we assume the average acre 
of arid western range receives 12 
inches annual precipitation, some 
allowance will be made for the small 
part of the total range that is at 
high enough elevation to receive ap- 
preciably higher precipitation, and 
also that this high altitude range 
generally shares the water with tim- 
ber and has a short growing season. 

Annual precipitation of 12 inches 
amounts to 2,613,600 lb./acre. Tak- 
ing the plant’s water requirement at 
800 lb., this 12 inches would pro- 
duce about 3200 lb. dry matter. 
What is the actual yield? 

Forage Yield Per Acre 

Average range depletion in 1936 
(U. S. Forest Service, 1936) was esti- 
mated to be 52%. Thus, the western 
range was producing about half the 
forage it did in the virgin condition 
before occupation by the white man. 
Many excellent range improvement 
practices have improved the produc- 
tivity of parts of the arid range since 
1936 but the total area is so large 
that the response to improvement 
practices has not changed the over- 
all productivity greatly. The areas 
where improvements have been ef- 
fected are small, and largely offset 
by other areas where continued 
brush encroachment, erosion, and 
mismanagement have either low- 
ered productivity or prevented im- 
provement. 

One of the present glaring defi- 
ciencies in our agricultural census 
is that it is almost totally lacking in 
meaningful statistics on the western 
range. But we know with reason- 
able accuracy the numbers of domes- 
tic and game animals in the West 
and the percentage of their total 
feed provided by the range. From 
these data we estimate 20 million 
animal units fed yearlong. If we 
take 728 million acres as the area of 

Water Used to Produce the 
Forage Crop 

An average production of 400 lb./ 
acre is one-eighth of the potential 
of 3200 lb./ acre arrived at earlier. 
This means that only about 121/s 
of the precipitation received, 1% 
inches, is transpired o’r otherwise 
used to produce the forage crop. 
What happens to the remaining 
87%%? 

Avenues of Water Loss 

Water is lost from the range by 
four obvious avenues: (1) that tran- 
spired by undesirable vegetation; 
(2) that lost by over-the-surface run- 
off; (3) that lost by deep percola- 
tion; and (4) that lost by evapora- 
tion from the soil or vegetation. 

Undesirable Vegetation 

Even with widespread herbicide 
use, the total amount of brush 
or other unwanted vegetation on 
western rangelands is probably in- 
creasing. The dramatic spread of 
mesquite in the arid Southwest 
(Buffington and Herbel, 1965) dur- 
ing the last 100 years is only one 
indication of the deterioration of 
the range resource and usurpation 
of the available water by unproduc- 
tive vegetation. As much as 2 to 3 
hundred million acres of arid range 
lose more water to unwanted vege- 
tation than is transpired by the for- 
age crop. On possibly a hundred 
million of these acres grass has 
been crowded out, and unwanted 
vegetation uses all the water. These 
hundred million acres must be 
cleared of the existing vegetation 
and seeded if they are again to be- 
come productive. 

A reasonable estimate is that 
somewhere between % inch and 1 
inch of water is lost to unwanted 

Over-the-Surface Runoff 

Runoff occurs where the rate of 
precipitation or snowmelt is greater 
than the rate of water intake by the 
soil. It is thus the high intensity 
storms or rapid rates of snowmelt, 
that are responsible for most of the 
runoff. Runoff is generally intensi- 
fied as slope of land increases. That 
runoff from rangeland occurs has 
been abundantly demonstrated. 
The amount of runoff is not easily 
determined. 

Committee Print No. 21 (1960) of 
the Select Committee on National 
Water Resources, U. S. Senate, con- 
tains information on water yield 
from various vegetation types. Semi- 
arid grass and shrub, comprising 330 
million acres, is estimated to yield 
.1 to 1.0 inch/year to streamflow, 
averaging .4 inch. Pinyon juniper, 
with 61.4 million acres yields a 
range from 0 to 3 inches, averaging 
.5 inch. These types are in rainfall 
ranges of 5 to 20 and 10 to 20 inches, 
respectively. Langbein et al. (1949) 
calculated that the Great Basin (137 
million acres) had an average run- 
off of slightly over 1 inch. Most of 
this originates on high elevation 
watersheds. Many runoff studies 
have been conducted on watersheds 
ranging in size from small plots to 
several square miles, and they also 
contribute substantially to our 
awareness of the impo,rtance of run- 
off. They indicate runoff from less 
than .l inch to over 1 inch/year. 
Projection of these data to larger 
areas is hazardous because of the 
heterogeneity of the range and the 
tremendous influence of local con- 
ditions on the fate of the water. 
The size of the watershed alone has 
a severalfold effect on measured 
runoff. This is strikingly illustrated 
by research in Israel (Evenari et al., 
1961) where a system of runoff farm- 
ing in the Negev, believed to have 
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been in use as early as the 8th to 
10th centuries B. C., has been re- 
constructed. Watersheds as small as 
l/a acre yielded 15 to 20% of total 
precipitation (there only 4 to 6 
inches annually) while large catch- 
ment areas yielded only 1 to 5% 
of the precipitation. The Israeli 
studies suggest that we might look 
more closely at some of our desert 
areas to determine their potential 
for water harvesting for intensive 
production on selected adjacent 
sites. Waterspreading, practiced on 
many range sites (Monson and 
Quesenberry, 1958) is a crude form 
of water harvesting as practiced in 
Israel. A consideration of the avail- 
able information leads us to the 
conclusion that a conservative esti- 
mate of loss of water from arid 
rangeland by runoff would be 1/2 
inch annually and a more liberal 
estimate, 1 inch. 

Deep Percolation 
For much of the arid range, pre- 

cipitation doesn’t penetrate the soil 
below the reach of roots. Where it 
does, this water eventually contrib- 
utes to stream flow or springs and 
is important downstream to man. 
Deep percolation occurs mainly on 
the higher elevation-higher precip- 
itation rangelands where the value 
of the land may be greater as water- 
shed than as range for forage pro- 
duction. On these watershed lands 
a healthy vegetative cover may be 
highly important for erosion con- 
trol, and may contribute signifi- 
cantly during a very short summer 
season to the feed of game and 
domestic animals. 

Although there are significant 
percolation losses at higher eleva- 
tions, we estimate an average of not 
more than l/2 inch a year lost to 
on-site productivity by deep perco- 
lation on an average acre of the 
western range. 

Evaporation 
Loss of water by evaporation is 

taken as the remainder, after the 
parts required to produce the forage 
crop, and those lost by the other 
avenues enumerated above are ac- 

counted for. We have the follow- 
ing: 

Source of loss Estimated Percent 
or use inches of Total 

Forage production 1.5 12.5 
Undesirable 

vegetation 1.0 8.3 
Runoff 1.0 8.3 
Deep percolation .5 4.2 

Total accounted for 4.0 
Remainder 

(evaporation) 

33.3 

8.0 66.7 

Total 12.0 100.0 

Since our estimations for losses to 
deep percolation and brush and 
weeds are generous, it is a reason- 
able assumption that the remainder, 
8 inches, or 66.7% of the estimated 
12-inch precipitation is lost by evap- 
oration, primarily from the soil. 
Some percentage of the precipita- 
tion will be intercepted by the vege- 
tation and never reach the ground, 
and another fraction will only wet 
the soil surface. These are not be- 
lieved to be a very large part of 
the total precipitation. In winter- 
rainfall regions these fractions will 
be very small, but on the plains and 
other areas of summer precipitation, 
loss by evaporation of water that 
never reached the soil or penetrated 
it may be considerable. The poten- 
tial for increased plant production 
by water now lost by evaporation 
primarily from the soil is so great 
that we cannot continue to permit 
it to go unexploited. If we are ever 
to realize the true productive capa- 
bility of arid lands, we must learn 
to prevent, or sharply limit this loss. 

Preventing Loss of Water by 
Evaporation 

Experience up to the present time 
in reducing evaporation from the 
soil surface has not proven sensa- 
tional, to say the least. Wheat farm- 
ers in many parts of the arid West 
practice alternate cropping and fal- 
low. The water saved during the 
year of fallow is very important, but 
is a relatively small percent of the 
precipitation received. Bracken and 
Cardon (1935) from studies at 
Nephi, Utah, concluded that 30% 
of the precipitation was conserved 

by summer fallow. Mathews and 
Army (1960), from a survey of many 
locations in the summer rainfall 
region of the Great Plains, report 
less than 20% of the annual precipi- 
tation saved by fallow. Judging 
from wheat fallow, it is not likely 
that clean cultivation between rows 
of grass would appreciably lower 
loss of water by evaporation. 

A thick vegetative mulch would 
lower loss of water by evaporation, 
but would also intercept precipita- 
tion that would otherwise enter the 
soil. Some vegetative mulch is 
highly desirable, but one thick 
enough to severely restrict evapora- 
tive loss is not likely to greatly in- 
crease water available to transpira- 
tion. 

Sheets of plastic might conceiv- 
ably cover the ground between rows 
of grass, and these would constitute 
a highly effective barrier to evapo- 
rative loss, but none are known that 
could be laid at a tolerable cost and 
that might withstand the hooves of 
grazing animals or the wheels of 
harvesting machinery. Unless light- 
proof, weed growth under the plas- 
tic would be difficult to control. 

In recent years hexadecanol has 
been shown to restrict evaporation 
from small bodies of water. Ander- 
son et al. (1963) tested hexadecanol 
on soil and concluded that on 
the basis of their procedures, hexa- 
decanol did not offer great promise 
as an evaporation retardant. Olsen 
et al. (1964) applied heavy rates of 
hexadecanol to soil. When it was 
mixed into the surface X inch, 
water loss was reduced 43% and the 
treatment was effective during the 
14 months of the study. Hexa- 
decanol is nontoxic to plants, does 
not break do,wn readily, and when 
applied at the soil surface causes a 
rapid drying out, creating a dif- 
fusion barrier to water loss by vapor 
transfer. However, in earlier studies 
with corn, yields were depressed, 
apparently a result of lowered 
nitrate availability. If yields are 
going to be depressed, even though 
considerable water is saved, hexa- 
decanol does not appear to be the 
answer. 
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In a greenhouse study, Keller 
(1954) found that a pea gravel 
mulch at the rate of 500 g/6-inch- 
diameter container (120 tons/acre) 
reduced evaporation by 66% com- 
pared to a bare soil surface. This 
was under conditions where bare 
soil lost only 23% less than a free 
water surface. The outside atmo- 
sphere in the West is probably drier 
than the greenhouse atmosphere 
but with drier soil beneath the 
gravel the saving should be greater 
(van Bavel et al., 1963). 

There is insufficient evidence at 
present to recommend spreading 
120 tons pea gravel on each acre of 
range, but some range soils contain 
sufficient gravel to provide an ade- 
quate mulch if that in the top 6 or 
8 inches were brought to the sur- 
face. This might be accomplished 
with some modified version of a 
potato digger. Paltridge (19855) has 
shown that for some forage species 
cultivated rows 3.5 feet apart have 
some advantages over closer spac- 
ings. How would finer or coarser 
gravel, such as might be available, 
affect evaporative loss? How long 
would any evaporation retardant 
hold up under grazing by livestock 
or mechanical harvesting? What 
other substances might be more ef- 
fective mulches or even cheaper, 
than gravel? Many questions arise 
which cannot now be answered. 
Much research is needed. 

We can estimate what the conse- 
quences of a gravel mulch might be. 
If two-thirds of the water lost by 
evaporation could be diverted to 
transpiration, and if loss from run- 
off and by unwanted vegetation 
were stopped, production on our 
average acre would be increased 
nearly 4.9 times, or 1950 lb. addi- 
tional forage, for a total of 2350 lb./ 
acre. Under such conditions, rather 
than take half and leave half, we 
might well leave only about 800 lb. 
Thus we would harvest nearly 1600 
lb. as compared with 200 or almost 
an eight-fold increase. In an en- 
vironment providing moisture for 
such a level of production, use of 
fertilizer would be highly profitable 
and would further increase the ef- 

ficiency of water use. The species 
used for range seeding would need 
to be reexamined. 

Once the problem is recognized, 
and the potential benefits from its 
solution realized, industry would 
become seriously involved. Fabrica- 
tion chemists may ultimately solve 
the problem by developing a sub- 
stance which works like a one-way 
window. In cooperation with grav- 
ity when mixed into the surface soil 
it would let moisture move down- 
ward, but wouldn’t let it come back. 
In addition to increasing forage for 
livestock on our arid rangeland, 
such a substance would greatly 
enhance the value o,f arid lands 
throughout the world, and would 
increase manyfold their contribu- 
tion toward properly feeding the 
expanding world population. 

Immediate Goals 

Until some such revolutionary de- 
velopment, which may be one of the 
most significant scientific achieve- 
ments of the next 100 years, every 
presently known range improve- 
ment practice needs to be put to 
work. Of particular immediate im- 
portance are measures which restrict 
or prevent erosion, so that we do 
not further undermine the inherent 
productive capability of arid soils. 
Erosion control is good range man- 
agement. Brush control is good 
range management if there is an 
understory of grass or if grass can be 
established. Range seeding is good 
range management on potentially 
productive sites that cannot reason- 
ably be restored to productivity by 
methods short of seeding. Regu- 
lating grazing, both time and inten- 
sity, with the welfare of the forage 
plants in mind, as well as the live- 
stock, is good range management. 
Research has contributed greatly to 
our understanding of these and 
other good range management prac- 
tices, and will continue to enhance 
the productivity of our arid lands. 
The opportunity for improvement 
remains great. Much additional re- 
search is needed to lower the cost of 
range improvement practices and to 
increase the likelihood of their suc- 

cess. For example with presently 
known methods we can control 
most brush and runoff-though if 
these processes were less expensive 
they would be greatly extended. By 
controlling brush and other un- 
wanted vegetation and runoff, we 
could more than double per-acre 
production without doing anything 
about loss of water by evaporation. 
In the future years, breeders will 
provide better forage plants and 
these will be introduced in range 
seeding programs. There is no 
reason to consider this potential any 
less than with corn, rice, wheat, sor- 
ghum and other major food crops. 
Up to now, the impact of plant 
breeding has hardly been felt on 
arid rangeland. 

Long Range Goals 

An average acre of western range 
having some brush infestation, suf- 
fering also from average loss of 
water by runoff, produces, in round 
numbers, 1 to 2 lb. beef/100 tons 
precipitation received.2 Research 
has shown that as little as 6 lb. of 
grass will produce 1 lb. of beef. If 
800 lb. of water will produce 1 lb. 
of grass, 100 tons precipitation/lb. 
or 2 of beef is an efficiency of only 
about 2.5 to 5%. (Bonner, 1961, 
points out that 2% is the approxi- 
mate efficiency with which plants 
utilize the energy of the sun-an- 
other fertile field for investigation.) 
Thus, in round numbers, and real- 
izing some assumptions have been 
made, we have the potential to in- 
crease the production of our arid 
rangeland as much as 20 to 40 times. 
We have already determined that 
the water provided, if all were used 
by the plants, would increase pro- 
duction eight-fold (from 400 to 3200 
lb./acre). To reach a 20 to 40-fold 
increase would thus require an in- 
crease of two and a half to five times 
the efficiency with which the forage 
was utilized. This may be unrealis- 
tic in practice because 
must eat yearlong, but 

livestock 
since our 

2 Suggested by Dr. Gerald W. Thomas 
in an address at the February, 1968 
meeting of the Range Society at Albu- 
querque, New Mexico. 
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theoretical ideal was 6 lb. grass/lb. 
of gain, we may assume that at 
present, on the average, somewhere 
between two and a half and five 
times this amount, or 15 to1 30 lb. 
grass are consumed per lb. gain. 
Based on a need of 20 lb./day per 
animal unit, this would amount to 
% to 1% lb. g ain /day, yearlo#ng. 
This appears to be a reasonable 
spread. Hyder and Sneva (1963) 
and Sneva (1967) have shown that 
forage can be managed sol that live- 
stock use it more efficiently. Their 
studies are only a beginning. 

With the potential productivity 
of the arid range conservatively 
placed at several times the present 
level, perhaps it is time to quit 
rationalizing that water is the limit- 
ing factor and turn the spotlight on 
man. 
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Highlight 
The clearing and reseeding of mesquite-covered alluvial flood plains on the 

Papago reservation in the southwestern United States to blue panic-grass was 
determined to be economically feasible. This improved range must, however, be 
used at full carrying capacity and livestock numbers restricted so the increased 
forage will be reflected as an increase in calves sold. A benefit-cost analyses was 
performed to determine what effect different methods of management would 
have on returns for a common property resource. 

La Ventaja Economica de un 
Manejo Adecuado-un Estudio 

Sobre Los Costos e Inpesos en 
Mejoramiento de Pastizales en 

Propiedad Comunal. 

Resumen3 

El estudio fud llevado a cabo en la 
reservacidn de 10s indios Papagos en el 
Estado de Arizona, E.U.A. En el pas- 
toreo comunal en esta reservacihn ha 
habido un sobrepastoreo que ha causado 
que 10s pastizales se encuentren en 
malas condiciones y de que haya baja 
producci6n de ganado y came. 

Debido a que es dificil corregir el 
sobrepastoreo por razones sociales, 10s 
tbcnicos pensaron que seria mejor au- 
mentar el coeficiente de agostadero uti- 
lizando ciertas prhcticas tales coma con- 
trol de arbustos, siembras, bandas de 
dispersi6n de escurrimiento y construc- 
ci6n de facilidades tales coma aguajes, 
corrales y potreros. 

Sin embargo, habia dudas si este 
m&odo era econ6mico o no. Se en- 
contr6 que 10s m&odos de mejorar 
el coeficiente de agostadero resultaban 
econ6micos solo con una carga animal 
adecuada. El sobrepastoreo a6n en 10s 
pastizales mejorados no era econ6mico 
y no cubri6 10s costos de1 mejoramiento. 

The Papago Indian Reservation 
consists of arid valleys and plains 

l Journal Paper No. 1657 of the Arizona 
Agricultural Experiment. Station. 
Based on Master’s Thesis, Department 
of Agricultural Economics, University 
of Arizona, Tucson, Arizona, 1968. 

2 Present address is Research Assistant, 
Department of Agricultural Econom- 
ics, Texas A and M University, Col- 
lege Station, Texas. 

3 Por Sergio Chhzare L. y Donald L. 
HUSS, Organization de las Naciones 
Unidas para la Agricultura y la Ali- 
mentacion (FAO), Dep. de Zootecnia, 
ITESM, Monterrey, N.L., MCxico. 

with high temperatures and low 
rainfall characteristic of the Sono- 
ran Desert Region. Drought and 
overgrazing have resulted in a range 
where annual plants provide much 
of the forage. 

The Papago cattlemen have tradi- 
tionally derived their income from 
a cow-calf operation which is poorly 
suited to this type of range. This 
inflexible method of operating has 
resulted in periodic starvation con- 
ditions and a range that yearly be- 
comes more depleted. Private and 
Federal funds were solicited during 
the spring and early summer of 
1969 to feed starving cattle. 

To prevent resentment caused by 
forced reduction of cattle numbers, 
Bureau of Indian Affairs (BIA) 
range personnel have searched for a 
method to prevent seasonal starva- 
tion and weight losses, at the same 
time assisting conservation and re- 
juvenation of the denuded range 
land. Complementary pastures uti- 
lizing floodwater from the moun- 
tains to provide much needed pe- 
rennial grasses appears to be a 
partial answer (Simpson, 1968). 

About 2,025 hectares (5000 acres) 
of mesquite-covered alluvial fans 
have been cleared and seeded on 
the reservation over the last five 
years. Although the improvements 
provide a striking contrast to the 
surrounding rang-eland, economi- 
cally they might not be paying 
for themselves, principally because 
of lack of proper management. 
(This is defined here as fullest pos- 
sible use to maximize profits over a 
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long term period.) In light of this 
situation, a feasibility study was 
initiated prior to developing the re- 
maining 10,125 hectares (25,000 
acres) thought to be suitable. The 
method of benefit-cost was used as 
an indicator of potential returns 
under various pasture-management 
assumptions. 

In this study, two systems of man- 
agement were considered, one which 
evaluates management training as- 
suming no restrictions on herd num- 
bers (Plan “A”), and one in which 
herd build up in response to addi- 
tional available forage is curtailed 
(Plan “B”). To compare the two 
plans, the benefits are divided by 
their respective costs to determine 
benefit-cost ratios. 

Communal Grazing System 

Traditionalism, group rather 
than individual decision making, 
antiquated methods, little formal 
education, and a communal grazing 
system are the social constraints en- 
countered in evaluating the dollar 
return from pasture improvement. 
The name “communal grazing sys- 
tem” is employed because the land 
in and around each village is 
thought of as belonging to that 
community and is apportioned by 
the village or district council. 

The majority of the Papago stock- 
men own only a few animals. 
Woodbury and Woodbury (1962) 
cite references which suggest that 
the largest Papago herd is over 
1,000 head, that there are three 
herds of over 500 head, five of over 
100 head, 36 herds of 10 to 99, and 
about 400 families have herds of 9 
head or less. Because it is not gener- 
ally feasible for each owner to fence 
a portion of range for his own use 
(stocking rates are about 5 to 10 
head per section) there are definite 
unwritten “property rights” which 
serve well, as long as they are fol- 
lowed. 

All livestock are owned individu- 
ally but run together. Were an in- 
dividual to reduce his cattle num- 
bers, he would not benefit directly, 
since his neighbor, who, running his 
cattle on the same general range, 
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would then use the extra forage 
available. Thus, to the individual 
Papago stockman, overgrazing is 
rational and may be expected to 
continue until curtailed by outside 
pressure. Although the communal 
grazing system is often criticized as 
the main contributor to overgrazing, 
it becomes apparent that what is 
needed is not a radical change to a 
new system but a more careful gov- 
erning of the common property re- 
source, i.e. land. The overuse of this 
common property resource (known 
as the commonality problem; other 
instances are groundwater basins 
and ocean fisheries) paradoxically 
has also been aggravated by BIA 
water development on the reserva- 
tion. 

During the 1930’s an active cam- 
paign of building dirt water tanks 
and wells was carried out to “im- 
prove livestock distribution.” In 
the 1950’s an additional $l,OOO,OOO 
was spent. Lack of adequate regu- 
lation of stock numbers resulted in 
additional range which is over- 
grazed as cattle are better able to 
utilize the land area. 

Methods for Estimating Range 
Improvement Cost and Production 

The actual range development re- 
quires clearing the mesquite-covered 
alluvial bottomland by pushing the 
trees with the blade of a large 
crawler type tractor. In the same 
operation a “root knife” attached 
to the drawbar dislodges the roots, 
plowing the land. Because the trees 
are usually less than 3 m in height, 
they are left to rot and no further 
land preparation operations are re- 
quired. The area is then fenced, 
and corrals, water spreaders, and 
“charcos” (dirt tanks) are built. 
The cleared area is seeded by air- 
craft just prior to summer rains. 
Grazing is deferred for one year to 
allow fo,r stand establishment. 

In the analysis of reservation po- 
tential, about 9,315 hectares (23,000 
acres) were delineated on aerial 
photos as suitable for pasture de- 
velopment. Clearing cost calcula- 
tions were determined by plotting 
mesquite areas designated as heavy 

Table 1. Cost assumptions for renovating 
Papago Indian Reservation, Arizona.1 

mesquite-covered alluvial fans, 

Fencing 

Spreader dikes 

Charcos 

Clearing heavy cover 

Clearing light cover 

Seed-blue panicgrass 
Lehmann lovegrass 

Seeding application 

Corrals 

Maintenance 

$497 per km ($800 per mile)-includes 4 strands of wire 
and steel posts at 7.82 m (25 ft) intervals. 

$300 each-l.8 m (6 ft) wide at top, 1.8 m wide at bot- 
tom, 274.3 m (900 ft) long, 15$ per m3 pushing charge. 

$3,000 each (including silt “settling tank”) 

$39.54 per hectare ($16/acre) 

$37.07 per hectare ($15/acre) 

$1.32 per kg ($.60/lb.) @ 5.45 kg per hectare (5 lb./acre) 
$4.41 per kg @Z/lb.) @ 1.09 kg per hectare (1 lb./acre) 

$1.53 per hectare ($.70/ acre) using fixed wing aircraft. 

$680 per set 

$15,970 annually for fence, charco, dike, corral and 
erradicating woody growth using .36 kg (l/3 lb.) 2,4,5-T 
in a 1:7 mixture of diesel fuel and water once every 5 
years of $1.23 per hectare ($.50/acre) per year. 

1 1967 price. 

or light cover. The mesquite densi- 
ties were easily recognized on the 
photos and, when combined with 
field checks, resulted in fairly accu- 
rate estimates of total clearing cost 
(Table 1). The aerial photos were 
also invaluable for estimating fenc- 
ing costs as well as determining the 
number of charcos, corrals, and 
spreaders needed. 

Visual evaluation of reseeded 
species on a seven-year-old pasture 
indicated that blue panicgrass (Pun- 
icum antidotale) was dominant on 
well flooded areas (10.16 to 45.72 
cm of water each flooding) and that 
Lehmann lolvegrass (Eragrastis Zeh- 
manniana) was best on areas of light 
inundation (less than 10.16 cm of 
water per inundation). The studies 
were done in November, at the end 
of the growing season but prior to 
grazing. Clippings from blue panic- 
cgrass plots, on what was judged to 
be maximum cover, yielded 4,360 
kg per hectare (4,000 lb./acre) oven 
dry weight (O.D.W.). There seemed 
to be two very definite classes of 
cover. One class which averaged 
75% of maximum blue panicgrass 
cover and which occurred on well 
flooded areas was designated as 
“heavy production.” This level, 
with a 70% use factor (average 
amount grazed of each plant) im- 

plies a net yield of 2,290 kg of use- 
able O.D.W. forage per hectare 
(2100 lb./acre). The areas of light 
blue panicgrass production were 
estimated to be about 10% of maxi- 
mum cover which again with a 70% 
use factor, yields 305 kg of useable 
O.D.W. forage per hectare (280 lb./ 
acre). An average of 60 plots in 
areas sown to Lehmann lovegrass 
yielded 196 kg of useable O.D.W. 
per hectare (180 lb./acre) when com- 
puted at an 80% use factor. 

The aerial photographs were then 
used to determine the potential 
acreage which would yield heavy 
and light blue panicgrass produc- 
tion and those areas which should 
be seeded to Lehmann lovegrass. 
This was relatively easy as the areas 
of woody growth, which are also ex- 
cellent indicators of potential for- 
age production, were strikingly ap- 
parent on the photos. In some cases 
there were spots which were not 
inundated and therefore would not 
be expected to yield any forage pro- 
duction. Returns were computed by 
calculating the number of cows the 
pastures would support and then 
determining the value of calves sold. 
Mature cows were expected to con- 
sume about 9.08 kg (20 lb.) O.D.W. 
forage per day (Morrison, 1948, Ap- 
pendix Table 3). Calves by their 
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mother’s sides will consume what is 
considered to be a negligible quan- 
tity, but which in any event is more 
than offset by the “occasional use” 
of pastures for fattening weanling 
calves prior to1 shipment to market. 
From these assumptions, the areas of 
heavy production may be expected 
to provide 259.5 cow grazing days 
per hectare (105 cow days/acre), the 
areas of light blue panicgrass pro- 
duction 34.6 days (14 days/acre) and 
Lehmann lovegrass 22.2 days per 
hectare (9 days/acre). All potential 
pastures delineated on aerial photo- 
graphs could be expected to carry 
about 2,160 cows per year (reduced 
from 2,609 by a factor of about 83% 
to account for bulls and replace- 
ment heifers). It must be kept in 
mind, however, that the pastures 
are designed for use only four 
months a year rather than on a year 
long basis. 

To compute returns, heifer calves 
were assumed to average 164 kg 
(364 lb.) each and sell at $.53/kg 
($24/cwt) steer calves to average 175 
kg (388 lb.) each and sell at $.57/kg 
($26/cwt) and cull cows to average 
360 kg (800 lb.) each and sell for 
$.33/kg ($15/cwt) (Dickerman and 
Martin, 1967). Reservation-wide, 
current average death loss is about 
7% (Whitfield, 1967). 

Plan “A” 

In this case, which is typical of 
the present operation on the five 
established pastures, the pastures 
would be developed with no restric- 
tions placed on livestock numbers 
grazing on the open range. The 
pastures thus assume a supple- 
mentary rather than the intended 
complementary role. The stockmen 
could be expected to increase their 
herd size by some percentage of the 
full capacity of the pastures so that 
the open range would still be over- 
grazed and the calf crop could not 
be expected to, rise above the pres- 
ent 45%. Experience with the five 
experimental pastures also indicates 
that on an average, 60% of pasture 
potential (proper use) has been uti- 
lized. With a 70% use factor, this 
means that 42% of total forage 

(.60 x .70) is consumed. If no man- 
agement training or restrictions 
were placed on the proposed pas- 
tures, annual direct benefits4 from 
the sale of cull cows and calves 
(less replacement heifers) would be 
$50,025. (Secondary benefits5 will 
be considered as negligible.) Total 
annual cost would be $85,570. This 
includes a 50-year period of analysis 
at 8% interest, $15,970 maintenance 
cost, $20,570 with interest at 8% on 
additional cows, minus $2,625 an- 
nual cost of corrals and charcos 
which could be allocated to other 
open range use. The benefit-cost 
ratio of .60: 1 indicates that $.40 is 
being lost on every dollar invested. 

It is often asserted that adding 
management training in a situation 
such as this will reap large benefits. 
Hypothesizing that 90% of pasture 
potential could be obtained with 
guidance by a full time range con- 
servationist and a Papago counter- 
part fo’r a two-year period suggests 
direct benefits of $75,030 from the 
sale of calves and cull cows. This 
return assumes that calf crop does 
not change. Annual costs would be 
the same as before except that 
$2,630 must be added as an annual 
training program charge for a total 
of $88,200. (The training colst, al- 
though only for a two-year period, 
is spread over the 50-year time 
stream.) The benefit-cost ratio’ of 
.85:1 indicates that even though 
training is added there will be a 
negative net return when no restric- 
tions are placed on herd increase. 

Plan “B” 

In this plan, total reservation cow 
numbers will be assumed to{ remain 
constant by addition of growth re- 
strictions concomitant with pasture 
development which also gives a 
nearly 0,ptimal open range carrying 

* Direct Benefits-The value of the im- 
mediate products or services resulting 
from the measures for which project 
costs and associated measures were in- 
curred. 

5 Secondary Benefits-The value added 
over and above the value of the im- 
mediate products or services of the 
project as a result of activities stem- 
ming from or induced by the project. 

capacity. Direct benefits would ac- 
crue in the form of reservation-wide 
increased calf crop and reduced 
death loss. 

The benefits of Plan “B” must 
be calculated somewhat differently 
from Plan “A” where return to the 
pastures was computed as an annual 
return to added investment (cows). 
When cow numbers are assumed to 
be constant, a marginal basis, i.e. 
the added calf crop and reduced 
death loss of the cows which are 
grazed on these pastures, is the cor- 
rect procedure to be used. Utilizing 
the pastures four months of the year 
would provide 5,850 cows with for- 
age for four months (90% of proper 
utilizatioa). Critical to the analysis 
is the validity of counting all calves 
of the additional calf crop (25%) as 
being sold, whereas in Plan “A” the 
additional cows had to have replace- 
ment heifers deducted. Total bene- 
fit is $172,650 compared to a cost of 
$71,780 ($51,650 amortized invest- 
ment, $15,970 maintenance, and 
$4,160 management training). The 
ratio is 2.44:1. It is also probable 
that the rest of the cows on the open 
range (7,425 head), while not di- 
rectly utilizing the pastures, could 
also be expected to have an in- 
creased calf crop. It seems logical 
that the calf crop will be somewhat 
less than those cows, on proposed 
pastures however. Speculating a 
15% increase (to a total of 60%) 
yields additional calves worth up to 
$150,000. 

A check on the aforementioned 
ratios can be made by evaluating 
the pastures on the opportunity cost 
method. Each animal unit month 
(AUM) of grazing from the pro- 
posed pastures costs $2.16 to pro 
duce. This figure was arrived at by 
dividing the annual potential 
months of grazing (31,300) into the 
annual capital plus maintenance 
cost ($67,625). Gardner (1962, p. 59) 
presented an estimate of $3.19 for 
the value of an AUM of range graz- 
ing and $2.91 was estimated by 
Jefferies (1964, p. 76). Thus the cost 
per AUM is found to be lower than 
independent estimates of the mar- 
ket value for forage. This adds 
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support to the conclusion that 
investment in pastures would be de- 
sirable under appropriate manage- 
men t conditions. 

Summary and Conclusions 

Two alternative development 
plans for potential flood irrigated 
pasture were considered in light of 
special cultural problems affecting 
range utilization practices. A bene- 
fit-cost analysis was performed to 
determine what effect different 
methods of management had on 
returns for this common property 
range resource. In one plan (A), in 
which herd numbers were assumed 
to be unrestricted, the annual bene- 
fits were found to be less than an- 
nual costs, principally because of 
continued low expected calf crop. 
In the second plan (B), herd num- 
bers were assumed to be held con- 
stant so that calf crop could be ex- 
pected to increase, thus increasing 
returns. It was concluded that the 
investment would be desirable only 
under this latter plan. The positive 
ratios obtained indicate that the im- 
provements will yield a positive re- 
turn over costs. The conclusions 
are, however, valid only for an op- 
portunity cost of 8%. It should also 
be pointed out that the use of bene- 
fit-cost ratios is maximized when 
ratios are available for comparison 
between alternative investment 
projects. 

The results of this analysis fur- 
ther suggest that unregulated com- 
mon property resources are special 

cases. In this instance the reason is 
that calf crop, the all important 
factor for computing returns, is con- 
sistently low. This very definite 
management problem is aggravated 
by undisciplined group porlicy- 
making. 

Experimental pasture production 
studies indicated the hardiness, via- 
bility and high yields of blue panic- 
grass. The fairly low cost of $2.16 
for each animal unit month of 
grazing attests to the potential value 
of this grass in the southwest, given 
full utilization. 

The method selected to compute 
the returns is, as has been demon- 
strated, also vital. It is not sufficient 
to state simply that calves are being 
sold, the question is, are additional 
cows to be bought for stocking the 
pastures or are predevelopment 
herd numbers to be maintained, i.e. 
are the pastures supplementary or 
complementary? The rule of thumb 
for the former is: compute benefits 
as an annual return to added invest- 
ment (cows). When pastures are 
complementary, however, so that 
numbers remain constant, the bene- 
fits are derived as additional calves, 
or as additional weight gains. It be- 
comes obvious that simple calcula- 
tion of forage yields will nolt suffice 
under questionable management 
situations and that this holds for 
individual owner as well as group 
owner situations. The critical meth- 
odology is that of actual pounds of 
beef sold, not optimal or “paper” 
computations. 
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Highlight. 

Cattle can make high gains on over- 
grazed range for a few years-if they 
are fed enough hay, grain, or protein. 
The supplements mask the low and de- 
clining production of overgrazed range. 
This combination of overgrazing and 
extra supplements can be profitable 
until the plant and soil resources are 
badly damaged, or until a series of 
drouth years combined with low or 
dropping cattle prices “terminate” the 
business or put it on a subsistence level. 
Over the long term, moderate grazing 
,is more profitable than overgrazing, 
and in the short term, is much more 
stable financially. 

Por que Algunos Ganaderos 
Practican el Sobrepastoreo y 

Otros No 

Resume&J 
Los bovinos pueden producir mucho 

en pastizales sobrepastoreados si estan 
suplementados con bastante heno, 
grano o proteinas. Pero un bajo nivel 
de producci6n puede estar escondido 
por la suplementacibn. La combina- 
ci6n de sobrepastoreo y suplementaci6n 
puede ser aprovechable hasta que 10s 
recursos naturales tales corn0 las plantas 
y el suelo est&n dafiados seriamente o 
cuando hay una sequia combinada con 
precios bajos y que pueden perjudicar 
seriamente el negocio de la ganaderia. 
El pastoreo moderado es rn& aprovecha- 
ble que el sobrepastoreo si lo consid- 
eramos a large, plazo y se refleja en una 
situaci6n m&s estable en el corto plazo. 

Why do so’me ranchers continue 
to overgraze even though the dis- 
advantages of overgrazing have been 

l Cooperative investigations of the 
Crops Research Division, Agricultural 
Research Service, U. S. Department of 
Agriculture, and the Oklahoma Agri- 
cultural Experiment Station, Still- 
water. Received July 30, 1970; ac- 
cepted for publication January 2, 197 1. 

2 Por Sergio Chhzaro L. y Donald L. 
HUSS, Organization de las Naciones 
Unidas para la Agricultura y la Ali- 
mentacion (FAO), Dep. de Zootecnia, 
ITFSM, Monterrey, N.L., Mbxico. 

well publicized for more than 30 
years? We recently found one an- 
swer to this perplexing question 
while conducting an experiment 
which included overgrazing and 
moderate grazing with and without 
extra supplements (Shoop and 
McIlvain, 197 1). 

In brief, steers given extra supple- 
ments while on a range overgrazed 
for 3 years gained 60 lb. per head 
annually more than steers on mod- 
erately grazed range that were given 
only standard supplements-but the 
overgrazed range was severely dam- 
aged! This and the results from our 
ZO-year stocking rate studies brought 
the answer into clear focus. 

We have also observed that many 
ranchers whoI overgrazed feed con- 
siderably hay, grain, and protein 
supplements. They do this in spite 
of the fact that their neighbosrs who 
moderately graze produce highly ac- 
ceptable gains and profits merely by 
feeding a low level of protein (1 to 
2 lb. of high-protein supplement 
per head/day). 

Our purpose in writing this paper 
is to help cattlemen and range tech- 
nicians understand how feeding 
extra hay, grain, and protein masks 
the harmful effects of overgrazing: 
low forage production, 101~ “grass 
gains,” disastroas financial losses 
during drouths, and excessive ero- 
sion. Understanding this relation- 
ship will help them to analyze a 
ranch operation and, where appro- 
priate, to modify it to withstand 
several successive years of drouth 
and falling cattle prices. 

Area and Cattle 

The grazing studies were con- 
ducte:d on the Southern Plains Ex- 
perimental Range in northwestern 
Oklahoma near Woodward. The 
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average annual precipitation over 
85 years is 23 inches, varying from 
10 to 43 inches. About 1 year in 3 
is a drouth year. Temperature ex- 
tremes have varied from -27 to 113F. 
Temperatures in January usually 
range from 10 to 50F, and in July 
from 65 to 105F. 

The predominant soil type on the 
rolling, stabilized sand dunes is 
Pratt loamy fine sand. All of the 
soils have a single-grain structure 
that makes them highly susceptible 
to erosion when not protected by 
vegetation. 

The native vegetation is domi- 
nated by an overstory of sand sage- 
brush (Artemisia filifolia Torr.) 
with an average canopy of 40%. 
The understory vegetation consists 
of a mixture of short, mid, and tall 
grasses, and a few forbs (Shoop and 
McIlvain, 1963). The annual pro- 
ductio,n of forage averages 1,050 lb. 
of dry matter per acre. 

The steers used were high quality 
Herefords from a single ranch. 
They were received in October as 
calves directly off the co~ws, and 
were weaned and handled in a 
single herd until allotment. The 
cows were also high quality Here- 
fords from a single herd. Their 
average fall weight was about 1,100 
lb. All cattle were allotted to treat- 
ments at random within weight 
classes and within conformation 
grades and condition scores. 

Methods 

Partial results of three grazing 
experiments are discussed in this 
paper to validate our conclusion on 
why some ranchers continue to over- 
graze-and some don’t. In each ex- 
periment, moderate grazing was the 
level of grazing that left approxi- 
mately % of the average production 
of forage (about 350 lb./acre) at the 
end of the grazing year, about April 
20. The stocking rate on the mod- 
erately grazed pastures was varied 
seasonally in an effort to balance 
cattle numbers with forage produc- 
tion. (In this paper, forage is all 
current-year growth except that pro- 
duced by shrubs.) 
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Overgrazing occurred on the 
heavily grazed pastures which were 
always stocked with about 50% 
more cattle than were the moder- 
ately grazed pastures. An average of 
225 lb. of forage/acre was left on 
the heavily grazed pastures about 
April 20. 

No additional roughages were 
fed during the experiments. All 
cattle were fed 41% protein cotton- 
seed pellets (cake) during winter at 
the rate of 1.5 lb./head daily, ex- 
cept to the steers in Study 1 that 
were fed additional supplements as 
a treatment. Salt was the only other 
supplement fed except those listed 
as treatments. 

Prices used in economic analyses 
were market prices during 1967-69. 
Profit to1 labor and management is 
income left after all costs except 
labor are paid. Net profit is in- 
come left after all costs are paid. 

Forage production was measured 
from 1953 through 1961. Measure- 
ments were made at the end of the 
growing season, about October 15, 
and at the end of the forage year, 
about April 20. Production was de- 
termined by the micro-unit forage 
inventory method and included all 
portions of grasses and forbs above 
ground level (Shoop and McIlvain, 
1963). 

Changes in vegetation were de- 
termined fro’m forage inventories 
and from line-intercept measure- 
ments of vegetation cover made at 
the beginning and end elf the experi- 
ments and periodically during inter- 
vening years (Parker and Savage, 
1944). 

Erosion was determined by criti- 
cally examining the pastures, and 
from photographs made periodi- 
cally on many permanent photo 
sites. 

In the presentation of results, 
drouth years (1947, 1952-54, and 
1956) were those in which precipita- 
tion was short enough for 2 or more 
months to’ drastically reduce yearly 
forage production below average. 
Nondrouth years were those in 
which forage production was not 
seriously reduced by lack of rainfall. 
Some years (1942, 1946, and 1957) 

Table 1. Average gain of steers, economics, and range conditions on overgrazed 
and moderately grazed range with and without extra supplements, 1964-66. 

Item 

Overgrazed range Moderately grazed range 

Standard2 Ex tra2 Standard2 Extra2 
supplement supplements supplement supplements 

Experimental procedure 

Acres/steer (no.) 6 
Total steers (no.) 72 
Steer wt. Nov. 1 (lb.)1 456 

Gain/steer (lb.)3 

Winter 43 a 
Summer 292 a 

Yearlong 335 a 

Economics ($)4 

Selling price (/cwt) 28 
Steer sales value Oct. 1 222 
Steer cost Nov. 1 @ $33/cwt 150 
Operating costs/steers 58 

Total costs/ steer 208 

Profit to labor & management 
Per steer ($) 13 
Per acre ($) 2.20 

Range conditions, Oct. 1966 

Plant vigor Low 
Death loss of plants High 
Soil erosion Medium 

6 9 9 

72 72 72 
456 456 456 

95 c 
314 b 

409 b 

54 b 
295 a 

349 a 

106d 
319 b 

425 b 

27.50 28 27.50 
238 225 242 
150 150 150 

72 67 81 

222 217 231 

16 8 11 
2.70 .90 1.20 

Low Medium Medium 
High Low Low 

Medium Low Low 

l All weights shrunk 3%. 
a Standard supplement was 1.5 lb. cake/steer daily during winter. Extra supplement 

was 3.0 lb. cake in winter, plus stilbestrol, plus cake in late summer. 
s Means on a line followed by the same letter are not significantly different at 5% level 

by the Duncan multiple range test. 
4 Economics based on 1967-69 prices. 
6Costs include pasture $3/acre; drugs & vet. $1; salt & insecticides $1; cake $10; death 

& injury at 1.5% of sales value $3; buying, selling, trucking $6; taxes $1; interest $15; 
and miscellaneous $3. Labor is not included. 

were not classified because they 
were not clearly drouth years. 

Study 1, Extra Supplements 

The effect of giving extra supple- 
ments to steers on range was studied 
with three replications for 3 years 
as part of a larger grazing experi- 
ment (Shoop and McIlvain, 1971). 
Weaner Hereford steers were grazed 
yearlong on overgrazed and moder- 
ately grazed range, with and with- 
out extra supplements (four treat- 

12-mg pellet per steer on November 
1 and another on May 1). In com- 
parison, the steers that did not re- 
ceive the extra supplements received 
only the standard supplement of 1.5 
lb. of cake/head daily. 

All the pastures used were moder- 
ately grazed for at least 7 years be- 
fore the start of the experiment, 
and were very similar within each 
replication. The pastures had been 
sprayed for brush control and were 
stocked accordingly. 

ments). 

ceived a combination bf additional 
Steers given extra supplements re- 

winter cake (3.0 lb./steer daily as 
compared with 1.5 lb.), plus late- 
summer cake (1 lb./steer daily from 
July 20 through September), plus 
diethylstilbestrol (stilbestrol) (one 

A stocking-rate study with steers 
Study 2, Stocking Rates with Steers 

was conducted on native range with 
two replications for 20 years, 1942- 
61. Grazing treatments were heavy, 
moderate, light and no grazing, but 
only the first two are discussed here 
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(McIlvain and Shoop, 1965). The 
pastures were fenced to be quite 
uniform in topography, soil, and 
vegetation. All the pastures were 
severely depleted when the study 
started, and were deferred from 
grazing in 1940-41. 

Study 3, Stocking Rates with Cows 
and Calves 

Experimental procedure 
Acres/steer (no.) 
Years of data (no.) 
Total steers (no.) 
Steer wt. Nov. 1 (lb.) 

6 9 6 9 

12 12 5 5 
285 285 100 100 
446 446 427 427 

Heavy, moderate, and light year- 
long grazing of native range with 
Hereford cows and calves were 
studied with two replications for 9 
years, 1953-6 1. The pastures used 
had been grazed with stocker cattle 
at heavy, moderate, and light inten- 
sities for the previous 11 years. 
Only the first two treatments are 
discussed here (McIlvain and Shoop, 
1962). 

The cows were placed on the 
treatments as weaner calves and 
were not removed during the ex- 
periment. They were bred as year- 
lings to calve as Z-year-olds in 1953. 
Average date of calving was March 
15. 

Gain/steer (lb.) 
Winter 
Summer 

Yearlong 

57 70 46 81 
292 304 212 257 

349 374 258 338 

Economics ($)2 
Selling price / cwt 
Steer sales value Oct. 1 
Calf buying price / cwt 
Calf cost Nov. 1 
Operating costs per steer3 

Total costs per steer 

28 28 25 24.50 
223 230 171 187 

33 33 30 30 

147 147 128 128 
58 67 58 67 

205 214 186 195 

Profit to labor and 
management 

Per steer ($) 
Per acre ($) 

18 16 -15 -8 
3.00 1.80 -2.50 -.90 

Results 
Study 1, Extra Supplements 

Range conditions 
Forage: * 

Production (lb./acre) 
Stubble after grazing 

(lb./acre) 

1260 

Steers given the extra supple- 
ments (cake + stilbestrol + late- 
summer cake) while pastured on 
overgrazed range made excellent 
gains. In fact, they gained only 16 
lb. /head less than similarly treated 
steers on moderately grazed range. 
They also gained 74 and 60 lb. 
more, respectively, than steers on 
overgrazed and moderately grazed 
range that received only the stan- 
dard supplement, 1.5 lb. of cake 
(Table 1). 

280 
Grazable forage, 

(lb./acre) 
Grazable / steer 

(lb. x acres) 
Death loss of plants 

Soil erosion 

980 

5900 
Low 
High 

Overgrazing combined with extra 
supplements was the most profit- 
able of the four systems of produc- 
ing steers during the 3 years of the 
study. It returned $.50 per acre 
more profit than overgrazing with 
standard supplements, $1.80 per 
acre more than moderate grazing 
without extra supplements, and 
$1.50 more than moderate grazing 
with extra supplements (Table 1). 

1 Drouth years were 1947, 1952-54, and 1956. Data for 1942, 1946, and 1957 excluded. 
All weights shrunk 3%. 

a Economics based on 1967-69 prices, with adjustments in buying and selling prices of 
steers to reflect prices during drouths. 

3 Costs include pasture $S/acre; drugs & vet. $1; salt & insecticides $1; cake $10; death & 
injury at 1.5% of sales value $3; buying, selling, trucking $6; taxes $1; interest $15; 
and miscellaneous $3. Labor is not included. 

4 Data for 1953-61. 

However, overgrazing both with 
and without extra supplements 
greatly reduced the vigor of the 
range plants and killed many of 

those growing on the least favorable 
sites and many of the taller grasses. 
Moderate-intensity drouths oc- 
curred during the growing seasons 
of the 3 years in which the study 
was conducted. Soil disturbance be- 
cause of grazing, trailing, rubbing, 
and fighting was much greater on 
the overgrazed pastures than on the 
moderately grazed pastures. Also, 
soil was moved more by wind and 
water (Tabde 1). 

1310 530 810 

430 90 130 

880 440 680 

7900 2600 6100 
Trace High rvloderate 
Trace High Low 

Study 2, Stocking Rates with Steers 
During the 12 nondrouth years of 

the study, the steers on moderately 
grazed range made only slightly 
greater gain than those on over- 
grazed range; but during the 5 
drouth years they made much 
greater gains. The average gain dif- 
ference in favor of moderate grazing 
was 25 lb./steer during nondrouth 
years (Table 2). However, during 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
GRAZING RATE WITH STEERS AVG. 20-YR. 

- MODERATE $1.60 
- HEAVY (OVERGRAZING) $1.05 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

5-m. LOSS/ACRE = $23 

19h2 ‘44 Il.16 ‘hB ‘50 ‘P 1% ‘56 ‘53 ‘60 

FIG. 1. Net return per acre from yearling steers on overgrazed and moderately grazed 
range, 1942-61. (Note: Rising cattle prices during 1942-51 abnormally favored profits 
from overgrazing.) 

drouth years the difference in favor Just as in the extra-supplement 
of moderate grazing averaged 80 lb.; study, more plants died under over- 
but in one year it was 100 lb. grazing during drouth years than 

During nondrouth years, over- under moderate grazing. The areas 
grazing returned $1.20 per acre 
more profit to labor and manage- 

of severe death loss during drouths 

ment than did moderate grazing 
(Table 2). Conversely, during 
drouth years, overgrazing lost $1.60 
more per acre than moderate graz- 
ing. 

More significantly, overgrazing 
lost money for 5 consecutive drouth 
years for a total of $23/acre (Fig. 1). 
In comparison, moderate grazing 
lost money during only 2 of the 5 
drouth years for a total of only 
$9/ acre. 

Less forage was available per 
steer under overgrazing during both 
drouth and nondrouth years-but 
during drouth years the difference 
was extreme. The overgrazed pas- 
tures produced an average of only 
530 lb. of forage/acre during drouth 
years. The moderately grazed pas- 
tures produced 8 10 lb. or 50% more. 
As a result of the low production 
and the few acres allowed per head, 
each steer on the overgrazed pas- 
tures had access to only 2,600 lb. of 
grazable forage. In contrast, each 
steer on the moderately grazed pas- 
tures had access to 6,100 lb. of graz- 
able forage (Table 2). 

were large on overgrazed pastures 
(Fig. 2). Although grasses on the 
overgrazed pastures made recovery 
when precipitation was favorable, 
the recovery was slow and incom- 
ple te. 

The most lasting difference be- 
tween moderate and overgrazing 
was the difference in soil erosion. 
The shifting of the sandy soils by 
winds was much greater on the 
thinly vegetated soils of the over- 
grazed pastures, and much topsoil 
was blown from the hillsides to the 
interspersed swales. 

Still more dramatic and damaging 
was the severe water erosion that 
occurred when high-intensity rains 
fell on the sparsely covered dunes 
of the overgrazed pastures (Fig. 3). 
When the heavy rains fell in 1957 
following 5 years of drouth, the 
sandy soil literally melted and ran 
to the swales where it killed the best 
grass in the pastures. The thicker 
vegetation on the moderately grazed 
pastures greatly reduced the extent 
of this damage. 

Table 3. Calf production and economics during drouth and nondrouth years 
on overgrazed and moderately grazed range, 1953-61.1 

Item 

Nondrouth years Drouth years 

Overgrazed Moderate Overgrazed Moderate 

Experimental procedure 

Acres/cow (no.) 
Years of data (no.) 
Total (no.) cow-years 

Calf production 

Calf weaning weight (lb.) 
Calf weaning percentage 
Calf production/cow (lb.) 

Economics ($)2 
Selling price of calf/cwt 
Calf sales value Oct. 15 
Value of calf/cow 
Costs cows per 

Profit to labor, management 

Per cow ($) 
Per acre ($) 

12 17 12 17 
5 5 4 4 

90 90 70 70 

440 490 340 440 
82 94 78 89 

360 460 265 390 

33 32.50 31 30 
145 159 105 132 
119 150 82 117 

86 101 103 112 

33 49 -21 5 
2.70 2.90 -1.80 .60 

1 Drouth years were 195354 and 1956. Weight is shrunk 4%. 
2 Economics based on 1967-69 prices, with adjustments in selling prices to reflect prices 

during drouths. 
s Costs include pasture $3/acre; drugs & vet. $2; salt and insecticides $1; cake $10; in- 

terest on cow $15; interest on operating costs $1; taxes $2; depreciation $7; death & 
injury $4; bull costs $8; and extra feed during drouth on overgrazed $17; and on 
moderate $11. Labor is not included. 
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Study 3, Stocking Rates with Cows 
and Calves 

Weaning weight of calves on over- 
grared pastures was 50 lb. less than 
that of calves on moderately grazed 
pastures during nondrouth years 
and 100 lb. less during drouth years 
(Table 3). Cows on the overgrazed 
pastures weaned about 11 fewer 
calves per 100 cows during both 
drouth and nondrouth years than 
cows on moderately grazed pastures. 
The reducing weaning weights on 

the overgrazed pastures, combined 
with the lowered weaning percents 
ages, resulted in much lower prop 
duction per cow. 

Unlike the results with steers, 
moderate grazing with cows and 
calves was more profitable than 
ovqqazing during all years. Profit/ 
acre to labor and management for 
moderate grwing was $2.90 during 
nondrouth years and $.fifl during 
drouth years (Table 3). In com- 
parison, profit/acre on overgrazed 

ranges was $2.70 during nondrouth 
years and the 10~ during drouth 
years WRS $1.80. 

More significantly, overgrazing 
caused a net loss during 4 consec~~. 
tivc drouth years that totalled $121 
acre (Fig. 4). In contrast, moderate 
grwing caused a net loss during 
only 3 years that totallcd only $41 
a< *c. 

‘l’he effa t of stocking rates with 
<.OWS and calves on plants and soil 
was essentially the same as with 
steers. Heavy grazing caused much 
more death of plants, especially dur- 
ing drcx~ths, and c;~used much 
grc;,ter erosion. 

Discussion 

Why Some Cattlemen Overgraze 
Satisfactory gains per steer were 

made on overgrazed range when 
wfficient supplements were fed. It 
is reasonable to’ expect that similar 
gain results could be obtained with 
cows and <alves. The feeding of 
hay, grain, and extra protein sup- 
l’lemcnts on overgrazed range masks 
the low prodrlction from the weak- 
ened plants and thin stands of grass. 

The results reported here show 
that overgrazing can be prolitable 
during nondrouth years. Combin- 
ing heavy grazing with extra supplc- 
ments can make heavy grazing even 
more profitable during tho’se good 
years. Apparently, the good profits 
obtained during nondrouth years 
make cattlemen who overgraze over- 
lo’ok the heavy losses that they suf- 
fer during a drouth. Of course, 
&ome cattlemen who overgraLe sur- 
vive drouths because another source 
of income supports the cattle opera- 
tion. 

The death and greatly reduced 
vigor and production of overgrazed 
range plants often go unnoticed or 
are accepted as natural instead of a 
result of improper grazing. The de- 
cline in forage production is not 
realized because forage yield is not 
measured. 

A rancher who feeds hay, grain, 
and extra protein is much less de- 
pendent on his grassland than one 
who feeds a minimum of supple- 
ments. Therefore, his natural tend- 
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are a rule o’f the climate and not the 
exception. 

Most cattlemen who use mader- 
ate grazing realize that they cannot 
afford several successive years of 
high losses that occur under heavy 
grazing. Five successive years of loss 
totalling $23/acre from overgrazing 
would put many cattlemen out of 
business, whereas they might sur- 
vive 2 years of loss totalling $9 from 
moderate grazing-even though it 
would be painful (Fig. 1). 

Me&rate grazing of range keeps 
the grass as healthy as possible and 
allows it m produce the most [wage, 
gains, and profits. Feeding hay, 
grain, or extra protein supplements 
to replace grass diverts money, crop- 
land, and labor that could fre- 
quently be used more profitably in 
some o’ther manner. 

ency is m not worry greatly about The drastic reduction in gains 
the health of his grasslands. Even from heavy grazing during drouth 
the irreparable damage of acceler- years are well known to experienced 
ated erosion is often considered as cattlemen. There is a margin of 
natural, or is minimized since some safety with moderate grazing that 
types are conspicuous only during provides ermugh forage to produce 
and immediately following drouths. satisfactory gains during most 

Why Some Don’t Overgraze 
drouth-but with heavy grazing 
there is none and cattle production 

Most truly successful cattlemen falls abruptly. Most cattlemen in 
don’t overgrwe. They realize that arid and semi-arid regions are suf- 
it is not a sound practice in the ficiently familiar with the weather 
long run. of their area m know that drouths 

. 

Overgrazing is brinkmanship 
with the natural resources. Over- 
grazing combined with an unex- 
lxcted drouth can so damage the 
range that recovery takes years. 
Even if moderate grazing were 
slightly less, profitable than heavy 
grazing, most cattlemen wish m 
leave their ranch m the next genera- 
tion as healthy and productive as 
possible. This can’t be done by 
overgrazing. 
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Tall Larkspur: Some Reasons 
Its Continuing Preeminence 

a Poisonous Plant1 
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Highlight 

Tall larkspur (Delphinium barbeyi Huth) causes more financial loss than all 
other poisonous plants growing on the Wasatch Plateau of Central Utah. It is 
found in the subalpine zone above 9,500 ft and is only locally abundant on a 
small portion of this area. Dense stands of tall larkspur occur mainly on sites 
where deep snowdrifts accumulate during the winter. Plants in the communities 
on these snowdrift areas remain tender, succulent, and green while the palata- 
bility of plants on the surrounding areas declines with increased maturity. This 
differential palatability limits the effectiveness of livestock management to re- 
duce losses. Control of tall larkspur must be selective. Adequate vegetative 
cover must remain to protect sites which are predisposed to erosion. The sur- 
vival capacity of tall larkspur indicates the need for surveillance schedule and 
provisions for retreating plants not killed by previous treatments. 

The group historically designated 
as the tall larkspurs (DeZphinium 
spp.) cause more economic losses to 
the livestock industry than any 
other group of poisonous plants in 
the Western States. Tall larkspur 
(Delphinium barbeyi Huth) is the 
most poisonous species in the group 
(Kingsbury, 1964). On the Wasatch 
Plateau in central Utah, tall lark- 
spur causes more cattle deaths and 
greater financial loss than all other 
poisonous plant species. The eco- 
nomic impact of losses from tall 
larkspur is not congruent with the 
length of time that cattle graze the 
subalpine zone and with the portion 
of the subalpine vegetation formed 
by tall larkspur. 

My objective was to examine and 
single out characteristics of tall lark- 
spur that contribute to its con- 
tinuing preeminence as a poisonous 
plant. Knowledge of these charac- 
teristics are essential to a solution 
of the tall larkspur problem. 

l Cooperative investigations of the 
Crops Research Division, Agriculture 
Research Service, U. S. Department of 
Agriculture, and the Utah Agricultural 
Experiment Station, Logan, Utah. 
Agricultural Experiment Station 
paper number 1039. Received August 
12, 1970; accepted for publication 
November 9, 1970. 

Sites and Methods of Study 

Results of both greenhouse and 
field studies’ are reported. Green- 
house studies were completed on 
the campus of Utah State Univer- 
sity. Field studies were carried out 
in Hougaard Fork of Manti Canyon 
and vicinity above 9,500 ft. Some 
suppolrting studies were carried out 
in the mountains east of Logan in 
the Cache National Forest using 
duncecap larkspur (Delphinium oc- 
cident&e S. Wats.) at elevations of 
8,000 to 8,500 ft. 

Hougaard Fork is part of the 
Manti Canyon drainage of the 
Wasatch Plateau in central Utah. 
Manti Canyon is a cattle allotment 
of 20,000 acres in the Manti LaSal 
National Forest. Grazing permits 
are controlled by the Manti Cattle- 
men’s Association. The 17 members 
graze 815 to 870 head of cattle 
on the allotment each year. Three 
major subdivisions have been estab- 
lished on the allotment (Fig. 1). 
The lower and middle subdivisions 
are grazed from the first of June to 
the middle of July. Cattle move 
into the upper subdivision and 
graze the 7 forks of the canyon 
on a rest-rotation grazing schedule. 
Cattle are moved o,ff the forest by 
October 5. 
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The upper subdivision consists of 
8,000 acres. Tall larkspur is con- 
fined to this upper unit of the allot- 
ment above 9,000 ft. A total of 344 
acres (Richman, 196 1) are infested 
with tall larkspur (Table 1). The 
density of tall larkspur varies from 
about 70 percent of the aerial cover 
on some “snowbank areas” (kept 
moist by melting snow until late in 
July) to less than one plant per 
square rod on the drier sites. 

Richman (1961) estimated the 
average annual losses of the associa- 
tion exceeded $14,000. His estimate 
was based on evaluations of death 
losses, reduced harvest weight of 
orphaned calves, and losses of calf 
crop because of abortions and fail- 
ure to conceive resulting from in- 
gestion of sublethal levels of tall 
larkspur. 

Willis (1965) considered only 
death losses. Willis listed sources of 
some indirect losses sustained by 
cattlemen but did not attempt to 
place a monetary value on these 
losses. He concluded the Manti 
Cattlemen’s Association average loss 
was $7,490 annually. Because of the 
difficulty of measuring the value of 
indirect losses such as abortions, 
temporary sterility in bulls, loss 
of forage production, and weight 
losses, the accuracy of both Rich- 
man and Willis can be questioned. 
But even Richman’s estimate may 
prove modest as investigations of 
the effects of sublethal levels of tall 
larkspur on livestock continue. 

Ellison (1954) compared the pris- 
tine subalpine vegetation with the 
existing vegetation and outlined the 
influence of various classes of herbi- 
vores, on the vegetation (Ellison, 
1949). His classifications and con- 
clusions are incorporated in my in- 
terpretations of the data and obser- 
vations discussed here. 

Ellison (1954) considers tall lark- 
spur as, one of the conspicuous spe- 
cies in the pristine “Upland Herb 
Association.” It has increased on 
some sites as a result of past abuses 
(Ellison, 1949; Reynold, 1911). It is 
the most abundant and conspicuous 
species in the tall-forb community. 
These communities associated with 
the deep persistent snowdrifts pro- 
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Manti Canyon grazing allotment on the Wasatch Plateau in the Manti LaSal 
National Forest, Utah. 

duce most of the tall larkspur in 
Manti Canyon. The deep snowdrift 
areas support no less than 200 acres 
of the dense populations of tall 
larkspur. 

Ellison (1954) wrote, “Annual 
precipitation is in excess of 30 in. 
About two-thirds falls between No- 
vember 1 and May 1, mostly as 
snow, and a deep mantle accumu- 
lates until early May.” The prevail- 
ing west wind accumulates the snow 
in deep drifts. Snowdrifts form in 
the lee of ridges, stands of conifers 
and any olbstacle creating eddies in 
the flow of the wind. I have dug 
through as much as 14 ft of snow 
and ice to examine tall larkspur in 
March. Drifts of this size persist 
until late July or August and sup- 
port large stands of tall larkspur. 

Some supporting studies were 
conducted in Franklin Basin and 
Card Canyon. Both are part of the 

Logan Canyon drainage in the 
Cache National Forest. Many 
duncecap larkspur plants from 
these sites were transplanted and 
cultured in the greenhouse because 
of the similarity of this species to 
tall larkspur. Duncecap larkspur 
shares the same subgeneric series 
with tall larkspur in Ewan’s (1945) 
taxonomic monograph of the genus. 
They are physiololgically similar 
(Williams and Cronin, 1963; Wil- 
liams and Cronin, 1968). Within 
their geographical areas they grow 
in similar habitats and in plant 
communities of similar structure. 
Requirements for greenhouse cul- 
ture for one species should prove 
suitable for the other species; and 
duncecap larkspur transplants re- 
quired small expenditures oE time 
or money. 

Temperature data were co!llected 
fro’m July, 1966, through June, 1969. 
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Table 1. Approximate area (acres) 
in each natural subdivision above 
9,000 ft elevation of Manti Canyon 
and tall larkspur infested areas. 

Natural Area 
subdivi4ons infested 

of Manti Area in with tall 
Canyon subdivision larkspur 

South Fork 1,455 65.0 
Hougaard Fork 1,760 36.4 

Middle Fork 1,185 84.8 
Logger Fork 735 28.2 
Lowry Fork 820 23.5 
North Fork 1,180 58.8 
Jolly’s Hole 866 46.8 

8,000 343.5 

Temperatures 2 cm below the soil 
surface, at the soil surface, and the 
air temperature, were reco#rded with 
a three-pen, spring-wound, S-day- 
clock-driven drum and distance sen- 
sor thermographs. 

The primary site for colllecting 
temperature data was in an ex- 
closure in Hougaard Fork. Access 
prevented weekly maintenance, 
however both maximum and mini- 
mum temperatures for the period 
when the drum was not revolving 
could be determined as long as the 
pens continued to record. The ther- 
mograph was moved to a site near 
the head of Card Canyon in June 
of 1967 where better access afforded 
weekly maintenance. The snowdrift 
on the Card Canyon site only 
reached a depth of 5% ft in 1967-68 
and 4% ft in 1968-69. 

Supplemental temperature data 
were obtained in Franklin Basin 
during the winter of 1966-67. Snow 
depth exceeded 9 ft in March, 1967, 
on the site. 

Transplants of tall larkspur were 
obtained on the divide between 
Lowry Fork and Little Bear Creek 
about 3 miles, north of Hougaard 
Fork. Duncecap larkspur was col- 
lected alolng the road toi Franklin 
Basin and at the head of Card 
Canyon. 

Tall larkspur was comllected for 
transplanting in August, September, 
and October of 1966. Collections 
were made once each month in 1967 
except during January and Decem- 
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ber. Plants were collected in March, 
April, and May of 1968. 

Duncecap larkspur collections 
were made in September, October, 
and November of 1966. No collec- 
tions were made in January, July, 
or August of 1967 but collections 
were made during the rest of the 
year at bimonthly intervals. Trans- 
planting duncecap larkspur was con- 
tinued until June of 1968. 

During the fall of 1966, plants 
were transplanted with the block of 
soil surrounding the root intact. 
Each collection of plants consisted 
of 10 plants. Starting in February 
of 1967, the soil was removed from 
the root in the field and only four 
plants were collected each time. 

One of the four plants collected 
on each field trip was not trans- 
planted. It was used to evaluate 
growth and development of the 
plants. The larger (white) buds 
were removed from the caudex. 
They were counted, measured, and 
prepared for sectioning and micro- 
scopic examination. The caudex 
and root were quartered longitu- 
dinally for immediate macroscopic 
examinations. During the gross 
examination attention was directed 
toward evidence of disease or insect 
damage and to the location and 
amount of living tissue in the root. 

Camping in Hougaard Fork from 
the first of July through August 
each year from 196 1 through 1968 
permitted observation of grazing 
cattle and their utilization of the 
various species. A minimum of two 
evenings a week were spent observ- 
ing the distribution of cattle in re- 
lation to the various plant com- 
munities, and the utilization of the 
plants especially tall larkspur. The 
duration of the observations varied 
from 1% to 3 hours. 

Phenology 
Tall larkspur thrives on the areas 

where deep snowdrifts persist and 
can survive conditions that destroy 
most of the other species. Some- 
times the growing season may be 
too short as in 1968 when vegetative 
growth was luxuriant but tall lark- 
spur did not produce any mature 
seed. While the growing season is 

short on snowdrift sites, the soil 
moisture is abundant and the tem- 
perature remains mild throughout 
the year. Snow supplies the mois- 
ture and insulates both soil and 
plants from the harsh subalpine 
winter temperature. Under the 
deep snow, 18 inches or more, the 
soil temperatures seldom fall below 
freezing and then only for brief 
periods. When the snow recedes in 
the spring the plants are exposed to 
the warmest period of the year in 
the subalpine environment. 

Tall larkspur and duncecap lark- 
spur both enter a short dormant 
perio,d from September to October 
or November during the period of 
cool weather before a mantle of 
snow insulates them from the cold 
air temperatures. Growth and sur- 
vival of transplants was lower for 
this dormant stage than for any 
other stage of plants transplanted 
except for plants in flower. 

When the plants enter their fall 
period of dormancy, the caudex is 
covered by buds of many sizes. The 
large white buds produce stems dur- 
ing the next growing season. The 
size of the white stem-buds varied 
from1X3mmupto9X18mmon 
ten plants sampled in October, 1967. 

Another group of buds on the 
caudex consist of small swellings 
under the old dead phloem tissue 
covering the caudex. These small 
buds will continue to grow and de- 
velop throlugh at least one growing 
season before producing stems. 

Vascular connections between 
stems, between buds, and between 
stems and buds have not been 
studied in detail. But herbicide 
solutions and fluorescent dyes in- 
jected into the medullary lacuna of 
a single stem of a field plant did 
not appear to be translocated from 
the treated stem to other stems or 
to the buds on the same caudex. 

Ewan (1945) suggests the root of 
some larkspur resemble “a some- 
what vertically oriented rhizome 
bearing several roots.” The tap root 
of tall larkspur appears to be a series 
of interwoven, tap roots bound to- 
gether by dead tissue. The separa- 
tion and isolation of the subunits 
of the root becomes more pro- 

nounced 
plants. 

on the older and larger 

When the accumulating snow in- 
sulates the plants from the cold air, 
the plants resume growth. Percep- 
tible evidence of growth is confined 
to the buds on the caudex. The 
buds grow and develop throughout 
the winter. Early in November the 
larger buds average approximately 
3 x 9 mm. By March they have 
doubled in size but tend to remain 
ovate in shape. From March to the 
time of snowmelt a tenfold or larger 
increase in size occurs and they be- 
come more cylindrical in shape. 
Aerial growth under the snow was 
estimated by clipping ten plants 
within 24 hours after the covering 
snow melted. They had 42 stems 
above the soil surface. The stems 
were clipped at the soil surface July 
16, 1968, measured, air-dried, and 
weighed. The stems average 8.8 cm 
long, 0.8 cm in diameter at the soil 
surface, and 2.9 gm in dry-weight. 

Flower buds are readily distin- 
guished under the microscope on 
large stem buds as early as late 
February. Flower initiation prob- 
ably occurs the summer before the 
stems emerge. Flower buds are well 
developed on the stems and visible 
to the unaided eye when the melt- 
ing snow exposes them. The raceme 
remains covered by a protective 
sheath of leaves until the expand- 
ing leaves unfurl. Flower buds on 
the elongating racemes are already 
purple when exposed by the de- 
veloping leaves. New flowers con- 
tinue to open during most of the 
growing season. 

The pods dehisce down from the 
apex but they remain attached to 
the stem. Seed are dispersed by 
catapult action when the stems are 
whipped by the wind or knocked by 
animals. Seed dispersal usually oc- 
curs during September. 

Seeds of tall larkspur germinate 
under the snow beginning in Febru- 
ary (Williams and Cronin, 1968). 
Germination can continue into the 
summer under favorable conditions, 
but evidence of seed persisting more 
than 1 year in the field is negative 
(Williams and Cronin, 1968). 

Marked seedlings were observed 
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for two seasons in the field. The 
seedlings develop slowly. When the 
snow melts, only the cotyledons are 
visible (Fig. 2). The first leaf ap- 
pears 2 to 4 weeks after snowmelt 
(Fig. 3). It is usually the only leaf 

produced by the seedling during the 
first growing season. The cotyle- 
dons persist for a time after the 
emergence of the true leaf but de- 
generate, wither, and disappear be- 
fore the end of the growing season. 

Only one of the numerous marked 
seedlings produced flowers during 
the second growing season. Most of 
the 2.year-old plants produced only 
three to five leaves and were less 
than 6 inches tall. Duncerap lark- 
spur seedlings follow the same 
growth pattern (L. R. Kreps, Peru 
sonal communication). The rate of 
growth and development of see& 
lings in the field do not differ from 
seedling cultured in the greenhouse 
(Williams and Cronin, 1968). Addi- 
tional phenological investigations 
of development of mature plants 
from seedlings are needed, however. 

Survival of Tall Larkspur 

Ellison (1954) writes of the snow- 
bank areas and tall larkspur: 

spicuaus species in the tall forb cam- 
munity. It is also the most tenaceous 
species where the soil is drastically 
eroded, often persisting on clevawd 
hummoc!e of subsoil until these are at 
last destroyed and only erosion paves 
ment remains.” 

The tremendous capacity of tall 
larkspur to survive may explain the 
failure of many control measures 
(Aldous, 1917; Durrel, Jensen, and 
Klinger, 1952; Marsh and Clawson, 
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1918; and Welsh and Morris, 1956). 
One herbicide treatment armlied in 
19G4 to tall larkspur in I&gaard 
Fork suppressed all aerial growth 
on treated plots for 2 years but 
failed to destroy some of the tall 
larkspur plants. During the third 
growing season after applications of 
the herbicide, a few stems were 
found growing from the old tall 
larkspur clumps. 

Tall larkspur’s behavior when 
transplanted and grown in the 
greenhouse illustrates its capacity to 
survive adverse conditions. Trans~ 
planted into the greenhouse, they 
repeatedly produced clumps of 
leaves. Internode of the stems pro- 
duced clumps of leaves which 
usually failed to elongate (Fig. 4). 
Shortly after the leaves emerged 
they became chlorotic, turned 
brown, then black, and finally dried 
to a light brown or tan. The symp- 
toms develop progressively from the 
margin to the center of the leaf and 
down the petiole into the short 
underground stem. 

Plants have survived in this man- 
ner as long as 2% years in the green- 
house before they were discarded. 
Plants transplanted in special glass- 
sided boxes, designed to observe 
root growth, revealed that each new 
clump of leaves was accompanied 
by a flush of new secondary rootlets 
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growing from the tap root. Like the 
leaves the secondary feeder roots 
wet-e short-lived. 

The only two plants that failed 
to produce any leaves for a period 
of 5 months in the greenhouse were 
assumed dead. The containers were 
carried outside the greenhouse and 
emptied on a flat rocky surface. 
The soil covering the horizontally 
oriented plants afforded them little 
protection from the harsh March 
weather. Air temperatures varied 
from below freezing to over 30 C. 
Astonishingly, both plants started 
to grow in early May, produced 
robust aerial growth and flowered 
in early :July. 

Clippmg indicates some of tall 
larkspur’s capacity to survive severe 
injury. Twelve plants growing in 
an exclosure in Hougaard Fork se- 
lected for their uniform size in 1967 
were divided into four groups ac- 
cording to the relative aridity of the 
site on which they grew. Plants 
were clipped at the soil surface in 
1968. One plant in each group was 

Table 2. Production through the grow- 
ing season (grams, dry weight) of 
Plants repeatedly clipped at the soil 
surface at three intervals from snow 
melt in the spring to freeze-up in 
the fa,l.l 

July 12 34.18 
July 19 0.63 29.41 
July 26 0.73 
Augw 2 1.11 5.48 109.39 
August 9 1.30 
August 16 0.46 4.38 
August 23 0.20 
August 30 2 0.45 0.15 
September 6 0.36 
Scptcmber 13 0.02” 0.17” 0.013 

38.99 39.89 109.55 

1 Each t,al,lm is an average of four rcpli- 
caci”lls. 

2 PLmLS w(Irc not clipped on this date. 
= Acrid growth had hozen ant, plants ap- 
pcalcrl dmmant. 

clipped at weekly intervals, one 
every 2 weeks, and the third was 
clipped every 4 weeks. Clipping 
intervals started when the snow 
melted from the area where they 
grew. 

Production of aerial growth from 
snow melt to the first clipping was 
consistently heavier than for any 
subsequent clipping interval (Table 
2). Growth and development under 
the snow was responsible for the 
high productivity during the first 
clipping interval. None of the 
plants exhibited any signs of perma- 
nent injury. They were as vigorous 
in 1969 as they had been in 1967, 
except that they failed to produce 
flowers in 1969. 

Controlling Losses 

The extraordinary palatability of 
plants growing on snowdrift areas 
is a special hazard. Plants are more 
tender, succulent, and palatable 
than the more mature and drier 
plants on the areas surrounding the 
sites where deep drifts accumulate 
and persist. Once attracted to these 
sites, cattle find the palatable tall 

larkspur in abundance. Toxicity of 
tall larkspur is not only dependent 
on the concentration of the alkaloids 
but is dependent on the rate of in- 
gestion. The period when the vege- 
tation on the snowdrift areas are 
most attractive and palatable to cat- 
tle coincides with the period when 
tall larkspur contains its highest 
concentrations of poisonous alka- 
loids (Williams and Cronin, 1966). 
The cost of herding or fencing cattle 
from the snowdrift areas would be 
financially prohibitive and perhaps 
physically impossible. 

Little evidence exists to support 
the assumption that tall larkspur 
can lx controlled by grazing it with 
sheep. Tall larkspur grows in every 
suitable habitat on the Wasatch 
Plateau regardless of the class of 
livestock grazing the allotment. It 
has not been destroyed or reduced 
in size or vigor on the sheep allot- 
menu. Ignored by sheep, the seed 
pods are eaten greedily by cattle. 
Large quantities of seed are readily 
collected on sheep allotments but 
difficult to find on cattle allotments. 

The sno’wdrift sites are predis- 
posed to erosion (Ellison, 1954). Re- 
moval of tall larkspur from the drift 
sites must be accomplished selec- 
tively to leave a protective cover of 
vegetation. Attempts to remove tall 
larkspur by grazing it with sheep 
would destroy many associated spe- 
cies firat, which might result in 
erosion gullies on the areas which 
would be kept open and enlarged 
by melting snow each spring. Use 
of soil sterilants would create the 
same conditions for continually ex- 
panding erosion gullies. 

Selective destruction of tall lark- 
spur can be accomplished by grub- 
bing or by use of selective her. 
bicides. Grubbing proved to be 
impractical (Aldous, 1917: Durrel, 
,Jensen, and Klinger, 1952; Marsh 
and Clawson, 1918; and Welsh and 
Morris, 1952). Herbicides have 
proved effective and selective when 
applied to tall larkspur infestations 
below the subalpine zone (Hervey 
and Klinger, 1961; and Tore1 and 
Haas, 1963). 

Investigations of the herbicidal 
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Progressive ranching is contrasted with traditional pasto- 
ralism in an effort to show how lagging rangelands might 
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the handicaps that limit tropical livestock production. 
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Rangeland development in East Africa, consist- 
ing of Kenya, Tanzania, and Uganda, is concerned 
with over one-half million square miles, nearly 20 
million people, over 40 million domestic animals, 
and a rich but uncounted complex of wild animals 
(Heady, 1964). In Kenya alone four-fifths of the 
country is rangeland supporting roughly 1% mil- 
lion purely pastoral people or about 15 percent of 
the population. 

Despite abundant production, proper manage- 
ment of these semi-arid grasslands is beset by eco- 
nomic, cultural and technical problems that have 
concealed its greatness (Naveh, 1966). Development 
is aimed at ways of converting stagnated pastoral 
subsistence into cash oriented ranching (Larson, 
1966). The problem becomes one of up-dating 
traditional practices within the existing social 
framework using methods that cause the least pos- 
sible disruption to present ways of life (UNDP, 
1969). 
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Highlight 

Progressive ranching is contrasted with traditional pasto- 
ralism in an effort to show how lagging rangelands might 
contribute more to economies of emerging countries. This 
is done by illustrating one rancher’s success in overcoming 
the handicaps that limit tropical livestock production. 
Grassland potential and problems of rangeland develop- 
ment in East Africa are also considered. 

l Observations were made by the author while serving with 
a development survey and research team of the Pasture and 
Fodder Crops Branch, FAO, Rome, Italy. Received June 
1, 1970; accepted for publication September 3, 1970. 

3 Present address: Pacific Northwest Forest and Range Ex- 
periment Station, P.O. Box F, La Grande, Oregon. 

Rangeland development in East Africa, consist- 
ing of Kenya, Tanzania, and Uganda, is concerned 
with over one-half million square miles, nearly 20 
million people, over 40 million domestic animals, 
and a rich but uncounted complex of wild animals 
(Heady, 1964). In Kenya alone four-fifths of the 
country is rangeland supporting roughly 1% mil- 
lion purely pastoral people or about 15 percent of 
the population. 

Despite abundant production, proper manage- 
ment of these semi-arid grasslands is beset by eco- 
nomic, cultural and technical problems that have 
concealed its greatness (Naveh, 1966). Development 
is aimed at ways of converting stagnated pastoral 
subsistence into cash oriented ranching (Larson, 
1966). The problem becomes one of up-dating 
traditional practices within the existing social 
framework using methods that cause the least pos- 
sible disruption to present ways of life (UNDP, 
1969). 
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Producers 
In East Africa, livestock are raised by 3 groups 

of producers: (1) true pastoralist graziers, (2) semi- 
pastoralists and (3) commercial ranchers. 

To date, true pastoralism is a semi-nomadic exis- 
tence for several million East Africans. Range and 
livestock husbandry for the Masai, a large and typi- 
cal division of pastoralists as described by Maloiy 
and Heady (1965), has changed little in hundreds 
of years. Because of the arrested state of develop 
ment and subsistence economy, this group of pro- 
ducers contributes little to national output. Re- 
cent surveys indicate outputs that seldom achieve 
10 percent of herd numbers. 

Semi-pastoralists are now largely stationary suh- 
sistence farmers who supplement their vegetable 
diet with milk and meat. Normally offtake is con- 
sumed, but currently efforts are to organize these 
small-holders into grazing societies to raise money 
and contribute livestock for profit-motivated ranch- 
ing development. Offtake for developing coopera- 
tives usually varies between 10 and 15 percent. 

Temperatures are quite moderate but annual evap- 
oration is over 80 inches from open water. 

Commercial ranchers became established under 
colonial governments when European settlers mo- 
hilired capital, labor and modern techniques to 
build very profitable and productive enterprises. 
Offtake from their herds exceeds 20 percent. 

To describe a good commercial ranch operation 
and contrast its practices with some of the practices 
of the true pastoralist gxuers and semi-pastoralists, 
the Peckover Ranch is discussed and many of the 
ideas of the owner, Norman Peckover, are presented. 

Soils are mostly the characteristic deep Red Sandy 
Plateau loams derived from metamorphic Basement 
System rocks. Part of the ranch is underlain with 
Pleistocene lava @ving rise to volcanic soils. Allu- 
vial depressions m the nearly flat land surface give 
rise to heavy “Black Cotton” clay soils. Suhter- 
ranean mound building termites are conspicuous 
wit11 their unique ventilation tubes spotting the 
bush covered landscape. 

The Peckover Ranch 
The Norman Peckover operation contains nearly 

10,500 acres of hushed and wooded grassland that 
carry 1,500 cattle and about 250 animal unit equiv- 
alents of big-game year around. Peckover acquired 
the ranch from the old John Bull Thompson Estate 
in 1952. At that time it was mostly an unfenced 
stretch of hushland with few improvements. 

Local plant distribution is largely determined by 
soil type and internal drainage. Common grasses 
are creeping or hunch forming species such as 
Cmchm~, Chloris, Cynodon, Digitaria, Eragmstis, 
Panicurn, Themeda, and Sfxwobolus. Weedy shrubs 
and herbs include Aspillia, Cassia, Cordia, Grewia, 
Indigofern, 12nntana, Lippia, Sida, and Tephrosin. 
Bush and scrub trees are innumerable species of 
Acacia, Combreturn, and Commiphom, while scat- 
tered trees include B&mites, Delonix, Diospyros, 
and Euphorbia. 

The ranch is in south central Kenya 75 miles 
north of Mt. Kilimanjaro, 150 miles south of Mt. 
Kenya, and 200 miles inland from the Indian 
Ocean. It is the easternmost in a string of European 
ranches established during the British colonial 
period as a buffer between traditionally hostile 
tribes. 

Boran Cattle 

South of the ranch on the Emali Plains live the 
Masai tribesmen and north in the Kilnngu Hills 
are the semi-pastoral Wakamha cultivators. To the 
east is the 45,000 acre Nguu Cooperative Ranch, a 
one-time African District Council ranch which is 
now a Wakamba grazing society. 

Peckover is perhaps best recognized in East Africa 
for his top quality Boran cattle; he consistently cap 
tures premium honors with his young hulls at the 
Nairobi Stock Show. The cattle Fared are of Boran 
breeding developed from centurws of selection by 
the nomadic Boran tribesmen of Kenya’s arid North- 
east Province. This breed now represents a founda- 
tion line in East Africa which will become mow 
popular as the pastoral areas are brought into pro- 
duction (Fig. 1). 

The Peckover Ranch is approximately 4,000 feet 
above sea level in a 25 to 30 inch rainfall zone. Ten 
inches normally fall during March, April and May 
and about 15 inches in Novcmher and December. 

Bulls that don’t measure up to the desired show 
class reputation are offered at a considerable dis- 
count to neighboring Masai and Wakamba ranchers 
for improving their hardy hut small East African 
Zebu (Bu in&w) cattle (Mason and Made, 1960). 
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When cross bred with exotic western cattle, the 
Zebu produces offspring with the usual hybrid 
vigor. But experience in tropical husbandry has 
shown that when crossbreeding evolves too far from 
Zebu blood lines, heat tolerance and immunity to 
disease breaks down. 

Despite environmental handicaps, cattle produc- 
tion on the ranch compares well with the average 
North American operation; by East African stan- 
dards, the output is first rate. Annual calf crop is 
80 percent and death loss about 5 percent. In more 
advanced parts of adjacent Masailand, calf crops 
seldom exceed 50 percent and death losses are about 
15 percent. 

Weaning weights at 9 months of age on the ranch 
exceed 400 pounds and most brood cows have 
reached 1,000 pounds by the age of 3 years. Steers 
are marketed as they become ready off grass at 
about 3% years. 

Slow growth and late maturity is characteristic of 
Zebu cattle, especially the variety raised by the 
Masai. In pastoral regions mature cows seldom ex- 
ceed 600 pounds and may only calve at intervals of 
18 to 24 months. Since milk for human food is the 
main concern of the pastoralist, calves are not really 
weaned but are herded separately from their cows 
during daylight hours. 

Perhaps the most detrimental practice is allow- 
ing heifers to breed before they are strong. Bulls 
are always with the cow herd, however breeding 
generally occurs during the flush of green forage 
following onset of the rainy seasons. Both bulls and 
cows are often kept until age renders them un- 
serviceable. 

Ranching Problems 

Cattle and <grazing management of the Peckover 
Ranch is similar to that of a well developed ranch 
in the western Gulf Coast upland scrub range of the 
United States. However, customary methods of ex- 
tensive ranching in East Africa, regardless of owner- 
ship, are much different. 

Handling Cattle 

In East Africa it is an accepted practice to hold 
cattle herds in a stockade each night. This corral 
helps protect cattle from predators as well as theft, 
both of which are still considerable problems in 
East Africa. Since night stockading in tropical areas 
means grazing time is cut to 12 hours or less, normal 
cattle growth is retarded. When night grazing is 
possible, animals are ready for market 6 months 
earlier and yearling weights can be 100 pounds 
heavier than stockaded animals. 

Under intensive management, night paddocking 
provides continuous grazing and calves are with 
cows. At the Peckover Ranch night pastures are 
smaller units on the more productive bush free 

rangeland. The somewhat heavier night grazing 
with high manuring on naturally good sites often 
converts these limited areas into short Stargrass 
(Cynodon dactylon) pastures which are very de- 
sirable as nutritious late season forage. 

Nearly all cattle grazing in East Africa is con- 
ducted under the surveillance of a herdsman. Mobs 
numbering from 75 to 150 head graze in tight for- 
mation. From centuries of natural and intentional 
selection for the flocking instinct, the indigenous 
Zebu has become very gregarious; a trait that takes 
a year or more to break when no longer required. 

The ranch is now half fenced into 18 paddocks 
none of which exceeds 400 acres. Water piped to 
central points serves 3 or 4 units. On the remain- 
ing, open range cattle are loose herded to and from 
water and in and out of night paddocks. All cattle 
are trailed to the plunge vat on the weekly dipping 
day and cows ready to calve are cut back to the drop 
pasture near headquarters. Salt and minerals are 
liberally provided. 

In contrast pastoralists and their cattle migrate 
between wet and dry season grazing depending on 
availability of grass and water. Family huts are 
within a large temporary thornbush stockade where 
corraling permits the daily milking for food. Each 
morning calves are separated from cows to graze 
near the corral. When cows are returned from dis- 
tant grazing, calves are allowed to suckle but only 
after the family requirements have been taken. 

During the wet season cattle need not be trailed 
to permanent watering points, however as grazing 
progresses into the dry season the trek to water 
begins. In time, some herds are eventually forced 
to spend one day trailing to water, one day trailing 
from water, and spend the day between grazing 
where grass is available. Dips are not common but 
these cattle have some natural immunity to tick- 
born diseases. Except for a seasonal trek to natural 
salt licks no supplements are provided. 

Bush Control 

One of the thorniest problems on the Peckover 
Ranch, and equally the scourge of nearly all grass- 
lands in Africa, is bush (brush) encroachment. The 
rangelands of East Africa are secondary “savannas” 
or derived grasslands which have been maintained 
in sub-climax to bush through repeated burning. 
It is not unlike mesquite or chaparral ranges in 
parts of the Southwestern IJnited States. The Peck- 
over Ranch has a two-pronged attack on bush that 
is successful and inexpensive. 

Slashing and Stumping.-The first and conven- 
tional method is selective hand clearing with stump- 
ing or grubbing. The larger woody material is cut 
and prepared for charcoal on the site (Fig. 2). 

The operator permits the neighboring Wakamba 
to make and sell the charcoal, retaining only the 
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right of selecting “leave” trees and inspecting when 
the clearing- job is finished. For their labor the 
Wakamba realize between $4 and $8 per acre, and 
within a year the grazing capacity is doubled in the 
cleared paddock. 

This bush operation is providing part-time em- 
ployment for about 200 people who otherwise could 
only subsist by seasonal peasant farming. 4bont 5 
clearing and burnin::( gangs of 40 people each have, 
over the past 3 years, cleared nearly .3,000 acres. 

Charcoal making for export to Arabia has re- 
cently taken new dimensions. Tonnage from the 
port of Mombasa has jumped lrom 2,500 to over 
20,000 between 1967 and 1968. TVith proper tree 
selection and area regulation, this industry could 
mean a partial solution to Kenya’s busbland control 
and unemployment problem. 

Chemical and rneclmnical bush control is still in 
its infancy (Bently, 1963). S bone sprays are effective 
against certain species, other species resprout and 
arevery resistant. A major limitation against rvhole- 
sale control is that many bush and tree species are 
desirable dry season browse. Moreover, few modern 

metlmds are as yet cheap enough to be commens~~- 
rate wit11 land values and production benefits in 
East Africa. Controlled burning can be successful 
in soppressin,q regeneration but as a rule does not 
eradicate established bush. 

Sarizrml LIefoliation-A second method used on 
brush is proving successful and is sure to become 
even more profitable. This uses East Alrica’s most 
publicized range resource, big-game. In the great 
drouth 01 1960, before much of the Peckover Ranch 
was fenced, wild ungulates from the plains were 
attracted to tire developed water supplies and grass 
reserves. Althoqh most of the migratory zebra, 
wildebeest and hartebeest left when outside condi- 
tions improved, many giraffe, eland and impala 
stayed. . 

., 

At first Peckover became alarmed especially 

I, 

observed game feed:nng habits, the keener be was to 
keep them. It turned out that most of these animals 
were very selective and thus compatible among spe- 
cies and even wit11 cattle. There is now an esti- 
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killed within or near the ranch over the past 18 
years. 

Other predators include the hyena, Cape hunting 
dog, leopard, and cheetah. Cheetah only threaten 
game, contrary to the lions who prefer beef. 

Leopards pose a minor problem to cattle, but 
they are more vicious in attacking the dog pack at 
the ranch. This pack of mixed breeds has only one 
thing in common- they all enjoy hunting the big 
cats. 

Animal Health 

Controlling insects and diseases is a considerable 
ranching expense, perhaps the largest in this tropi- 
cal region. On the Peckover Ranch, however, the 
losses are only 2 percent and they no longer are a 
limiting threat. A central dipping vat and lately a 
more modern spray race furnishes protection from 
ticks and most other vermin. 

Avoiding tick-born diseases, mostly East Coast 
fever,*3 heartwater,” redwater and Anaplasmosis, 
calls for weekly dipping or spraying. Preventative 
measures are routine for foot and mouth disease,* 
rinderpest,” contagious bovine pleuro-pneumonia,* 
leptospirosis, blackquarter (blackleg), anthrax,* 
malignant catarrh, and tuberculosis.* Precaution is 
needed for at least a dozen other less important 
diseases. 

Tsetse fly which transmits trypanosomiasis (sleep- 
ing sickness)* is not the menace that it was several 
years ago. Though the cattle are on drugs during 
the rainy seasons, the bush control program is also 
paying dividends in this respect. Tsetse fly require 
the cool, moist habitat of a heavy canopy in which 
to thrive and opening the bush restricts their move- 
men t and limits reproduction. 

Poisonous plants are not a serious bother but 
local Cassia plants causing a skin necrosis, like pho- 
tosensitization, are troublesome in certain seasons. 
Last year nearby Masai cattle were especially af- 
flicted when the plant became superabundant on 
their range following heavy rains that were preceded 
by an intense wildfire. The dozen or so varieties of 
poisonous snakes account for greater stock loss than 
poisonous plants. 

Measles which are encysted tapeworms present a 
constant source of carcass condemnation, especially 
in cattle from pastoral regions. Cattle are the inter- 
mediate host and people are the primary or adult 
host. Improving human sanitation through educa- 
tion is the only answer to preventing this national 
loss in product value. 

Marketing Barriers 

The Peckover Ranch is adjacent to the historic 
Uganda Railway and former caravan route to the 

3 Serious epizootic diseases that must be reported by law are 
shown with an asterisk*. 

port of Mombasa. Seventy miles upcountry, near 
Nairobi, is the central Kenya Meat Commission 
(KMC) abattoir. 

Producers who are fortunate to be so close to the 
East African Railways can sell directly to KMC. 
Occasionally auctions are held in pastoral districts 
where producers may sell to traders or government 
buyers. Then trailing along established stock routes 
is the common practice. 

Marketing and producer prices are regulated but 
not retail meat. Prices for beef animals seem low, 
but are not far below western standards when qual- 
ity is considered. Recently the ranch shipped a 
small lot of “good” 3% year old steers to KMC; 
weighing between 575 and 600 pounds cold dressed,4 
they brought $150 to $200 each. 

Lengthy quarantine is a continuing barrier to 
marketing and movement throughout all range 
areas. A nearby neighbor, the Nguu Cooperative 
Ranch, marks the western boundary of a large area 
closed because of pluro-pneumonia. Quarantine for 
foot and mouth disease has been in force in part of 
Kenya’s Rift Valley for nearly a year, blocking the 
movement from a much larger cattle producing 
area. Not only are certain meat exports halted by 
quarantine, but pastoralists who are willing to sell 
can not. Big game hunting is usually disrupted and 
a general meat shortage can result. 

Technology has only recently removed many of 
the natural limitations on animal numbers permit- 
ting a buildup in the pastoral herds in East Africa. 
An incentive to remove surpluses is now necessary. 

An FAO pilot project underway may lead to a 
feeder industry. If successful, this feedlot system 
would encourage moving immatures off the range 
as long-yearlings rather than as 4 year olds thereby 
easing the over stocking problem. At the same time 
growing surpluses of low quality grain would be 
put to use. 

Range Management 
Basically, concepts of grassland management are 

the same here as for temperate climates from which 
they were developed (Heady, 1960); plant response, 
nutrient reserves, soil moisture, competition, succes- 
sion, etc., all apply. With only minor modification, 
range management principles, such as levels of stock- 
ing, systems and seasons of grazing, suitability, and 
animal distribution are equally important. 

Grazing Management 

The Peckover Ranch is operated on a long term 
grazing capacity of 7 acres per animal unit per year; 
this excludes big game and 1,500 acres of bushland 
which will not be usable until water is developed 
and bush eradicated. With eventual control of bush, 

* Since condemnation is common, KMC buys only on a cold 
dressed carcass weight. 
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which may take 10 to 12 years, stocking could be 
raised to about 5 acres per adult beast yearly. 

Actual stocking within cleared paddocks ap- 
proaches 2 to 3 acres per animal unit year over a 
period of 2 or 3 months. After the required rest 
period which is 4 to 5 months, stocking goes down 
to between 6 and 8 acres per animal unit year. 

Ranching experience here shows short intensive 
grazing followed by rather long rest periods offers 
high animal production wlrile reducing the natural 
grazing selectivity which favors unpalatable plants. 
This also discourages the taller less desirable grasses 
and tames the pasture into lower spreading more 
nutritious species. 

The grazing system first used was the 3 herd-4 unit 
method where herds constitute cows with calves, 
heifers and weaners, and beef animals. This simple 
system involves light seasonlong gxuing for each 
herd with the fourth paddock for reserve resting. 
Sometimes a fifth is used for burning and resting. 
This proven system has been recommended else- 
where as the first step in the transition from no- 
madic pastoral&n to permanent ranching. 

The present ranch system uses 3 paddocks per 
herd. During each 6 month green-to-dry grazing 
season, each paddock receives about 2 month’s graz- 
ing and 4 month’s rotated rest. 

Forage Production and Drought.-Forage produc- 
tion varies tremendously from season to season. Out 
of 10 seasons 6 might be subnormal of which 2 or 3 
may only produce half of the average forage supply; 
one is likely to be a failure producing essentially 
nothing. The best of the above average seasons may 
produce more than 2 times the normal supply. 

Drought frequency has been calculated for a 
meteorological station 10 miles from the ranch. 
Records there show an expectancy of 6 months of 
continuous drought about every 8 years. During 1 
in 10 years or 20 seasons that station gets no more 
than 2 inches of rain. Moreover, meteorologists 
point out that the first one-half inch of rain in any 
storm period in the arid tropics is not available to 
plants due to high evaporation. 

In 1960, a record drought coupled with overstock- 
ing killed an estimated 350,000 head or GO percent 
of the cattle in the Kajiado District which occupies 
half of Kenya Masailand. Within this district and 
adjacent to the Peckover Ranch, 7,500 people of the 
850,000.acre Kaputiei Section lost about 75,000 
head. Today, stocking is about half of predrought 
years, but is within the estimated capacity. 

Forage Reserves and Fire.-Since forage preserva- 
tion and supplemental feeding is nearly unheard of 
in East Africa except in the case of mineral deficient 
range, reserve grazing blocks are essential. Peckover 
recommends that in semi-arid pastoral areas having 
very undependable rainfall it is advisable to carry 
over at least 25 percent of the range as unused grass. 
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Although reserve pastures are mainly insurance 
against drought, they also allow greater flexibility 
m animal management, bush control, and burning 
measures. 

At the end of a good forage season these unused 
reserves can be control burned to further discourage 
bush encroachment. Though many progressive East 
Africa ranchers maintain a “no burn” policy, they 
may end by paying more for bush control. 

Burning is the only practical large scale control 
measure available for extensive ranching. Fortu- 
nately, burning is traditional in pastoral areas; but, 
unfortunately, this burning is premature, uncon- 
trolled and too frequent for effective bush control. 
Ironically, bush often gets established during suc- 
cessive seasons of heavy grazing when the range be- 
comes fireproofed by removal of fuel. 

Because wildfire in a matter of hours can remove 
all trace of reserve forage, firebreaks are the first 
consideration of permanent ranching. They also 
serve as boundaries and demark grazing paddocks 
in the absence of fences. 

The Peckover Ranch has a road system between 
paddocks to serve as breaks; on the open range sec- 
tions, a double track plow line prevents the spread 
of fire. A bushcleared center lane up to 100 feet 
wide is then burned clean before fire danger is high. 

Pastoral Progress 
In East Africa disease, drought, wildfire and mar- 

keting problems are common. One or more of these 
factors is always operating and largely beyond the 
rancher’s control. Management in the dry tropics 
must be flexible. 

Ranching at a profit against such odds takes a 
good manager who recognizes the long term bene- 
fits of maintaining basic resources to protect high 
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Agriculture, Woodward, Oklahoma. 

Highlight 

Knowledge of the weight-change response caused by moving range steers to 
strange pastures and mixing them with strange cattle is needed to help develop 
and apply improved range rotation and other grazing management systems. A 
s-year grazing study showed that yearling Hereford steers were not greatly dis- 
turbed by either change of pasture or associates. The steers adjusted rapidly to 
new conditions, and compensatory gain offset most of the slightly smaller weight 
gain that occurred when the steers were moved and mixed. Behavioral distur- 
bances were small. A little fighting and fence-walking occurred when the steers 
were moved and mixed, but this lasted for only 1 or 2 days. The weight-change 
response from moving and mixing range steers does not appear to be an im- 
portant factor in the development of range rotation grazing systems, or in 
making other range use decisions which involve moving and mixing. 

The objectives of this study were 
to determine changes in weight 
gains and behavior of Hereford 
steers as affected by change of pas- 

l Study conducted on the Southern 
Plains Experimental Range, Wood- 
ward, Oklahoma, by the Crops Re- 
search Division, Agricultural Research 
Service, U. S. Department of Agricul- 
ture, in cooperation with the Okla- 
homa Agricultural Experiment Sta- 
tion. Received February 27, 1970; ac- 
cepted for publication December 31, 
1970. 

ture and associates. This study is 
the first of a series being conducted 
specifically as a basis for developing 
more efficient grazing management 
systems. 

The belief commonly held by 
most stockmen and technicians is 
that the disturbance caused by 
moving and mixing cattle decreases 
gains. We have been unable to’ find 
any valid literature on gain re- 
sponses. However, Taylor, et al. 
(1955) reported that zebu cattle 
rapidly adjusted to new pastures. 
Hancock (1954) also found the 
adaptation of dairy cattle to new 
conditions was very rapid; and 
Bohman (1955) found that beef 
steers on good rations completely 
compensated for weight loss suffered 
during periods of poor nutrition. 

It is inevitable that improved Several authors have found a well- 
systems of grazing management will defined social organization in beef 
be developed in the next few years. cattle (Woodbury, 1941; Corbett, 
The systems will probably include 1953; Tulloh, 1961a, 1961b). Schein 
(1) moving cattle from pasture to and Fohrman (1955) stated that the 
pasture and (2) recombining cattle mechanism of the dominance order 
herds. In order to develop grazing in cattle appeared to be established 
and cattle management systems, and at about 3 to 6 months of age. The 

to interpret grazing management re- 
search, researchers need to know the 
gain response of steers moved to 
strange pastures and combined with 
strange animals. Also, the knowl- 
edge is needed by ranchers to help 
them decide whether or not to 
apply certain grazing management 
systems. 
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Highlight 

Knowledge of the weight-change response caused by moving range steers to 
strange pastures and mixing them with strange cattle is needed to help develop 
and apply improved range rotation and other grazing management systems. A 
s-year grazing study showed that yearling Hereford steers were not greatly dis- 
turbed by either change of pasture or associates. The steers adjusted rapidly to 
new conditions, and compensatory gain offset most of the slightly smaller weight 
gain that occurred when the steers were moved and mixed. Behavioral distur- 
bances were small. A little fighting and fence-walking occurred when the steers 
were moved and mixed, but this lasted for only 1 or 2 days. The weight-change 
response from moving and mixing range steers does not appear to be an im- 
portant factor in the development of range rotation grazing systems, or in 
making other range use decisions which involve moving and mixing. 

The objectives of this study were 
to determine changes in weight 
gains and behavior of Hereford 
steers as affected by change of pas- 

l Study conducted on the Southern 
Plains Experimental Range, Wood- 
ward, Oklahoma, by the Crops Re- 
search Division, Agricultural Research 
Service, U. S. Department of Agricul- 
ture, in cooperation with the Okla- 
homa Agricultural Experiment Sta- 
tion. Received February 27, 1970; ac- 
cepted for publication December 31, 
1970. 

ture and associates. This study is 
the first of a series being conducted 
specifically as a basis for developing 
more efficient grazing management 
systems. 

The belief commonly held by 
most stockmen and technicians is 
that the disturbance caused by 
moving and mixing cattle decreases 
gains. We have been unable to’ find 
any valid literature on gain re- 
sponses. However, Taylor, et al. 
(1955) reported that zebu cattle 
rapidly adjusted to new pastures. 
Hancock (1954) also found the 
adaptation of dairy cattle to new 
conditions was very rapid; and 
Bohman (1955) found that beef 
steers on good rations completely 
compensated for weight loss suffered 
during periods of poor nutrition. 

It is inevitable that improved Several authors have found a well- 
systems of grazing management will defined social organization in beef 
be developed in the next few years. cattle (Woodbury, 1941; Corbett, 
The systems will probably include 1953; Tulloh, 1961a, 1961b). Schein 
(1) moving cattle from pasture to and Fohrman (1955) stated that the 
pasture and (2) recombining cattle mechanism of the dominance order 
herds. In order to develop grazing in cattle appeared to be established 
and cattle management systems, and at about 3 to 6 months of age. The 

to interpret grazing management re- 
search, researchers need to know the 
gain response of steers moved to 
strange pastures and combined with 
strange animals. Also, the knowl- 
edge is needed by ranchers to help 
them decide whether or not to 
apply certain grazing management 
systems. 
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fact that dominance order in ani- 
mals has long been observed by man 
is illustrated by the Chinese proverb, 
“One hill cannot shelter two tigers.” 

Area, Cattle, Methods 

The study was conducted from 
1961 to 1964 in northwestern Okla- 
homa on the Southern Plains Ex- 
perimental Range near Woodward. 
Annual precipitation averages 23 
inches, but it varies from 10 to 41 
inches. The climate is continental 
with great extremes of temperature, 
humidity, and wind. 

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

The weaner Hereford steers used 
in this experiment were about 8 
months old when obtained in Octo- 
ber each year. They were used for 
11 months and then replaced with 
sib-related steers from the same 
herd. The steers were weaned, hot- 
iron branded with individual num- 
bers, vaccinated, allowed to reco,ver 
gross weight at weaning, weighed 
on 2 successive days, and graded as 
to conformation and fleshing con- 
dition. Then they were allotted to 
experimental treatment at random 
within weight, grade, and condition 
classes. All steers were fed a daily 
ration of 1.5 lb: of 41% protein cot- 
tonseed pellets twice weekly during 
winter; and throughout the year 
they were given free access to grass, 
water, and salt. 

Twelve 50-acre pastures were as- 
signed to four productivity blocks 
on the basis of soil type, past forage 
production, and weight-gain history. 
The three treatments-( 1) continu- 
ous yearlong grazing, (2) moved 
monthly, and (3) moved and mixed 
monthly-were then assigned at ran- 
dom within the four pasture blocks 
(replications). 

Table 1. Gain (lb.) of weaner steers as affected by monthly change of pasture 
and associates, 1962-64. 

Gain per steer1 

Nov- Feb- 
Grazing treatment 

May- Aug- 
Jan APr July Sept Yearlong 

Continuous yearlong 45a 80a 23Oa 99a 454a 
Moved monthly 43a 75b 230a 99a 447ab 
Moved and mixed monthly 41a 76b 231a 93a 441b 

1 Means within a column followed by the same letter are not significantly (P = 0.10) 
different. 

Each pasture was stocked with 
four steers. Those steers grazed 
continuously year-long were never 
moved. Those moved monthly were 
rotated to a strange pasture that had 
been grazed each previous month. 
Those moved and mixed monthly 
were rotated to a strange but previ- 
ously grazed pasture and mixed with 
all new associates. 

All steers were weighed at the 
end of each month, and all were re- 
weighed 7 days later on 17 different 
occasions during the 3 years. De- 
tailed observations were made of 
restlessness, fighting, contented 
walking, restless walking and trail- 
ing, grazing behavior (sporadic or 
active), standing, lying, ruminating, 
playing, drinking, and salting. Ac- 
tivities of all 12 herds were observed 
and recorded on: (1) the day before 
change; (2) the day of change; (3) 
the day after change; and (4) a week 
after change. 

During the third year of the study, 
October 1963 to October 1964, treat- 
ments 1 and 3 were applied in 4 ad- 
ditional replications to 8-head lots 
of steers in 107-acre pastures. This 
was done to increase precision of 
the weight-gain responses. The only 
change in methods was that steers 

in treatment 3 were moved and 
mixed at 2-week intervals instead of 
monthly. 

Results and Discussion 

The 3-year average gain per steer 
for: (1) yearlong grazing; (2) moved 
monthly; and (3) moved and mixed 
monthly was 454, 447, and 441 lb. 
per steer respectively (Table 1). 
Thus, a small reduction in gain re- 
sulting from each of the two dis- 
turbing factors was detected. Each 
disturbing, factor, moving and mix- 
ing, reduced year-long gains only 
about 6 lb. per steer. None of the 
differences were statistically (5% 
probability level) or economically 
significant. 

The insignificant reduction in 
yearlong gain caused by change of 
pasture and associates is partially 
explained by the 7-day gains made 
after the steers were moved and 
mixed. As an average of the 17 
periods, steers grazed yearlong in 
the same pasture gained 7 lb. dur- 
ing the 7 days; those moved monthly 
gained only 4 lb.; and those moved 
and mixed monthly also gained 4 
lb. (Table 2). If compensatory guin 
had not occurred during the follow- 
ing 3 weeks of each month, those 

Table 2. Seven-day gain (lb.) of weaner steers following change of pasture and 
associates, 1962-64. 

Gain per steer1 

Dec- Feb- 
Grazing treatment 

May- Aug- 
Jan APr July Sept Avg 

Continuous yearlong 7a 4a 10a 7a 7a 
Moved monthly 4a Oa 9a 4ab 4a 
Moved and mixed monthly 3a 2a 8a 3b 4a 

l Means within a column followed by the same letter are not significantly (P = 0.10) 
different. 
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steers rotated monthly should have 
gained about 33 lb. less during the 
year (3 lb. x 11 pasture changes) 
than the steers grazed yearlong. 

In the expanded study conducted 
during 1963-64, the steers grazed 
continuously yearlong in the same 
pastures gained 470 lb. compared 
with 461 lb. for the steers which 
were moved and mixed each 2 
weeks throughout the year. These 
data confirm and strengthen that 
obtained in the main study. 

Behavioral responses also help ex- 
plain the insignificant weight-gain 
responses. In general, moving and 
mixing the steers disturbed them 
surprisingly little, and for only 1 to 
2 days. The main disturbance effect 
on the steers moved monthly was 
that they walked more-but only for 
1 to 2 days. The main disturbance 
effect on the steers moved and 
mixed monthly was that they 
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walked and fought more-but only 
for 1 or 2 days. 

Apparently, Hereford steers ad- 
just rapidly to strange pastures and 
strange associates. Even though 
they have a well-defined social orga- 
nization, they seem to adjust readily 
and seem to be basically contented. 
Tulloh (1961b) found a significant 
weighing order in young Hereford 
cattle, but he suggested the weighing 
order was not related to social 
dominance but to another social fac- 
tor-leadership. He also reported 
that steers were more docile than 
heifers. It is possible that cows and 
bulls would be disturbed more by 
moving and mixing than were our 
steers. 
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Highlight 

Clearing of low quality ponderosa pine in the foothills region of the Black 
Hills of South Dakota increased forage production 1,500 lb./acre on an east 
slope and 848 lb./acre on a west slope. Warm season grasses increased to a 
greater extent than did cool season grasses. If extensive areas were treated in 
this manner, management changes should be implemented to more efficiently 
use the increased production of warm season grasses. The increases in forage 
production plus the use or sale of removed timber should justify clearing low 
aualitv nine in this area. Pine renroduction will pose future management 
;roblemi on cleared areas. 

Ponderosa pine (Pinus ponderosa 
Laws.) stands in the Black Hills and 
in the drier, surrounding foothills 
have become strikingly more dense 
since the beginning of settlement in 
the 1870’s. This change has been 

l Approved by the director of the South 
Dakota Agricultural Experiment Sta- 
tion as Journal Series No. 95 1. Re- 
ceived April 4, 1970; accepted for pub- 
lication January 6, 1971. 

verified by co,mparing photographs 
taken by early explorers and settlers 
with current conditions. Before 
white men arrived, and for several 
decades thereafter, uncontrolled 
wildfires periodically swept through 
the higher hills and foothills. Re- 
current fires played a major role in 
creating and maintaining the nu- 
merous open parks supporting rich, 
green carpets of grass that Colonel 
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R. I. Dodge reported in 1875 
(Dodge, 1965). Long-time residents 
of the area relate that during the 
first few decades of settlement ex- 
ploitive cutting also kept the pine 
forest open. 

Ponderosa pine can be considered 
a heavy and, perhaps, wasteful user 
of moisture. While water yield was 
not measured in this study, others 
have shown it is increased when 
pine cover is reduced. Orr (1959) 
suggested that one reason for the 
trend in the Black Hills toward less 
runoff per unit of precipitation 
could be due to the gradual trans- 
formation of old-growth, virgin pon- 
derosa pine to more dense second- 
growth stands. Evidence by Orr 
(1968) indicated that thinning 
dense second-growth pine (on a high 
quality site) reduced evapotranspi- 
ration and induced more moisture 
to be held in soil storage than on an 
unthinned area. His study also 
showed that clear-cutting and main- 
tenance in a cleared condition defi- 
nitely induced free water seepage. 
Biswell and Schultz (1958) reported 
an almost immediate increase in 
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steers rotated monthly should have 
gained about 33 lb. less during the 
year (3 lb. x 11 pasture changes) 
than the steers grazed yearlong. 

In the expanded study conducted 
during 1963-64, the steers grazed 
continuously yearlong in the same 
pastures gained 470 lb. compared 
with 461 lb. for the steers which 
were moved and mixed each 2 
weeks throughout the year. These 
data confirm and strengthen that 
obtained in the main study. 

Behavioral responses also help ex- 
plain the insignificant weight-gain 
responses. In general, moving and 
mixing the steers disturbed them 
surprisingly little, and for only 1 to 
2 days. The main disturbance effect 
on the steers moved monthly was 
that they walked more-but only for 
1 to 2 days. The main disturbance 
effect on the steers moved and 
mixed monthly was that they 
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walked and fought more-but only 
for 1 or 2 days. 

Apparently, Hereford steers ad- 
just rapidly to strange pastures and 
strange associates. Even though 
they have a well-defined social orga- 
nization, they seem to adjust readily 
and seem to be basically contented. 
Tulloh (1961b) found a significant 
weighing order in young Hereford 
cattle, but he suggested the weighing 
order was not related to social 
dominance but to another social fac- 
tor-leadership. He also reported 
that steers were more docile than 
heifers. It is possible that cows and 
bulls would be disturbed more by 
moving and mixing than were our 
steers. 
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R. I. Dodge reported in 1875 
(Dodge, 1965). Long-time residents 
of the area relate that during the 
first few decades of settlement ex- 
ploitive cutting also kept the pine 
forest open. 

Ponderosa pine can be considered 
a heavy and, perhaps, wasteful user 
of moisture. While water yield was 
not measured in this study, others 
have shown it is increased when 
pine cover is reduced. Orr (1959) 
suggested that one reason for the 
trend in the Black Hills toward less 
runoff per unit of precipitation 
could be due to the gradual trans- 
formation of old-growth, virgin pon- 
derosa pine to more dense second- 
growth stands. Evidence by Orr 
(1968) indicated that thinning 
dense second-growth pine (on a high 
quality site) reduced evapotranspi- 
ration and induced more moisture 
to be held in soil storage than on an 
unthinned area. His study also 
showed that clear-cutting and main- 
tenance in a cleared condition defi- 
nitely induced free water seepage. 
Biswell and Schultz (1958) reported 
an almost immediate increase in 
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spring and creek flow with removal 
and manipulation of brush on 
watersheds. In the Black Hills up 
to one-half the water that would 
otherwise reach the ground is 
caught in the tree tops and lost back 
into the air (Farrell and Brown, 
1966). Any practice that would in- 
crease water yield should increase 
herbage production. 

The herbaceous understory vege- 
tation of the ponderosa pine region 
of the Black Hills in South Dakota 
and Wyoming constitutes an impor- 
tant forage source for domestic 
livestock and wildlife. In the sur- 
rounding foothills low quality, non- 
commercial pine stands have spread 
onto sites previously occupied by 
grassland vegetation. Notice the 
change in pine abundance by com- 
paring a photograph taken before 
1905 (Fig. 1) wth one taken from 
the same position in 1969 (Fig. 2). 
The study reported herein was car- 
ried omut in this vicinity where the 
landowner had cleared several areas 
of low quality pine stands that had 
encroached onto grassland sites. 

The encroachment of pine into 
the grasslands of the foothill region 
is important because of the reduc- 
tion of both quantity and quality 
of grass production. Reduced pro- 
duction of understory vegetation 
uhimarely leads to reduced carrying 
capacity for livestock and/or big 
game. Pase (1958) found that total 
herbage production in the Black 
Hills varied from 40 lb./acre air-dry 
weight under dense, unthinned 
stands to’ 225 lb. in inadequately 
thinned stands, to 2,160 lb. on the 
clearcut areas. Big game use in 

Arizona increased significantly after 
timber harvest of ponderosa pine 
because harvesting created addi- 
tional feed while maintaining suffi- 
cient cover (Patton, 1969). Another 
Arizona study reported that prop 
duction of the primary grass species 
declined about 21 lb./acre with each 
1% increase in crown cover of 
ponderosa pine (Cooper, 1960). 
Thinned, dense stands of ponderos:, 
pine in eastern Washington pro- 
duccd significantly more understory 
vegetation than unthinned stands 
(McConnell and Smith, 1965 and 
1970). 

Ponderosa pine also affects the 
chemical composition of herbage 
through shading. One study has 
shown that livestock in the Black 
Hills have a decided preference for 
forage grown in open meadows as 
opposed to forage grown under 
pine stands. Shading seemed to 
reduce palatability by increasing 
crude fiber content, lowering nitro- 
gen-free extract percentages, and 
lowering sugar content (McEwen 
and Dietz, 1965). 
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The abortive effect of pine needle 
consumption is a concern to stock- 
men wintering pregnant cows on 
foothill po’nderosa pine rangeland. 
The danger period is in the latter 
part of gestation (Kingsbury, 1964). 
Cattle will occasionally browse on 
pine needles, but the problem in- 
tensifies during storms when her- 
bareous vegetation is snow covered 
and cows cannot graze for several 
days. 

Study Area and Methods 

The study area was located on 
the north edge of the Black Hills 
approximately 10 miles southwest 
of Belle Four& South Dakota. 
Escarpment-like ridges overlooking 
the Red Bed (Spearfish formation) 
characterize the area. Situated be- 
tween these ridges and the Black 
Hills proper is the Red Bed or Red 
Valley. This formation ranges from 
less than one to approximately 5 
miles in width surrounding the 
outer slope of the Black Hills of 
South Dakota and Wyoming. The 
escarpment-like ridges occur outside 
the commercial forest zone of the 
Black Hills at elevations between 
3,000 and 3,500 feet. 

Annual precipitation at Belle 
Fourche averages 13.09 inches. Four 
miles southwest of the study area at 
the McNenny National Fish Hatch- 
ery annual precipitation averaged 
16.82 inches annually until 1964. 
Precipitation at the study area, 
which is situated between these two 
reporting stations, is estimated to 
have been one to two inches above 
normal each year for the past six 
years (1964-1969). 
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Important grass species in the 
study area included western, slender 
and bearded wheatgrass (Agropyron 
smithii, A. trachycaulum, A. subse- 
cundum), green needlegrass (Stipa 
Grid&a), needle-and-thread (Stipa 
comata), little bluestem (Andropo- 
gon scoparius), sideoats grama (Bou- 
teloua curtipendula) and sedges 
(Carex spp.). 

Table 1. Forage production (lb./acre) and species composition (% by wt.) in 
1969 on an east exposure under pine and where pine was removed. 

Species 

The area studied was situated on 
deeded land where the operator, in 
an attempt to increase forage pro- 
duction, cleared approximately 5 
acres of ponderosa pine on an east 
slope in 1964 and approximately 10 
acres on a west slope in 1966. In 
both cases pine stands adjacent to 
the cleared areas provided compara- 
ble study sites. Prior to clearing, 
tree density was 65 trees/acre on 
the east slope and 170 on the west. 
The oldest trees occurred at the top 
and upper slopes of ridges. Younger 
trees occurred lower on the ridges 
and extended into valleys. Both 
areas were moderately steep with 
slopes averaging 20%. 

Grasses and sedges: 

Sedges (Carex spp.) 
Wheatgrasses (Agropyron spp.) 
Little bluestem (Andropogon scoparius) 
Sideoats grama (Bouteloua curtipendula) 
Needle-and-thread (Stipa comata) 
Bluegrasses (Poa spp.) 
Prairie dropseed (Sporobolus heterolepis) 
Big bluestem (Andropogon gerardi) 
Prairie sandreed (Calamovilfa Zongifolia) 
Blue grama (Bouteloua graciZis) 
Prairie junegrass (Koeleria c&tutu) 
Green needlegrass (Stipa viridula) 

Total grasses and sedges 

Soils on the eastern exposure were 
found to be weakly developed, 
rapidly permeable, sandy clay loams 
resembling more closely the Chest- 
nut soils common to grasslands than 
the Gray Wooded soils associated 
with forest vegetation. Erosion from 
above, however, may have covered 
evidence of a forested soil. Western 
exposure soils differed from those 
on the east slopes in that they were 
more strongly developed, finer tex- 
tured and showed evidence of de- 
veloping under forested conditions. 
Soils on the control area here were 
slowly permeable, clay loams with a 
distinct, tight clay bearing B hori- 
zon occurring at about five inches. 
Although containing less clay than 
the control, the west slope cleared 
area was characterized by a finer 
textured, less permeable, sandy clay 
loam than was found on the entire 
eastern exposure. The distinct B 
horizon was not as evident here 
probably due to the downward 
movement of soil. 

Forbs and shrubs: 
Soapweed (Yucca glaucu) 
Fringed sagewort (Artemisia frigida) 
Skunkbush sumac (Rhus trilobatu) 
Missouri goldenrod (Solidago missouriensis) 
Slimflower scurfpea (Psoralea tenuiflora) 
Wild rose (Rosa spp.) 
Phlox (Phlox spp.) 
Unidentified forbs 

Total forbs and shrubs 

Total vegetation 341.5 100.0 1,842.4” 99.9 

* Indicates a significant difference in forage production (P < .lO) between areas where 
pine was and was not removed. 

lected as focal points for forage pro- 
duction sampling. Each stump in 
the cleared area was matched as 
nearly as possible with the size, 
competition from neighboring trees, 
and position on the slope of each 
tree in the control area. Both slopes 
were sampled identically. 

At the base of each tree or stump 
selected, four S-inch by 6-foot plots 
were clipped at ground level with 
electric clippers to obtain forage 
production. The four plots radiated 
outward from the bases at 90” angles 
to each other with one pointing di- 
rectly up the slope, one do’wn slope 
and the remaining two across the 
slope. 

Stumps of five trees in the cleared 
area and five standing trees in the 
adjacent, uncleared area were se- 

Plots were clipped in late Septem- The pine growing in the vicinity 
ber, 1969. Total forage from each of this study is of low quality. Ten 
mowed strip (plot) was bagged sepa- of the largest trees in the area regis- 
rately. Old residue was removed tered site indexes of less than 40 

Pine not 
removed Pine removed 

Forage Forage 
produc- Compo- produc- Compo- 

tion sition tion sition 

121.2 35.5 
64.8 19.0 
47.8 14.0 
37.6 11.0 
18.8 5.5 
13.1 3.8 
11.5 3.4 

6.0 1.8 
1.3 0.4 
- - 
- 
- 

322.1 94.3 1,663.6* 90.2 

4.0 1.2 
2.8 0.8 
2.7 0.8 
2.2 0.6 
- 
- - 
6.0 1.8 
1.7 0.5 

19.4 5.7 

- 
- 

- 

175.6 9.5 
11.8 0.6 

1,191.6* 64.7 
151.3* 8.2 

48.5” 2.6 
3.6 0.2 

- - 

42.7 2.3 
- - 

35.0 1.9 
2.0 0.1 
1.5 0.1 

2.2 0.1 
111.2 6.0 

5.1 0.3 
- - 

28.4 1.6 
18.2 1.0 

2.3 0.1 
11.4 0.6 

178.8 9.7 

and current forage production was 
sorted by species in the laboratory. 
Samples were oven dried at 70 C 
for 24 hours before weighing. 

Pine site quality was determined 
in the study areas using Horni- 
brook’s (1939) site index curves for 
ponderosa pine of the Black Hills 
of South Dakota and Wyoming and 
site index curves devised by Meyer 
(1938). Trees under which forage 
production was sampled and 10 of 
the largest trees in the area were 
evaluated to obtain an estimate of 
site quality. 

Results and Discussion 
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Table 2. Forage production (lb./acre) and species composition (% by wt.) in 
1969 on a west exposure under pine and where pine was removed. 

Pine not 
removed Pine removed 

Forage Forage 
produc- Compo- produc- Compo- 

Species tion sition tion sition 

Grasses and sedges: 
Sedges (Carex spp.) 111.9 47.5 220.5* 20.3 
Wheatgrasses (Agropyron spp.) 66.2 28.1 296.6* 27.4 
Needle-and-thread (Stipa comata) 16.0 6.8 19.5 1.8 
Sideoats grama (Bouteloua curtipendula) 3.0 1.3 135.4” 12.5 
Bluegrasses (Poa spp.) 1.5 0.5 - - 
Green needlegrass (Stipa viridula) - - 190.7 17.6 
Little bluestem (Andropogon scof~arius) - - 34.7 3.2 
Big bluestem (Andropogon gerardi) - - 22.7 2.1 
Blue grama (Bouteloua gracilis) - - 2.0 0.2 
Prairie junegrass (Koeleria cristata) - - 2.2 0.2 

Total grasses and sedges 198.6 84.2 924.3” 85.3 

Forbs and shrubs: 
Cudweed sagewort (Artemisia Zudoviciana) 11.2 4.7 - - 
Fringed sagewort (Artemisia frigida) 7.2 3.1 53.4 4.9 
Leadplant amorpha (Amorpha canescens) 5.9 2.5 29.9 2.8 
Missouri goldenrod (Solidago missouriensis) 1.5 0.6 14.2 1.3 
Soapweed (Yucca glauca) 1.4 0.6 - - 
Pussytoes (An tennaria spp.) 1.3 0.5 8.0 0.7 
Broom snakeweed (Gzd tierrezia sarothrae) 1.3 0.5 - - 
Western yarrow (Achilles Zanulosa) 1.1 0.5 6.9 0.6 
Ragweed (Ambrosia psylostachya) 0.5 0.2 - - 
Skunkbush sumac (Rhus trilobata) - - 15.1 1.4 
Slimflower scurfpea (Psoralea tenuiflora) - - 13.1 1.2 
Spanishclover deervetch (Lotus americanus) - - 9.5 0.9 
Unidentified forbs 5.8 2.5 9.4 0.9 

Total forbs and shrubs 37.2 15.7 159.5* 14.7 

Total vegetation 235.8 99.9 1,083.8” 100.0 

* Indicates a significant difference in forage production (P < .lO) between areas where 
pine was and was not removed. 

when plotted on the Hornibrook 
site index curve. Because the refer- 
ence age on Hornibrook’s curve is 
100 years, the Meyer curve (with 
tree age as low as 20 years) was used 
for the younger trees in the study 
plots. Plotting age and height data 
on this curve produced site indexes 
of 43 for the east and 41 for the west 
slope. The general concensus among 
timber managers is that the mini- 
mum site index for ponderosa pine 
in the Black Hills meriting a timber 
management program ranges from 
45 to 55. The very low site index 
readings in the study area suggest 
management for grassland vegeta- 
tion would be more productive than 
timber management. 

Forage production increased 
greatly as crown cover of ponderosa 
pine was eliminated. There was no 
opportunity to design this study for 
complex statistical analyses. How- 
ever, the mean weights of live for- 
age between the control and the 
cleared area on both slopes were 
significantly different at the 0.10 
level when subjected to a “t” test. 
Total forage production on the east 
slope in 1969 was 1,500 lb./acre 
greater on the cleared area (Table 
1). On the west slope 848 lb./acre 
more forage was produced on the 
cleared than on the uncleared area 
in 1969 (Table 2). 

Greater forage production on the 
east slope may be attributed to the 

fact that it had a sparser stand of 
pine to begin with and was cleared 
two years before the west slope. 
Furthermore, eastern exposures 
have a more favorable microclimate 
for herbage growth and production. 
Western slopes are inherently drier 
because they receive direct sunlight 
during the hottest part of the day, 
while east exposures receive direct 
sunlight only in the mornings. 

Since true shrubs were not very 
common, the forbs and shrubs were 
placed in the same group (Tables 1 
and 2). Grasslike vegetation, as well 
as forbs and shrubs, exhibited large 
increases in forage production with 
clearing. Neither group seemed to 
take particular advantage over the 
other when the overstory trees were 
cleared. 

In the forb and shrub group, the 
largest response to clearing on both 
exposures was made by fringed sage- 
wort (Artemisia frigida). On the 
east slope, slimflower scurfpea 
(Psoralea tenuiftora), a native leg- 
ume, and wild rose (Rosa spp.) were 
absent in the uncleared area, but 
made up a sizable amount of the 
forb and shrub weight on the 
cleared area. With clearing on the 
west slope slimflower scurfpea and 
skunkbush sumac (Rhus trilobata) 
occurred in measurable amounts, 
although absent in the control area. 
One of the most desirable shrubby 
legumes for livestock and game, 
leadplant amorpha (Amorpha ca- 
nescens), also increased with clear- 
ing on the west exposure. 

The sedges were most tolerant to 
the shading and moisture-robbing 
effect of the pine trees. Most of the 
sedges occurred within the first two 
or three feet nearest the trunks of 
trees. While sedge production im- 
proved with pine removal, the in- 
crease was significant (P < 0.10) 
only on the west slope. The in- 
creased productivity of sedges on 
the east slope from 121 to 176 lb./ 
acre would appear to be ecologically 
significant, if not statistically so. 

On the east slope little bluestem 
took tremendous advantage of the 
cleared condition and increased 
from 48 to 1,192 lb./acre. Also 
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FIG. 3. Composition changes from cool to warm season grasses 
removal on east and west slopes (cool season includes sedges). 

following ponderosa pine 

showing significant increases with 
clearing were sideoats grama and 
needle-and-thread. Wheatgrasses de- 
creased and big bluestem (Andro- 
pogon gerardi) increased with clear- 
ing, though not significantly. 

Grass species showing significant 
increases with clearing on the west 
slope (beside the sedges) were the 
wheatgrasses and sideoats grama. 
Green needlegrass, little bluestem 
and big bluestem were all absent in 
the uncleared area, but produced 
191,35, and 23 lb./acre, respectively, 
on the cleared area. 

An interesting trend in warm and 
cool season grass production in re- 
sponse to clearing is indicated in 
Figure 3 (sedges included with cool 
season species). Note that the warm 
season grasses showed a greater re- 
sponse to clearing than did the cool 
season species. This was most evi- 
dent on the east slope where the 
weakly developed, coarser textured 
soils appeared to be best suited for 
little bluestem rather than cool 
season wheatgrasses. White (196 1) 
suggested that little bluestem and 
sideoats grama usually are most 
abundant on weakly developed soils 
regardless of texture. The trend was 
less evident on the west slope where 
the more strongly developed, finer 
textured soils favored wheatgrasses 
and green needlegrass. The rather 

sizable production of warm season 
species on the western exposure 
following clearing may have been 
partially due to the existence of a 
coarser textured, more weakly de- 
veloped soil on the cleared area. 

In the foothills region of the 
Black Hills, big and little blue- 
stem occur most frequently on north 
and east exposures on weakly de- 
veloped soils. Thus, greater produc- 
tion should be expected from warm 
season rather than cool season spe- 
cies on east slopes. One might also 
surmise that the taller, warm season 
grasses (big and little bluestem) 
have higher moisture and light re- 
quirements than the sho’rter, cool 
season grasses. Therefore, it seems 
a reasonable assumption that these 
plants would increase when pine is 
removed because light and moisture 
are not as limited. 

Pine seedlings were absent on 
both exposures in the uncleared 
areas. However, where trees were 
cleared on the west slope, pine seed- 
lings were abundant and were 
found in the clipped plolts. Esti- 
mated density was one seedling/m2. 
Pine seedlings were evident on the 
east slope, but none were found in 
the clipped plots. Larson and 
Schubert (1969) reported that sod1 
moisture was the main factor in 
competition between grass and pon- 

derosa pine seedlings. They also 
found that grasses depleted soil 
moisture more rapidly and to lower 
levels than did pine seedlings. 
Abundant grass production on the 
east slope cleared area may have af- 
forded pine seedlings more competi- 
tion for soil moisture than on the 
west slope cleared area. One can 
reasonably assume that with much 
less grass production and therefore 
less competition for soil moisture 
on the west slope a larger number 
of pine seedlings survived. 

Conclusions 

Site quality data obtained in this 
investigation in the Black Hills sug- 
gest that the potential of the study 
area to produce ponderosa pine is 
below that at which timber manage- 
ment is generally practiced. 

Clipping data in 1969 strongly in- 
dicated that large increases in under- 
story vegetation production could 
be induced by clearing low quality 
ponderosa pine. The extra grazing 
this practice could provide, in addi- 
tion to the sale or use of the removed 
pine for pulpwood, posts, poles, or 
fireplace wood, should make this a 
profitable practice. 

Most of the foothill region is 
used as fall, winter and spring range. 
If extensive areas of pine are cleared 
or thinned the subsequent transi- 
tion from cool to warm season 
grasses should be accompanied by 
changes in grazing management. 
Greater livestock gains should result 
from utilizing warm season vegeta- 
tion during the growing season. 
Therefo,re, intensive use for a short 
period during mid-summer would 
afford maximum livestock yields. 
Intensive grazing, however, must be 
carefully managed to obtain proper 
use of the warm season grasses while 
deferring use of cool season species 
until dormancy. This practice has 
been demonstrated as an efficient 
method of utilizing the mixed grass 
vegetation common toi the Black 
Hills foothills. 

Additional management innova- 
tions will be required to cope with 
pine reproduction in the cleared 
areas. Periodic controlled burning 
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may be necessary to reduce seedling 
establishment and maintain herba- 
ceous cover. 
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Highlight 

Squirreltail plants have a low density of dead plant 
material; consequently, they burn quickly, and heat pene- 
tration to the growing points is at a minimum. By contrast, 
the greater density of dead plant material in needle-and- 
thread bunches causes them to burn at higher temperatures 
for longer periods, so that many plants are killed. Squirrel- 
tail is also more tolerant than needle-and-thread to herbage 
removal by clipping. 

” 

Previous work on bunchgrasses in the sagebrush- 
grass region of southern Idaho (Wright and Klem- 
medson, 1965) has shown that squirreltail (Sitanion 
hystrix (Nutt.) J. G. Smith) is more tolerant to dam- 

l Received March 4, 1970; accepted for publication October 
23, 1970. 

2 Presently Associate Professor, Department of Range and 
Wildlife Management, Texas Tech University, Lubbock, 
Texas 79409. 

age by fire than needle-and-thread (Stipa comata 
Trin. and Rupr.). A more thorough understanding 
of the factors that influence survival of these species 
would greatly improve our knowledge of commu- 
nity dynamics where they occur. 

Although many plant species differ in tolerance 
to burning, we rarely know whether the plants are 
damaged primarily by heat or by herbage removal. 
In this study the duration and magnitude of tem- 
peratures in burning plants were measured so that 
the effects of heat could be separated from the ef- 
fects of herbage removal. In addition, heat toler- 
ance of plant tissue and characteristics of plant ma- 
terial that can influence temperatures in burning 
plants were compared between species. As these 
objectives were accomplished, earlier studies by 
Wright and Klemmedson (1965) were expanded to 
cover a longer season of burning and to include 
greater intensities of applied heat. 

Literature Review 

In no studies have temperatures within individual bunch- 
grasses been recorded while the plants were burning. On 
a community basis, however, maximum temperatures of fires 
have been recorded at soil surface and below soil surface, 
and these may indicate the relative magnitude of tempera- 
tures within a burning plant. 

From our past work, we know that wildfires can cause 
temperatures greater than 400 F at the mineral soil surface 
in sagebrush-grass communities (Wright and Klemmedson, 
1965). This is the main reason for our decision to study 
the effect of a higher applied temperature on bunchgrasses. 
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may be necessary to reduce seedling 
establishment and maintain herba- 
ceous cover. 
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Squirreltail plants have a low density of dead plant 
material; consequently, they burn quickly, and heat pene- 
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the greater density of dead plant material in needle-and- 
thread bunches causes them to burn at higher temperatures 
for longer periods, so that many plants are killed. Squirrel- 
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grass region of southern Idaho (Wright and Klem- 
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age by fire than needle-and-thread (Stipa comata 
Trin. and Rupr.). A more thorough understanding 
of the factors that influence survival of these species 
would greatly improve our knowledge of commu- 
nity dynamics where they occur. 

Although many plant species differ in tolerance 
to burning, we rarely know whether the plants are 
damaged primarily by heat or by herbage removal. 
In this study the duration and magnitude of tem- 
peratures in burning plants were measured so that 
the effects of heat could be separated from the ef- 
fects of herbage removal. In addition, heat toler- 
ance of plant tissue and characteristics of plant ma- 
terial that can influence temperatures in burning 
plants were compared between species. As these 
objectives were accomplished, earlier studies by 
Wright and Klemmedson (1965) were expanded to 
cover a longer season of burning and to include 
greater intensities of applied heat. 

Literature Review 

In no studies have temperatures within individual bunch- 
grasses been recorded while the plants were burning. On 
a community basis, however, maximum temperatures of fires 
have been recorded at soil surface and below soil surface, 
and these may indicate the relative magnitude of tempera- 
tures within a burning plant. 

From our past work, we know that wildfires can cause 
temperatures greater than 400 F at the mineral soil surface 
in sagebrush-grass communities (Wright and Klemmedson, 
1965). This is the main reason for our decision to study 
the effect of a higher applied temperature on bunchgrasses. 
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Other researchers (Miller et al., 1955; Bentley and Fenner, 
1958; and Whittaker, 1961) agree that maximum tempera~ 
tures of brush fires at the soil surface are usually in the 
range of 35” to 800 F. 

Below sail surface, temperatures decrease sharply (Hey- 
ward, 1938; Beadle, 1940; Miller et al., 1955; Bentley and 
Fenner, 1958; Whittaker, 1961). On scrub burns in New 
Zealand, temperatures at litter depths of one~half inch, 
threefourths inch, and 1 inch were approximately 90 C 
(194 F), 50 C (122 F), and 20 C (68 F), respectively (Miller 
et al., 1955). Corresponding surface temperatures ranged 
from ZOO C (392 F) to 250 C (482 F). 

The time that elapses beiore maximum temperatures are 
reached in grassland fires seems to be 30 min or less, de- 
pending an the soil depth at which the record is taken. 
Heyward (1938) has found that maximum temperatures for 
the 0.25. to 0.5.inch soil depths occur within 2 to 6 min in 
grassland fires. At depths of 0.5 to 2 inches, the time varied 
from 7 to 31 min. 

Temperatures and their durations in plants are only part 
of our concern. How much heat can plants tolerate? Several 
workers have determined a “thermal death point” (the lowest 
temperature above freezing that results in no survival after 
a fixed period of exposure, usually 10 min) for various spe- 
cies. At the cellular level for average mesaphytic plants, 
this point is said to lie between I22 and 131 F (Baker, 1929); 
140 F is frequently given as lethal for the plant as a whole 
(Byram, 1958). Yet Jameson (1961) determined the “lethal 
temperaturea” for four grass specirs, Bouteloua curtipendula, 
B. eriopoda, B. gracilis, and Hilaria jamesii, to be between 
140 and 165 F. The term “lethal temperature” in this case 
is general rather than specific because it is not related to 
time. 

It is difficult to say what specific temperature will kill a 
plant, primarily because killing time plotted against tem- 
perature is an exponential relation (Hare, 1961; Yarwood, 
1961). Therefore, a plant may be killed at a comparalively 
low temperature if it is heated far a long time. If it is 
heated to high temperature, it may be killed in less than 
30 sec. Other factors influencing the temperature at which 
a given plant tissue is killed are the physiological condition 
of the protoplasm (which appears to be related to percent 
moisture), the insulating qualities of dead tissue, such as 
bark, which separates the living cells from the heat source, 
and the initial vegetation temperature (Hare, 1961). 

Baker (1950) states, “There is no evidence that the proto- 
plasm of one species of a vascular plant has a higher thermal 
tolerance than that of another when the protoplasm is well- 
hydrated and in an actively functional state.” Konis (1949) 
relates heat tolerance to dehydration of the protoplasm. 
His investigation in Palestine showed that the leaves of 
heat-resistant plants contained relatively small amounts of 
water and bad high osmotic values. Plants with the highest 
osmotic values were generally the most heat resistant. 
Richardson (1958) showed that thermal conductivity is lower 
as moisture content decreases. 

Methods 

Study Site 

The study site was chosen primarily because undisturbed 
squirreltail and needle-and-thread stands were adjacent 
within 2.5 acres. The site is on an east-facing slope, ranging 
in gradient from 5 to 20% about 0.5 mile north of Boise, 
Idaho, at an elevation of 2,750 ft. The area lies at the 

northern edge of the Snake River Plains near the base of 
the Northern Rocky Mountain phyaiographic province. Tbe 
geologic material ia from the Payette formation, consisting 
of moderately to poorly consolidated sand, silt, and gravel 
of lacustrine and fluvial origin. 

Needle-and-thread was the dominant plant of a climax 
community on sandy soil, whereas squirreltail was the domi- 
nant plant of a disclimax community on a silt loam soil. 
Bluebunch wheatgrass (Agrof~yron sp,icntum (Purah) Scribn.) 
and thurber needlegrass (Stifin thurberiana Piper) are the 
usual dominant and codominant plants on ailL loam sails. 

The vegetation of both stands show-cd no evidence of 
having been grared or burned for at least 6 yrars. l.arge 
amounts of herbage from past years had accumulated in 
the crowns of squirreltail and needle-and-thread. 

Experimental Field Treatments 

This study was conducted as a single experiment, using 
two species, five seasons (months), and four trcafments in a 
completely randomized design with 12 replications. Obser- 
vations and analyses to detccr differences 1 year after bum- 
ing were baaed on mortality and on berbage yield of sur- 
viving plants. 

The following treatments were applied to both aqoirrel~ 
tail and needle-and-thread plants at approximately monthly 
intervals from May 15 fo September 15: 

1. Burning with enough heat for 30 set to raise the soil 
surface temperature to 400 F. 

2. Burning with enough heat lor 30 set to raise the soil 
surface temperature to 800 F. 

3. Clipping 1 cm above mineral soil surface; no burning. 
4. Control; no burning or clipping. 

To burn the plants, a specially designed propane burner 
was constructed from aluminum (Fig. 1). The propane 
burner permitted the burning of plants individually and 
supplied a heat source completely independent of the plot 
variables. All burning treatments were defined as pressure 
of propane gas at the noule in relation to time. 

Since it is difficult to apply beat to the soil surface and 
maintain it at a constant temperaunre, a constant prasure 
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of propane gas was applied. The 400 and 800 F treatments 
were approximated with pressures of 5 lb. and 6.5 lb., re- 
spectively. With these pressures the treatment temperatures 
were attained at the soil surface in 20 set, and maximum 
temperatures 20% higher were usually reached at the end 
of 30 sec. 

After the plants were ignited, crown temperatures and 
their durations were measured at five locations in each 
plant with thermocouples wired to panel meters (Fig. 1). 
Two recording instruments, each consisting of five panel 
meters, were used. 

The first 12 inches of each thermocouple assembly was 
fitted with an Inconela protection tube, 0.125 inch in diam- 
eter. The protection tube is rigid and can withstand tem- 
peratures up to 1600 F. The Inconel protection tube was 
placed within the plant crowns after a hole had been probed 
with a piece of stiff wire. 

During each 4-day treatment period, 48 plants were 
burned and 24 plants were clipped. To avoid burning all 
the plants of a given species during a cool or warm period 
of the day, the plants of each species were placed in groups 
of three. The groups were burned at various times of day 
to insure that conditions for burning were as nearly equiva- 
lent as possible for the two species. 

Litter and material of other species were cleared away 
from each plant (including control plants) before the burn- 
ing operation began. The soil around the plants was never 
disturbed to a depth of more than 0.25 inch. 

Laboratory Determination of Thermal Death Times 

Concurrently with the fieldwork, thermal death times for 
the growing points were determined in the laboratory for 
each species during each season. One-inch culm base seg- 
ments (stripped of dead leaves) were placed in dry stoppled 
test tubes and immersed in a constant temperature bath. 
The tissues were heated at various time intervals at 10 F 
intervals from 120 to 200 F until the thermal death time was 
determined. A lo/O solution of tetrazolium was used to de- 
tect death of plant tissue. If no pink or red color could 
be seen on the tissue after 24 hours, the tissue was con- 
sidered dead. 

From the thermal death times, computations may be made 
to determine whether combinations of time and temperature 
in burning plants are lethal. The method used is discussed 
fully by Wright (1970) and therefore will not be repeated 
here. The term necrotherm, which will be used in this paper 
as an index, should be explained, however. A necrotherm 
of 1.0 indicates that the plant received just enough heat to 
kill the plant tissue at the point where the necrotherm was 
measured; a larger number of necrotherms, such as 30.0, 
indicates that the plant received many times more than 
enough heat at that particular location to kill plant tissue. 

Observations and Measurements 

Since measurements of herbage yield were to be made 1 
year after burning or clipping of plants, the initial basal 
area of dead plus living plant material and the number of 
living culms before treatment were measured as covariants 
for the response (dry weight produced). Basal area of the 
crown was calculated to the nearest cm2 (0.394 square inch) 

3 Trade names used for identification only and do not imply 
endorsement by the U. S. Department of Agriculture or 
the Forest Service. 

Table 1. Mortality of needle-and-thread plants (percentl) 
in relation to season and treatment, Boise, Idaho, 1963. 

Treatment 

Sea so11 400 F 800 F -- Clipped Control 

from four diameter measurements per plant. The basal area 
measurements and culm counts on all plants except those 
burned on May 15 were taken in June 1963 before treat- 
ment. Plants for the May treatment were measured on May 
14. One year after application of treatments, all plants were 
clipped at the end of the growing season to measure the 
response to treatments. 

Temperatures were recorded continuously in treatments 
1 and 2 at five thermocouple locations: (1) 0.75 inch above 
the soil surface in the center of plants, (2) at the soil surface 
in the center of plants, (3) at the soil surface 0.25 inch 
within the edge of plants, (4) at the growing point (base of 
culms) in the center of plants, and (5) at the growing point 
0.25 inch within the edge of plants. The growing points 
for these species were approximately 4 cm below the soil 
surface. 

The initial temperature for each thermocouple was re- 
corded before burning. After burning had started, the first 
time was recorded (in min) at 110 F. For example, if the 
thermocouple took 6.2 min to reach 110 F, 6.2 was the time 
recorded. Thereafter, the times were recorded at 10 F inter- 
vals-120 F, 130 F, etc.-until the maximum temperature had 
been reached. As the thermocouples began to cool, the 
times were again recorded at 10 F intervals until they 
reached 120 F. 

To obtain necrotherms, the number of minutes that the 
plant remained at each temperature (10 F intervals) was 
estimated by computation and divided by the corresponding 
thermal death time (for details see Wright, 1970). A total 
of necrotherms recorded at each thermocouple was thus de- 
rived. The data were analyzed for each of the five thermo- 
couple positions within each plant. 

To characterize burning conditions throughout each 4-day 
burning period, weather data were taken hourly with a field 
weather kit. Dry and wet bulb temperatures, relative hu- 
midity, wind velocity and direction, and sky conditions were 
determined. Fuel moisture of separated plant material 
(living and dead) was determined for 12 untreated plants of 
each species during each burning period. This is expressed 
as percent of ovendry weight. 

Results 
Response to Treatments 

MortaZity.-Twenty-five percent of the squirrel- 
tail plants died after the 800 F treatment during 
July and August only. No other treatment on 
squirreltail caused mortality. By contrast, needle- 
and-thread plants died after burning from June 
through September. Although only the 800 F treat- 
ment killed plants in June (Table l), during the 
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Table 3. Time required (minutes) to kill needle-and-thread 
and squirreltail tissue at 140 F, Boise, Idaho, 1962. 

Table 2. Average herbage weight (g) per plant for squir- 
reltail and needle-and-thread 1 year after burning, related 
to season and treatment, Boise, Idaho, 1963. 

Treatment 

Season 400 F 800 F Clipped Control 

Squirreltail 

Species May 19 June 10 July 21 August 20 September 21 

MaY 3.94r 
June 6.96 
July 8.511 
August 7.501 
September 10 o 44 

Needle-and-thread 

5.48 7,41 22.58 
8 0 50 7.26 20.09 
4.32l” 13.25 14.01 
9.42 11.58 16.61 
6. llr” 10.21 21.97 

Needle-and- 
thread 

Squirreltail 

2.60 3.25 13.50 45.00 55.00 

4.00 5.50 18.50 28.00 33.50 

May 14.69r 14.111 7.82 31.82 
June 9.16 4.23” 7.65 36.77 
July 0.20 0.08 1.71 16.97 
August 0.64 0.03 1.75 17.34 
September 0.86l 1.62r 5.35 14.34 

burning treatments were applied. Evidently, re- 
moval of litter and other vegetation in June from 
the base of the July-September plants caused a 
drastic change in soil temperatures, which had some 
detrimental effect on plant growth. 

‘Differences from the cbpped treatment slgmflcant at the 51% level 
of probablllty . 

Table 4. Lethal combinations of temperature and expo- 
sure time, according to thermocouple location,1 for squir- 
reltail and needle-and-thread. 

“Dtfferences from the 400 F treatment significant at the 5’70 level 
of probability. Species Temp. 

Date of burning 

May June July Aug. Sept. 

other months both the 400 F and 800 F treatments 0 2 

were effective in killing plants. 400F 0 3 
In all months, more plants died from the burn- 

ing treatments than from the clipping treatment. 
Clipping killed only a few needle-and-thread plants 
(Table l), and it killed no squirreltail plants. 

4 

Squirreltail 

Herbage weight.-The yield of both species 1 
year after treatment was compared with that of the 
control plants. Burning during all seasons reduced 
yields, but was not as detrimental to squirreltail 
as to needle-and-thread except during May (Table 
2). Generally, burning harmed squirreltail most 
during May and somewhat less thereafter. In con- 
trast, burning harmed needle-and-thread least dur- 
ing May, somewhat more in June, and most from 
July to September. 400F 

Like burning, clipping reduced the yield of both 
species during all seasons, except for squirreltail in 
July. In general, the effect of clipping was either 
the same as burning or slightly less severe for both 
species (Table 2). 

Needle-and- 
Thread 

Differences in herbage weight between plants re- 
ceiving the 400 and 800 F burning treatments were 
seldom significant. They were significant only dur- 
ing July and September for squirreltail and only 
during June for needle-and-thread. 1 

The control plants of needle-and-thread for July, 
August, and September produced only half as much 
herbage as the control plants of May and June. 
This difference must have been due to a difference 
in the time of removal of vegetation and litter from 
the base of the plants. This had been done to all 
plants by late June, but litter was removed earlier 
from the May and June control plants, before the 

Number code for thermocouple locations: 

l--O.75 inch above surface center 

Z--Surface center 

3--Surface edge 

0 The combination of temperature and exposure time \qas 
lethal in at least one-half of the plants at the lo- 
cation indicated. 

0 The combination of temperature and exposure time was 
lethal in at least one plant, but not more than one- 
third of the plants at the location indicated. 

Sea son 

0 1 

0 2 

0 3 

0 4 
5 

0 1 

0 2 

0 3 

0 4 
0 5 

4 

0 1 
0 2 

4--Growing point center 

5--Growing point edge 
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Heat Tolerance of Plant Tissue 

An indication of heat tolerance is found from 
thermal death times determined in the laboratory 
for 140 F (Table 3). Tissue of squirreltail was more 
tolerant to heat than tissue of needle-and-thread 
until July. In August and September needle-and- 
thread tissue was a little more tolerant. However, 
tissue of both species became increasingly tolerant 
to heat throughout the period from May to Sep- 
tember. 

Table 4 shows whether the heat received at the 
various thermocouple locations within treatment, 
season, and species was potentially lethal to plant 
tissue. If at least one necrotherm was received at a 
thermocouple position, the combination of tem- 
perature and exposure time was considered lethal. 
Notice that a lethal combination of temperature 
and exposure time occurs in plant tissue last at the 
growing point edge (thermocouple 5). 

Lethal combinations of temperature and expo- 
sure time at the growing points (thermocouples 4 
and 5) are most important. Mortality occurs only 
if beat is lethal at both of these locations. Heat 
usually kills tissue at the center of the plant before 
it kills tissue on the periphery of the plant. 

Mortality of needle-and-thread plants by fire was 
actually higher during July and August than indi- 
cated by the number of necrotherms. But this 
hi,gher mortality can be expected since clipping 
wthout the added effects of heat caused mortality 
during July and August (Table 1). Where mor- 
tality was significant, it was at least as high as indi- 
cated by the number of necrotberms at the growinp 
point on the edge of the plant (thermocouple posl- 
tion 5 in Table 4). Hence, in this study one necro- 
therm at the Fowing- point edge indicated the 
minimum percent mortality. 

Proportions of Living and Dead Plant Material 

Needle-and-thread had twice as much dead plant 
material per unit basal area as squirreltail, but both 
species had the same amount of living material per 
unit basal area. This is shown by the following 
tabulation of dry weight (g) of living and of dead 
material per square centimeter of basal area. 

Species Weight of Weight of 
living material dead material 

Squirreltail 0.2G 0.52 
Needle-and-tbread .25 .94 

If we calculate the total moisture in both species 
based on the amount of living and dead material 
and using the moisture contents shown in Table 5, 
we find that the percentage of moisture in squirrel- 
tail is about one third greater than in needle-and- 
thread during May and June. Thereafter, the spe- 
cies do not differ in their percentage of moisture 
content. However, from May to September there 

is a continuous reduction in the moisture content 
of both species. The reduction is rapid from ,June 
to ,July; thereafter, it is slow. 

Discussion and Conclusions 
Species Differences 

\Yhy is squirreltail more tolerant to burning 
than needle-and-thread after June? Two differ- 
ences are most obvious. First, squirreltail is more 
tolerant to herbage removal than needle-and-thread. 
This difference appears to be related to dormancy 
(Wright, 1967). Second, squirrel&l has only half 
as much dead plant material per unit basal area as 
needle-and-thread. 

This lower quantity of dead plant material per 
unit basal area influences the burning time and 
subsequently the amount of heat transmitted to the 
growing points. The less dense plant material of 
squirreltail (Fig. 2a) causes a quick hot flame on 
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FIG. 3. Temperature in relation to time for five thermocouples in a plant burned at 400 F for 30 seconds on September 17, 1962. 
A. Squirreltail. B. Needle-and-thread. 

the crown surface with a minimum of heat pene- 
trating to the growing points (Fig. 3a). On the 
other hand, the very dense plant material of needle- 
and-thread (Fig. 2b) burns more slowly and longer 
than squirreltail (Fig. 3b). Charring down to the 
growing points is very noticeable in needle-and- 
thread (Fig. 4a), but less noticeable in squirreltail 
(Fig. 4b). 

Seasonal Effects 

The moderate tolerance of needle-and-thread 
to damage by burning during May and June is 
attributed primarily to its relatively high tolerance 
to herbage removal at this season. High percent 

Table 5. Moisture content (%, ovendry weight) of living 
and dead tissue of squirreltail and needle-and-thread at 
time of treatment. 

Sea son 

Species May 19 June 10 July 21 August 20 September 21 

Living tissue 

Squirreltail 
Needle-and- 

thread 

166 127 53 38 28 

158 129 82 66 61 

moisture in living and dead plant material (Table 
5) and least favorable weather for burning (Table 
6) were concurrent variables that also had a notice- 
able effect in May. During this month about one 
third of the plant material was left standing after 
the burning treatments. 

The tolerance of needle-and-thread to damage by 
burning was lowest during July, August, Septem- 
ber (Tables 1 and 2); this is attributed to its low 
tolerance to herbage removal at this season. High 
respiration rates for the green leaves and low soil 
moisture are probable causes for needle-and-thread’s 
low tolerance to clipping during these months 
(Wright, 1967). Low percent moisture (as it influ- 
ences flammability) in plant material and favorable 
weather for burning were other factors contributing 
to needle-and-thread’s low tolerance, especially dur- 
ing September (Tables 5 and 6). 

For squirreltail, the yield after burning was less 
than that for needle-and-thread for the May treat- 
ments, about the same for the June treatments, and 

Table 6. Average weather conditions during actual time 
of burning for each month of burning. 

Dead tissue 

Squirreltail 13.8 7.8 5.1 5.8 4.3 
Needle-and- 

thread 13.0 6.7 4.6 3.9 4.5 

May 68 38 4 
June 7c) 32 5 
July 79 24 4 
August 88 24 3 
September 78 23 3 
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Treatment Effects 
The principal difference between the clipping 

and burning treatments for needle-and-thread was 
in plant survival only (Table l), since herbage 
yields the following year did not show significant 
differences except for the May treatment (Table 2). 
The most pronounced differences between the two 
burning treatments also showed up as mortality 
(Table 1). Mortality was 39% higher for the 800 F 
treatment than for the 400 F treatment for plants 
burned June to September. The higher intensity 
of burn may have had a greater drying effect on the 
herbage, enablinp more of the cm-rent growth to 
burn. Such burnmg would be detrimental to more 
of the growing points on the periphery of the plants, 
thus causing a higher mortality. 

Squirreltail was not harmed as severely by clip 
ping as by burning. Over all seasons, clipped plants 
yielded 12% more herbage the following year than 
burned plants. In my opinion this difference re- 
flects the difference between the height of clipping 
and the depth to which plant crowns burned. 

Thermocouple Location 

Lethal combinations of temperature and expo- 
sure time occurred lastly at the growing point on 
the edge of a plant, for several reasons (Table 4). 
First, the growing point on the edge of a plant is 
below the soil surface at a greater depth than any 
of the other growing points. Second, on the edge 
of a plant there is a higher ratio of living plant 
material to dead material, the former of which is 
more difficult to burn. Lastly, heat can escape in 
more directions through a dense medium from the 
growing point edge than at any other place in the 
plant. Temperatures in the center of the plant are 
highest because of the high proportion of dead 
plant material. The slower rate of burning with 
increased depth in the center of the plants is prob- 
ably related to a decreased availability of oxygen. 

Wind Effects 

more for the July-to-September treatments (Table 
2). Squirrel&l’s less-than-full growth in May per- 
mitted heat from the burner to penetrate slightly 
below the soil surface. Thus burning was more 
severe than clipping. In June, burning had the 
same effect as clipping. Then during July and 
August burning was more severe than clipping, 
probably because plant tissue was more flammable 
and weather for burning was ideal. In September, 
clipping and burning again had the same effect. 
Since air temperatures were lower, the effect of fire 
was no more severe than clipping. Here it is im- 
portant to point out that squirreltail tolerance to 
clipping, which was highest after ,June, is related to 
summer dormancy (Wright, 1967). 

Burning temperatures of plants were sometimes 
increased or hastened by gusty winds. Observations 
indicate that squirreltail plants were affected more 
by winds than needle-and-thread plants unless they 
had been burning about one-half hour before the 
wind. There were many instances when winds did 
not seem to affect the burning temperatures of 
plants. Winds supply oxygen to the burning 
plants, which should aid in the combustion of plant 
material. 

Ecological Implications 
&ning is generally harmful to both needle-and- 

thread and squirreltail during late spring and sum- 
mer. However, midsummer burns are least harm- 
ful to squirreltail. Thus, if a community is com- 
posed largely of squirrel&l, midsummer burns 
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will probably favor this species over other peren- 
nial species. 

When prescribed burns can be conducted, usually 
sometime after June 1 depending on the year, fall 
burns will generally be least harmful to needle- 
and-thread. However, if the plants include much 
dead material, fall burning can be almost as detri- 
mental as summer burning. The fuel within the 
plant generates enough heat to kill it, regardless 
of the heat generated by the fire sweeping over the 
plants. In such cases heavy fall or winter grazing 
1 year before a planned burn may lessen the dam- 
age to plants especially mortality. Burning after a 
fall rain may also lessen damage but by this time 
weather is usually so uncertain that planning a 
burn is difficult. 

A few general statements may be made as to the 
effect of fire on other species. If plants are leafy 
and have more than % g of dead plant material per 
square centimeter they may be severely damaged 
by fire because in many instances the fuel within 
the plant will generate enough heat to kill it. If 
plants are stemmy and have less than % g of dead 
plant material per square centimeter, the effect of 
fire will be about the same as removal of photosyn- 
thetic material. Also, since plant tissue becomes 
more tolerant to heat as the tissue becomes drier, 
fall burns should be less damaging than summer 
burns. But if dead plant material is abundant in 
the plants, summer and fall burns will be equally 
damaging. 
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Highlight 
Sixty-four percent of the Brazos 

River flood plain upstream from Pos- 
sum Kingdom Lake to the confluence 
of its Salt and Double Mountain forks 
is occupied by woody phreatophytes. 
Saltcedar dominated communities are 
found on 36% and mesquite on 17%. 
Saltcedar acreage increased signifi- 
cantly from 1940 to 1969, but mesquite 
did not. At 1969 densities, these two 
species used approximately 5 1,000 acre 
feet of water annually along this ex- 
panse of the river. 

Robinson (1958) considered the 
largest source of reclaimable water 
in the southwestern United States 
to be the moisture used by phreato- 
phytes. Phreatophyte vegetation has 
the ability to remove water from the 
water table or capillary fringe olver- 
lying it (Meinzer, 1923). Plants with 
this ability consume large quantities 
of water, often without producing 
usable products. 

The purpose of this study was to 
invento’ry the phreatophyte vegeta- 
tion occurring on the Brazos River 
flood plain. Specific objectives were 
to determine the distribution, his- 
tory of spread, and foliage density 
of saltcedar (Tamarix gallica L.) 
and mesquite (Prosopis glandulosa 
var. glandulosa Torr.) and associ- 
ated species. 

Study Area and Methods 

The study area includes all of the 
Brazos River flood plain between 

l Contribution 88 of the International 
Center for Arid and Semi-Arid Land 
Studies, Texas Tech University, Lub- 
bock, Texas. This study was sup- 
ported by the Texas Water Develop- 
ment Board, Austin, Texas, and 
the Water Resources Center and 
ICASALS, Texas Tech University, 
Lubbock, Texas. Received August 15, 
1970. 

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

the confluence of the Salt and 
Double Mountain Forks and Pos- 
sum Kingdom Lake (324 river miles) 
in Texas. The river cuts a wide, 
meandering path in all but the ex- 
treme eastern polrtion of the area. 
A narrow flood plain bordered by 
steep cliffs occurs in the eastern 
portion. Alluvial soils near the 
channel are frequently flooded, 
while soils on the outer flolod plain 
are rarely flooded. It is typical of 
many rivers originating in the semi- 
arid southwest. 

The climate is characterized by 
wide variations in temperatures, low 
precipitation, and high evaporation. 
Conditions during the growing sea- 
son are optimum for high evapo- 
transpiration. 

Aerial photographs were used to 
determine the areas and amounts of 
saltcedar and mesquite occurrence 
in 1940, 1950, and 1969, using in- 
terpretation techniques of Spurr 
(1948). The accuracy elf photograph 
interpretation was checked by using 
aerial reconnaissance flights to 
check interpretations on 1969 photo- 
graphs. 

Flood plain locations of saltcedar 
and mesquite stands were deter- 

mined on the 1940, 1950, and 1969 
photograph sets. The relative sta- 
bility of the communities was de- 
termined by measuring the distances 
from a point in the river channel 
(located on all corresponding photo- 
graphs) to the first occurrence of 
light and dense saltcedar and mes- 
quite in the flood plain. 

If analysis of variance indicated 
that significant differences existed 
between acreages or locations, Dun- 
can’s multiple range tests (Duncan, 
1955) were used to compare acreage 
increases and flood plain locations. 
All tests for significance were made 
at the .05 level. 

The composition and volume 
density of the woody plant com- 
munities were determined by line 
intercepts through the woody vege- 
tation on both sides of the channel. 
The amount of vegetation avail- 
able for transpiration was com- 
puted as volume density, using the 
percent crown cover, maximum 
plant height, and optimum foliage 
depth determined by the commu- 
nity samples. Volume density times 
the acreage infested by a species 
equals the acreage infested at 100% 
volume density. This equivalent 
acreage is assumed to use water at a 
rate equal to the potential of the 
species (Gatewd et al., 1950). 

Results and Discussion 
Sixty-four percent of the river 

flood plain was occupied by one or 
more woody phreatophytes (Table 
1). Saltcedar, mesquite, cottonwood 

Table 1. Acreage and relative amounts of phreatophyte communities on the 
Brazos River flood plain upstream from Possum Kingdom Lake to the con- 
fluence of the Salt and Double Mountain Forks, 1969. 

Communities and mixtures 

Saltcedar 
Saltcedar-baccharis 

Saltcedar-mesquite 

Mesquite 

Cottonwood 

Cottonwood-saltcedar 

Cottonwood-mesquite 

Mixed 

Total 

285 

Acreage Percent of area infested 

13,216 28 

2,527 5 

1,456 3 

8,079 17 

588 1 

411 1 

982 2 

3,230 7 

30,489 64 
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(Populus sp.) and a mixture of ri- 
Darian soecies such as willow &lix 
I I 

sp.), and hackberry (C&is sp.) were 
the most common species. S&cedar 
and mesquite communities occurred 
primarily as pure stands with oc- 
casional inclusions of the other spe- 
cies. Baccharis (Baccharis sp.). pecan 
(Ca’ya sp.). and elm (Ulmus sp.) oc- 
curred inlrequently as isolated 
stands or in mesquite or s&cedar 
communities. 

Saltcedar was the most wide. 
spread and extensive community 
covering 28% of the flood plain. It 
dominated the flood plain adjacent 
to the river channel in all portions 
of the study area (Fig. 1). Along 
narrow areas of the flood plain, it 
was restricted to an area directly 
adjacent to the channel. Where the 
flood plain is wide, saltcedar grows 
on the outer flood plain also. 

Mesquite, which is less flood tol- 
erant than saltcedar (Bogusch, 
1951), dominates the outer flood 
plain in all but the eastern portion 
of the study area (Fi,g. 2). In this 
area near Possum Kmgdom Lake, 
the mesquite community has been 
replaced by a mixed riparian com- 
munity due to frequent flooding 
and high water table maintained 
by backup water from the lake. 
Throughout the remainder of the 
study area, extensive mesquite 

stands occur on the wide portions 
of the flood plain. Along narrow 
portions, scattered mesquite are 
found between saltcedar stands and 
the flood plain boundaries. Little 
doubt exists that the mesquite grow- 
ing on the flood plain act as phre- 
atophytes. 

Changes in Area Occupied by 
Mesquite and Saltcedar 

The area occupied by mesquite 
did not change significantly from 

i;;“..:~~i.:;:::::.:!,:!:~~.~~:.,:.: . . .._ .‘::.!....::‘,.. 
;: 

1940 to 1969. The areas occupied by 
saltcedar increased, however. The 
only saltcedar discernable on the 
1940photoqaphs occurred adjacent 
to mesquite communities on the 
outer flood plain. S&cedar covered 
18% of the flood plain in 1940, 28% 
by 1950, and 30% in 1969. Mesquite 
acreage increased only 1% during 
this period. 

Measurement of the location 0’1 
light saltcedar, dense saltcedar, and 
mesquite revealed that s&cedar has 
spread toward the river channel 
since 1940. Light stands of saltcedar 
found adjacent to the channel in 
1969 averaged 308 ft distance from 
the channel on 1940 photographs. 
Dense stands of saltcedar were found 
an average of 44 ft from the channel 
in 1969 while they averaged 361 ft 
from the river channel on the 1940 
photographs. Mesquite, on the 
other hand, did not change its rela- 
tive location on the river plain. 

Potential Water Use 

The 13,216 acres of saltcedar in 
the study area was equivalent to 
6,079 acres at 100% volume density. 
The mesquite in the river bo’ttom 
was equal to 2,181 acres at 100% 
volume density. Actual water use 
rates of phreatophytes have not 
been determined in Texas but using 

. . . . .: . . . . . . -(i:_.,“,‘l. ; / 
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the 7.2 and 3.3 acre-feet per year 
measured in Arizona (Gatewood et 
al., 1950) for saltcedar and mesquite 
growing at 100% volume density, 
we calculate an annual use of ap- 
proximately 43,770 and 7,200 acre- 
feet of water by these two species on 
this expanse of the Brazos. 

Saltcedar and mesquite use much 
valuable water and the area occu- 
pied by these plants produce little 
valuable forage. An increase in 
water yield downstream could be 
expected from a well planned recla- 
ma tion program. Replacement of 

saltcedar and mesquite with valu- 
able forage or browse species would 
increase the value of the flood plain 
resource. 
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Highlight 

Morphological differences between seedlings of blue 
grama and crested wheatgrass show why plantings of blue 
grama fail while those of crested wheatgrass succeed. When 
both species are planted at a depth of 18 mm, crested wheat- 
grass initiates adventitious roots at the depth of planting 
and blue grama initiates adventitious roots at an average 
of only 2 mm below the soil surface. Adventitious roots of 
blue grama usually die in the harsh environment at this 
shallow depth. 

Blue grama (Bouteloua grucilis (H. B. K.) Lag.) is 
a dominant perennial grass on several million acres 
of the Great Plains. Nevertheless, if judgment re- 
garding its adaptability to the Shortgrass Plains of 
Colorado were based on the results of seeding trials, 
it would be rated as not adapted (McGinnies et al., 
1963; GP-6 Technical Committee, 1966). This 
paradox imposes two questions: 1. Why do blue 
grama seedings fail? 2. Does blue grama spread 
naturally by seed to unoccupied areas? 
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Agricultural Research Service, U. S. Department of Agri- 
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accepted for publication January 28, 1971. 
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Regarding question 2, it is known that blue 
grama revegetates abandoned plowed fields and 
severely deteriorated pastures very slowly (Savage, 
1939; Riegel, 1941). Savage based his conclusion 
on a survey of over 160 fields in the Central and 
Southern Great Plains. Riegel reported on work 
done near Hays, Kansas. Their conclusion was 
easily substantiated in 1970. On the Shortgrass 
Plains of Colorado, abandoned fields have remained 
in the early Aristida stage of secondary succession 
for the last 20 years. In some places, 40-year-old 
plow lines were still defined sharply by the line of 
unplowed blue grama sod. In other places, fields 
plowed once or twice often retained a few scattered 
sods of blue grama. Now these residual plants ap- 
pear as sod “islands” generally less than 1 m across. 
Since we seldom find small satellite clumps around 
the “islands,” we accept the conclusion that blue 
grama does not spread readily by seed. Neverthe- 
less, seed production and quality are good enough 
to suggest that blue grama should play a dynamic 
role in secondary succession. 

Blue grama generally emerges quickly and abun- 
dantly from seed planted in moist, warm soil. The 
problem comes later. Blue grama seedlings die at 
6 to 10 weeks of age. A notable exception of good 
blue grama survival on Shortgrass Plains was re- 
ported by Bement et al. (1961). In that case the 
seeded rows were covered with a thin layer of 
asphalt emulsion mulch. More recently, when 
planted in firm, ridged seedbeds (Hyder and 
Bement, 1969; Marlatt and Hyder, 1970; Hyder 
and Bement, 1970), seedings of crested wheatgrass 
(Agropyron desertorum (Fisch. ex Link) Schult.) 
succeeded while those of blue grama failed. Mor- 
phological differences between seedlings of these 
two species show why one succeeds and the other 
fails. The main point of interest is the depth of 
adventitious rooting. 
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Regarding question 2, it is known that blue 
grama revegetates abandoned plowed fields and 
severely deteriorated pastures very slowly (Savage, 
1939; Riegel, 1941). Savage based his conclusion 
on a survey of over 160 fields in the Central and 
Southern Great Plains. Riegel reported on work 
done near Hays, Kansas. Their conclusion was 
easily substantiated in 1970. On the Shortgrass 
Plains of Colorado, abandoned fields have remained 
in the early Aristida stage of secondary succession 
for the last 20 years. In some places, 40-year-old 
plow lines were still defined sharply by the line of 
unplowed blue grama sod. In other places, fields 
plowed once or twice often retained a few scattered 
sods of blue grama. Now these residual plants ap- 
pear as sod “islands” generally less than 1 m across. 
Since we seldom find small satellite clumps around 
the “islands,” we accept the conclusion that blue 
grama does not spread readily by seed. Neverthe- 
less, seed production and quality are good enough 
to suggest that blue grama should play a dynamic 
role in secondary succession. 

Blue grama generally emerges quickly and abun- 
dantly from seed planted in moist, warm soil. The 
problem comes later. Blue grama seedlings die at 
6 to 10 weeks of age. A notable exception of good 
blue grama survival on Shortgrass Plains was re- 
ported by Bement et al. (1961). In that case the 
seeded rows were covered with a thin layer of 
asphalt emulsion mulch. More recently, when 
planted in firm, ridged seedbeds (Hyder and 
Bement, 1969; Marlatt and Hyder, 1970; Hyder 
and Bement, 1970), seedings of crested wheatgrass 
(Agropyron desertorum (Fisch. ex Link) Schult.) 
succeeded while those of blue grama failed. Mor- 
phological differences between seedlings of these 
two species show why one succeeds and the other 
fails. The main point of interest is the depth of 
adventitious rooting. 
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Weaver and Zink (1945) reported that blue 
grama seedlings grown without adventitious roots 
died in 8 weeks. As a rule, the seminal roots of 
perennial monocotyledons live only a short time. 
Thus, plant establishment requires the develop- 
ment of adventitious roots (Esau, 1960). It is not 
surprising that adventitious roots fail to grow in 
dry soil (Taylor and McCall, 1936; Boatwright and 
Ferguson, 1967; Riegel, 1941); but why should blue 
grama fail to extend adventitious roots, which are 
essential for survival? 

There are two forms of crass seedling growth. 
One form has an elongated fwst, or sub-coleoptile, 
internode. The second form does not have an 
elongated sub-coleoptile internode, but generally 
has a long coleoptile and may have an elongated 
second, or intra-coleoptile, internode. The first 
form will be called the “panicoid type,” and the 
second form the “festucoid type” (Boyd and Avery, 
1936; Sargant and Arher, 1915). Anatomical dif- 
ferences led to additional type characterization 
(Sargant and Arber, 1915), but the presence or ab- 
sence of an obvious sub-coleoptile internode is 
sufficient identification of external morphological 
form. We follow the advice of Boyd and Avery 
(1936) by rejecting the incorrect terms mesocotyl 
(sub-coleoptile internode) and hypocotyl (intra- 
colt-opt& internode). 

The coleoptile serves to force a way upward 
through the soil while protecting the plumule bud 
within it. Thus, the coleoptile is the structure of 
grasses adapted specifically for seedling emergence. 
Foliage leaves are poorly adapted to force them- 
selves through the soil above the reach of the cole- 
optile. Consequently, depth of planting should not 
exceed the reach of the coleoptile. Species having 
very short coleoptiles would need to be planted so 
shallow that they would be susceptible to the 
hazards of severe environmental fluctuations near 
the soil surface, unless they exhibited the charac- 
teristic of elongated sub-coleoptile internode. In 
this case, the reach of the coleoptile above planting 
depth is the total length of sub-coleoptile internode 
and coleoptile. The narrow band of meristematic 
tissue located at the upper end of the sub-coleoptile 
internode (Boyd and Avery, 1936) is better adapted 
to pushing the coleoptile upward than would be 
the long band of meristematic tissue at the lower 
end of internodes produced above the coleoptile. 

Elongation of the sub-coleoptile internode ele- 
vates the coleoptilar and higher nodes, from which 
adventitious roots develop. (To be completely cor- 
rect, we must add that adventitious roots also may 
arise from internode tissues.) The depth from soil 
surface to origin of adventitious roots is determined 
largely by the length of the coleoptile. Short cole- 
optiles may place the origin of adventitious roots 
very near the soil surface. 

Since festacoid-type seedlings do not have elon- 
gated sub-coleoptile internodes, the lowermost ad- 
ventitious roots arise near planting depth from or 
near the coleoptilar node. Sometimes these seedlings 
elongate in the intra-coleoptile internode. (In fact, 
such elongation may include more than one inter- 
node.) This elongation elevates the plumule and 
the nodes thereof, from which additional adventi- 
tious roots arise. 

Obviously, adaptations that facilitate seedling 
emergence, even though modified somewhat by 
plantmg depth, determine the depths of adventi- 
tious rooting and affect the process of plant estab- 
lishment. Since the literature lacks some of the 
definitive information needed about individual 
species, we will describe the particular morphology 
and susceptibility of blue grama seedlings to mor- 
tality and compare them with crested wheatgrass. 

Methods 
Rluc yoga and crested wheatgrass were seeded with 

double-due flexiplanters LO a depth of 18 mm in furrows of 
firm, ridged seedbeds (Fig. 1) in 1965 to 1968, inclusive. 
Seedbed preparation and seeding were done only when the 
soil was moist from recent rain, according to the advice of 
Fults (1944). The system of plowing, packing ridges, and 
drilling is described in papers previously cited. The densities 
of established stands are reported in this paper. 

Because of warly complete mortality of blue grama sced- 
lings, we studied morphological development of the grasses 
in 1967 and 196% Soil cores 5 cm in diameter and 30 cm 
deep were cut in seeded rows to obtain seedlings at various 
stages of development. The soil was washed away with a 
fine spray of water. Grass seedlings were dried in a plant 
press, painted black, and mounted on white paper for photo- 
graphing. 

To obtain complete plants for measuring, blue grama 
and crested whcatgrass were grown in the greenhouse. The 
sandy loam soil taken from the vicinity of the field trials 
was moistened, placed in plastic tubes 25 mm in diameter, 
arld firmed to uniform density. Twenty seeds of each species 
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Table 1. Number of established plants (mean and stan- 
dard deviation) per foot of row after planting at dif- 
ferent times. 

Date of Crested Blue 
planting wheatgrass grama 

September 20, 1965 1.4 + 0.4 - 
June 10, 1966 1.0 If: 0.2 - 
April 12, 1967 2.8 k 0.8 0.4 k 0.1 
May 11, 1967 1.7 + 0.4 0.2 zk 0.1 
June 6, 1967 1.1 f 0.2 0.3 + 0.1 
September 1, 1967 0.8 k 0.2 0.1 z!z 0.1 
May 2, 1968 1.2 I+ 0.4 <O.l 
June 4, 1968 0.2 r+ 0.1 <O.l 
August 9, 1968 3.2 t 1.5 <O.l 

(5 per tube) were planted at each of three depths-20, 40, 
and 60 mm. Twenty-two days after planting, we cut the tubes 
and washed the soil from the seedlings and non-germinated 
seeds. Morphological features were measured; and repre- 
sentative plants were photographed. 

Results 

The plow, pack and drill system produced good I I I 
stands of crested wheatgrass in 8 of 9 trials (Table 
1). Seeds planted June 4, 1968, produced a poor 

FIG. 2. Grass seedlings 6 weeks after planting in the field. 

stand because of a heavy hailstorm the day after 
Mounted on a 5 cm grid. Left: blue grama with primary root 
deteriorating and adventitious roots only dead stubs. Center: 

planting. On the other h&d, blue grama was never 
successful, even though it emerged quickly and pro- 
duced initially thick stands in most trials. In each 
case, blue grama died at an age of 6 to 10 weeks. 

blue grama-with one long adventitious root and others dead. 
Right: crested wheatgrass with active primary and adventitious 
roots. S = seed, PR = primary root, A = adventitious root, I = 
first or sub-coleoptile internode, PS = primary shoot, Tl = tiller 
number 1, T2 = tiller number 2. 

Table 2. Morphological features of blue grama and crested wheatgrass seedlings 22 days after planting in the green- 
house (measurements include mean and standard deviation). 

Seedlings emerged from: Seedlings not emerged from: 

Species and item 20 mm 40 mm 60 mm 20 mm 40 mm 60 mm 

Blue grama: 
Percent germinated 80 35 
Coleoptile length, mm 6k 1 7* 2 
Sub-coleoptile internode length, mm 18& 2 302 2 
Primary root length, mm 81 ~fr. 30 41 k 20 
Number of lateral roots 0 0 
Number of adventitious roots 0.5 0.7 
Total length of adventitious roots, mm 14 10 
Depth to adventitious roots, mm 2 to 6 7 to 10 
Plumule length, mm 79 2 32 59 * 51 

Crested wheatgrass: 
Percent germinated 
Coleoptile length, mm 
Intra-coleoptile internode length, mm 
Primary root length, mm 
Number of lateral roots 
Total length of lateral roots, mm 
Number of adventitious roots 
Depth to adventitious roots, mm 
Plumule length, mm 

50 
242 3 

0 
96 + 47 

1.2 
44 

0 
20 

148 + 88 

70 20 5 10 
34-e 6 44zk 9 10 12 

6+ 6 12 k 15 0 0 
99 t 47 72 f 39 60 35 

1.4 0.5 0 0.5 
42 5 0 5 

0.6 0.8 0 0 
34 to 40 48 to 60 - - 

188 t 88 138 f 45 10 20 

0 0 25 75 
- - 72 2 7+ 2 
- - 22 + 10 23 2 12 
- - 165 7 18+ 6 
- - 0 0 
- - 0 0 
- - 0 0 
- - - - 

- lo* 2 ilk 6 

80 
29+ 6 

0 
28+ 15 

0 
0 
0 
- 

67 k 25 
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FIG. 3. Blue grama seedlings grown in the greenhouse from seeds 
planted 20, 40 and 60 mm deep (left to right). Plants are 
mounted on a 5 cm grid. PS = primary shoot, C = coleoptile, 
I = sub-coleoptile internode, S = seed, PR = primary root, A = 
adventitious root. 

Blue grama, which has a panicoid-type morphol- 
ogy, had a single seminal root (the primary root) 
which seldom grew longer than 10 cm. These pri- 
mary roots began deteriorating at 5 to 6 weeks of 
age. In the process of emergence, the coleoptile 
and enclosed shoot were elevated to the soil surface 
by elongation in the sub-coleoptile internode (Fig. 
2). This elongation placed the origin of adventi- 
tious roots within 6 mm of the soil surface. At this 
depth the soil is dry except during or immediately 
after a rain. Adventitious roots were nearly always 
dead stubs. Most plants reached the two-tiller stage 
of development on the primary root alone. A few 
plants had a single, long adventitious root, as did 
the center plant in Figure 2. 

Crested wheatgrass, which has a festucoid-type 
morphology, developed a seminal primary root, an 
occasional seminal lateral root (maximum of 5) and 
adventitious roots-all arising at or near the depth 
of planting (plant on right in Figure 2). There was 
no elongation in the sub-coleoptile internode. Even 
though most plants developed a good adventitious 
root, they always had many dead root stubs. The 
small number of surviving adventitious roots on 

FIG. 4. Crested wheatgrass seedlings grown in the greenhouse 
from seeds planted 20, 40 and 60 mm deep (left to right). 
Plants are mounted on a 5 cm grid. PS = primary shoot, L = 
lateral root, A = adventitious root, M = leaf meristem loop (see 
text), I = intra-coleoptile internode. 

crested wheatgrass probably accounts for the very 
slow growth of its seedlings. Two factors account 
for better survival of crested wheatgrass than of 
blue grama; namely, crested wheatgrass has (1) a 
longer lived primary root and (2) a deeper origin 
of adventitious roots. 

Comparative lengths of various structures of blue 
grama and crested wheatgrass seedlings grown in 
the greenhouse are shown in Table 2. Representa- 
tive plants from seed planted at depths of 20, 40, 
and 60 mm are shown in Figures 3 and 4. 

When planted at 20 mm, blue grama always 
emerged if germination occurred. The coleoptile 
averaged 6 mm long and the sub-coleoptile inter- 
node averaged 18 mm. Thus, the total length of 
emergence structures was 24 mm, which places the 
coleoptilar node (and depth of origin of adventi- 
tious roots) just 2 mm below the surface. When 
planted at 40 mm, slightly more than half the seed- 
lings emerged. However, the total average length 
of coleoptile and sub-coleoptile internode was 37 
mm. If coleoptiles fail to reach the soil surface, 
plant emergence is unlikely. Blue grama seedlings 
failing to emerge from 40 and 60 mm had sub- 
coleoptile internode lengths near 23 mm and cole- 
optile lengths of 7 mm; consequently, the maxi- 
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mum planting depth is 30 mm. This total length 
is the reach of the coleoptile. To obtain best emer- 
gence and seedling development, the optimum 
planting depth is 15 to 20 mm. Since the coleoptile 
length is nearly constant and adventitious roots 
arise from the coleoptilar and subsequent nodes, 
planting depth does not materially affect the depth 
of adventitious rooting. The death of adventitious 
roots originating so near the surface is a problem 
that must be solved in some way other than by 
depth of planting; that is, by mulching or by irriga- 
tion. 

A few comments regarding the most satisfactory 
types of mulch for blue grama are needed. The 
main point is that the mulch utilized must not 
cause even greater elevations of the coleoptilar 
nodes, which are the sites of adventitious rooting. 
When blue grama seeds were planted 1 cm deep in 
soil covered with 3 cm of sawdust, the coleoptilar 
nodes were elevated above the soil surface into the 
sawdust 1 to 1.5 cm. Sawdust removal 2 weeks after 
seedling emergence left the plumules hanging by 
sub-coleoptile internodes and adventitious roots. 
Consequently, a thick, opaque type of mulch (such 
as sawdust, sand, or soil) is unsatisfactory unless it 
can be applied after seedling emergence (without 
covering the leaves) when the level of adventitious 
rooting by the seedling is fixed. Rather than apply- 
ing thick, opaque mulches after emergence, one 
could apply a thin moisture barrier such as an 
asphalt emulsion mulch (Bement, et al., 1961) or an 
open (transparent) straw or stubble mulch (Fults, 
1944; Glendening, 1942; Savage, 1939). These types 
of mulching materials are adaptable to blue grama, 
and probably could be used to improve its estab- 
lishment. At this time we do not attempt to evalu- 
ate the various types of mulch in terms of their ef- 
fectiveness for retaining a moist soil surface. 

When planted at 20 mm, crested wheatgrass had 
a coleoptile length of 24 mm. When planted at 40 
and 60 mm, coleoptile lengths averaged 34 and 44 
mm, respectively. If the coleoptile does not reach 
the soil surface, emergence is unlikely when the 
soil offers much resistance to the leaf as it grows 
out of the coleoptile. The leaf is poorly adapted to 
emergence because it has a long, soft meristematic 
region at its base inside the coleoptile. When the 
exserted leaf blade meets resistance, the meriste- 
matic tissue kinks and eventually forms a loop that 
breaks through the wall of the coleoptile, as shown 
at “M” with the plant on the right in Figue 4. This 
meristematic loop was common on plants that failed 
to emerge. Because of these growth characteristics, 
the proper depth for planting crested wheatgrass is 
20 to 30 mm. Within this range of planting depths, 
the maximum can be used in light-textured, sandy 
soils and the minimum in heavy-textured soils. 
Deeper planting increases the depth of adventitious 

rooting; however, intra-coleoptile internode elonga- 
tion elevates the origin of some adventitious roots a 
little above planting depth, as shown by the center 
plant in Figure 4. Sawdust, or other opaque-type 
mulches, would be suitable for crested wheatgrass 
provided that the total depth of seed coverage will 
permit seedling emergence. 

Conclusion 
A blue grama seedling has a short coleoptile 

(6 mm), which can not independently emerge from 
a seeding depth greater than 7 mm. However, the 
coleoptile and enclosed shoot are elevated to the 
soil surface by elongation of the sub-coleoptile in- 
ternode situated below the divergence of the cole- 
optile. This elongation places the origin of adven- 
titious roots at a soil depth of 6 mm or less (average 
only 2 mm). At that depth, conditions usually are 
unfavorable for continued growth. On the Short- 
grass Plains of Colorado, blue grama seedlings gen- 
erally die 6 to 10 weeks after seeding because the 
adventitious roots do not grow out of the dry soil 
near the surface. Crested wheatgrass has a long 
coleoptile (readily up to 3 cm) and no elongation 
in the sub-coleoptile internode. This morphology 
places the adventitious roots (originating from the 
coleoptilar node) at the depth of seeding. In addi- 
tion, adventitious roots may arise at slightly higher 
positions, if the intra-coleoptile internode, situated 
above the divergence of and inside the coleoptile, 
elongates. Since growing conditions for adventi- 
tious roots are more favorable at planting depth 
(about 20 mm) than at 2 mm below the surface, 
crested wheatgrass is more likely to survive than is 
blue grama. 
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Lehmann lovegrass appeared very susceptible to physio- 
logical drought while Arizona cottontop and plains bristle- 
grass were not appreciably affected until osmotic tensions 
exceeded 12 atm. Lehmann lovegrass was the fastest and 
plains bristlegrass was the slowest to germinate. This 
study indicated that the adaptability and responsiveness of 
Lehmann lovegrass is due to its ability to germinate rapidly 
whereas the other two species require more time of mois- 
ture availability. Lehmann lovegrass and Arizona cotton- 
top appeared adversely affected by constant darkness which 
suggests that they require a shallow planting while plains 
bristlegrass seemed to have the opposite response, which 
suggests that it requires a deeper planting. 

Vast areas of rangeland in the Southwest and the 
arid lands of Mexico were formerly dominated by 
perennial grasses. These lands have deteriorated 
to brush and now badly need revegetation. If good 
orasses for reseeding these areas could be found, the b 
productivity of the range could be increased, the 
soil losses would be diminished, and the range 
would be able to support more cattle and game. 
Artificial seeding is frequently recommended to 
improve these rangelands. 

1 Paper No. 1666, Arizona Agricultural Experiment Station, 
Tucson. Paper is based on Masters’ Thesis, University of 
Arizona, Tucson, 1970. Appreciation is expressed to the 
Department of Watershed Management of the University 
of Arizona and its faculty for their help in making this 
study. Received June 20, 1970; accepted for publication 
December 1, 1970. 

2 Present address is Bank of Mexico, Hermosillo, Sonora, 
Mexico. 

To diminish the risk of seeding failure in arid 
climates, it is necessary to better understand the 
factors involved in the process of seed germination. 
Also, because species vary in their requirements for 
germination and growth it is necessary to study the 
responses of different species to arid conditions. 

Because of erratic precipitation and high evapo- 
transpiration in arid lands, the soil moisture is 
often inadequate for seed germination and seedling 
establishment. Therefore, seed germination and 
seedling establishment are the most critical phases 
in revegetation of arid lands. 

Season of planting may also influence the success 
of a seeding practice and one of the main character- 
istics of any given season is day length (photo- 
period). Light amount, kind and length of exposure 
contribute to the germination of most grass species 
and are factors which have often been neglected 
when planning a seeding program. 

This study was designed to determine moisture 
and photoperiodic requirements of three desert 
grasses and to determine some of the factors affect- 
ing seeding success or failure. The grasses used 
were Lehmann lovegrass (Eragrostis lehmanniana 
Nees), plains bristlegrass (Setaria macrostachya 
H. B. K.), and Arizona cottontop (Trichachne cali- 
fornica (Benth.) Chase). 

Methods 
The seedsa of Lehmann lovegrass and Arizona cottontop 

were grown in the Tucson Plant Material Center in 1963 
and 1958, respectively, and the seeds of plains bristlegrass 
were obtained through the Tucson Plant Material Center 
from Tucumcari, New Mexico, and were grown there in 
1960. The seeds used in this study were selected for size and 
uniformity as suggested by the studies of Kneebone and 
Cremer (1955) and Beveridge and Wilsie (1959). Because 
of the hard seed coat of plains bristlegrass, seeds were scari- 
fied by shaking for two minutes inside a cylinder lined with 
medium-textured sandpaper. 

3 The word seed will be used instead of caryopsis or fruit in 
accordance with common custom. 



292 TAPIA AND SCHMUTZ 

HYDER, D. N., AND R. E. BEMENT. 1970. Soil physical con- SARGANT, ETHEL, AND AGNES ARRER. 1915. The comparative 
ditions after plowing and packing of ridges. J. Range morphology of the embryo and seedling in the Gramineae. 

Manage. 23: 289-292. Annals of Bot. 24: 161-222. 
MARLATT, W. E., AND D. N. HYDER. 1970. Soil ridging for SAVAGE, D. A. 1939. Grass culture and range improvement 

reduction of wind erosion from grass seedbeds. J. Range in the Central and Southern Great Plains. U. S. Dep. Agr. 

Manage. 23: 169-173. Circ. 491. 

MCGINIVIES, W. J., D. F. HERVEY, J. A. DOWNS, AND A. C. 
TAYLOR, J. W., AND M. A. MCCALL. 1936. Influence of 

EVERSON. 1963. A summary of range grass seeding trials 
temperature and other factors on the morphology of the 

in Colorado. Colo. Agr. Exp. Sta. Tech. Bull. 73, 81 p. 
wheat seedling. J. Agr. Res. 52:557-568. 

RIEGEI., ANDREW. 1941. Life history and habits of blue 
WEAVER, J. E., AND ELLEN ZINK. 1945. Extent and longevity 

of the seminal roots of certain grasses. Plant Physiol. 20: 
grama. Transactions. Kans. Acad. Sci. 44:76-83. 359-379. 

Germination Responses of 
Three Desert Grasses to Moisture 

Stress and Light’ 
CARLOS R. TAPIAZ AND ERVIN M. SCHMUTZ 

Graduate Student in Range Management and Range 
Management Specialist, Department of Watershed 
Management, University of Arizona, Tucson, Arizona. 

Highlight 

Lehmann lovegrass appeared very susceptible to physio- 
logical drought while Arizona cottontop and plains bristle- 
grass were not appreciably affected until osmotic tensions 
exceeded 12 atm. Lehmann lovegrass was the fastest and 
plains bristlegrass was the slowest to germinate. This 
study indicated that the adaptability and responsiveness of 
Lehmann lovegrass is due to its ability to germinate rapidly 
whereas the other two species require more time of mois- 
ture availability. Lehmann lovegrass and Arizona cotton- 
top appeared adversely affected by constant darkness which 
suggests that they require a shallow planting while plains 
bristlegrass seemed to have the opposite response, which 
suggests that it requires a deeper planting. 

Vast areas of rangeland in the Southwest and the 
arid lands of Mexico were formerly dominated by 
perennial grasses. These lands have deteriorated 
to brush and now badly need revegetation. If good 
orasses for reseeding these areas could be found, the b 
productivity of the range could be increased, the 
soil losses would be diminished, and the range 
would be able to support more cattle and game. 
Artificial seeding is frequently recommended to 
improve these rangelands. 

1 Paper No. 1666, Arizona Agricultural Experiment Station, 
Tucson. Paper is based on Masters’ Thesis, University of 
Arizona, Tucson, 1970. Appreciation is expressed to the 
Department of Watershed Management of the University 
of Arizona and its faculty for their help in making this 
study. Received June 20, 1970; accepted for publication 
December 1, 1970. 

2 Present address is Bank of Mexico, Hermosillo, Sonora, 
Mexico. 

To diminish the risk of seeding failure in arid 
climates, it is necessary to better understand the 
factors involved in the process of seed germination. 
Also, because species vary in their requirements for 
germination and growth it is necessary to study the 
responses of different species to arid conditions. 

Because of erratic precipitation and high evapo- 
transpiration in arid lands, the soil moisture is 
often inadequate for seed germination and seedling 
establishment. Therefore, seed germination and 
seedling establishment are the most critical phases 
in revegetation of arid lands. 

Season of planting may also influence the success 
of a seeding practice and one of the main character- 
istics of any given season is day length (photo- 
period). Light amount, kind and length of exposure 
contribute to the germination of most grass species 
and are factors which have often been neglected 
when planning a seeding program. 

This study was designed to determine moisture 
and photoperiodic requirements of three desert 
grasses and to determine some of the factors affect- 
ing seeding success or failure. The grasses used 
were Lehmann lovegrass (Eragrostis lehmanniana 
Nees), plains bristlegrass (Setaria macrostachya 
H. B. K.), and Arizona cottontop (Trichachne cali- 
fornica (Benth.) Chase). 

Methods 
The seedsa of Lehmann lovegrass and Arizona cottontop 

were grown in the Tucson Plant Material Center in 1963 
and 1958, respectively, and the seeds of plains bristlegrass 
were obtained through the Tucson Plant Material Center 
from Tucumcari, New Mexico, and were grown there in 
1960. The seeds used in this study were selected for size and 
uniformity as suggested by the studies of Kneebone and 
Cremer (1955) and Beveridge and Wilsie (1959). Because 
of the hard seed coat of plains bristlegrass, seeds were scari- 
fied by shaking for two minutes inside a cylinder lined with 
medium-textured sandpaper. 

3 The word seed will be used instead of caryopsis or fruit in 
accordance with common custom. 



GRASS GERMINATION 293 

w~m~~~~~~~~ 0.3 atm 
---- 2 atm 
.-.-.-e 4 atm 
--- 8 atm 
-D- 12 atm 

•*~*e*e*~~~**~ 0.3 atm 

---- 2 atm 
e-e-.-. 4 atm 
--- 8 atm 
-.- 12 atm 
- 16 atm 

I I 

3 6 9 12 I 
DAY -COUNTS 

FIG. 2. Effects of mannitol-induced moisture stress on the ger- 
mination of Arizona cottontop. 

DAY - COUNTS 
FIG. 1. Effects of mannitol-induced moisture stress on the ger- 

mination of Lehmann lovegrass. 

The experiment was conducted in a Stultz germinator 
regulated for constant light, 77 F temperature, and 90 to 
100% relative humidity. The experimental design was a 
randomized block split-split plot design as outlined by 
Davies (1967). Germination tests were run for 15-day periods 
and repeated three times for replication. The three grass 
species were subjected to four light treatments and six mois- 
ture stress levels. Species were randomly assigned to position 
in the germinator, light treatments were assigned to rows of 
6 petri dishes within each species, and the osmotic tensions 
were assigned to the petri dishes within each light treatment. 

The light treatments consisted of constant light, 18 hours 
light and 6 hours dark, 18 hours dark and 6 hours light, and 
constant darkness. Day-length effects were simulated by 
painting petri dishes with a heavy coat of black paint to 
prevent light from reaching the seeds. When it was desired 
that light reach the seeds, the black cover of the petri dish 
was replaced with a transparent one. 

The osmotic tensions were accomplished by saturating the 
substrata in the petri dishes with 0.3, 2, 4, 8, 12 and 16 atm 
of D-mannitol (CeHs(OH)e). These solutions were prepared 
for specific moisture tensions by the use of the formula de- 
scribed by Helmerick and Pfeifer (1954). Since the osmotic 
concentration varies with temperature, all solutions were 
adjusted to 77 F, the temperature of the germinator. 

All petri dishes were placed on perforated aluminum trays 
set 7.5 cm apart to minimize heat due to respiration of the 
seeds. Counts were made on the third, sixth, ninth, and 
twelfth days for all petri dishes except the ones in constant 
darkness. These were counted along with all the rest on the 
fifteenth day. 

Results and Discussion 
Results showed that the three grass species varied 

in their response to moisture stress and light. 

Moisture Stress 

The average germination percentage of the three 
grass species as affected by moisture stress at 3, 6, 9, 
12, and 15 days at three light treatments (excluding 
dark treatment) are presented in Figs. 1, 2, and 3. 
Germination of Lehmann lovegrass was the highest 
of the three (up to 41%). Germination of Arizona 
cottontop was very poor (below 6%), which is un- 
usual for this species but it is suspected that this 
effect was due to the age of the seeds, which was 12 
years. Germination of plains bristlegrass was fair 
(up to 26%); however, there was considerable varia- 
tion among replications. This variation was prob- 
ably due to differences in degree of scarification of 
the seeds used in the first replication and the ones 
used in the second and third. 

Increases in osmotic tension delayed germina- 
tion. In Lehmann lovegrass a delay in germination 
became apparent at 2 atm or more of osmotic ten- 
sion, as shown by the slope of the lines in Fig. 1. 
In Arizona cottontop a consistent delay in germina- 
tion does not appear until 16 atm of osmotic ten- 
sion (Fig. 2). In plains bristlegrass a delay in ger- 
mination was noticed at 4 atm and greater osmotic 
tensions at the 3-day count (Fig. 3). At the 6-day 
count, osmotic tensions of 2 atm and <greater de- 
layed germination, but the effect was apparently 
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FIG. 3. Effects of mannitol-induced 

mination of plains bristlegrass. 
moisture stress on the ger- 

partially obscured by an inherent retardation of 
seed germination produced by the hard seed coat of 
this species. At 16 atm there was no germination. 

Increases in osmotic pressure also decreased ger- 
mination affecting most seriously Lehmann love- 
grass, which showed an inverse correlation. These 
results were similar to those of Knipe and Herbel 
(1960) and Wilhem (1969). A test for linearity was 
run and ‘was found significant at the 99% level 
which confirmed these results. Osmotic pressure 
also decreased the germination of Arizona cotton- 
top (in part) and plains bristlegrass, but did not 
affect these species until the osmotic pressure ex- 
ceeded 12 atm. To test these results,_ orthogonal 
comparisons were run for linearity and curvilinear- 
ity (quadratic). Both species were-found significant 
for curvilinearity, cottontop at the 99% level and 
plains bristlegrass at the 95% level, confirming that 
these species germinated well until 12 atm level of 
osmotic tension was reached and dropped sharply 
thereafter. 

These results show that Lehmann lovegrass was 
not very tolerant to physiological drought since 
every increase in osmotic tension produced a de- 
crease in germination. In contrast, the two native 
species, Arizona cottontop and plains bristlegrass, 
were quite resistant to physiological drought as the 
germination was not appreciably affected until 
osmotic tensions exceeded 12 atm. 

The rapidity of germination in Lehmann love- 
grass was excellent. It reached 50% of maximum 

Table 1. The effect of light treatments on the 15.day 
germination (%) totals of three grass species at 0.3 atm 
osmotic tension. 

Continuous Long Short Continuous 
Species light day day darkness 

Lehmann lovegrass 43 35 45 13 
Arizona cottontop 7 4 4 2 
Plains bristlegrass 18 30 31 48 

germination in three days and maximum germina- 
tion in nine days. Arizona cottontop also reached 
maximum germination in nine days, but the total 
germination was less. Germination of plains bristle- 
grass was slowest, being only 20y0 of maximum 
after 3 days and not reaching maximum germina- 
tion until the twelfth day. 

Light 

No significant differences were found that would 
indicate that day length affects in any way the ger- 
mination of the three grasses (Table 1). Since the 
analysis showed a very large variance, it was decided 
to run an analysis for each individual species and 
investigate further the possible causes of such a 
large variance and also to see if the variance was 
masking any effects of the light treatments. 

The problems during the experiment suspected 
as the sources of that variation were malfunctioning 
in the temperature regulating system of the germi- 
nator, age of the seeds of Arizona cottontop, fungi 
and micelia infestation, and different degrees of 
scarification of seeds of plains bristlegrass. 

The analysis of Lehmann lovegrass showed a 
trend towards a decrease in germination under con- 
stant darkness at the 90% level. This result is sub- 
stantiated by the findings of Brauen (1967), who 
stated, “Germination of seeds of Lehmann lovegrass 
was usually promoted by dark induction during 
inbibition. Dark induction must be followed by 
light induction and seeds were never harmed by 
dark induction of less than twenty-four hours. 
When light was given after periods of greater than 
twenty-four hours, germination was decreased with 
light sensitive accessions.” 

The analysis for Arizona cottontop showed a 
trend for decreased germination under constant 
darkness at the 80% level. It was suspected that the 
age of the seed lot contributed to this situation. 
Knipe (1969) stated, “Generally germination de- 
creases with age for most species,” and Tiedemann 
and Pond (1967), f ound that germination of twenty- 
five-year-old seeds of Arizona cottontop was only 
25yo. These facts suggest that more experimenta- 
tion of this kind is required with Arizona cottontop 
using more viable seeds. 

The analysis for plains bristlegrass revealed the 
greatest amount of variation. It is suspected that 
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this was due to different degrees of seed scarifica- 
tion between the first and the other two replica- 
tions. Nevertheless, when examining the average 
total means, it reveals a tendency towards increased 
germination with increasing dark periods, a result 
similar to Knipe’s (1969) when working with alkali 
sacaton. It is probable that the sources of variation 
described above might have masked this result, so 
it is suggested that a similar study of plains bristle- 
grass be done under more refined conditions. 

Conclusions 
Because Lehmann lovegrass was less resistant to 

physiological drought than the two native species, 
the key to its adaptability appears to be due to its 
ability to germinate rapidly rather than its ability 
to withstand drought conditions. This fact is sub- 
stantiated by the findings of Jordan (1965) who 
found that under extreme conditions (under 9 
inches annual rainfall) established Lehmann love- 
grass was subject to high death loss whereas Arizona 
cottontop and plains bristlegrass survival was high. 
In the arid Southwest, precipitation is very low and 
available moisture exists for only short periods of 
time. Lehmann lovegrass seems to be able to utilize 
this moisture to germinate and take root before the 
moisture is lost, whereas plains bristlegrass and 
Arizona cottontop need six to nine days of good 
moisture, which occurs rarely in the arid South- 
west. Therefore, it would be expected that Arizona 
cottontop and plains bristlegrass would become 
established in a year of very good moisture and stay 
there if not grazed out. In contrast Lehmann love- 
grass would probably become established in years 
of average or better precipitation, and if the stand 
is lost during a bad year, it will come back when 
moisture conditions improve. 

Lehmann lovegrass and Arizona cottontop ap- 
pear to be adversely affected by constant darkness, 

whereas with plains bristlegrass darkness seems to 
improve germination. If further research confirms 
these results, it would indicate that Lehmann love- 
grass and Arizona cottontop require a shallow 
planting, whereas plains bristlegrass would require 
a deep planting. 
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Highlight 

Honey mesquite (Prosopis glandulosa Torr. var. glandu- 
Zosa) seedlings formed branches from the cotyledonary axils 
within seven days after emergence when the aerial stems 
were removed and the cotyledons left intact. Foliar area 
was developed more rapidly where aerial stems were re- 
moved (from 2.6 to 3.5 cmz/day) than on intact plants 
(2.2 ems/day). Seedling survival and number of branches 
formed per seedling increased as age increased prior to 
aerial stem removal. Normal branching occurred after top 
removal if portions of the cotyledons were left intact. 
Simultaneous removal of aerial stems and cotyledons of 
lo-day-old honey mesquites resulted in high seedling mor- 
tality and retarded branch formation. 

To effectively control honey mesquite (Prosopis 
glandulosa Torr. var. glandulosa), all parts of the 
plant capable of sprouting must be destroyed. 
Honey mesquite grows as a single-stemmed tree 
or a multiple-stemmed bush. The latter is proba- 
bly stimulated after apical dominance is broken 
through top removal (Scifres et al., 1971). After 
top removal, mature honey mesquite plants sprout 
from a segment of enlarged, underground stem 
(Fisher et al., 1946). Top removal of small seed- 
lings may occur due to freezing, desiccation, or by 
browsing of insects, wildlife, or domestic livestock 
before the young stems become woody. Honey mes- 
quite seedlings do not survive when the aerial stem 
is excised below the cotyledons (Fisher et al., 1946; 
Meyer et al., 197 1). Several perennial herbaceous 
species form buds from tissues below the coty- 
ledonary axils (Meyers et al., 1964; Scifres and 
McCarty, 1969). Since this does not occur in honey 
mesquite, workers have hypothesized that the stem 
areas from the cotyledonary node upward must 
eventually form the underground “bud zone” 
(Meyer et al., 1971; Fisher et al., 1946). The objec- 
tives of this study were to (a) determine the growth 
period required before honey mesquite seedlings 
are capable of resprouting after top removal, (b) 
determine the morphological origin of new sprouts, 
and (c) investigate the relationship between honey 
mesquite seedling age and replacement of the ter- 
minal growth following top removal. 

l Published with the approval of the Director, Texas Agri- 
cultural Experiment Station, as TA-8642. Received August 
3, 1970; accepted for publication October 20, 1970. 

Materials and Methods 

Honey mesquite seeds collected in 1968 and 1969 near 
Spur, Texas were scarified prior to planting in a soil- 
vermiculite-sand (18: 1: 1) mixture in the greenhouse. The 
tops of one group of honey mesquite seedlings were removed 
1 mm above the cotyledonary node at 7 days after emer- 
gence. Additional sets of seedlings were clipped at weekly 
intervals thereafter for 56 days. Another group of seedlings 
were treated in the same manner except the tops were re- 
moved 1 mm below the cotyledonary node. Evaluations 
were made 8 weeks following top removal of each age group. 

In another segment of study, the cotyledons were excised 
from lo-day-old honey mesquite seedlings when the aerial 
stems were removed. Branch formation and leaf area de- 
velopment of these plants were compared to seedlings with 
the tops removed and the cotyledons left intact and with 
seedlings where only the cotyledons were removed. Other 
seedlings were included which had the seedling stem and 
one cotyledon removed, the stem and upper third, half, or 
two-thirds of each cotyledon removed, or the stem removed 
with the central, longitudinal half of each cotyledon left 
intact. 

Morphological development of honey mesquite seedlings 
growing in glass-front boxes was observed as the studies 
progressed and substantiated by washing seedlings out of 
the soil periodically for inspection. Longitudinal, hand sec- 
tions of seedlings from the cotyledonary node to the radicle 
were stained with safranin-0 in methonal for tracing of the 
vascular branches. 

The number of days required for new sprouts to become 
visible, number of sprouts per plant, percentage of plants 
with sprouts, length of sprouts and leaf area were recorded 
at 7- to IO-day intervals. The method described by Wendt 
et al. (1967) was utilized for estimating leaf area per plant. 
The rate of leaf area development was estimated from the 
equation: 7 = a + b(x) where 7 is leaf area in cm2, and b is 
the increase in leaf area per day over the growth period x. 
Production by seedling organs was determined by washing 
the seedlings out of the soil and dividing each into leaves, 
stem and roots. The plant organs were then oven dried 
and weighed. 

The average high air temperature (87 F) occurred in the 
greenhouse by mid-afternoon and an average low of 66 F 
occurred around 8 a.m. Supplemental lighting was used 
for 12 hours on overcast days, otherwise the seedlings de- 
veloped under daylight. Three to six replications of each 
treatment were arranged in randomized block design in all 
studies. Three to five seedlings were clipped per pot and 
each pot constituted an experimental unit. Each experiment 
was repeated three times. 

Results and Discussion 

Although the rate of development of honey mes- 
quite seedlings varied among experiments, imbibi- 
tion was always rapid and the radicle had usually 
emerged by 12 to 18 hours after planting. A notice- 
able collar of cortical tissues (collet) was obviously 
separating the radicle and hypocotyl within 48 
hours. The seedlings usually emerged shortly after 
the collet was visible. By the third or fourth day, the 
cotyledons were fully expanded and the epicotyl 
was prominent. The first leaf, with a rachis about 
7 mm long and 12 leaflets, was extended within 6 
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FIG. 1. Percentage of honey mesquite seedlings surviving and 
days required for resprouting after top removal. 

to 8 days after planting. Elongation of the hypo- 
cotyl usually ceased by the twelfth day followed by 
rapid elongation of the epicotyl. 

Effect of Age on Regeneration 

About 60y0 of the 7-day-old seedlings survived 
top removal above the cotyledons (Fig. 1). How- 
ever, no honey mesquite seedlings survived, regard- 
less of age, when the tops were removed below the 
cotyledons. Less time was required for formation 
of new branches following top removal as age of 
seedlings increased. All seedlings with tops re- 
moved 7 weeks post-emergence formed new sprouts. 
All new branches, regardless of seedling age at 
top removal, were formed from the cotyledonary 
axils. Vascularization to the cotyledonary axils was 

Table 1. Average number of sprouts, stem lengths (cm), 
and the ratio of shoot to root- weights (oven dry) at 56 
days following stem removal of varjous aged honey mes- 
quite seedlings in the greenhouse.1 - 

Age at top Sprouts per Stem 
removal2 seedling length Shoot: root 

Check 1.0 a 17 a 0.99 a 

7 1.5 ab 17a 1.44 c 

14 1.3 ab 15ab 1.36 bc 

21 1.5 ab 15ab 1.27 abc 

28 1.5 ab 13 ab 1.26 abc 

3.5 1.6 abc 11 ab 1.15 ab 

42 1.9 bed 10ab 1.08 ab 

49 2.2 cd 8b 1.10 ab 

56 2.8 d 8b 1.10 ab 

1 Means within a column followed by the same letters are not 
significantly different at the 5% level. 

2 Refers to number of days after first emergence 

2 30 
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1 I I 1  I I I 1  

0 7 14 21 28 35 42 49 56 

AGE WHEN TOP REMOVEDtDAYS) 

FIG. 2. Rate of increase in (cm”/day) leaf area on honey mesquite 
seedlings during an 8-week growth period following top re- 
moval at the ground line. 

obvious, but no branching occurred in the regions 
separating the radicle and cotyledonary node. The 
potential for honey mesquite seedlings to replace 
the terminal stems with more than one branch in- 
creased with age (Table 1). The increase in branch- 
ing was accompanied by a decrease in height at 56 
days. 

Leaf measurements were not possible until the 
rachises were extended to at least 2 mm. Measure- 
ments were facilitated when the rachises were 6 to 
8 mm long and each had 5 to 7 pairs of expanded 
leaflets. Leaf development was linear with time. 

Unclipped seedlings developed an average of 
about 2.2 cm2 leaf area per day from the second 
week, when first measurable leaves were apparent, 
to the final measurement at 8 weeks post-emergence 
(Fig. 2). Leaf area was replaced more rapidly on 
clipped honey mesquite seedlings than it developed 
on unclipped seedlings during S-week growing 
period. An increase occurred in the rate of leaf 
area development with seedling age if the aerial 
stem was removed within 28 days following emer- 
gence. Seedlings with the aerial portion removed 
from 28 to 56 days after emergence replaced the 
foliage at approximately 3.5 cm2/day. The in- 
creased shoot growth occurred even though root 
development was retarded on seedlings clipped at 
7 to 14 days after emergence (Table 1). Shoot:root 
ratios of seedlings clipped at 21 days or older were 
not significantly different from unclipped plants. 

Role of Cotyledons in Resprouting 

The cotyledons normally abscissed at 15 to 20 
days after emergence of the honey mesquite seed- 
lings. When the stem was removed, the cotyledons 
were apparently functional until about 2 weeks 
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Table 2. Development of branches and leaf area (cm2) 
two weeks after removal of the aerial stem and removal 
of portions of the cotyledons from honey mesquite seed- 
lings in the greenhouse. 

Development of foliage 
and branches1 

Treatment Portions of 
of aerial cotyledons 

stem left intact 

Stem 
Leaf Stems per length 
area seedling (cm> 

None All of both 42 a l.Ob 6a 

Removed All of both 35 ab 1.3ab 4a 

Removed All of one 33 ab 1.8 a 4 ab 

Removed Basal Ys of 
both 37 ab 1.5ab 4ab 

Removed Basal % of 
both 27 b 1.5 ab 3 bc 

Removed None 3c 0.7 c 1 c 

Removed Mid-section of 
both 38 a 1.7 a 4 ab 

l Means within a column Sollowed by the same letter are not 
significantly different at the 5% level. 

after emergence of the new branches. When both 
cotyledons were removed at the time of stem re- 
moval, none of the seedlings resprouted (Table 2). 
When a third of each cotyledon was left intact 
branching occurred, but stem elongation and foliar 

development was retarded. When a single cotyle- 
don, two-thirds of each cotyledon, or the longitudi- 
nal, central half of each cotyledon was left intact, 
growth and development was not significantly dif- 
ferent from the untreated seedlings. The cotyledons 
apparently supplied an energy source for growth of 
the buds at the cotyledonary node. This regulation 
was most important during the first three weeks of 
seedling growth, since plants clipped after normal 
abscission of the cotyledons sprouted vigorously. 
The meristematic tissue was evidently regulated by 
apical dominance of the terminal stem. 
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Plaque for A. W. Sampson 

The 60th anniversary of the Great Basin Experimental Range will be 
celebrated in conjunction with SRM’s 1972 summer meeting. As part 
of the planned events, a plaque will be dedicated to Arthur W. Sampson, 
who was the first director of the Experimental Range. Many of Profes- 
sor Sampson’s range management concepts were developed through his 
research at this station. 

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



fail. 

Contour furrows may retain run- 
off water to induce the establish- 
ment of native or introduced species, 
but the success of these structures is 
dependent on soil characteristics. 
In general, soils of medium to fine 
texture have shown the most con- 
sistently beneficial responses. At 20 
different sites in Colorado, Mon- 
tana, Utah, and Wyoming, it was 
found that nuttall saltbush (Atri- 
plex nuttallii) responded more fa- 
vorably to contour furrowing than 
any other species (Branson, Miller, 
and McQueen, 1966). Nichols (1964) 
also found increases of nuttall salt- 
bush forage yield with furrowing. 
These shrubs were more robust and 
covered a greater total ground area. 
Although no data were given, he 
observed that these shrubs had more 
seed stalks with a much heavier 
seed set. 

It is generally agreed that in- 
creases in forage yield with contour 
furrowing is a result of water reten- 
tion. Attempts have been made to 
measure this increased soil moisture 

l Approved by the Director of the Utah 
Agricultural Experiment Station as 
Journal Paper No. 1043. This work 
was financially supported by the 
Bureau of Land Management and 
Bureau of Reclamation, U. S. Depart- 
ment of the Interior. Received June 
11, 1970; accepted for publication Sep- 
tember 25, 1970. 

2 Presently Postdoctoral Fellow, De- 
partment of Botany, University of Al- 
berta, Edmonton, Alberta. 
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Highlight 

The phenology of galleta (Hihriu jamesii), shadscale (Atrifdex confertifoliu), 
nuttall saltbush (A. nuttallii) and mat saltbush (A. corrugutu) was studied to 
determine the effect of contour furrows on their vigor. Four years following 
treatment of the areas, the plants within 1 meter of the furrows were larger 
than control plants at least 3 meters from the treatments. Phenological index 
scores indicated earlier spring growth for the Atriplex species, and a longer 
summer and fall growth period for all species near furrows. Seed yields were 
significantly greater for plants near the furrows, providing a sustained seed 
source for natural establishment when artificial seedings in the salt desert area 

storage (Dickenson, Langley and 
Fisher, 1940; Branson et al., 1966; 
Winkworth, 1963). Hancock (1968) 
conducted a detailed study of water 
storage around gully plugs and fur- 
rows on nuttall saltbush and mat 
saltbush-dominated sites near Cisco, 
Utah in the immediate area of the 
present work. In general, greatest 
soil moisture storage occurred 46 to 
6 1 cm (18 to 24 inches) below the 
soil surface. Lateral movement in 
the furrows was restricted to the 
immediate periphery of the water 
retention area. The structures con- 
tributed an increase of 0.68 cm (0.26 
inches) of available water storage on 
treated versus untreated range dur- 
ing 1967. Although moist of the 
increase resulted from retention 
of runoff from rainstorms, drifting 
snow caught by the furrows may 
occasionally increase effective soil 
moisture. 

The objectives of the present 
study were to find if plants, already 
established at the time of contour 
furrow construction, benefited by 
water retention. If growth was initi- 
ated earlier in the spring, more ef- 
ficient use od the available water 
would be realized and the period of 
grazing might be lengthened. If 
summer growth was greater, the 
available forage may be greater and 
more cover and litter would aid in 
lessening runoff and erosion. Also, 
if there was a longer photosynthetic 
period, this might result in greater 
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seed yield. This added seed source 
would be very important in light of 
the many failures of seeding exotic 
species in salt desert shrub areas. 

Study Area and Methods 
The study area was located in the 

Grand River Valley, through which 
the C’olorado River flows, close to 
the village of Cisco, Utah. The area 
lies on a thick (700-1500 m) layer of 
Mancos shale. The landscape is dis- 
sected by arroyos forming badlands 
where the shale is not covered by 
coarser textured alluvium. 

The climate of the study area is 
arid. U. S. Weather Bureau records 
show a mean annual precipitation 
of 16.23 cm (6.39 inches) for 1953- 
1966 at Cisco. This varied from 
10.18 cm (4.01 inches) in 1962 to 
35.53 cm (13.99 inches) in 1957. 
Peak precipitation occurs during 
the months of September, October, 
and November, with a secondary 
peak in the winter and early spring. 
This later precipitation falls pri- 
marily as snow. Since spring snow- 
melt slowly releases the water it is 
the most valuable for soil moisture 
storage in the clay soils of the nuttall 
and mat saltbush areas. Summer 
precipitation consists of local, in- 
tense, short duration summer thun- 
derstorms that contribute little to 
soil moisture storage. 

The numbers of rainy days (0.25 
cm or more per day) per month does 
not vary greatly. June and July 
have had an average of 0.8 and 1.2 
days, respectively, while August and 
September each have had 2.8 days 
of heavy rain for the 1953-1966 
period. 

To supplement the available pre- 
cipitation data, standard storage 
gauges were weighed in the spring 
to determine the amount of winter 
precipitation and a weighing type 
recording rain gauge was used from 
March to October. These gauges 
were within 1.6 km (1 mile) of all 
study areas. 

Open pan evaporatioa measured 
during 1968 at Green River, Utah 
by the U. S. Weather Bureau re- 
corded a high of 7.5 mm per day in 
June with May and July having 6.0 
and 6.8 mm average losses per day, 
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Table 1. Phenological stages and their 
corresponding numerical scores used 
to follow the effect of contour fur- 
rowing on galleta and three salt 
desert shrubs. 

Table 2. Precipitation received by the study area from October 15, 1965 to 
October 4, 1968. Winter precipitation was taken from storage gauges and 
summer precipitation (> 0.25 cm) from a recording raingauge. 

Phenological stages 

1966 
Date 

Oct. 15/65 
to Feb. 8/66 
Apr. 11 
May 9 

11 
12 

*June 30 
July 1 

21 
28 

Aug. 1 
11 
31 

Sept. 11 
19 

Oct. 3 
7 
11 

Precip. 

6.89 
.97 
.25 
.81 
.30 

1.52 
.20 
.38 
.33 
.25 
.30 

2.18 
.18 
.30 
.38 
.99 
.23 

1967 1968 
Date Precip. Date Precip. 

Oct. 16/66 Oct. 15/67 
to Mar. 25/67 5.57 to Apr. Z/68 10.54 
May 5 .28 4pr. 6 .25 

26 .25 18 .38 
28 1.02 19 .38 

June 12 .25 May 12 1.27 
13 .51 June 9 .38 
14 .46 July 4 .51 

f8 .18 31 .63 
July .38 Aug. 1 1.02 

16 1.19 9 .25 
24 .20 14 .46 

Aug. 7 1.78 Sept. 14 .25 
Oct. 4 .76 

Ecore Galleta Shrubs 

1 

2 

3 

4 

5 4 leaf stage 

6 5 leaf stage 

7 Boot 

8 Head 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Winter 
dormancy 

Growth 
initiation 

2 leaf stage 
3 leaf stage 

Hard seed 
Seed scatter 
Summer 

dormancy 
(lea’ves pale 
green to 
brownish) 

Regreening 
of leaves 

Blade de- 
velopment 

Boot 
Head 
Hard seed 
Seed scatter 
Dormancy 

Winter dormancy 

Leaves regreening 
and buds swelling 

Twigs elongating 
Floral buds 

developing 
Flowers opening 
Fruit developing 
(male flowers dead) 

Fruit disseminating 
(male flowers 
fallen) 

Summer dormancy 
(leaves gray green) 

Buds swelling 
Twigs elongating 
Floral buds 

developing 

Flowers opening 

Fruit development 

Fruit disseminating 
Summer dormancy 
Buds swelling 
Twigs elongating 

respectively. LQW relative humidi- 
ties and high wind speed contrib- 
uted to this high evaporation rate 
(R. W. Wein, unpublished data). 

Detailed soil-vegetation relation- 
ships in the area have been reported 
by West and Ibrahim (1968). They 
described four distinct habitat types. 
Three of the habitat types treated 
with furrows were dominated by 
shadscale-galleta (A triplex con- 
fertifolia-Hilaria jamesii), nuttall 
saltbush-galleta (Atriplex nuttallii- 
Hilaria jamesii), and mat saltbush 

(Atriplex corrugata), respectively.3 
The soil profiles were correspond- 
ingly coarse textured, loamy, and 
clayey. 

In 1962-l 964, the experimental 
areas were treated with gully plugs 
and furrows by the Bureau of Land 
Management with funds provided 
by the Bureau of Reclamation. 
This treatment was expected to hold 
runoff water from summer storms 
and reduce the sediment load to the 
Colorado River. This would, in 
turn, slow the deposition of silt in 
Lake Po’well and justify other pro- 
posed reservoirs. It also' was thought 
that increased soil moisture around 
the structures might help increase 
vegetal cover to retard soil erosion 
and increase forage yields for do- 
mestic livestock. 

The furrows were two years old 
at the start of the study. Furrow 
depths averaged 30 cm (12 inches) 
and furrow widths averaged ap- 
proximately 46 cm (18 inches) and 
furrow lengths ranged fro,m 3 to 
9 m (lo-30 ft). The area disturbed 
was about 12 to 16 percent. Only 
furrows that effectively held runoff 
were studied. Furrows were chosen 

3 Nomenclature follows Harrington 
(1964). 

at random within exclosures (to pre- 
vent grazing by domestic livestock) 
on study areas with plant communi- 
ties dominated by shadscale and 
galleta, nuttall saltbush and mat 
saltbush. Twenty plants of each spe- 
cies were chosen at random within 
1 m of the uphill side of the furrows 
and compared to 20 control plants 
that were in the interfurrow areas, 
at least 3 m away from the furrows. 

Phenological studies of native pe- 
rennials were initiated in the spring 
of 1966 and continued through the 
1968 growing season. Stages of 
growth on furrowed versus control 
plants were scored by a method de- 
scribed by West and Wein (1971). 
At approximately two week inter- 
vals each plant was observed and 
assigned a score based on the pheno- 
logical sequences shown in Table 1. 
Only when all parts of a plant 
reached a growth stage was it given 
a full number score. If, for example, 
a shrub was in the twig elongating 
stage but 10 percent of the floral 
buds were developing the assigned 
score would be 3.1. The same plants 
were scored throughout the study 
with the exception of plants killed 
by rotdents. In additioa, the mat 
saltbush study was moved closer to 
the nuttall saltbush lo,cation in the 
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spring of 1967 because of poor ac- Table 3. Mean phenological scores for galleta and three species of Atriplex for 
cess to the first area. furrow and, control treatments during the 1966-1968 growing seasons. 

For the 1967 and 1968 growing 
seasons, seed yields expressed as Galleta Shadscale Nuttall saltbush Mat saltbush 

total seed weights and weight per Date Furrow Cont. Furrow Cont. Furrow Cont. Furrow Cont. 
100 seed were taken just before seed 1 fXh 
shatter for species of Atriplex. Be- ‘J”” ^ _ Amil 
cause 01 the prolonged maturatioa 
and shattering of galleta seed, only 
the seed stalks were counted. On 
September 25, 1968, shrub diam- 
eters and heights were measured on 
the species of Atriplex and clone 
diameter and basal leaf length mea- 
sured for galleta to determine 
whether treatments had affected the 
size of shrub or clone. 

Analysis involved t-tests to deter- 
mine whether there was a statisti- 
cally significant difference between 
the mean phenology score for con- 
trol plants and for those near fur- 
rows on each date. For the seed 
measurements of the shrubs, only 
the female plants were used. The 
smaller n was used to determine the 
tabular t when the groups had un- 
equal numbers. A one-tailed t-test 
was also used for the plant size mea- 
surements. 

Results 
The precipitation measured at 

the study site during the phenolo’gy 
study is given in Table 2. The first 
reading of the year was the winter 
precipitation received since the last 
reading of the previous fall. The 
summer rains were measured by a 
recording raingauge. Since only 
rainfalls of 0.25 cm or more caused 
runoff to accumulate in furrows 
only rainfalls greater than this are 
given. 

There were a greater number of 
summer sto’rms in 1966 but each of 
the three years had at least two 
storms that dropped more than 1 
cm of precipitation on the area. 
Winter precipitation was quite low 
for 1967 as compared to the heavy 
winter snowfall and early spring 
rains of 1968. 

Mean phenological scores for the 
four species during the 1966-1968 
growing seasons are given in Table 
3. Differences discussed below are 
statistically significant at the P .05 
level or less. 

L 

May 
June 

July 

Aug. 

Sept. 
Oct. 

1967 
April 

May 
June 
July 

Aug. 

1968 
March 
April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

2 2.8 2.7 3.0 3.0 2.6 2.6 1.8 1.8 
16 4.7 4.8 2.9 2.9 2.5 2.4 3.0 3.2 
30 5.6 5.7 3.8 3.6 4.0 4.3 4.1 4.1 
14 6.6 7.2 5.6 5.6 5.0 5.3 5.2 5.1 
7 7.5 8.2”” 6.0 6.0 5.3 5.6 5.9 5.9 

22 8.5 9.1 5.9 5.8 5.5 5.9 5.8 6.0 
6 9.3 9.4 6.2 6.0 6.2 6.1 6.0 6.5 

19 9.8 9.7 6.1 6.0 6.3 5.9 6.2 6.1 
2 10.0 10.2 6.3 6.1 6.4 6.0 6.3 6.4 

16 11.0 11.1 6.3 6.3 6.3 6.6 6.2 6.4 
30 12.1 11.2* 6.5 6.5 6.6 6.7 6.5 6.4 
14 12.9 11.6” 8.3 8.3 8.5 8.2 8.9 8.6 
2 13.7 11.7** 8.0 8.1 9.0 8.0** 9.6 8.6”” 

16 16.8 17.3 8.7 8.7 9.4 s.3** 10.0 9.0”” 

2 3.2 3.1 3.5 3.1” 3.2 1.9** 3.4 
29 6.0 5.6 4.4 3.9” 4.5 3.3”:‘: 3.8 
20 7.1 6.8 6.0 5.4 5.5 7.2”” 6.7 
15 8.0 7.4 11.4 10.0”” 5.6 9.7”‘” 12.3 
6 9.8 9.2 13.9 14.7”‘” 6.0 14.s** 12.4 

30 10.0 10.1 14.0 14 g** 7.0 15.2”* 13.9 
29 9.6 10.2 15.2 15.0 10.4 15.4”” 17.4 

2.2”” 
2.7”“’ 
8 O”:% 
9.8”# 

15.0”” 
15.0”” 
15*5*:3 

17 1.0 1.0 2.3 

1 3.1 3.0 2.8 
15 4.4 4.4 3.0 
29 5.6 5.5 4.6 

13 6.1 5.7 4.6 
27 7.2 6.4*$: 4.9 

10 7.9 7*0** 4.8 
24 9.8 9.8 6.3 

5 10.1 10.5** 6.3 
20 10.8 10.9 7.0 

2 10.8 10.8 6.6 
14 12.0 11.7 6.7 

1 12.4 11.4** 7.4 
12 17.3 18 O$::k 7.8 
25 18.0 18.0 8.0 
18 18.0 18.0 8.0 

1.9”” 
2.2” 
3.0 
4 1”” . 
4.7 
4.8 
4.9 
6.3 
6.4 
7.0 
6.5 
6.7 
7.5 
7.9 
8.0 
8.0 

3.3 2.32:” 4.3 3.5”” 

3.6 3.2 3.8 3.0 
3.9 3.7 4.9 4.3*‘:::: 
4.6 4.5 5.1 4.8 
5.0 4.9 5.7 5*1** 
5.6 5.6 6.0 6.0 
6.0 6.0 6.0 6.3*‘:’ 
6.1 6.3” 6.7 7.0* 
6.1 6.4” 7.0 7.1” 
7.0 7.0 7.4 7*7** 
7.2 7.3:$* 7.2 7.3”” 
7.4 7.6”” 7.4 7.8** 

8.9 8.0** 9.2 8.4”* 
9.4 8.0”” 9.5 s.1** 
9.5 8.1”” 9.4 8.3”” 
9.5 8.O’F” 9.5 8.3”” 

* Treatment means significantly different at P .05. 
** Treatment means significantly different at P .Ol. 

Galleta growth generally started then until after dormancy in 
during the last week of March, August, there were no differences. 
and furrowing did not appear to From the end of August until the 
influence the starting date. Differ- first week in October, the furrowed 
ences between furrowed and control clones sustained green coloration, 
groups, of clones in 1966 occurred growth of leaves, and new seed head 
during June, when the control formation while the control clones 
clones headed out earlier. From were closer to dormancy. By mid- 
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Table 4. Mean seed and vegetative measurements per plant for galleta and three salt desert shrubs for furrow and 
control treatments. 

Species Treatment 

Total seed 
weight (g) 

1967 1968 

Total seed 
stalks 

1967 1968 

Weight per 
100 seeds (mg) 

1967 1968 

Plant Plant 
diameter (cm) height (cm) 

1968 1968 

Galleta Furrow 
Control 

Shadscale Furrow 
Control 

Nuttall 
saltbush 

Mat 
saltbush 

Furrow 
Control 

Furrow 
Control 

- - 25”:s 10”” 
- - 7 4 

6.98 24.43” - - 
0.00 5.34 - - 

6.94” 24.03”” - - 
0.00 2.27 - - 

1.40 14.26” - - 
0.00 2.40 - - 

- - 33.5* 
- - 23.5 

0.7112”” 0.5730 46.6 24.9 
0.0000 0.5293 37.0 22.8 

1.1885 0.8738”* 43-o** 
0.0000 0.5433 25.2 

0.3333”” 0.3972 50.3”“’ 
0.0000 0.3989 27.8 

14.8” 
9.8 

15.0”” 
9.9 

11.7”” 
9.0 

+ Treatment means significantly different at P .05. 
## Treatment means significantly different at P .Ol. 

October, all clones were approach- 
ing final fall dormancy. For the 
1967 growing season, both the con- 
trol and furrowed clones exhibited 
similar phenological sequences. 
From the end of May to mid-June 
of 1968, the furrowed clones were 
advanced further than control 
plants at the five leaf, boot, and 
head stages. Toward the end of 
June, both groups of clolnes ap- 
proached the seed scatter stage. The 
July 5th reading indicated that the 
control clones were closer to dor- 
mancy, while the furrowed clones 
still had green leaves. Both groups 
approached dormancy about the sec- 
ond week in August. From then 
until the second week of September, 
the furrowed clones had more green- 
ing of leaves and blade develop- 
ment, and also stayed photosyntheti- 
cally active longer, as’ indicated by 
the less mature stage on September 
12. A few new heads were counted 
on the furrowed clones on Septem- 
ber 1. By the end of September, the 
dormancy of all clones was com- 
plete. 

Shadscale phenological scores 
showed a very different pattern. 
Both groups of shrubs showed simi- 
lar phenological sequences during 
the summer of 1966. In April of 
1967 shrubs, close to the furrows 
showed a mo’re advanced stage of 
growth during twig elolngation and 
the development of floral bud 
stages, but during May, low soil 
moisture because of low winter pre- 

cipitation, arrested growth in both 
treated and control groups of 
shrubs. The shrubs still retained a 
light green color, however. Follow- 
ing late May rains, the furrowed 
shrubs resumed flower development 
and flower opening, while the con- 
trol shrubs, remained in the twig 
elongation stage. During July, the 
furrowed shrubs produced and dis- 
seminated seed, while the control 
shrubs were closer to dormancy and 
had not produced seed. By the end 
of August, both groups of shrubs 
had become dormant, and the re- 
growth in the furrowed group be- 
fore final dormancy was insignifi- 
cant. Initial spring growth in 1968 
was more advanced in the furrowed 
shrubs up to the twig elongation 
stage in April because of the abun- 
dant and effective winter precipita- 
tion (Table ‘2) that increased mois- 
ture storage in the furrows. By 
April 15, both groups had reached 
the twig elongation stage. Two 
weeks later, the furrowed group was 
nearer the open flower stage but 
throughout the remainder of the 
season both groups of shrubs fol- 
lowed similar development. 

The phenological index scores for 
nuttall saltbush and mat saltbush 
can be discussed together because 
of their similar reactioa to treat- 
ment. In 1966 similar phenological 
development was scored between 
the two treatments until October, 
when regrowth was greater in the 
furrowed group. At all dates for 

1967, there was a difference between 
the treatment means. Shrubs near 
furrows showed advanced stages of 
development through the end of 
April. By mid-May the control 
shrubs had become dormant. After 
late May rains, nuttall saltbush near 
furrows remained green until the 
end of July. Mat saltbush near 
furrows went dormant for a short 
period at the end of May but 
quickly recovered. The control set 
of both species reached a second 
dormancy the first week of July, 
and only slightly broke dormancy 
by the end of that month. At the 
end of August, the shrubs near 
furrows once again had greater re- 
growth. Both nuttall and mat salt- 
bush shrubs’ near furrows initiated 
growth earlier in mid-March, 1968. 
In addition, mat saltbush furrowed 
shrubs had advanced development 
as floral buds developed, began to 
open, and developed fruit by mid- 
May. Nuttall saltbush did not show 
this pattern. Slower advancement 
toward dormancy was generally re- 
corded for both species of shrubs 
near furrows from June 10 until 
mid-August. Shrub leaves near 
furrows remained green after seed 
shedding. Through September to 
mid-October the treated group 
showed greater regrowth. 

Seed and vegetative measure- 
ments of the four species are shown 
in Table 4. Total seed yields for 
the furrowed plants were 2 to 10 
times greater in 1968 than in 1967. 
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Furrowed clones of galleta grass had 
a greater number of seed stalks for 
both 1967 and 1968, and at the ter- 
mination of the study, the mean 
clone diameter and mean basal leaf 
length also were greater than for 
the control plants. Shadscale had 
greater mean total seed weight in 
1968 and mean weight per 100 seeds 
in 1967 for the shrubs within one 
meter of the furrows. Other mea- 
surements were not different. Nut- 
tall saltbush and mat saltbush near 
furrows were taller and larger in 
diameter at the end of the study. 
Nuttall saltbush near furrows had 
greater seed weights than the con- 
trol plants both years. Only in 1 of 
the 2 years were the mean total seed 
weights and mean weight per 100 
seeds greater for mat saltbush near 
furrows. 

Discussion 

The results of the phenology 
study agreed with the increase in 
plant production associated with 
contour furrowing measured by 
others (Branson et al., 1966; Dicken- 
son et al., 1940; Nichols, 1964). Soil 
water storage measurements taken 
by Hancock (1968) near Cisco, indi- 
cate that the results from the phe- 
nology study could probably be ex- 
trapolated to plants growing near 
the gully plugs as well. A pilot 
study in 1968 of the root habits of 
the Atrifdex shrubs indicated a lat- 
eral spread of over 1 m from the 
base of the plant. Thus, water could 
be utilized from at least this distance 
around the gully plugs. 

Furrowing hastened initiation of 
spring growth for the salt desert 
shrubs, but not for galleta because 
the latter is a warm season plant. 
This early spring growth would 
make more efficient use of available 
moisture, as the evapotranspiration 
rate is much lower at this time of 
year. Galleta, although not respond- 
ing to moisture in early spring, 
responded to rain from summer 
thunder showers, likely because of 
its relatively shallow rooting system 
(Moore and West, unpublished 
manuscript) and the relatively high 
infiltration rate of the soil where 

this species occurs (G. B. Coltharp, 
unpublished data). 

The phenology ratings showed 
that furrowing produced longer 
periods of photosynthetic activity 
during the summer and late fall, in 
2 of the 3 species of A triplex studied. 
This resulted in larger shrubs near 
the furrows. These shrubs would 
yield more available forage, and also 
would, presumably, offer mo’re pro- 
tection to the soil during summer 
thunderstorms. 

The rates of development of fur- 
rowed and control shadscale plants 
did not differ as much as those for 
the other two species of Atriplex 
during the summer. This probably 
occurred because of the higher in- 
filtration capacity of the surface 
soils in areas occupied by shadscale 
as compared with soils of the other 
habitat types. This greater infiltra- 
tion capacity resulted in less runoff 
into the furrows. Insect damage 
also may have been a contributing 
factor in nullifying any difference 
between scores. Nysius ericae Schill., 
known as the false chinchbug, ate 
the leaves of both furrowed and 
control shadscale shrubs. 

The relationship between heavy 
summer rain and plant growth near 
the furrows was quite evident in 
several cases. Galleta near furrows 
had greater regrowth from the end 
of August until the first week in 
October of 1966 as a result of water 
accumulating after the heavy rain 
on August 3 1. Galleta also showed 
response to the May 12 and August 
1 rains in 1968. At the May 27 and 
the June 10 readings, the plants 
near the furrows were closer to the 
flowering stage than were the coQ- 
trol plants. Also by the end of 
August the furrowed clones had 
greater regreening of leaves than 
the controls. Nuttall and mat salt- 
bush responded to the August 31 
rain in 1966, as well, but data col- 
lected Octo,ber 2 and October 16 in- 
dicated that these furrowed species 
responded somewhat mo,re slowly. 
These two shrub species sho,wed a 
less pronounced and more delayed 
response to the 1968 heavy summer 
rains than did galleta. 

In contrast to the heavy summer 
rains, the light July and early Au- 
gust rains of 1966, which occurred 
when the potential evapotranspira- 
tion rates were high, apparently 
made little contribution to plant 
growth. The light rains of Septem- 
ber and October of 1966 and 1968 
may have had some value for plants 
as evidenced by the extended fall 
growth of nuttall and mat saltbush. 

The amount of precipitation re- 
ceived during the winter months 
and the resulting soil moisture 
storage play a major role in plant 
growth, particularly if spring rain- 
fall is low. The data from 1967 and 
1968 illustrate this point. Winter 
and spring precipitation was only 
5.57 cm in 1967 as compared to 
10.54 cm in 1968. In 1967 the con- 
trol shrubs elf Atriplex became al- 
most dormant toward the end of 
May. These plants began growth 
after the May 28th rain, but because 
deep soil moisture was lacking, they 
became dormant again in July. The 
furrowed plants were not as seri- 
ously affected. 

The evenly distributed storage of 
soil moisture before the spring of 
1968 prevented dormancy in the 
species of Atriplex until late in the 
fall. As a result, the difference be- 
tween the phenology scores of con- 
trol plants and those near furrows 
was not great until later in the year 
when summer rains permitted more 
regrowth of the shrubs near the 
furrows. 

Increased plant vigor resulted in 
a greater yield of larger seeds from 
plants near furrows, as well. The 
positive effect of both winter and 
summer rainfalls on the total seed 
production of furrowed plants is 
amply demonstrated. Differences 
between years for the control plants 
did not show this great difference 
because of the lack of as much soil 
moisture storage. 

Little is known about the longev- 
ity of seeds of these species, other 
than that the hard seeds of Atriplex 
species may remain viable for several 
years under laboratory conditions 
(Beadle, 1952). It must be assumed 
that the production of more viable 
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seeds would enhance the invasion 
of indigenous species into available 
niches such as, the furrow bolttom. 
Established native species in the im- 
mediate area of the erosion control 
structures would ensure a moire con- 
stant, viable seed source from year 
to year. This seed source becomes 
more imno’rtant when introduced 

duction of a more substantial seed 
source from indigenous species. 
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found in samples of alsike and white clover from the mud volcano areas of 
Yellowstone National Park. Amounts of mineral elements present in the clover 
samples were high enough to provide an adequate plane of nutrition for con- 
suming livestock and wild game. 
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soil type, elevation, moisture sup- 
ply, length of growing season, and 
grazing pressures. Three species of 
native clovers collected in this study 
were located on limited acreage in 
one 01 at most a few sites in Wyo- 
ming and apparently require cer- 
tain specific conditions and seem to 
tolerate only slight deviations from 
the optimum. Native clovers are ex- 
tremely variable in appearance and 
growth habits and may grow where 
one would least expect to find them. 
The cultivated clovers are scattered 
throughout the western states on 
cultivated areas as well as oa many 
areas where they have escaped from 
cultivation. The clovers are rated 
as valuable plants by livestock 
producers and game management 
personnel and knowledge of their 
mineral composition will be of con- 
siderable value. 

Review of Literature 

A rather detailed description of 
the appearance, collection sites, 
growth habits, and preferred habi- 
tat for certain native clovers was 
presented by Hamilton (1961). The 
appearance and growth habits of 
the introduced clovers are familiar 
and will not be discussed. The com- 
mon names used are those proposed 
by Kelsey and Dayton (1942) and 
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Beetle (1970). Personal observations 
as well as study of numerous botany 
books and records of collection sites 
of herbarium specimens has indi- 
cated that the native clovers, i.e., 
whiproot (Trifolium dasyphyllum), 
hollyleaf (T. gymnocarpon), long- 
stalk (T. Zongipes), and Parry (T. 
parry i) are widely scattered through- 
out Wyoming and many western 
states. The other native clovers col- 
lected, i.e., Andean (T. andinum), 
Hayden (T. haydeni) and dwarf 
(T. nanum) occur on small isolated 
areas and on a limited number of 
sites. The proximate analyses, caro- 
tene content, levels of calcium, 
phosphorus and magnesium for 
many of the native clovers were re- 
ported by Hamilton (1961). The 
comparative mineral composition of 
samples of alsike and longstalk 
clovers collected from identical or 
similar sites was reported by Hamil- 
ton and Gilbert (1968). The proxi- 
mate analyses of alsike, red, straw- 
berry and white clovers can be easily 
found in the literature and is not 
reported here. The National Re- 
search Council (1963 and 1968) pub- 
lished recommended dietary levels 
of mineral elements for adequate 
nutrition of cattle and sheep. 
The mean mineral composition of 
clovers and other livestock forage 
has been compiled by Morrison 
(1959) and National Research Coun- 
cil (1964). To our knowledge, no 
detailed published data are avail- 
able concerning the mineral com- 
posi tioa of these native clovers. The 
literature contains innumerable 
studies of the mineral plant com- 
position of cultivated clovers and 
soil treatments that influence plant 
composition. Jordan (1955) re- 
ported the mineral composition of 
ladino, red (T. pratense) and alsike 
clovers (T. hybridum) frotm several 
Idaho counties. Certain pertinent 
references regarding clover composi- 
tion will be cited in the discussion 
section. 

Methods and Procedures 

Most of the clovers were collected 
at bloom stage from various grow- 
ing sites in Wyoming and along the 
southern boundary of Montana. A 

limited number of early season na- 
tive clovers were collected at late 
bloom or seed stage because of 
travel schedules. The samples were 
collected from the same site gener- 
ally during each of two, and, oc- 
casionally three, successive growing 
seasons. The native clovers collected 
were: Andean, whiproot, hollyleaf, 
Hayden, loagstalk, dwarf and Parry. 
The following introlduced clovers 
were collected: strawberry (T. fragi- 
ferum), alsike, red and white (T. 
repens). The freshly collected sam- 
ples were hand-picked to insure uni- 
formity, washed in distilled water 
and air dried. The dry samples 
were ground to pass through the 
40 mesh stainless steel coated brass 
screen of a Wiley mill. Moisture, 
calcium, phosphorus, magnesium, 
sulfur, cobalt, copper, iroln, manga- 
nese and zinc analyses were made 
using AOAC (1960) methods. Mo- 
lybdenum, sodium and potassium 
were determined using the methods 
of Parks et al. (1943) with slight 
modificatiolns. 

A limited number of unground 
and ground samples were analyzed 
under nearly identical coaditions. 
Slightly higher values for the levels 
of iron, copper, and manganese 
were obtained for the Wiley mill 
ground samples; however, the dif- 
ferences were not of sufficient mag- 
nitude to markedly change the 
values obtained. Most values re- 
ported are the average of duplicate 
analyses of each elf two successive 
yearly samples. Mean values for all 
analyses of each species are reported. 
The range of concentrations for 
each sample is shown except where 
less than four samples were avail- 
able. 

Results and Discussion 

The common name, number of 
samples analyzed, mean values of 
each group of samples and the 
range of sample contents of twelve 
mineral elements are reported in 
Table 1. Since some samples of 
hollyleaf clover were collected at 
bloom stage and some samples col- 
lected at late bloom or seed stage 
the results are reported for each 
stage of growth. 

The calcium content of several 
species of the native clovers, i.e., 
Andean, dwarf, Hayden, hollyleaf, 
and Parry exhibit mean values 
ranging from appreciably higher to 
nearly two times the mean calcium 
contents of the remaining native 
and introduced clovers. The indi- 
vidual calcium contents of hollyleaf 
and Parry samples were extremely 
variable: 1.95 to 5.74%. Soil charac- 
teristics were apparently such that 
the calcium coIntents of certain sam- 
ples of clovers, regardless of species, 
was considerably higher than that of 
comparable samples collected from 
other locations. This is apparent in 
the case of Andean and hollyleaf 
clovers collected from an identical 
site in southwestern Wyoming and 
whiproot and Parry clovers collected 
from two identical sites in the 
Snowy Range Mountains of south- 
ern Wyoming. The calcium levels 
of whiproot clover, while high for 
this species, were considerably lower 
than the levels present in Parry 
clover from the same site, i.e., 2.49, 
3.82; 3.14, 3.70% respectively. In 
general the mean levels and range 
of calcium values for longstalk 
clover and the introduced clovers 
were of comparable magnitude from 
all sites. The overall similar min- 
eral composition of longstalk and 
alsike clovers was previously empha- 
sized by Hamilton and Gilbert 
(1968). Jordan (1955) reported a 
mean calcium content of 1.21% for 
red clover as compared to 1.99% for 
the samples analyzed in this study. 

Phosphorus levels in these clovers 
exhibit a narrow range from 0.22 
to 0.48%. The mean phosphorus 
values of the clovers analyzed ap- 
pear to be adequate to meet the 
National Research Council (1963, 
1968) recommended levels for lac- 
tating cows and ewes. 

Magnesium levels were quite vari- 
able, ranging from 0.22 to 0.97%, 
with most values falling within a 
narrower range of 0.36 to 0.50%. 
However, samples of whiproot and 
Parry clovers growing on soils de- 
rived from dolomite contained mag- 
nesium mean values of 0.80 and 
0.95% respectively. The National 
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Table 1. Common name, number of samples analyzed, and mineral composition of native and introduced 
cl0vers.l 

cormnon Range No. of Ca P Mg Na K S co CU Fe Mn MO Zn 
Name Mean Samples % % % % % % eem pem eem eem eem eem 

Andean 

Dwarf 

Hayden 

Hollyleaf' 

HoZZylea f2 

Hollyleaf 

HoZZyZeaf 

Longstalk 

Longstalk 

Parry 

Parry 

Whiproot 

Wkiproot 

Alsike 

Ahike 

Red 

Strawberry 

White 

Ldzite 

Mean 

Mean 
Mean 

Mean 

Range 

Mean 

Range 

Mean 

Rarzge 

Mean 

Range 

Mean 

Range 

Mean 

Range 

Mean 
Mean 

Mean 

Range 

2 3.84 0.22 

3 3.31 0.27 
2.99 0.33 

3.42 0.34 

2.72 0.29 
4.80 0.42 
2.64 0.33 

2.32 0.29 
3.35 0.48 
1.66 0.38 
1.51 0.37 
2.08 0.42 
3.54 0.33 

1.95 0.28 
5.74 0.39 
2.02 0.31 

1.31 0.27 
3.22 0.38 

13 

13 

11 

11 

16 

16 

12 

22 

2 

13 

13 

1.70 0.35 

1.24 0.32 
2.03 0.45 
1.99 0.25 

1.90 0.26 

1.67 0.37 

1.12 0.32 
2.22 0.43 

Native Clovers 
0.47 0.20 1.65 0.48 1.03 11.4 1299 112 3.21 47.0 
0.70 0.15 2.08 0.51 0.45 12.7 556 109 1.47 39.2 
0.54 0.13 2.02 0.50 0.49 15.2 759 72 2.21 35.1 
0.48 0.13 2.17 0.55 0.30 25.5 805 107 3.38 15.2 

0.31 0.09 1.74 0.32 0.13 16.7 643 87 1.59 7.1 
0.70 0.25 3.49 0.80 0.54 38.6 1093 156 6.59 26.4 
0.49 0.19 2.37 0.38 0.34 24.2 869 93 2.72 21.7 

0.37 0.14 1.67 0.24 0.17 18.6 682 78 1.89 19.6 
0.64 0.27 3.43 0.56 0.52 37.1 1111 131 4.08 27.1 
0.47 0.22 2.69 0.44 0.63 29.9 836 69 4.56 23.5 
0.36 0.11 1.82 0.19 0.23 16.8 385 53 3.00 18.7 
0.54 0.29 4.01 0.76 1.52 49.5 1575 87 6.80 30.6 
0.70 0.17 2.07 0.39 0.53 19.4 420 109 2.20 34.8 

0.41 0.14 1.30 0.25 0.14 17.3 280 67 1.72 15.4 
0.97 0.23 2.99 0.59 1.21 36. 3 652 175 2.80 55.8 
0.46 0.14 1.92 0.46 0.81 14.3 1123 97 2.03 29.7 

0.22 0.12 1.02 0.27 0.35 10.2 322 70 1.30 19.2 
0.80 0.17 2.62 0.81 1.75 21.2 1943 145 2.90 41.4 
Introduced Clovers 
0.45 0.15 2.77 0.35 0.47 13.7 952 115 2.45 24.5 
0.31 0.09 1.83 0.19 0.17 10.1 272 70 1.74 15.6 
0.67 0.26 3.46 0.70 1.24 26.6 3329 245 3.63 40.6 
0.47 0.16 2.07 0.21 0.47 20.6 565 47 2.59 18.3 
0.29 0.21 2.48 0.58 0.33 7.2 937 53 2.55 29.8 
0.42 0.19 2.97 0.33 0.22 17.3 560 121 2.89 30.5 
0. 35 0.11 2.67 0.26 0.09 11.5 222 72 2.05 16.4 
0.58 0.40 4.12 0.51 0.73 23.8 927 250 4.83 44.6 

lValues calculated on oven-dry weight. 
2 Seed stage. All others bloom stage. 

Research Council (1964) reports 
mean magnesium values of 0.32, 
0.45, and 0.32% for alsike, red, and 
white clovers, respectively, as com- 
pared to values of 0.45, 0.47, and 
0.42% found in this study. Svanberg 
and Ekman (1946) reported some- 
what lower mean magnesium levels 
of 0.34 and 0.32% for samples of red 
and alsike clovers grown in Sweden. 

The mean sodium levels in the 
samples varied within rather narrow 
limits of 0.13 to 0.22%. Only a few 
individual sample values were out- 
side this range. Potassium levels 
present on the other hand are quite 
variable ranging from 1.02 to 4.12%. 
The mean levels, of potassium found 
in the introduced clover samples 
compare favorably with mean values 
reported by the Natioaal Research 
Council ( 1964). 

The level of sulfur present in the 
clover samples analyzed ranged from 
0.19 to 0.81%. In most instances the 
sulfur values found in this, study are 
considerably higher than levels of 

0.19 and 0.14% for air-dry alsike and 
red clover hays reported by Motrri- 
son (1959). 

The cobalt contents of the native 
and introduced clover samples are 
in general higher than anticipated 
and extremely variable. The range 
of cobalt levels is 0.09 to 1.75 ppm 
with most samples falling within 
the 0.20 to 1.00 ppm range. The 
species of introduced clovers had 
lower mean values with a range of 
0.22 to 0.47 ppm, than did most of 
the native clovers. It appears that 
a special variation exists in the 
ability to accumulate cobalt since 
Andean and hollyleaf samples col- 
lected at the same time, from the 
same site and at similar stages of 
growth colntained cobalt mean 
values of 1.03 and 0.22 ppm respec- 
tively. Hill et al. (1953) reported 
low (0.04), average (0.14) and high 
(0.31) ppm levels of cobalt in red 
clover plants growing on different 
New Jersey soils. This compares 
with a mean value of 0.47 ppm co- 

balt for the red clover samples re- 
ported here. On nearly all ranges 
clovers provide only a fraction of 
the total daily intake of forage and 
even though the cobalt levels pres- 
ent in some of the clovers’ were 
quite high, cobalt toxicity problems 
would not be anticipated. Under- 
wood (1962) reports that a very wide 
margin od safety exists between the 
quantities of cobalt necessary to ful- 
fill the nutritional requirements of 
sheep and cattle and the toxic limits. 
The minimal dietary requirements 
according to the National Research 
Council (1963, 1968) are 0.07 ppm 
cobalt for sheep and cattle. 

Sample levels of copper exhibited 
a rather wide range, 7.0 to 49.5 ppm 
with a range of mean values of 7.2 
to 29.9 ppm. Andean and hollyleaf 
clovers collected from the same site 
in southwestern Wyoming as men- 
tioned above had mean values of 
11.4 and 34.0 ppm which is in direct 
contrast to the levels of cobalt pres- 
ent in these samples. The National 
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Research Council (1964) reports 
copper levels elf 11.9 ppm fo,r white 
clover, 15.0 ppm for red clover and 
6.0 ppm for alsike as compared to 
values of 17.3, 20.6 and 13.7 ppm re- 
spectively for these species analyzed 
in the present study. 

The iron contents of the clover-s 
were extremely variable with some 
unexpectedly high values. Iroin up- 
take of plants is apparently influ- 
enced by many facto,rs other than 
species and varietal differences: 
The iron levels in the clover sam- 
ples varied from 222 to 3329 ppm. 
Andean had a high mean level of 
1299 as compared to 761 ppm for 
hollyleaf from the same area. The 
two samples of alsike clover grow- 
ing on a red soil in southern Wyo- 
ming had a mean content of 3278 
ppm of iron. Whiproot samples col- 
lected at an elevation of 11,700 feet 
had a mean iron value of 1023 as 
compared to 643 ppm of iron for 
Parry clover collected from the same 
site. The soil of this site had a pH 
of 5.4. On other common growing 
sites the mean iron values for Parry 
and whiproot clovers were: 256 and 
950; 298 and 1045; 321 and 506 
ppm respectively. Other samples of 
clovers collected from identical sites 
exhibited species differences in their 
ability to accumulate iron. 

The mean manganese levels 
varied from 47 to 121 ppm with in- 
dividual sample values of 39 to 250 
ppm. While the manganese levels 
were extremely variable, no species 
differences were noted. The highest 
manganese contents were 245 and 
250 ppm found in alsike and white 
clovers collected at the Mud Vol- 
cano area in Yellowstone National 
Park. The manganese content of 
the soil was 159 ppm, and the pH 
of the soil of this site was 4.2, the 
lowest of any collection area. White 
clover collected in Norris Geyser 
Basin, another thermal area of Yel- 
lowstone National Park, had a man- 
ganese content of 227 ppm in soil 
containing 307 ppm of manganese 
and a pH of 4.3. Alsike and white 
clover samples growing on soil with 
1537 ppm of manganese and a pH 
of 6.4 had manganese levels of 75 

and 95 ppm, respectively. Kurmies 
and Zezschwit (1952) found no re- 
lationship between the manganese 
content of hay and the amount 
present in the soil. They folund that 
plants from neutral or alkaline soils 
had the lowest and tholse grown on 
acid soils the highest manganese 
content. Our results in general cor- 
robotrate their findings. 

The molybdenum contents of the 
samples varied from 1.30 to 6.80 
ppm. Longstalk, hollyleaf (seed 
stage) and Andean had the highest 
mean values of 4.56, 3.38 and 3.21 
ppm, respectively. The soil from 
which the Andean and hollyleaf 
clover (seed stage) was collected had 
mean values of 4.27 ppm of molyb- 
denum and a pH of 8.1. The holly- 
leaf clover (seed stage) collected 
from another area had a mean mo- 
lybdenum content of 6.24 ppm and 
the soil had a pH of 8.2. The mean 
molybdenum contents of 2.89 ppm 
fo’r white clover and 2.45 ppm folr 
alsike clover and 2.55 ppm for straw- 
berry clover compare to ranges of 
values of 3-5 and 4-5 ppm mollyb- 
denum reported by Barshad (1948). 
Barshad found soil molybdenum 
contents elf 0.5 to 10.0 ppm oE which 
about 60% was water sosluble and 
available in solils of pH 8.0. He 
found that young plants were more 
toxic to cattle even though the mo- 
lybdenum content of the plants in- 
creased with age. His research indi- 
cated that cattle suffered no toxic 
effects unless the molybdenum level 
was above 10 ppm. All of the 
clovers in the present study, while 
carrying higher than anticipated 
molybdenum levels could be safely 
consumed by both cattle and sheep. 

Zinc content was fairly high and 
not extremely variable with an 
overall range of 7.1 to1 55.8 ppm. 
Andean had the highest mean level 
of 47.0; with lower values in dwarf, 
39.2; Hayden, 35.1; and Parry, 34.8 
ppm of zinc. The mean values folr 
Hayden and Parry clovers were 
quite high. The individual samples 
were extremely variable indicating 
non-species factors such as level of 
soil zinc, soil pH, presence of other 
elements, and other factors that may 

influence uptake of zinc. The Na- 
tional Research Council (1964) re- 
ports mean zinc levels of 60.2 in 
alsike and 17.2 ppm in red clover as 
compared to mean levels of 24.5 and 
18.3 ppm respectively in similar 
samples of this study. 

Our study of the mineral com- 
position of certain native and intro- 
duced clovers indicates the wide 
variability in the levels of mineral 
elements accumulated. Samples of 
all species contain sufficient levels 
to render them nutritionally excel- 
lent forages for sheep, cattle and 
game animals. Their overall proxi- 
mate analyses along with their 
mineral composition, relative abun- 
dance, high level of digestibility, 
and high palatability make them ex- 
tremely valuable range plants. Live- 
stock men should strive to increase 
the carrying capacity of their ranges 
by seeding, soil treatment, water 
conservation, controlled grazing, 
and other practices to increase the 
production of both native and in- 
troduced clovers. 
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TECHNICAL NOTES 

A Rapid Method for Washing 
Roots1 

WILLIAM K. LAUENROTH 
AND WARREN C. WHITMAN 

Graduate Research Assistant and Pro- 
fessor of Botany, North Dakota State 

University, Fargo. 

Highlight 

The use of a system consisting of 
two sieves and a pail with a spout 
on it greatly facilitates washing soil 
material from roots. Washing into the 
first sieve can be continued until all 
visible soil material is removed. The 
capacity of the system was 150 to 180 
samples per eight hour day. The 
major soil type on the sampling area 
was a Flasher loamy fine sand. 

The lack of quantitative informa- 
tion about the production of under- 
ground plant parts has seriously im- 
paired attempts to understand primary 
productivity of native vegetation. It 
has been known for quite a while 
that a large proportion of the energy 
fixed in photosynthesis is transferred 
to root systems, but few researchers 
have reported quantitative estimates. 
An important reason for the lack of 
this information is that root samples 
require a larger amount of time to 
process than do aboveground samples. 
Upon examining the processing time, 
the largest part of it is spent removing 

lReceived October 24, 1970; accepted 
for publication November 3, 1970. 

FIG. 1. One-gallon can, three-gallon pail, 
and sieves showing washing position. 

FIG. 2. Washing system with sieves and 
pails in position. Washing pressure is 
controlled by adjusting the nozzles above 
the cans. 

the roots from the soil material. Any 
method that can reduce the time re- 
quired to wash the samples will greatly 
facilitate collections of a large enough 
number of samples to give reliable 
estimates of root production. 

This report describes a rapid method 
of washing roots. The method has 
been employed successively on samples 
taken from a mixed grass prairie in 
western North Dakota. The major soil 
type on the site was Flasher loamy fine 
sand which averaged 84% sand to a 
depth of four feet. 

The method involves placing the 
sample in a one-gallon can (Fig. 1) 
that has a sieve (40 mesh) soldered on 
the lower end. The one-gallon can is 
positioned on top of a three-gallon 
pail by means of two % inch wire sup- 
ports. The spout of the three-gallon 
pail is positioned over a sieve (32 
mesh) that will collect the washed roots. 
A series of these units are placed on a 
table (Fig. 2) that has a center slot 
which is notched to hold the 32 mesh 
sieves. Beneath the slot is a trough 

which carries away waste water. Water 
is supplied through l/z inch garden hose 
and 1/ inch galvanized pipe. 

The washing procedure is as follows. 
A stream of water from the nozzle is 
directed into the one-gallon can di- 
rectly onto the soil core and is con- 
tinued until all the soil materal has 
been separated from the roots. The 
one-gallon can is then turned over and 
its contents, large soil particles and 
and roots, are washed into the three- 
gallon pail. The soil particles are 
allowed to sink and the roots are 
then either decanted or washed into 
the 32 mesh sieve. 

The system was designed to have one 
or more persons operating on the wash- 
ing side and one person removing the 
roots from the sieves and placing them 
in bags. A minimum amount of train- 
ing is necessary for either job. With 
three persons working using four units 
the capacity of the system was 150 to 
180 samples per eight hour day. The 
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capacity of the system was 150 to 180 
samples per eixhht hour day. The 
major soil type on the sampling area 
was a Flasher loamy fine sand. 
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tion about the production of under- 
ground plant parts has seriously im- 
paired attempts to understand primary 
productivity of native vegetation. It 
has been known for quite a while 
that a large proportion of the energy 
fixed in photosynthesis is transferred 
to root systems, bnt few researchers 
have reported quantitative estimates. 
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the roots from the soil material. Any 
method that can reduce the time re- 
quired to wash the samples will greatly 
facilitate collections of a large enough 
number of samples LO give reliable 
estimates of root production. 

This report describes a rapid method 
of washing roots. The method has 
been employed successively on samples 
taken from a mixed grass prairie in 
western North Dakota. The major soil 
type on the site was Flasher loamy fine 
sand which averaged 84% sand to a 
depth of four ieet. 

The method involves placing the 
sample in a one-gallon can (Fig. 1) 
that has a sieve (40 mesh) soldered on 
the lower end. The one-gallon can is 
positioned on top of a threc~gallon 
pail by means of two % inch wire sup- 
ports. The spout of the three-gallon 
pail is positioned over a sieve (32 
mesh) tlm will collect the washed roots. 
A series of these units arc placed on a 
table (Fig. 2) that has a center slot 
which is notched to hold the 32 mesh 
siews. Beneath the slot is a trough 

which carries away waste water. Water 
is supplied through $5 inch garden hose 
and W inch galvanized pipe. 

The washing procedure is as follow. 
A stream of waler from the nozzle is 
directed into the one-gallon can di- 
rectly onto the soil core and is con- 
tinued until all the soil materal has 
been separated from the roots. The 
one-gallon can is then turned over and 
its contents, large soil particles and 
and roots, are washed into the three- 
gallon pail. The soil particles are 
allowed to sink and the roots arc 
then either decanted or washed into 
the 32 mesh sieve. 

The system was designed to have one 
or more persons operating on the wash- 
ing side and one person removing the 
roots from the sieves and placing them 
in bags. A minimum amount of train- 
ing is necessary for either job. With 
three pawns working using four units 
the capacity of the system was 150 to 
180 samplea per eight hour day. The 
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samples consisted of five cores, 2.54 
cm in diameter and 10 cm in length. 

The method described here is quite 
similar to that of McKell, Wilson and 
Jones (1961), with one important modi- 
fication. The initial washing in the 
one-gallon can insures that all of the 
roots are separated from the soil ma- 
terial. We tried the method of McKell 
ct al. (1961) and found that a large 
number of roots remained on the 
bottom of the container with soil par- 
ticles attached. It was necessary to 
break these by hand. Using our 

IBow and Arrow Brush 
Transects 

LARRY L. WALKER 

Research Fellow, 
Welder Wildlife Foundation, 

Sinton, Texas. 

Highlight 

Bow-fishing equipment makes it pos- 
sible for one man to rapidly establish 
and record line intercept brush tran- 
sects. 

The line intercept method of sam- 
pling vegetation (Canfield, 1941) ranks 
very high in accuracy (Schultz et al., 
1961). Persons sampling brush, how- 
ever, are often forced to employ a less 
desirable sampling method because a 
long straight line is difficult to establish 
in dense brush, and the efforts of two 
persons are required. 

In a current study area, the brush 
canopy cover varies between 3 and 60 
percent, and the brush height fre- 
quently exceeds 7 feet. The use of bow- 
fishing equipment made it possible for 
an unassisted investigator to establish 
and record loo-foot line intercept brush 
transects in an average time of twenty 
minutes per transect. 

Cost of Equipment 

Bow-Solid fiberglass bows are avail- 
able for under $15.00. A bow with a 
pull weight of at least 45 pounds is 
required. 

l Received August 24, 1970. 

method, washing in the one-gallon can 
is continued until all visible soil ma- 
terial is washed free. 

The major source of error in our 
method is the possibility that some 
of the root material is broken up by 
the initial washing into fragments 
small enough to pass through the final 
sieve. Williams and Baker (1957) 
found that rootlets and root hairs were 
not broken off when root material was , 
subjected to a hard spray of water. 

A pre-soaking procedure was not 
deemed necessary under our conditions 

although the method would work 
equally well on pre-soaked samples. 
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FIG. 1. A line coding which is easily read in the 
of 1 foot, and color coded in IO-foot segments. 

field. The line is marked at intervals 

Bowstrings-About $1.50 each. Spare Fiberglass fishing arrow-About $3.00. 
bowstrings should be carried in the 
field. 

Braided nylon line (50 yds.)-About 
$1.35. Ninety-four pound test squid- 

Bow reel-Commercially available for ding line is suitable. 
about $4.00. A homemade reel can 

Dye for line-Less than $1.00. Wound be built from scraps. 
dressing containing methyl violet is 
readily available and works well. 

Miscellaneous-2 dowels, 1 inch x 5 ft; 
2 screwdrivers; 1 roll of plastic tape; 
1 fishing snap. 
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Total cost-Under $30.00. 

Preparation of Equipment 

Bow and reeZ-The reel should be 
taped to the handle section of the 
bow just below the grip. 

Coded line (Figs. I Q 2)-The nylon 
line should be coded with waterproof 
dye and attached to the reel. A loop 
should be tied in the free end of the 

FIG. 2. Line coding jig. Points A, B, C, line. 
and D are large nails driven into a board 
at the corners of a l-foot square. Fishing arrow (Fig. 3a)-A fishing snap 
Step 1. Starting at A, take 41/2 turns should be secured near the point of 

around AB, then go to C (equals 10 the arrow, and a loop of string should 
feet). be attached near the neck. In use, the 

coded line (A) is passed through the 
loop (B) and attached to the snap 
(C). This allows easy removal of the 
arrow when re-winding the coded 
line onto the reel. 

Step 2. Take 41/ turns around CD, then 
go to A (equals 10 feet). 

Step 3. Repeat steps 1 and 2 until the 
desired amount of line is on the jig. 

Step 4. Dye the line at points A and B. 
Step 5. Dye the line between points C Dowels (Fig. 3b+A notch should be 

and D, and between points D and A, cut in one end of each dowel and a 
leaving points C and D white. point (large nail or old screwdriver 

Step 6. Allow the line to dry thoroughly 
before removing it from the jig. 

blade) ’ should 
other end. 

be installed in the 
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samples consisted of five cores, 2.54 
cm in diameter and 10 cm in length. 

The method described here is quite 
similar to that of McKell, Wilson and 
Jones (1961), with one important modi- 
fication. The initial washing in the 
one-gallon can insures that all of the 
roots are separated from the soil ma- 
terial. We tried the method of McKell 
ct al. (1961) and found that a large 
number of roots remained on the 
bottom of the container with soil par- 
ticles attached. It was necessary to 
break these by hand. Using our 
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Highlight 

Bow-fishing equipment makes it pos- 
sible for one man to rapidly establish 
and record line intercept brush tran- 
sects. 

The line intercept method of sam- 
pling vegetation (Canfield, 1941) ranks 
very high in accuracy (Schultz et al., 
1961). Persons sampling brush, how- 
ever, are often forced to employ a less 
desirable sampling method because a 
long straight line is difficult to establish 
in dense brush, and the efforts of two 
persons are required. 

In a current study area, the brush 
canopy cover varies between 3 and 60 
percent, and the brush height fre- 
quently exceeds 7 feet. The use of bow- 
fishing equipment made it possible for 
an unassisted investigator to establish 
and record loo-foot line intercept brush 
transects in an average time of twenty 
minutes per transect. 

Cost of Equipment 

Bow-Solid fiberglass bows are avail- 
able for under $15.00. A bow with a 
pull weight of at least 45 pounds is 
required. 

l Received August 24, 1970. 
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b. 
FIG. 3. Diagram of fishing arrow (a) show- 

ing coded line from the bow reel (A), 
string loop tied near neck (B), and fish- 
ing snap secured with copper wire (C). 
Diagram of five-foot dowel (b) shows 
notch to accept transect line and installa- 
tion of point. 

Procedure 
The investigator establishes each 

transect from a randomly located point 
in the field. An arrow, with the coded 
line attached, is fired downwind in a 
high arc. The line is staked out (Fig. 
4), and brush intercept is read directly 
from the coded line. A plumb bob is 
recommended to insure accuracy. After 
the transect is recorded, the stakes are 
removed; the arrow is removed; and the 
coded line is re-wound onto the reel. 
With practice, 
quite rapid. 

the process becomes 

Testing for Outlying 
Observations in a 

Sample Group* 

CHARLES D. BONHAM 

Associate Professor, Department of 
Range Science, Colorado University, 

Fort Collins, Colorado. 

Highlight 
The need to test for “outliers” is 

often overlooked both in statistical 
analyses of data, and in applied statis- 
tics courses. Instead of discarding an 
“odd” value from the sample data 
based on intuition, an objective ap- 
proach should be used in handling 
spurious values found in a data group. 
An outlier testing procedure can be 
also useful in constructing future sam- 
pling designs. 

Testing for homogeneity in statistical 
sampling is an old problem particularly 
when references are made to variances 

l Received July 3, 1970. 
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FIG. 4. Transect lay out. The bow and arrow (not shown) need not be removed when 
the line is staked out. A. Five-foot dowels (Z), B. Screwdrivers (2), and C. Coded 
portion of line (100 ft.). 

Precautions 

It is important that brush intercepts 
be recorded directly from the coded 
line, as braided nylon stretches consid- 
erably. Direct readings yield a true 
percent of intercept, whereas readings 
made with a separate measuring instru- 
ment would tend to under-estimate the 
percent of intercept. 

All transects should be established 
directly downwind to prevent bowing 
of the line. 

Comments 
A transect line 100 feet long, marked 

at one-foot intervals, and color coded 
in IO-foot segments was used in our 
study. The transects was staked out five 
feet above the ground, and a plumb bob 

and goodness of fit tests. If one should 
be interested in homogeneity within a 
sample group collected for statistical 
analysis, consideration might be given 
to individual data values. Often one or 
more of these points present problems 
of interpreting the data. Apparent in- 
consistencies, one or more values, which 
are frequently found within a sample 
group contribute a large amount of 
variation to the total variance. In view 
of possible difficulties in making con- 
clusions, should non-homogeneous data 
points be present, one might consider a 
test for “outliers” to check for possible 
diversions from the normal population. 

Range researchers and technicians 
have frequently found one or more 
sample observations to be inconsistent 
with other values in the sample group. 
Even though the sample was randomly 
drawn from a population of the statis- 
tical universe, a critical examination of 
the data collected is still necessary for 
assurance that the results of sampling 
are representative of the thing under 
examination. Some research workers 

used to aid in determining intercept. It 
is possible to estimate individual inter- 
cepts to within 0.5 percent with reason- 
able accuracy, which was considered 
adequate for this study. The coding, 
length, and height above ground of the 
line can easily be modified to suit the 
requirements of other studies. 
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tion parameter as to be of no value in 
estimating it. We would have reason 
for wanting to know if this has hap- 
pened. Possible reasons for this depar- 
ture can be seen and perhaps explained 
entirely by: (I) errors in measurements 
or recording and/or (2) the population 
may not be homogeneous in the uni- 
modal sense (Grubbs, 1950). Knowledge 
of the first could lead to a correction 
of the data while the latter reason 
would be helpful in changing the sam- 
pling plans to obtain a more reliable 
estimate of the population parameters. 
Further, due consideration should be 
given to theoretical sampling models 
which require that each member of the 
population be given an equal chance at 
being a representative in the drawn 
sample. After each sample point is 
acquired statistically, further analysis 
then could be used to determine the 
relative position of a given point in 
relation to the remaining points and its 
worth in estimating the population 
mean. 

Literature dealing with the philoso- 
phy behind testing outlying observa- 
tions has recently increased due to re- 
newed interest in spurious data values. 
Anscombe (1960) and Grubbs (1969) in- 
clude a good discussion on the history 
and philosophy of rejecting outlying 
observations in a sample group. Most 
of the statistical developments on out- 
liers or spurious values deal with the 
estimation of E’L from a normal popula- 
tion (Anscombe, 1960). Inclusion or 
exclusion of suspect values, then, will 
be subject to certain risks which have 
been referred to as premium or protec- 
tion. Such risks can be evaluated by 
observing the mean squared error and 
noting an inflation or alternately a de- 
crease in its value depending on inclu- 
sion or exclusion of the suspect value 
(Tiao and Guttman, 1967). Rider 
(1933) and Grubbs (1950, 1969) present 
a review of the work that has been done 
in the statistical field dealing with 
outliers. The development by Grubbs 
(1950) resulted in the calculation of 
the probability that an outlying value 
would occur inconsistently with the re- 
maining values in the sample. This 
technique should be used in situations 
where odd values occur and there ap- 
pears to be a question of proper data 
treatment. The statistic, 

n-1 

s,2/s2= 8 (xi-X*,)2/ i (X,-X)” 
I=1 l=l 

is calculated where S,a is the sums of 
squares calculated excluding the suspect 

value and S2 is the sums of squares cal- 
culated using all data points. The dis- 
tributioa of this ratio yields percentage 
points which are arranged in tabular 
form for acceptance or rejection of the 
suspect value. Another basic approach 
to the problem was taken by Thompson 
(1935). He showed that if the value, 

T = (Xi -x)/s, 

where 

X= (l/n) 5 Xi; 
I=1 

s2= (l/n) i (Xi-x)“; and Xi 
121 

the mean of this group would be more 
effective in detecting real differences. 
Having rejected the largest value, at- 
tention is focused on the lowest value 
70 to check it for inconsistency as a 
further example even though it ap- 
pears to be homogeneous with the re- 
maining values. Now S,a = 8700.0 and 
Sa = 13372.2. Calculating the new ratio 
to be 0.651 and comparing the value 
with the tabular values, P < 0.10 so the 
value 70 is retained as a homogeneous 
value. It should be pointed out that 
from a practical standpoint, other prob- 
ability levels may be chosen to fit the 
individual need, depending on the type 
of data and circumstances surrounding 

is an observation within a given sample the sampling procedures. 
group of size n which was drawn from For procedures involving the two 
a normal population, is calculated, then lowest values and/or the two highest 
the statistic, values, referral is made to Grubbs 

(1950, 1969). It should also be noted 
t=Tdn- 2/d/n-l-T” that the method is similar to one-way . 

follows the “t-distribution” with n-2 
degrees of freedom. This test is useful 
for testing the criterion that a single 
observation came from a population 
with divergent mean and for n < 30 
(Pearson and Chandra Sekan, 1936). 
One shortcoming of Thompson’s (1935) 
appro,ach can be seen from the practical 
viewpoint. That is, the value selected 
arbitrarily is not necessarily the largest 
value or the smallest value and we are 
indeed more interested in one or both 
of these sample points. Grubbs’ (1950) 
proposal is the more applicable for ob- 
jective discarding of biological data 
points. 

analysis of variance tests where one 
group contains only one sample while 
the other group contains the remain- 
ing n-l samples. 

The sample area from which the ob- 
servation, 400, came was further ob- 
served to be different from the remain- 
ing nine. The area was located on a 
rocky ridge with a poorly developed 
soil whereas the other areas were in de- 
pressions having fairly well developed 
soils. Ecologically, a separate strata 
based on soil profile exists in the area 
and should be recognized in further 
analyses. 

Conclusions 

Application of the Test It has been noted that sample data 
II 

Data used as an example are the drawn from supposed normal-popula- 

amounts of K,O (lb./acre) present in tions can have inconsistent or spurious 

alpine soil collected on Independence data points present which offer difficul- 

Pass, Colorado, as follows: 
ties in drawing conclusions from a sta- 
tistical analysis. Yet, standard courses 

70 130 145 
90 130 185 

120 140 200 

400 in applied statistics often do not in- 
elude methods for handling such data. 
Probabilistic exclusion of such outlying 
noints can be accomolished bv a homo- 

It would be desirable to know if geneity test which is’an easy and objec- 
these sample values show unifo’rmity tive method for eliminating a value 
over the entire area or if any of the that could be the result of (1) a mea- 
values are inconsistent with the others. surement error and/or is (2) from a 
The value 400 is strongly suspected of population with a divergent. mean (an- 
being an “outlier.” Therefore, the 
ratio S,a/Sa is used for an evaluation 

other strata). After statistical rejection 
of such data. nossible errors mav be de- 

of this data point. The ratio is equal 
to 0.174 and from Table 1 of Grubbs 

tected and/or’sampling plans could be 

(1950) P < 0.01 so the observation is re- 
objectively changed to: 

jetted as being an “outlier.” Elimina- 
tion of this value reduced the variance 
of the sample group by 80 percent and 
consequently any further tests involving 

(1) Sampling by stratification to in- 
elude the suspected point within 
a stratum having a homogeneous 
group and thus obtain a more 
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(2) Allow for critical examination of GRUBBS, FRANK E. 1969. Procedures 
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Highlight 

The ocular point quadrat used in 
recording data by sighting through 
cross-haired holes instead of using pins 
was developed. The method reduces 
field work, and eliminate difficulties 
regarding using the pins as compared 
to the standard point quadrat frame. 

The ocular point quadrat method 
presents some modification to the point 
frame method developed by Levy and 
Madden (1933). This frame has been 
developed in early 1964 at the Desert 
Institute, Cairo and tested on the semi- 
desert shrubland occurring in north- 
western Egypt as well as West Pakistan 
between 1964 and 1969. 

The apparatus shown in Figure 1 con- 
sists of two horizontal wooden pieces 
4 x 1.5 cm and 110 cm long spaced 
25 cm apart and fastened into two 
wooden legs 140 cm long by bolts (8 cm 
long) whose heads are embedded in 
grooves carved in the lower surface of 
the crosspieces and passed through holes 
in the leg sides. The end of the cross- 
pieces are fitted in grooves (3 mm deep) 
made in both sides of the legs to avoid 
their slipping. 

Each of the two legs has a supporter 
that may be fixed by bolts in grooves 

(3 mm in dept.h) carved in their outer 
sides as well as the inner sides of the 
legs to allow the apparatus oriented at 
the desired 45” or 60” angle with the 
ground. The lower end of the legs and 
supporters are pointed to prevent the 
apparatus from sliding. 

FIG. 2. Dismantled 
frame. 

ocular point quadrat 

The horizontal crosspieces and the 
supporter of the two legs are easily un- 
screwed making the apparatus a com- 
pact light weight unit (Fig. 2) yet suf- 
ficiently rugged for field use if made 
of hardwood. 

point of the perpendicular needles fixed 
the holes of the lower crosspiece, with 
the ground cover. The holes of lower 
piece are 1.5 cm in diameter large 

The upper and lower horizontal cross- 
pieces have 10 holes spaced 10 cm apart. 
The holes are 1 cm and two perpen- 
dicular thin steel needles (0.5 mm) 
crossed at their center are fixed in each 
hole. 

On the ranges studied, depending on 
the intensity of survey, two to four tem- 
porary 25 meter transects were estab- 
lished per location. The frame was 
placed at one meter interval giving 25 
positions and a total of 250 observations 

enough to identify the various species. 
This unit was found to, be particu- 

larly well adapted for securing an ob- 
jective measure of cover in vegetation 
whose overlapping does not greatly ex- 
ceed 100 percent. All vegetation up to 
a height of approximately one meter 
can be measured. Measurements of 
rangeland vegetation requiring a large 
number of small plots can be made 
faster and with less human effort if the 
ocular point frame is used in place of 
the standard point quadrat developed 
by Levy and Madden (1933). 
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screwed making the apparatus a come 
pact light weight unit (Fig. 2) yet suf- 
ficiently rugged for field use if made 
of hardwood. 

The upper and lower horizontal cross- 
pieces have 10 holes spaced 10 cm apart. 
The holes are 1 an and two perpen- 
dicular thin steel needles (0.5 mm) 
crossed at their center are fixed in each 
hole. 

On the ranges studied, depending on 
the intensity of survey, two to four tem~ 
porary 25 meter transects were estab- 
lished per location. The frame was 
placed at one meter interval giving 25 
positions and a total of 250 observations 
per transect. 

Recording the data is performed by 
sighting through the holes of the upper 
crosspiece and aligning the crossed 

FIG 2. Dismantled ocular point quadrat 
frame. 

point of the perpendicular needles fixed 
the holes of the lower crosspiece, with 
the ground cover. The holes of lower 
piece are 1.5 cm in diameter large 
enough to identify the various species. 

This unit was found to be particw 
1x1~ well adapted for securing an ob- 
jective measure of cover in vegetation 
whose overlapping does not greatly ex- 
cecd 100 percent. All vegetation up to 
a height of approximately one meter 
can be measured. Measurements of 
rangeland vegetation requiring a large 
number of small plots can be made 
faster and with less human effort if the 
ocular point frame is used in place of 
the standard point quadrat developed 
by Levy and Madden (1933). 

Literature Cited 
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Vertical Fire Guards to 
Control Rurning in 

Small Plots’ 

J. L. LAUNCHBAUGH 

Profasor of Pasture Management, 
Ft. Hays Rranch Experiment Station, 

Hays, Kanras. 

Burning tall hcrbaceous vcgetarion 
in small plots requires wide fire guards, 
moist borders, or a combination of both 
to contain the iire. Broad fire guards 
take up plot apace and need to be Maine 
rained. Permanent guards may cause 
undesirable plot edge effectsby disturbs 
ing the microclimate. Dampened bor- 
ders may control the fire but not the 
beal on contiguous downwind plots. 
Hence there may be flaming of adjacent 
plots witbout actual combustion. The 
taller the vegetation burned, the more 
critical possible scorching becomes. 

Old growth managcmrnt studies of 
switchgrass (Panicurn virgatum L.) in 
rows ior seed production were cons 
ducted at Hays, Kansas. Plots were 
14 x 20 feet. Among other treatments 
burning was done on various dates dur- 
ing winter dormancy and early growth 
Vertical fire guards were used to facili- 

‘Contribution No. 259, Fort Hays 
Branch, Kansas Agricultural Experi~ 
menf Station. Received February 14, 
1971; accepted for publication March 
16, 1971. 

tate burning all the material to the plot 
edges without sacrificing area for fire 
guards or scorching downwind plots. 

A single thickness of burlap im- 
pregnated with a mixture of 3.5 parts 
sodium pent&orate and 1 part sodium 
tetraborate served as a fire-proof bar- 
rier. A strip of burlap 3.5 x 68 feet, re- 
inforced with %incb hemp rope along 
one longitudinal edge, was soaked in 
the borate mixture overnight, sus- 
pended around the plot periphery on 
steel corner posts (Fig. 1, top), and re- 
used on each burned plot. Dense vegc- 
tation required a narrow cleared strip 
on plot boundaries to permit the bur- 
lap to go near ground level. Although 
the burlap was damp when used ini- 
tially, it soon dried from the heat and 
was an effective fire barrier with re- 
peated use (Fig. 1, center). Water 
spraying equipment normally used to 
moisten plot boundaries was kept on 
standby for possible fires from drifting 
aparks. Figure 1 (bottom) shows the 
delineation between burned and un~ 
burnrd material achieved with the ver- 
rical lire guards. 

OVERSEAS OPPORTUNITIES 
Volunteer position* in Morocco for men 
with degrees in rmge monegement (or 
closely related field) in livestock and 
rongeland imprwment progrcm,. Ranch 
or form backyound valuable. Contact 
Personnel Officer, ,n*ern~*;ond “dun- 
tory Servicer, Inc., 155.5 Connecticut 
Ave.. NW, Washington, D.C. 20036. 

Use the Metric System 

With the U. S. Government presently stndy~ plete conversion to the metric system in the note 
ing the possible effects on industry of converting too-distant future, research workers are encour- 
to the metric system of measurement, and Great 
Britain already converting, it can be assumed 

aged to use metric measurements when beginning 
new studies. Many now use a mixture of the two 

that the U. S. will convert sooner or later. We systems, usually using the metric for smaller or 
do not anticipate converting the Journal of 
Range Management solely to the metric system 

“scientific” measurements (grams, centimeters, 

at the present time because too many of our 
millimeters, etc.), and English for pounds, feet, 
and other larger measurements. Let’s use the 

readers do not now think in terms of metric metric system when initiating new range re- 
measurements. However, anticipating a com- starch. 



MANAGEMENT NOTES 

Cattle Dips Are Used as a Tool for Range 
Management in Masailand, Tanzania 

E. G. VAN VOORTHUIZEN 

Range Ecologist, Masailand, Near East 
Foundation-U.S.AIDIGovernment of Tanzania, 

Arusha, Tanzania. 

Highlight 

In many areas of east Africa cattle dips are needid to 
combat tickborne diseases. Currently the dips are installed 
near permanent water supplies and easy access roads, which 
leads to concentrations of livestock and overgrazing. How- 
ever, with better management planning dips may be used 
as a tool to open new grazing areas and to increase the 
carrying capacity of the region. This article refers to the 
existing Tanzanian government programs for the pastoral 
peoples located mainly in the Masai district of northern 
Tanzania. 

The object of the government dipping program is to 
dip as many cattle as possible to combat tickbosne 
diseases. However, the Masai Range Development 
Commission officers believe that grazing management 
can be improved by locating the dips further apart 
where range conditions justify enough concentration 
of cattle for dipping. Previous surveys undertaken in 
Masailand, Tanzania indicate that not only are there 
large portions of rangeland which are not fully utilized 
but that cattle production from this vast area is only 
a fraction of its potential. The main reason is that 
diseases and the lack of permanent water maintains the 
stocking rate well below the potential carrying capacity. 
Masai herdsmen have traditionally combatted disease 
problems by moving cattle away from infected areas. 

Five common species (Table 1) of ticks carry diseases 
which kill 60-80s of the calves before the age of nine 
months (Walker, 1962). East Coast Fever is the major 
one resulting in a 30% loss of the calf crop. Mrema 
(1968) states that one tick can suck more than a quarter 
cc of blood per day and some cattle harbor many hun- 
dreds of them. Tick bite wounds are numerous on the 
dewlap, ears, perineum, udders, tails and sternum of 
cattle and these result in secondary infections. 

Tick surveys show that one beast can harbor up to 
2000 ticks on its hide. This means that there are mil- 
lions of ticks per square mile of rangeland. Tropical 
rangelands with tall grass species such as The’meda 
triandra, Pennisetum mexianum, Cynodon p&to- 
stachyus and Hyparrhenia sp. b’ecome a suitable habi- 
tat for the propagation of the tick. Conditions of 

1 Received October 27, 1970; accepted for publication Janu- 
ary 16, 1971. 

understocking due to diseases favor the lifecycle of 
ticks. The larvae, often referred to as “pepper ticks” 
climb up the stems of grasses and may congregate in 
small clusters waiting to attach to a passing animal. 

The Masai herdsmen annually resort to burning 
large stretches of rangeland to reduce the incidence of 
ticks but this practice lowers the grazing capacity. It 
is at best of only temporary value for tick control. 

The best known solution to the low cattle popu- 
lations is to prevent death from tickborne diseases 
by dipping. Also, better range management can be 
achieved by placing the dips in locations where opti- 
mum range use can be obtained. 

Management Application 
Introduction of a region-wide dipping program with 

support from the district councils was necessary. The 
cattle owners were eager to support the program as 
Mrema (1969) shows in his report by the self-help 
contributions by herders in the Bukoba area (Table 2). 

The initial success of the program seemed encourag- 
ing as the figures for the Arusha district (Mwasora, 
1969) indicate (Table 3). However, until the end of 
1969 the program was not totally effective and difficul- 
ties were met in controlling acaricide strengths, in 
collection of fees, and adequate coverage of the cattle 
populations. 

To speed up the program, the government has now 
assumed operations of all district council dips and the 
regulation and supervision of private dips. As of Janu- 
ary 1, 1970 the dipping of cattle is a free service pro- 
vided by the government but complete cooperation is 
expected and therefore the dipping is compulsory. 

The original government program lists some official 
rules for a dip site survey: One, the selected sites must 
be technically and administratively suitable. Two, the 
dips must be sited near permanent water sources where 
a continuous water supply is assured. Three, accessibil- 
ity of the sites from passable roads must be considered 
to ensure that vehicles transporting construction ma- 
terials can reach the site with ease. These rules indi- 
cate a tendency to install dips near already heavy cattle 
population concentrations. 

Recently, an impo’rtant consideration is added obvi- 
ously with the grassland use in mind. The new policy 
is to site dips wherever water is available regardless of 
the distance between dips, although no two dips can 
be sited at a distance less than 6.5 km apart. This is an 
important step for better distribution of cattle over the 
range. To cite a specific example, in south Masailand 
the range development commission supported by U.S.- 
AID technicians b,elieves that the building of dips has 
priority over other range improvement practices and 

314 
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Table 1. Summary of tick species that are causative agents for various diseases in cattle. 

Tick species COrn”lO” name Call,? diw:,\? 

Anblyomma variegafum Tropical bent tick Heartwater disease 

Boophilus decoloratum Blue tick Anaplasmosis, Redwater disease 

Hyalommn truncatum African bent legged tick Sweating sickness 

Rhipicephalus appendiculnlzu Brown ear tick East Coast Fever 

Rhipicephnlus evertsii evertsii Red lewed tick East Coast Fever. Redwater disease 

Table 2. Contributions made toward the cw.t (Sh.) of dip 
installations. 

Source of contlihutio” Cost 

Average contribution by Distr. Council 2750/00 

Value of self-help by cattle owners 77733185 

Ave. contribution by cattle ownen 2355157 

two dips have been constructed and are operating east 
of Kijungu 4.8 km apart (Fig. 1). Roth are located 
near the Kijungu-Kibarashi road. Water is supplied 
from the Lolero springs by pipeline. The range is in 
fair condition. The two dips are capable of handling 
the cattle population in the area. However, the con- 
centration of cattle for the use of the dips is placing a 
heavy burden on the grazing while an adjacent area 
to the north is getting little use. This area is in good 
condition with Cynodon plertostachyus, Panicum mari- 
mum, Eragrortis superba and Sfmrobolus fimbriatus 
the dominant grasses. There is also a high incidence 
of browse species which makes this area particularly 
suitable for dry season grazing. But the Masai herders 
only use this area sparingly and during the rainy season 
when depressions fill with water and tick populations 
are low. 

Presently, the building oi another dip is under cons 
sideration to open up this area for more intensive use. 
Funds are requested for the construction of a dip to 
include a watering trough. l‘be water source is a small 
flow spring but temporary intensive use into the dry 
season is beneficial. With the dip operating to make 

Table 3. Dipping figures since the start of the Program, 
Arusha. 

Species 

Cattle 

Goats 

Sheep 

Dogs 

Numbers dipped 
1968 ,969 

394,669 528,673 

7,765 11,019 

4,342 6,292 

367 915 

the area disease iree the carrying capacity is increased 
and with pro’p‘oper grains practices, healthy cattle keep 
the grass short thus undercutting a favorable lifecycle 
of the ticks. 

Literature Cited 

MREMA, J. L. 19G9. History of the Bukoba dipping scheme 
between 1961 and 1967. Min. of Agr. Vet. Div. report, 
24 October 196R, 23 P. 

Mw~son~, A. K. 1969. Arusha Distr. Annual dipping re- 
port 1969. Min. of Agr., Tanzania. 4 P. 

WALKER, J. B. 1962. Notes on tbr common tick species of 
east Africa. E. Afric. Vet. Res. Org. Kikuyu, Kenya. Publ. 
Cooper, McDougal& Robertson (E.4.) Ltd., Nairobi. 23 p, 



VIEWPOINTS 

The Seventies: Challenge 
and Opportunity 

Many of us are fortunate enough to 
live in sparsely populated range coun- 
try. While human populations are ex- 
ploding and resource bases are disinte- 
grating in other parts of the world and 
in and around our larger cities, most 
range areas have be& spared-for 
awhile. 

If we haven’t been away from our 
local areas lately-it is easy ;o be lulled 
into an unawareness of a potential 
global crisis. Since the real serious 
problems for most of us are not really 
here yet, it would be well for us in the 
range profession to pause and look at 
the challenges we face and our oppor- 
tunities to help in our battle to cope 
with expanding populations, pollution, 
and diminishing resources. The pre- 
dictions based on computer and other 
analyses are becoming increasingly 
frightening. Most indicators show we 
are losing badly in these battles, as most 
of us know. 

How many of us in the range field 
are really concerned? Are we really 
entering -this decade willing to use all 
the knowledge and skill we possess? In 
this age of environmental crisis, to do 
less than total commitment is not good 
enough. These problems will not go 
away and we can not ignore them much 
longer. 

While much is being written and said 
about environmental problems, and the 
fact that rangemen are usually better 
informed on these matters than most, 
we need to be constantly reminded of 
where we have been, where we are now, 
and where we are going on these vital 
issues. 

To boil the problem down to bare 
essentials we must always consider that 
resources are limited, while man is in- 
creasing geometrically. Populations are 
now following an exponential curve 
which is downright frightening. Until 
about 1650 the world population was 
fairly stable at about 500 million. We 
now have a population of about 3% 
billion and by the year 2,000 we will 
approach 7 billion. By this time (based 
on present data and trends) the graph 
starts to go straight up. Populations 
would then, theoretically, be exploding 

with no increase in time. It is obvious 
we must change the curve-and quickly. 

Other population associated factors 
are also increasing-pollution, civil un- 
rest, power, knowledge-all exploding. 
Only the moral and ethical state of 
human beings are not following the 
exponential curve. And possibly they 
are going the other way. An “explosion 
of sanity” might be said to be what is 
required. gow let’s take another look 
at some of the problems associated with 
increasing population. 

We are poisoning the air we breathe 
at an alarming rate. The last pure air 
sample found in the 48 contiguous 
states was taken 7 years ago in the 
Arizona desert. In 20 years we may all 
be forced to wear breathing masks. We 
are depending upon oxygen produced 
outside the U. S. to breathe. We do 
not have enough greenery in the U. S. 
to produce the free oxygen we require 
to survive. No land area does. Most 
oxygen comes from the oceans (about 
75 percent of the world’s oxygen is 
produced by planktonic diatoms). We 
(especially the affluent countries) are 
dumping billions of pounds of waste 
into the sea-the great open sewer. 
DDT even if banned today would still 
be seeping into the sea 10 years from 
today and studies have shown DDT re- 
duces photosynthesis of varied marine 
diatoms, thus decreasing oxygen produc- 
tion. Oxygen production is further 
being decreased by paving terrestrial 
areas, burning fossil fuels, and oxidizing 
of many areas of iron-rich tropical soils. 

All of the junk we are dumping into 
the atmosphere will probably have a 
profound effect on temperature bal- 
ance in the atmosphere. This could be 
very serious when we consider that a 
change of just a few degrees could 
result in another ice age or perhaps 
melting of the polar caps which could 
inundate much of the terrestrial areas. 

Water pollution is probably much 
worse nationwide than air pollution 
and its consequences must be paid for 
eventually if not now. 

The disposal of wastes is becoming 
more and more critical. The U. S. pro- 
duces almost 50% of the world’s indus- 
trial pollution. It costs $2.8 billion just 
to collect all our garbage. Each year 
U. S. plants discard 165 million tons of 
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solid waste and i72 million tons of 
smoke and fumes are emitted into the 
atmosphere. 

How long can we afford to be so 
wasteful? In 1966 the U. S. with only 
6% of the world’s population consumed 
34% of the world’s energy production, 
29% of all steel production, and 17% 
of all timber cut. 

What are we doing about these prob- 
lems? Has our technology created two 
problems for every one it solves? We 
plant specialized crops that must be 
heavily fertilized and protected from 
pests in order to feed our increasing 
population. Pesticide and fertilizer pol- 
lution frequently create problems fully 
twice as dangerous as those they solve. 
The agricultural contaminants pollute 
our food, water, and air. In addition, 
they wreak havoc on our wildlife-par- 
ticularly the birds which helped keep 
pests in check in the first place. 

We build dams to control periodic 
flooding and in the process create prob- 
lems of silting and permanently flood- 
ing productive farm land. We irrigate 
many areas for crops which takes good 
rangeland out of production and often 
ruins the land and natural waters with 
salts, alkalies, and agricultural contami- 
nants. At the same time we take good, 
productive cropland out of production 
because of surpluses---much of this is 
then paved or otherwise eliminated 
from further production. 

Livestock is taken off of good range- 
land and moved on to the fragile, high, 
mountain meadows to compete with 
wild herbivores. Much of this produc- 
tive rangeland is then plowed with 
potentially disastrous results. 

We create temporary prosperity in 
an area by bringing in large factories. 
These invariably create problems of 
housing, parking, air and water pol- 
lution, sewage disposal, inadequate 
schools, increase in crime, etc. 

Is it just possible that too much of 
our great material wealth has been paid 
for by a tremendous sacrifice of our 
basic natural resources with the result- 
ing damage to the total environment 
they contribute to? 

I am sure most of us are convinced 
that our biggest problem is the other 
guy-the average American citizen. But 
what about us-the trained ecologists, 



range scientists, biologists, and other 
professionals in various conservation 
fields? We knew the problem existed 
and the consequences for inaction, yet 
we talked only to ourselves, we never 
really got our message across to the 
public. 

Today the people are listening-even 
more important-they are giving us a 
mandate to do something about these 
problems. 

All of us concerned with resources 
must work to develop an ecological 
conscience in the general population. 
When the majority develop an almost 
reverent feeling for the land, we will 
learn to live with nature in an ecologi- 
cal balance. If we destroy or upset this 
delicate balance of nature we will surely 
destroy ourselves. 

The situation is serious and the 
future is dangerous; however, the road 
ahead offers many opportunities. 

As rangemen we can do much. We 
can: 

1. Get involved.-We, because of 
our resource background, are 
urgently needed to get started and 
keep the ball rolling toward solv- 
ing these problems. If the people 
most knowledgeable about en- 
vironmental problems fail to help 
who will? 

2. Keep the public informed.-We 
must get the public to study and 
understand the environment they 
live in. We need to try harder to 
sell good land management pro- 
grams. This is important because 
a misinformed public is much 
worse than an uninformed public. 
We must get the public to care- 
fully check their facts and com- 
pare the advice or recommenda- 
tions of many experts-not just a 
few. 

3. Take responsibility.-The public 
must ultimately make the decision 
for environmental planning and 
action. They cannot continue to 
shirk this responsibility. We must 
continue to urge them to accept 
their responsibility. There are 
many private interest groups who 
will be glad to make these de- 
cisions for them. Government 
and industry must serve the peo- 
ple, they must be the slave and 
servant-not vice-versa. 

Resource decisions must be based 
on the greatest good, for both the 
land and the people, over the 

VIEWPOINTS 

Our resources are limited and can 

Develop a new sense of values.- 
Let us measure progress, not in 
just terms of gross national prod- 
uct, or in acres put to the plow, 
new shopping areas, and miles of 
highways paved but in such things 
as the acres of range improved, 
the miles of stream cleaned up, 
the amount of -smog eliminated, 
and the tons of scrap recycled. 
Progress must be measured in the 
quality of our environment, in the 
joy and satisfaction of our lives. 

long period and never only for 
short-term economic gain for a 
few if this also means an ecologi- 
cal abuse of our environment. No 
one is better qualified to provide 
the public with the facts to make 
these decisions than professional 
range people. 

only be increased to a certain extent 
and this at a cost to various environ- 
mental factors. Therefore I believe we 
should start planning immediately for 
the future of our rangelands and ad- 
jacent urban areas. 

How many people can we support 
and still enjoy the things-space, hunt- 
ing, fishing, sports, clean air, etc., that 
we are so proud of. We should plan 
now for an optimum population based 
on a balance between our resources and 
our needs. We need to plan to attract 
industries which will help alleviate our 
present problems and not create new 
problems of their own. Size of com- 
munity is important, and we can if we 
plan now, determine the optimum size 
based on location, distance to markets, 
water supplies, present facilities, and 
cost of enlargement or replacement of 
municipal facilities, schools, parks, etc. 

For example, what factors should we 
measure when deciding if we should 
encourage or discourage a certain in- 
dustry moving to our area? 

Is it relatively clean-will it pol- 
lute our air or water? 

Will the added income and jobs 
more than offset the cost of en- 
larging our municipalities, our 
schools, parks, streets? 

Is it an industry that will create 
long-term employment, the wise 
and sustained use of a renewable 
resource we produce or can pro- 
duce in the area? 

Too often, land managers are asked 
to make decisions which an informed 
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public should make or at very least be 
in support of. The citizens will have to 
decide the best combination of uses for 
management of all public lands. 

For example, if under the present 
management system we are maintain- 
ing a stable big-game population along 
with the production of timber, minerals, 
beef, lamb, wool, agricultural crops and 
several million recreation visits a year 
and we decide to double the game 
population. What are the costs in- 
volved? Who pays for it? What effect 
will this have on the other resources? 

What it boils down to is this. Every- 
thing we do in a forest and range area 
will have both beneficial and detrimen- 
tal effects on various resources. We 
must weigh the benefits of all resource 
management decisions-both short-term 
and long-term, against the costs, both 
immediate and future. We must care- 
fully evaluate all the alternatives. Then 
we must be willing and able to pay for 
our decisions. 

Rangelands have a terrific potential 
for providing an economic return for 
recreational opportunities to the own- 
ers whether private or otherwise. The 
demand for recreation in rural areas by 
urban people is high and increasing; 
at the same time more and more private 
land is being closed to public use. Fur- 
thermore, many of the public lands are 
becoming over crowded and the quality 
of recreation decreasing. Many of us 
associated with range resources are in 
a unique position to serve as liaison be- 
tween urban and rural groups. 

The public wants the recreational op- 
portunity and will pay for it if properly 
explained and provided. The rural 
sector has the potential for providing 
this and at an economic gain. The 
rural population also need the support 
of their urban friends who now, or 
soon will, control the vote of such vital 
matters as tax laws, beef imports, price 
supports, grazing on public lands, etc. 

A healthy farm and ranch economy 
is essential to a stable healthy national 
economy. The cities certainly do not 
need more economically distressed peo- 
ple moving to already over-crowded, 
over-polluted cities. This migration 
must in fact be reversed. What is 
needed is more versatile farm, ranch, 
and small town economy which will 
offer a real opportunity to our youth. 

In ending, I would like to say this. 
The future presents a terrific challenge. 
Range people have a large part to play. 
Let’s get on with our task!-Donald R. 
Die&, Rapid City, South Dakota. 
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The Profession Versus kinds of questions about our overall As a professional group, we can pre- 

the Population capacity for survival that are brought sent a united front of concerned indi- 
into view by ecology. In this light, viduals to lobby if we must. (This may 

In relatively recent times, there has Marx suggests that conservationist be more vital than tax exempt status 
been considerable discourse, both writ- thought is pragmatic, whereas, ecology for the Society (re: Articles of Incorpo- 
ten and verbal, addressed to describing is, in its purest meaning, radical. ration, Rangeman’s News 2(5):3, 1970.) 
the world population crisis. Most sug- I believe that in the past, the think- If government truly performs those 
gest some course of action for surmount- ing of the Society has necessarily been functions that society cannot or will 
ing the crisis while portraying a picture conservationist in nature because the not do for itself, then it is past time for 
of doom if we don’t act and act now. philosophy applied to range resource it to get moving on population. 

Most members of the Range Society use prior to its establishment in 1948 We can stress population limitation 
would probably agree that human num- required the pragmatic approach. Now in Society publications and meetings. 
bers cannot be allowed to increase the survival of man himself is threat- Perhaps a symposium should be spon- 
much longer if the world ecosystems 
are to be retained as we now know 
them. Surficially, however, this prob- 
lem appears rather remote from the 
realm of our objectives as a professional 
society engaged in advancing the art 
and science of range resource manage- 
ment. 

A common theme of several “View- 
points” in recent issues of the Journal 
has been an appeal to broaden our per- 
spective, being careful not to define 
our area of expertise too narrowly in 
terms of the Society as a whole. I sug- 
gest that while we are so eagerly in- 
volved in sustained yield management 
of the resource, we may be neglecting 
an equally pressing need to sustain man 
himself, and thus our profession. 

There is no question that the range 
profession is active in the struggle to 
stabilize or even reverse present trends 
in environmental quality. While this 
is a worthy cause, it would seem to, be 
a case of treating the symptom rather 
than attempting to eliminate the cause. 
Is it possible that man, uncontained, 
can so drastically alter the world en- 
vironment within the span of the near 
future that our present concepts of 
resource management lose their rele- 
vance? Many Society members are en- 
gaged in the modelling effort of diverse 
ecosystems under the auspices of IBP. 
Will the structure and function of these 
ecosystems change so rapidly that the 
first generation models cannot be sal- 
vaged since they would be applicable 
to totally different and possibly non- 
existent systems? 

Leo Marx (Science 170 (396 1) : 945- 
952. 1970), writing on the convergence 
of literary and ecological views of 
America’s dominant institutions, makes 
an interesting point. In talking about 
achievements of programs implemented 
by the admirable if narrowly defined 
work of such agencies as the National 
Park Service, the U. S. Forest Service, 

_ _ 
ened reminding him that he is after all sored to discuss the effects of greater 
only another species of organism sub- than optimum densities of people on 
ject to stresses, strains, and constraints the range resource and its management. 
of his environment, however greatly The Society is in a position to be of 
modified. The Society must now act to influence in Mexico, Central and South 
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contends that they did not raise the menting population control strategy. research on the effects of overcrowding 



VIEWPOINTS 319 

is needed before adapting a radical 
course, Dr. Paul Ehrlich (Population 
Bomb, 1968) appropriately replies that 
“such research initiated today will be 
terminated not by success, but by 
the problem under investigation.” For 
those who argue that the future of our 
profession depends not on population 
density, but on new concepts of re- 
source management brought about by 
increased technology, consider this pre- 
diction by Dr. Isaac Asimov (True 
Magazine, January, 1971): Under pres- 
ent trends the earth will have a popu- 

lation of near 6 billion by the year we might be making it? Let’s not dis- 
2000, a value about double present miss this scenario as only one man’s 
numbers. Pollution, exploitation of re- prediction. We should know its validity 
sources and concentration of popula- long before the next 30 years passes. 
tion in metropolitan areas will have Our professional interests are at stake 
increased to far more than double. He to say nothing of our environment. We 
further states that “even if we escape have an obligation and the opportunity 
an actual nuclear war, our technological to put the pressure where it counts. 
civilization, precariously enough bal- We can make our contribution toward 
anced now, will topple and the world limiting the guest list in order to pre- 
we know will come to a bloody, cata- serve the “good life” and the invited 
strophic end.” This leaves our profes- guests.--Patrick I. Coyne, U. S. Army 
sion caught between a rock and a hard Cold Regions Research and Engineer- 
place. Are we only marking time when ing Laboratory, Fairbanks, Alaska. 

Proper Use: Old Concept- In reality, without changing the time may vary from simple to very complex. 

New Ideas and pattern of grazing, proper use alone This will depend on the resource needs, 
still results in overgrazed areas and ability of the livestock operator to 

The amount of grazing based on de- under-grazed areas. Grazing animals are adjust, and availability of funds for 
gree of use of the key forage species very selective. On dry rangelands, in- financing improvements. The system 
remaining constant each year will not crease of desirable native species in the chosen should be the most economically 
permit maximum sustained use. Key plant composition is very slow at best. feasible and physically practical to reach 
forage species are usually grazed first Examples to follow show the difficulty management objectives. 
and consequently other forage species of obtaining proper grazing use even A grazing system, according to the 
will be underused. The definition of under controlled conditions. Society’s “Glossary of Terms,” is simply, 
proper use in the Society’s “A Glossary E. J. Dyksterhuis (Cattleman. 35(12): “The manipulation of livestock grazing 
of Terms Used in Range Management” 21, 60, illus.) gave some of the princi- to accomplish a desired result.” The 
is, “The degree and time of use of cur- pies that must be remembered if sound desired result, in most cases, is perpetu- 
rent years growth which, if continued, range management is to be practiced. ation of the resource and maximum net 
will either maintain or improve the “Just a few head of livestock will keep returns from grazing animals. These 
range condition consistent with conser- areas near water and along draws grazed results often may be reached in more 
vation of other natural resources.” The down. Also, the very best grasses, the than one way, depending on the needs 
phrase “if continued” limits the practi- kind that need the rest most, will be of the resource and the livestock opera- 
cal application since it conveys the idea kept grazed down about as much with 5 tor. Some examples comparing differ- 
that the time and degree of use will head as with 50. A couple of livestock ent grazing systems are offered here, 
remain constant from year to year. This in a poor pasture make the rounds often not to promote one system over another 
would limit application of the proper enough to keep the more palatable but to show that ranges respond in dif- 
use concept only to ranges which are grasses from increasing.” Dividing the ferent ways to different systems. Cost 
used each year at a time other than the range and running twice as many live- of implementing a system must be con- 
growing season. Any use during the stock on a pasture for h&If as long has sidered, as well as the amount of time 
growing season is harmful to plants many advantages. “It takes about half desired to reach objectives. Sometimes 
and would therefore not be “proper as much riding to look after the live- all that is needed to gain improvement 
use.” stock. It gives part of the range a com- is a change in the season of use, as illus- 

A good solution is to design a grazing plete rest. It results in more even graz- trated by Hickey and Garcia (U. S. Dep. 
system that will meet plant require- ing because the livestock don’t spend Agr., F. S., Rocky Mtn. For. & Rge. Exp. 
ments over time and animal require- as much time traveling around hunt- Sta., Res. Note RM-33, 3 p). 
ments annually. This involves a thor- ing ‘ice cream’ plants. Such plants are Three watersheds were studied for 12 
ough inventory and analysis of the soon leveled and then livestock are years. Yearlong grazing was the prac- 
range resources, including plant phe- forced to eat ‘meat and potatoes’ too.” tice the first 6 years and stocking rates 
nology, and the needs of the livestock This points up the need for using a were adjusted annually on the basis of 
operation using the range. Analysis of range in some manner other than graz- herbage production. The objective was 
these components, along with fence lo- ing to a specified degree of use and at to utilize 55% of alkali sacaton (Sporob- 
cation and water development, will the same time year after year. olus airoides), but the utilization aver- 
allow the logical choice of a practical Each range has a complexity of plant aged from 11 to 87% of this species. 
system of grazing. communities and resource problems. Ground cover index of alkali sacaton 

Obtaining proper grazing use has Livestock operators have divergent declined 34% during this period. The 
long been emphasized as a means of needs. These factors should be analyzed second 6 years, the objective was the 
improving the condition of rangelands. and a grazing system planned to fit the same but the grazing period was from 
The question might be asked as to just specific operation. A reasonable time November through April; i.e., summer 
how much range improvement has actu- should be set to reach the desired ob- deferment grazing season. During this 
ally resulted from this practice alone. jectives. The grazing system selected 6-year period, alkali sacaton increased 
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in ground cover by 400%. Utilization 
ranged from 32 to 70%. Precipitation 
was about average for the 12-year 
period. Blue grama (Bouteloua graci2is) 
and galleta (Hilaria jamesii) both 
showed declining ground cover under 
the yearlong grazing and an increase 
under the summer deferred system. 
This is an example of how difficult it 
is to achieve proper use even under con- 
trolled conditions when a range must 
be used during the summer grazing 
season. Many range operations are un- 
able to use a summer deferred system 
since other forage for their livestock is 
not available at this time. Under these 
conditions, the way to make substantial 
use of our forage plants while main- 
taining or improving their condition is 
by designing a grazing system to meet 
the plant requirements and still harvest 
the crop of grass. 

A comparison of season-long, rota- 
tion, and rest-rotation grazing was made 
by Johnson, W. M. (U. S. Dep. Agr., 
F. S., Rocky Mtn. For. & Rge. Exp. Sta., 
Res. Paper RM-14, 16 p. illus.). Three 
allotments were grazed season-long at 
the same rate of stocking for 2 years 
prior to 4 years of studies under three 
grazing systems. There was no signifi- 
cant change in the vegetation in the 
season-long allotment during pre-treat- 
ment or after. Vegetation on the rota- 
tion allotment showed little change ex- 
cept a decrease in the utilization of the 
meadows of from 41 to 16%. Vegeta- 
tion on the rest-rotation allotment re- 
ceived only about half as much utiliza- 
tion overall as it had on the season-long 
pre-treatment. Little change occurred 
in the pattern of grazing on different 
vegetation types but generally decreased 
over all types. Cattle were more evenly 
distributed over the rest-rotation allot- 
ment. The most striking result of this 
study is the reduced utilization of all 
vegetation types without any reduction 

8 

Why Not Say It the Way It Is! 
The value of range forage on the 

public lands of the West can be point- 
edly demonstrated by considering herb- 
age as a source of energy for the pro- 
duction of table meat in the following 
manner. Let us assume that the con- 
ventional practice of raising beef calves 
on the range followed by finishing 
these animals in the feedlots is reversed. 
Thus the cow-calf operations would be 

in the number of animals grazed on the 
rest-rotation allotment. This indicates 

The definition of range management 
an increase in forage production. 

challenges us to develop our ranges to 
obtain optimum animal production on 
a sustained basis while perpetuating the 
natural resources. There is no grazing 
formula that is best for every range. 
The range manager must analyze the 
needs of each range and use his knowl- 
edge of vegetation requirements and 
livestock needs to reap the most bene- 
fits. 

A well-designed grazing system not 
only benefits the resource but also is 
generally reflected in better animal pro- 
duction. Continuous grazing, 2- and 
4-pasture systems of deferred grazing 
are compared by Waldrip, W. J. et al. 
(Abs. papers, 20th annual meeting, 
ASRM, Seattle 51). Flexible livestock 
numbers were used to remove approxi- 
mately 5070 of the annual forage pro- 
duction. Weaning weight averages of 
calves grazing the three allotments were 
522, 506 and 484 pounds under the 
4-pasture, 2-pasture, and continuous 
systems respectively. In addition, be- 
cause of a continued increase in forage 
production, only 16 acres are now re- 
quired to support a cow in the q-pasture 
system, while 20 acres are necessary 
under the 2-pasture deferred-rotation 
and continuous systems. 

Only a few examples have been given, 
but it seems clear that grazing manage- 
ment systems designed for perpetuation 
of the desired vegetation will accom- 
plish improvement in range condition 
and increased animal production. Graz- 
ing systems should be designed with 
“degree of use” and “time of use” as 
essential parts of the management plan, 
but the “proper” degree of use is still 
very difficult to achieve. Even though 
the “proper” degree of use is not at- 
tained regularly, there are other pro- 

carried out in total confinement on 
mixed rations and the offspring would 
be finished to high good grade of 
marketable meat on the public ranges 
during the spring and summer grazing 
season. Based on this assumption the 
actual energy and food potential of the 
native forage resource on public lands 
can be presented in the proper perspec- 
tive. 

During the past five years or so, we 
have commonly heard or read reports 

visions for the plants to gain vigor, re- 
produce, and accumulate mulch which 

In the illustration used from Hickey 
and Garcia, the objective of reaching 
50% utilization was more nearly reached 

assures a healthy range. 

in the deferred treatment, but even 
though the desired use was exceeded at 
times, improvement was still made in 
the range. Sometimes the idea is con- 
veyed that any use other than optimum 
will destroy the resource. If this were 
true, then we would have very little 
rangeland left today since some of it 
has been abused over a long period of 
time. Some degree of flexibility is neces- 
sary in any grazing system, and exact 
compliance is not necessary to achieve 
objectives. As long as plant require- 
ments are met a large percentage of the 
time, then improvement will be made 
in the range resource. All the examples 
cited mention degree of utilization, 
which in a sense is alluding to the 
proper use concept. If a grazing system 
is designed properly by selecting key 
forage species, and planned to meet 
the physiological requirements of those 
species, the only need for utilization 
information is in the evaluation of the 
effectiveness of the system. If a grazing 
system is properly designed and fol- 
lowed, then the amount of utilization 
in any one year is not too important, 
especially in the more complex systems. 
However, it is a key in the long run to 
the amount and rapidity of increased 
forage production and vigor. If the 
needs of the plant are fulfilled, then 
some flexibility in the livestock opera- 
tion may be made without harm to the 
resource. Good range management tests 
the range manager’s skills and knowl- 
edge in the manipulation of plants and 
animals, but a little common sense is 
essential.--Hurry C. Lawson, Jr., Bureau 
of Land Management, Portland, Ore- 
gon. 

9 

from economists, preservationists and 
nature lovers that livestock grazing on 
public lands is of little or no econom- 
ical consequence. This philosophy is 
based on the biased reasoning that the 
forage resource on public lands fur- 
nishes less than four percent of the 
total feed requirement for table red 
meat from lamb and beef in the United 
States. Certainly such reports do not 
adequately evaluate the true worth or 
this renewable source of energy. Other 
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nishes less than four percent of the 
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reports have stated that the total meat 
produced from public range lands ap- 
proximates two hamburgers per indi- 
vidual in the United States per year. 
Thus, these reports suggest that it 
might be well to forget the forage 
resource on public lands because of it’s 
apparent inconsequential input into 
table red meat. Logical evidence shows 
that such reports are short sighted, 
biased, and distort the true value of 
range forage on public lands. 

Let us consider the value of the 
range resource on public lands, both 
real and potential, in a true sense of 
importance to man’s welfare. The first 
consideration is the capturing of the 
sun’s energy and the fixation of this 
solar energy in the form of chemical 
energy. This chemical energy is passed 
on in livestock production and is essen- 
tial for man’s sustenance. The future 
certainly dictates that we manage the 
herbage resource on the basis of effi- 
cient energy conversion for food at a 
tremendously high degree of intensive 
concern and use. 

Studies by the author during the past 
25 years suggest that range lands of the 
Western 1-J. S. produce about 1,536 
megacalories of gross energy per acre. 
This production figure assumes about 
equal proportions on mountain, foothill 
and desert ranges respectively. During 
the spring and summer while vegetation 
is growing this gross energy is, on an 
average, 60 percent digestible by sheep 
and cattle. Therefore, some 922 mega- 
calories of digestible energy is available 
on each acre of native rangeland (1536 
x 60% = 922). For discussion purposes, 
we can suppose that 50 percent of this 
herbage can be removed as forage un- 
der intensive and efficient management 
systems and still provide for sustained 
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yield of herbage over time. Therefore, 
461 megacalories (922 x 50%) of diges- 
tible energy per acre is available for 
fattening steers or lambs when utilized 
during the spring and summer grazing 
season. This range herbage is actually 
capable of producing finish on a steer 
to the degree of high good or a low 
choice grass fat animal which is con- 
sidered an adequate quality of market- 
able table meat similar to meat that is 
consumed in much of the Western 
World today. 

According to recent surveys, there are 
some 275 million acres of public range- 
lands in the West. Consequently, ap- 
proximately 127 billion megacalories of 
digestible energy are produced annually 
on public lands (275,000,OOO x 461 
megacalories of digestible energy per 
acre = 127,000,000,000). Approximately 
eleven megacalories of digestible en- 
ergy are required to produce one pound 
of beef in the form of steer gain during 
the spring and summer from range 
forage. Therefore, this 127 billion meg- 
acalories of digestible energy produced 
on public rangelands is capable of pro- 
ducing 11.5 billion pounds of beef (127 
billion +- 11 = 11.5 billion pounds). 

Finally, if the solar energy fixed in 
the range forage on public lands is 
converted at optimum levels of effi- 
ciency each individual in the United 
States could received about 56.7 pounds 
of beef from this range forage yearly 
(11,500,000,000 lbs. of beef from range 

forage + 203,000,OOO people in U.S. = 
56.7 pounds). 

Furthermore, the 11.5 billion pounds 
of potential beef from range forage on 
public lands is equal to 55 percent of 
the total beef production in the United 
States at the present time (11.5 billion 
pounds potential from public range- 
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lands + 21 billion pounds total = 55 
percent). Stated in other terms, the 
forage resource on public lands is cap- 
able of furnishing enough energy to 
produce about 52 percent of the total 
beef consumed per capita in the United 
States at the present time. The per 
capita consumption of beef in the 
United States at present is about 110 
pounds of carcass weight per year. 
Therefore, the 56.7 pounds per capita 
potential from range forage on public 
lands is about 51.5 percent of the meat 
annually consumed by each individual 
(56.7 t 110 = 51.5%). 

At the moment, the great potential 
of stored solar energy in rangeland 
herbage is not being used at optimum 
to meet national food needs. However, 
someday it may be sought to feed our 
rapidly growing population. The range- 
land herbage not only fixes great quan- 
tities of solar energy for food but it also 
purifies the air and furnishes protection 
for watersheds. 

From this discussion we can see that 
if the feeders were to produce the 
weaner calves from ration feeding of 
the cow-calf herds in total confinement, 
and the range forage on public lands 
were used only to fatten steers during 
spring and summer, the capability of 
this forage resource could produce more 
than one-half of the total finished beef 
normally consumed by the entire popu- 
lation in the United States. Since all 
life on earth is dependent upon energy 
fixed in plants, it is more reasonable to 
evaluate the importance of the forage 
resource on the basis of energy conver- 
sion and transfer rather than the dis- 
torted calculations made by biased esti- 
mates of biased individuals.-C. Wayne 
Cook, Range Science Department, Col- 
orado State University, Fort Collins. 
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The King Ranch Quarter Horses. 
Robert Moorman Denhardt. Uni- 
versity of Oklahoma Press. Nor- 
man. 256 p. illus. 1970. $9.95. 

A clue to this book is in the sub- 
title: “And Something of the Ranch 
and the Men that Bred Them.” The 
text is in absorbing story form. It 
progresses rapidly from Richard King’s 
runaway from his New York home in 
1824, through his Gulfcoast steamboat 
and Mexican War years, to the Ranch0 
de Santa Gertrudis in 1852. From the 
start, Captain King wanted top cow 
horses, and spared no effort to improve 
his stock; witness that he paid $300 
for the first land (15,550 acres), but 
soon paid $600 for a stallion named 
Whirlpool. Among his farsighted 
moves was the assurance of the nucleus 
of a reliable work force-he purchased 
all available livestock at a small Mexi- 
can village and promptly offered em- 
ployment on the ranch to the entire 
population-the first Kinenos. 

Since Silent Spring. By Frank A. 
Graham, Jr. Houghton Mifflin 
Company, 2 Park Street, Boston, 
Massachusetts 02107. 333 p., 1970, 
$6.95. 

Since Silent Spring describes the gen- 
esis of Silent Spring, the furor after its 
publication, and other “manifestations 
of the flow of sound and unsound 
knowledge” that have influenced pesti- 
cide policy. The book continues on the 
doubtful premise that pesticides stand 
convicted of poisoning the world. It 
further hypothesizes that industry and 
regulatory agencies (U. S. Department 
of Agriculture in particular) have been 
insensitive to the realities of pesticides. 

The book is divided into five sec- 
tions. The first deals with Rachel Car- 
son’s literary and scientific background, 
the publication of Silent Spring, and 
the controversy which ensued. The sec- 
ond gives some selected opinions and 
evidence that support the author’s con- 
tention “that the risk of using DDT 

The book traces the growth and ex- 
pansion of the ranch from the time of 
Captain King, then of his son-in-law 
and attorney Robert Kleberg, and on 
through the management of Robert J. 
(Bob) Kleberg, Jr. to the present. 
Credit is given to many of the Kle- 
berg family and others on the ranch, 
especially the veterinarian Dr. J. K. 
Northway. But Bob Kleberg, President 
of the King Ranch, appears to have 
been the driving force during the past 
50 years. He is ultimately responsible 
for the Santa Gertrudis cattle, the 
famous King Ranch sorrel Quarter 
Horse, the KR Thoroughbred racing 
stable, and indeed the welfare of the 
entire ranch. It is now a farflung enter- 
prise with tremendous holdings in 
North and South America and in 
Australia. 

The bulk of the book deals with 
Bob Kleberg’s consuming love: the 
improvement of ranch horses. The 
reader must discover for himself the 
intriguing story of contributing horse 
breeders and of individual stallions 

and its chemical relations in the open 
environment outweighs whatever bene- 
fits they bring to mankind.” The next 
short section cites some of the reactions 
encountered by Silent Spring, and casti- 
gates much of the scientific community 
for failing to speak out and inform the 
public. The fourth section faults the 
Federal Government for its failure to 
“provide social advice and constructive 
leadership for both industry and states.” 
Several instances of poor judgment and 
unproductive interagency competition 
are mentioned. Section four also ques- 
tions some uses of pesticides in public 
health and agriculture. The concluding 
section advocates “strong actions as well 
as strong words.” Mr. Graham outlines 
some alternative methods of pest con- 
trol and discusses the Environmental 
Defense Fund and its legal activity to 
eliminate the use of DDT. The epi- 
logue laments the failure to solve many 
of the problems pointed out by Miss 
Carson. 

The Appendix includes information 
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and mares used in the ranch Quarter 
Horse breeding program. With pic- 
tures and descriptions, they come alive 
in working cattle horse races, and 
horse shows such names as the Old 
Sorrel, Hired Hand, Peppy, Wimpy 
(P-l), and foundation mares such as 
Water Lilly, Brisa, and Lady of the 
Lake. Looking back now, it is sur- 
prising that the American Quarter 
Horse Association was formed only in 
our own time: 1940. Many details 
of bloodlines and breeding programs 
are in the eight appendices. The book 
is well documented with citations to 
books, articles, and records. There is 
a good index. The University of Okla- 
homa has done its customary excellent 
job of printing and binding. Note 
that author Denhardt was an organizer, 
first Secretary, and longtime director 
of the American Quarter Horse As- 
sociation. 

I am proud to have this book on 
my reading table.-R. S. Campbell, 
Quincy, Illinois. 

on pesticide safety for homeowners and 
gardeners. Shirley A. Briggs of the 
Audubon Society compiled lists of gen- 
eral use rules, acceptable pesticides 
(i.e., relatively non-toxic to humans and 
non-persistent), and basic references. 
Harold G. Alford briefly (5 pages) out- 
lined federal pesticide registration re- 
quirements in Appendix II. 

Since Silent Spring is a thought pro- 
voking book no matter what your posi- 
tion on the pesticide controversy. Mr. 
Graham justifies his lack of objectivity. 
“Too many scientists fail to see that 
there is no such thing as an ‘objective’ 
book on an issue of social importance; 
an objective book about pesticides and 
their effects on the environment would 
be merely a descriptive bibliography.” 
The pesticide controversy is an emo- 
tional issue, because we must eat but 
should not risk acute or chronic toxicity 
from introduced chemicals. The pesti- 
cide controversy is also a technological 
and scientific issue, because we must 
determine the practices needed to feed 
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people and protect their health. Mr. 
Graham cites 56 scientific papers and 
strengthens his case by avoiding a pleth- 
ora of evidence that appeared after 
Silent Spring. It is such evidence on 
the efficacy and safety of many pesti- 
cides that will ultimately permit an ob- 
jective analysis of an emotional issue. 

The book is a continuation of Miss 
Carson’s vigorous indictment of pesti- 

cides. It strengthens the case against 
the misuse of chlorinated hydrocarbon 
insecticides. However, the reader could 
easily get the impression that the things 
that are wrong with DDT and its rela- 
tives are also wrong with all pesticides. 
Graham proposes that part of the pesti- 
cide muddle is due to a lack of com- 
munication by the academic commu- 
nity. 

As a weed scientist, I am pleased with 
Mr. Graham’s effort, not because it is 
objective, or scientific, or without fac- 
tual error, but because it is part of the 
continuing call for action on pesticides. 
The book emphasizes the need for ob- 
jectivity in decision making regardless 
of the nature of the question.-Robert 
L. ZimdahZ, Weed Research Laboratory, 
Colorado State Univ., Fort Collins. 

The Role of Nitrogen in Grassland 
Productivity. By D. C. White- 
head. Bulletin 48, Common- 
wealth Bureau of Pastures and 
Field Crops, Farnham Royal, 
Bucks, England. 202 p., 1970, 
$5.90. 

This book brings together widely 
scattered information on the role of 
nitrogen in grassland productivity in 
temperate regions. The author is a 
member of the staff of the Grassland 
Research Institute, Hurley, Berkshire, 
England. Its bibliography of 516 
printed references is by itself a valu- 
able contribution. Although the subject 

matter is technical, it is presented in the 
same readable style as that of most of 
the publications of the Commonwealth 
Bureau of Pastures and Field Crops. 

The supply of nitrogen is of para- 
mount importance to grassland produc- 
tivity and, in temperate regions, herb- 
age yield increases may be proportional 
to the supply of reasonable amounts of 
fertilizer nitrogen. Since grassland is so 
responsive to fertilizer nitrogen, much 
research has been conducted on various 
aspects of fertilizer nitrogen on herbage 
yield and composition. Part I of the 
book summarizes information on the 
transformations of nitrogen in grass- 
lands, both with and without a legume 
component, and with and without ap- 

plication of fertilizer nitrogen. Part II 
deals with the major factors governing 
the yield response of grasslands to fer- 
tilizer nitrogen. Part III reviews the 
effects of fertilizer nitrogen on the 
chemical composition and nutritional 
quality of herbage. 

Much of the work that is reviewed 
has been carried out in the cool- 
temperate regions of north-western 
Europe. The results may or may not 
apply to other areas of similar climate; 
they also may or may not apply, with- 
out qualification, to warm-temperate or 
more arid regions.-George A. Rogler, 
Agricultural Research Service, North 
Dakota. 

Arid Lands of Australia. Edited by 
R. 0. Slatyer and R. A. Perry. 
Australian National Univ. Press, 
Canberra. 32 1 p., 1969. Distrib- 
uted by International Scholarly 
Book Services, Inc., 1920 Sheridan 
Rd., Zion, Illinois 60099. $12.50. 

Arid Lands of Australia includes 18 
papers presented in a symposium orga- 

nized by the Australian Academy of 
Science and held in Canberra in May 
1969. Australian authorities in arid 
land management presented 15 papers, 
and American authorities presented 3 
papers. The major objective of the 
symposium was to define Australia’s 
arid land problems as a basis for future 
programs and remedial actions. Indeed, 
the text covers many problems, and the 
history of problems, in a remarkably 

well coordinated way for a symposium. 
It describes the physical and biological 
characteristics of arid lands, land use 
and ownership patterns, and a variety 
of economic limitations and problems. 
Although this book is about Australia, 
it provides a wealth of source material 
for those interested in arid land re- 
source management.--B. E. Dahl, Texas 
Tech. University, Lubbock. 

Manual of the Carices of the Rocky 
Mountains and Colorado Basin. 
By Frederick J. Hermann. U. S. 
Department of Agriculture, For- 
est Service, Agriculture Hand- 
book No. 374. U. S. Government 
Printing Office, Washington, 
D. C. 20402. 397 p., 1970, $3.50. 

Basin areas, yet its value will extend 
into the Great Basin where it covers all 
but a few westernmost species. 

The author states that his concern 
for the field scientist has been kept in 
mind in the preparation of the manual. 
Considerable pertinent information in 
addition to the keys and species de- 
scriptions have been included. 

the group, range people as well as other 
students of vegetation have a tendency 
to list the Carex species under the 
generic name only. Use of this up-to- 
date key plus the illustrations will be a 
great help in specific identification. 

The author’s treatment of the Carices 
follows Mackenzie’s work. The manual 
includes 165 species plus varieties, 

This book is an important addition The genus Carex, one of the largest which are about one-third of the species 

to our manuals of western plants. As and most complex groups in western occurring in North America. The key 
the title indicates, the book was written United States, is an important source places the species in “Sections,” which 
for the Rocky Mountain and Colorado of forage. Because of the complexity of help us understand and deal with this 
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large complex group. The good illus- 
trations of each species adds much to 
the value of the book. 

In his treatment of the species, I 
wish the author had considered com- 
bining some of the very closely related 
species in the Ovales Section. I have 

NEW PUBLICATIONS 

Ben Hunt’s BIG BOOK OF WHIT- 
TLING is a new hardback compilation 
from his two earlier publications of 
1944 and 1947. It has excellent instruc- 
tions for wood carving, including use of 
the pocket knife, to make birds, Indian 
crafts, animals, and other figures. 182 p. 

difficulty in separating Carex festivella 
and C. microptera either in the field or 
as dried specimens. The same could be 
said for other Sections. For example, 
C. rossii and C. brevipes, in the Mon- 
tane Section, are very difficult to sepa- 
rate. Further monographic studies are 

The Bruce Publishing Co., New York, 
and Collier-Macmillan Co. of Toronto. 
$7.95. 

EVERYMAN’S GUIDE TO ECO- 
LOGICAL LIVING is an innocent 
looking little paperback, but the con- 
tents are potent. It is an outgrowth of 
the 1970 conference on environmental 

needed to solve problems of classifica- 
tion in these and other Sections of the 
genus. 

This handy little key should be wel- 
comed by all range men. It looks like 
a real bargain at $3.50.-Mont E. Lewis, 
U. S. Forest Service, Ogden, Utah. 

rights in Santa Barbara and attempts to 
answer the question, “What can I as an 
individual do?” It’s coverage ranges 
from waste paper to political action. 
Written by G. M. Cailliet, P. Y. Setzer, 
and M. S. Love, it is sponsored by Santa 
Barbara Underseas Foundation, and 
published by The Macmillan Co., New 
York. 119 p. $.95. 1971. 
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