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RANGE MANAGEMENT 
Integrated Management of Timber, Water, 

Forage and Wildlife Experience as 

Practiced by Lumber Companies 

AL MOLTKE 

Vice Preside&, Pilot Rock Lumber Co., Pilot Rock, Oregon 

Range management today is part 
of the responsibilities of all own- 
ers and managers of private forest 
lands. There was a time when a 
lumberman gave little thought to 
anything besides how much tim- 
ber was on the tract when evalu- 
ating a purchase. His primary ob- 
jective was, of course, to cut as 
many boards as possible from the 
land. Then, he was through with 
it. Also, his objective was to make 
as big a profit from the forest in 
the shortest possible time and that 
profit was only represented by 
timber. Many cut out and got out, 
made a good profit and that was 
all there was to it. When that 
stand was cut, they would get more 
timber and repeat the process. 

In recent years, many lumber- 
men have come to realize that 
there are no forest frontiers left in 
America. If they hope to stay in 
business and, by so doing, support 
the towns that have grown up 
around them and have come to de- 
pend upon their industry for their 
existence, then they must stay in 
one place, get the most productiv- 
ity from the ground they own and 
manage. This happens to be the 
position of the Pilot Rock Lumber 
Company. 

Many lumbermen have now taken 
a second look at the timber grow- 
ing potential of their lands for the 
first time. They have come to re- 
alize that timber could be looked 
upon as a crop, and economically 

so, like any other crop. As much 
of the western forest lands could 
also grow grass-why not also get 
the most from the grass potential 
of those lands. Several lumbermen 
operate cattle ranches in conriec- 
tion with their lumber business. 
However, we at Pilot Rock are 
staying out of the cattle business 
and sticking to one headache at a 
time. 

We are earnestly trying to get 
maximum utilization from every 
tree we cut. We are also retaining 
the maximum payroll from lumber 
processing for our community. Our 
grass and grazing permittees are 
watch e d zealously because we 
know that being lumbermen we 
are not supposed to know or care 
much about our grass. To disprove 
this theory, we have employed an 
expert with practical grazing and 
cattle business know-how. For that 
job, we selected a successful re- 
tired cat t 1 eman, who learned 
through experience that it does not 
pay to overgraze. 

While I can’t say how many 
lumber operators are doing exactly 
as we are, I believe that today 
most timber operators of substan- 
tial size in the Pacific Northwest 
have grazing programs integrated 
into t h e i r forest management 
plans. 

We are cutting our timber on 
a sustained-yield basis, leaving 
thrifty trees to grow the future 
crop for the future generation of 
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loggers. In this way, we get the 
maximum in wood growth from 
our lands. This is economically 
feasible in view of the collateral 
value incorporated in our cut-over 
lands. While consideration has 
been given to the wood productiv- 
ity of these lands, up until recent- 
ly not much thought was given to 
the grass productivity of the same 
land. We found that both crops 
do well together, so we have in- 
cluded grass in our forest man- 
agement plan. 

Our range management starts 
with seeding our skid trails to a 
good, locally recommended range 
grass. We depend upon the Forest 
Service recommendations to be as 
near correct as is presently pos- 
sible in view of the fact that they 
have a special department set up 
for range management, and are 
familiar with our local conditions. 
Advice on the correct time to seed 
has also been taken from the For- 
est Service. In our area, this is 
considered to be either in late fall 
before the first snows, or on the 
first light snow. There is danger 
in waiting too long, as access to 
the area may become quite difficult 
if deep snow comes early. Thus, 
seeding, like burning brush, is lim- 
ited sometimes to a very short pe- 
riod. 

We realize that overgrazing is 
contrary to range conservation, so 
we have put a large portion of our 
holdings under the jurisdiction of 
the Ranger Station at Dale, Ore- 
gon. The ranger treats our lands 
exactly as he does Forest Service 
lands. In view of the fact that 
much of the land is integrated 
with national forest lands, this 
system works very well. This range 
is leased directly to a range associ- 
ation and a few private individu- 
als, but the number of cattle they 
may run on these lands is decided 
by the ranger in charge. The area 
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just referred to is in the John Day 
River country and is inside the 
national forest boundaries served 
by the Dale Ranger Station. Ap- 
proximately 30,000 acres are in- 
volved in our private forest lands 
in this area. 

Outside the boundaries of the na- 
tional forest this cannot be done so 
we have employed a range manager 
to handle the grazing on some 60,- 
000 company owned acres that lie 
outside the forest boundaries. His 
responsibility is to control size of 
herds that the various permittees 
wish to run on our lands. Also, it 
is up to him to decide range dis- 
putes. If a permittee persists on 
slipping in more cattle than the 
range will stand, then our range 
manager has the unpleasant job of 
cancelling his permit. 

All of our range leases are so 
written that if overgazing is prac- 
ticed, then the next year’s lease 
will not be renewed. All leases 
with few exceptions are written for 
only one year with a promise of 
renewal at our company’s option. 
We have no trouble getting takers 
on that basis. 

#In our business, we are using 
large numbers of forest weed trees 
for chips. These chips are con- 
verted to pulp and eventually 
fibreboard. Removal of these trees 
is of value in promoting better 
saw-timber growth, the major crop 
of the area.. This also aids in 
securing better snow compaction 
and thus creates a better watershed 
while conducting a sound logging 
program. Better forest watersheds 
aid much in controlling streamflow 
and thus contribute toward stabili- 
zation of our great hydroelectric 
plants now being built on the great 
river systems of the Northwest. 

I would like to point out here 
that we believe that it is the duty 
of all conservation-minded people 
to protect the watershed value of 
their lands. It is my firm belief 
that the future economy of this 

country can be maintained as it 
now is for the longest possible time 
only if we give serious considera- 
tion to maximum conservation and 
utilization of the water that falls 
on our forests from the skies 
through rain and snow. 

Our forests comprise much of 
the area in which we live. They 
are the source of the water supply 
of the Columbia River and its trib- 
utaries. Agriculture is ba.sically 
fully developed. The lumbering 
business will have to decline to 
some extent as soon as all private 
forests are cut. There is not enough 
wood now growing in the western 
forest to maintain all mills now op- 
erating on their present annual cut- 
ting basis. Substitutes will have to 
be found to take the place of wood- 
en boards. These substitutes will be 
made because of available power 
from the river. This country’s 
population is mushrooming rap- 
idly. The potential of the river is 
the only remaining frontier to be 
claimed by the present and future 
population of the area. The water 
from the forest can play and will 
play an important part in their fu- 
ture standard of living. 

As I have tried to point out, the 
forests have multiple uses. There 
is one important use yet that I 
have not mentioned, but it most 
certainly should be. 

The rightful heritage of all red- 
blooded Americans is the recrea- 
tion incorporated within these for- 
ests. This can also be considered 
as an important factor in our 
present economy. Much of our 
present business is based on equip- 
ment and supply needed for recre- 
ation. It is the policy of our com- 
pany to contribute toward this use 
of our private lands by allowing 
free use of our logging road sys- 
tem under fair and wise control. 
Written permits are granted upon 
request. Keys to our locked gates 
are also issued without charge We 
know that the recreational use of 

our forests would be wasted if not 
used. We do not wish to see waste 
of any kind. Thus, we have co- 
operated with our neighbors in 
this respect and I know of no fair 
request for such use that has been 
denied. Better public relations are 
our reward. 

About 5,000 acres of our lands 
in the lower John Day river coun- 
try were found to be ideal for a 
winter refuge for wildlife. Upon 
request by the Oregon State Game 
Commission, we made this land 
available for its best use, a big 
game winter refuge since 1950. This 
was our major contribution toward 
wildlife protection and as I un- 
derstand from recent reports, it is 
proving to be all the Game Com- 
mission expected. Thus, I have 
endeavored to point out that tim- 
ber, cattle, watershed, wildlife and 
recreation are all an integrated 
part of a private forest, and can 
be managed without one interfer- 
ing with the other. 

In closing, I wish to add that we 
at Pilot Rock are not alone in this 
sort of private forest management; 
many other substantial lumbering 
industries in this country are con- 
sidering carefully all of those once 
hidden values that lay within their 
forests and have set up wise mul- 
tiple purpose use of their lands. 
There are no new forest frontiers 
left to capture in America. We can 
only settle down and make the 
most and best use of what we have. 

Any owner of private natural 
resources has a grave responsibil- 
ity to be worthy of that ownership. 
He cannot take it with him when 
he dies but must pass it on to 
someone else. He has no right to 
leave his lands in poorer produc- 
tivity than when he found them. 
It was God given and he only has 
the right to use just so long as he 
lives. A hundred years from now 
this earth will still be the source of 
all life. To destroy its productivity 
is to destroy human life. 
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_. 

Much has been written about 
the region in Argentina around 
the city of Buenos Aires, the area 
better known as the “Pampas.” 
Another region, the high wind- 
swept plains of Patagonia have 
also excited the imagination solely 
by their extent of empty space. 
But between the humid but tree- 
less grassland of the Pampas of 
Argentina, and the desert in the 
rainshadow of the Andes moun- 
tains, lies a little known belt of 
xerophytic forest, commonly known 
as “monte,” which in the south 
blends into the highland pla.teau 
of Patagonia (Fig. 1). 

Vegetation of the Area 

In the province of La Pampa 
this forest is dominated by the 
c a 1 d 6 n tree (Prosop& calden) 7 
which in the mature forest occurs 
in open stands with the individual 
trees from 30 to 50 feet apart 
(Fig. 2). Besides the cald6n two 
other tree species occur in t,he as- 
sociation, the algarroba (Prosop/i.s 
jzcliflora), known in the IJnited 
States as mesquite, and the chafiar 
( Gourliea decorticans > . To the 
north in the province of San Luis 
and C6rdoba the chafiar replaces 
the caldkn as the dominant spe- 
cies. Under the trees in the open 
forest an abundant cover of grasses 
occurs the most important of 
which are Trichloris mendotina, 
Melica macra and several Stipas. 

_. 

To the west of the caldhn-domi- 
nated forest, and stretching north 
into Perti, lies another vegetation 
type, commonly named “fachinal”. 
Here brush species dominate to 
the almost complete exclusion of a 
grassy understory. Algarroba and 

jarilla (Larrea diwricata) are the 
dominant species with the widely 
distributed piquillin (Condaliu 
microphylla). All these brush spe- 
cies are also found thinly scattered 
throughout the xerophytic forest. 

Where caldknes have been killed 
by fire or removed by man for 
firewood or clearing of the land 
for agriculture, jarilla will multi- 
ply rapidly and form impenetra- 
ble stands, making the area almost 
useless for the grazing by live- 
stock. 

Within the forest region lie large 
areas of rolling hills dominated by 
grass vegetation. Occasional thick- 
ets of caldhn, chacar, or isolated 
piquillin, or sombra de toro (Yo- 
dina rhombifolia) are the only 
taller plants found on the coarser 
sandy soil of this vegetation type 
dominated by cebadilla (Bromus 
catharticus), known in the Eng- 
lish-speaking world as rescue grass. 
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Also in abundance is the unpal- 
atable olives (I’lazia arqenfee) 
which with its long root system ia 
an excellent soil binder. Together 
with tupe (Panicxm wwilleanzlm) 
it is the first to inxxle and fix the 
uncovered sand dunes in the area. 
Some of the other.grasses in the 
association nre Setaria geniculata, 
Pm longiligula, Cellchrzls pauci- 
florzcs, Hordeum brachyantherwn, 
Melica maera and several more 
Stipas. In Argentina only the 
more distinctive grasses have a 
common name; the rest we 
grouped together into “pasta bue- 
no” and “paja brava”, respectirely 
good grass and bad grass. 

In low depressions where salts 
hare collected only Disfichlis stri- 
ata and other halophytic species 
will grow. On other areas the prox- 
imity of the water table is indi- 
cated by the .&l-known Pampas 
grass (Cortaderia) (Fig. 3). Sev- 
eral of thrsr areas have been 
plowed and seeded to rye or al- 
falfa as Tinter pastures (Fig. 4). 
Heavy grazing has allowed the in- 
vasion of Russian thistle (Salsola 
k&i) an,3 these pastures are useful 
to livestock only in early spring 
when the thistle is still succulent 
and green. Heary grazing of the 
Russian thistle at that time has 
been found to reduce the stand 
considerably and allow the reestab- 
lishment of the original grass 
eoY?r. 

Utilization of the Range 
I’uhlic range is almost unknown 

in Argentina. The best land has 
long ago been granted to Spanish 
soldiers or else has been bought or 
occupied by other private inter- 
ests. Federal land has either re- 
verted to the government through 
non-payment of taxes o* is in 
sparsely populated and undevel- 
oped area like Patagonia. Almost 
all grazing land is fenced off in 
the basic land unit of one “legua”, 
a square of 3 by 3 miles enclosing 
an area of 2,500 hectares or ap- 
proximately 6,400 acres. Some- 
times these legnas are subdivided 
into smaller pastures depending on 
the intensity of the livestock oper- 
ation and th? developmmt of wa- 

tering facilities for livestock. Most 
of the livestock operators have 
now recognized the beneficial as- 
pects of the shade and shelter pro- 
vided by trees and many fences 
have bepn deviated from their 
previous straight compass lines to 
inelude at least some shaded area 
in each pasture. 

Both cattle and sheep graze in 
the forest and grassland area of 
the province of La Pampa. The 
sheep are rained as ~001 producers 
and the M&no breed predorn- 
nates. Catt,le are bred for sale as 
feeders to be fattened on the al- 
falfa pastures in the province of 
T%u~non Aires to the east. The 
Shorthorn is the dominant breed in 
Argentina, but both Herefords 
and Aberdeen Angus are found in 
increasing nnmbers on the range 
in addition to crosses of these 
brwds with the Shorthorn. 

Rainfall in the area averages 
from 16 to 10 inches per year, de- 
creasing across the territory from 
east to west. The bulk of the rain- 
fall is in the spring and fall sea- 
son when ‘Yemporalri will come 
in from the Atlantic Ocean and 
bring several inches of rain in a 
few da>-& In snnuner, thunder- 
storms provide some moisture but 
they are more feared for the fire 
danger they bring than wanted for 
the rainfall. The wet seasons pro- 
vide moisture for an abundant 
new growth of grasses and the eat- 
tle and sheep will graze on the 
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open grasslands. During the heat 
of the summer they seek the shel- 
ter of the forest and praze there 
for the most part. In some winters 
the seedpods of the calden tree can 
be depended on to provide an 
abundant feed in addition to the 
grasses that have cured on the 
stem. The bulls and part of the 
breeding herd are mostly over- 
wintered on pastures that have 
been seeded to rye or sorghums in 
the previous fall, but sheep are 
left to browse on the shrubs and 
to overwinter as well as they can. 

The breeding season for the cat- 
tle starts in the spring (Septem- 
ber) when the bulls are taken out 
of their winter pastures and di- 
vided over the herds in the differ- 
ent leguas of the ranch. They re- 
main until the winter round-up, 
which takes place after the first 
frosts have killed off the flies. At 
this round-up the year’s calf crop 
is branded, dehorned and eas- 
trated, while those calves ready 
for weaning are separated. The 
cows and bulls are vaccinated 
against foot-and-mouth disease and 
the calves get a vaccination 
against blackleg. The older ani- 
mals are run through the chute 
and selection takes place according 
to age. Old cows are sold locally 
while the old bulls are shipped by 
railway directly to the packing 
houses in Buenos Aires. Heifers 
and steers are sold at the local 
markets to buyers from the prov- 
ince of Buenos Aires at ages m,ry- 
ing from 10 months to 2 years. 
Spring and fall are the best time 
for sales when the rains have 
greened up the pastures of the in- 
termediate buyers and have al- 
allowed them to overstock tempo- 
rarily. Sales take place in groups 
of 20 to 50 head. Prices are per- 
head, all animals in one group be- 
ing sold at the same price, which 
varies between 400 to 700 pesos, 
or $14 to $24 at the free exchange 
rate of 2g peos to the U. S. dollar. 

The sheep run in bands of ap- 
proximately 300 per legua. At the 
end of the winter they are rounded 
up and the lambs are docked, cas- 

trated and earmarked. The sheep 
are counted at this time to estab- 
lish their exact number for the 
time of shearing a month later, 
and older sheep are culled and 
held separate for consumption on 
the ranch. Shearing takes place in 
October after the spring rains and 
is done by contract. After shear- 
mg, the sheep are held in forested 
pastures where they can find shel- 
ter against the detrimental effects 
of rain and frosts which are still 
a probability at this time of the 
year. A few weeks after shearing 
the sheep are dipped to control ex- 
ternal parasites. Lambs are 
weaned and put into separate pas- 
tures in readiness for shipping by 
railway to the market in the city 
of Buenos Aires, 500 miles to the 
east. The old equipment of the 
Argentine railways and the scar- 
city of ears has made it necessary 
to order railroad cars and fix ship- 
ping dates for lambs for months 
beforehand vhen the ranchers do 
not e”~n know the amount of lambs 
they mill ham available to send 
to market. 

Prospects for Improvements 

Lack of appreciation for the 
problems of the range has caused 
this resource to be nrglected. Man- 
agement of the livestock is the 
base of the ranch operations in 
this part of Argentina, while the 
range is considered as a fixed 
item influenced only by the an- 

nual rainfall. Range eonditiou is 
determined largely by the condi- 
tion of the livestock grazing on it. 
Bad distribution of the livestock 
over the range due to scarce water 
derelopments and faulty or eon,- 
plete absence of salting practices 
has caused overgrazing in many 
parts of the area. This is especi- 
ally noticeable in the pastures 
near the ranch headquarters and 
corrals where horses are kept 
throughout the year and which get 
heavy use at the time the livestock 
are worked. 

Recent research in Argentina 
has concentrated on crop agricul- 
ture, sometimes practiced on defi- 
nitely sub-marginal land. Even 
there extension service and other 
met hods of disseminating the 
knowledge of modern agricultural 
practices are inadequate. Commer- 
cial quantities of grass seeds are 
available for only a few species, 
Crested wheatgrass became avail- 
able only in 1953. Experiments 
with this species began after its 
fame had spread from the United 
States. Little research has been 
conducted with native species on 
their adaptability to range reseed- 
ing or other improvement prae- 
tiees. 

Argentina exports most of the 
prodnct,s of her livestock industry. 
Reeeut manipulation of exchange 
rates combined with control of 
credit exerted a depressing influ- 
ewe on the prices in this industry 
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and was one of the main causes for 
the slow recovery after the drought 
of 1950-52. 

Conclusion 
Introduction of modern range 

management methods is essential to 
stop the decline of the range in 
Argentina. Better animal hus- 
bandry practices such as shorter 
breeding season to insure a more 
uniform calf crop, better selection 
based on the culling of non-pro- 
ducing breeding stock, and the use 
of good bulls will lessen the graz- 
ing pressure on the range without 
appreciably lowering the repro- 
duction of the herds. The ranch 
operators should also be made 
aware of the value of plants as 

indicators of range condition and 
the possibilities of range improve- 
ment through special grazing sys- 
tems. 

Improvement of the range itself 
must wait until the cost of such a 
program comes more in line with 
the prices received for the products 
of the range. The following sta- 
tistics of the ranch in the neigh- 
borhood of Victorica where the 
writer worked will bear this out. 
This ranch had an income from 
sales of wool, cattle and sheep 
equivalent to $15,000 while annual 
costs amounted to $12,300. The 
ranch occupied a total area of 
43,000 acres, of which 18,000 acres 
were open grassland, 14,000 acres 

were forest and the rest bordered 
on fachinal. In 1954 the number 
of animals amounted to 1,300 head 
of cattle and 2,000 head of sheep. 
This was considered one of the 
richer ranches in the region. 
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California has about 22,000,OOO 
acres on which annual plants pre- 
dominate in the herbaceous cover. 
This is known as the California an- 
nual-type vegetation (Talbot, Bis- 
well and Hormay, 1939). The flora 
is made up of many different spe- 
cies, as many as 200 or 300 per 
square mile. As many as 35 and 
commonly 15 to 20 species have 
been recorded for a square foot of 
ground. Seed production is gener- 
ally high, even under adverse 
weather conditions and fairly close 
grazing. Burcham (1955) reported 
yields of 400 to 1,600 pounds per 
acre in open grassland ranges. The 
vegetational cover varies greatly 
from place to place and from sea- 
son to season depending upon such 
factors as variable weather, kind 

IThe California Forest and Range Es- 
periment Station is maintained at Berke- 
ley, California by the Forest Service, 
U. S. Department of AgrimltuTe in co- 
operation with the Ukversity of Cal- 
if ornia. 

of soil, degree and season of graz- 
ing, and occurrence of fire (Tal- 
bot and Biswell, 1942; Hervey, 
19’49 ; Kadish, 1955 ; Biswell, 1955). 

To learn more about the ecology 
of the annual-type vegetation, 
counts were made of individual 
plants on 152 sample plots over a 
period of three years at the San 
Joaquin Experimental Range,2 in 
the Central Sierra Nevada foothills 
of California. This area is fairly 
representative of a vast portion of 
the 22,000,OOO acres of the annual- 
type vegetation. Another reason 
for making the counts was to test 
the practicability of this method 
of sampling yearly and seasonal 
changes in the resident annual-type 
vegetation. 

Plant Numbers and %rvival 
In Dense Bands 

Soon after the first rains in the 
fall, ground that has been virtually 
zA branch of the California Forest and 
Range Experiment Station. 

too dry during late summer for 
plants to, grow becomes literally 
covered with thousands of annual 
plants. Approximately 50 percent 
of those in dense stands die before 
reaching maturity, and one-half to 
three-fourths of those remaining 
are stunted plants. This sequence 
of development was followed for 4 
three years by counting the indi- 
vidual plants on the 152 sample 
plots. 

During the first year the young 
seedlings were counted on 0.2 x 0.2- 
foot square sods taken from the 
very densest stands obtainable of 
certain abundant range plants. 
Converted to a square-foot basis, 
four samples of soft chess (Bromus 
mollis) averaged 17,433 plants per 
square foot; four of foxtail fescue 
(Pestuca megalura) 20,875 ; and 
nine of broadleaf filaree (Erodium 
botrys) 1,048. Scattered in with 
the broadleaf filaree were about an 
equal number of other plants, 
mainly grasses. These averaged 
1,600 per square foot for the nine 
plots. 

On the densest plots the seedlings 
were about as thick as they could 
possibly grow. Foxtail fescue seed- 
lings, being the smallest, occurred 
in the greatest numbers. Broadleaf 
filaree seedlings are relatively large _ 
and not nearly as many can grow L 
on a given unit of area. 
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and was one of the main causes for 
the slow recovery after the drought 
of 1950-52. 

Conclusion 
Introduction of modern range 

management methods is essential to 
stop the decline of the range in 
Argentina. Better animal hus- 
bandry practices such as shorter 
breeding season to insure a more 
uniform calf crop, better selection 
based on the culling of non-pro- 
ducing breeding stock, and the use 
of good bulls will lessen the graz- 
ing pressure on the range without 
appreciably lowering the repro- 
duction of the herds. The ranch 
operators should also be made 
aware of the value of plants as 

indicators of range condition and 
the possibilities of range improve- 
ment through special grazing sys- 
tems. 

Improvement of the range itself 
must wait until the cost of such a 
program comes more in line with 
the prices received for the products 
of the range. The following sta- 
tistics of the ranch in the neigh- 
borhood of Victorica where the 
writer worked will bear this out. 
This ranch had an income from 
sales of wool, cattle and sheep 
equivalent to $15,000 while annual 
costs amounted to $12,300. The 
ranch occupied a total area of 
43,000 acres, of which 18,000 acres 
were open grassland, 14,000 acres 

were forest and the rest bordered 
on fachinal. In 1954 the number 
of animals amounted to 1,300 head 
of cattle and 2,000 head of sheep. 
This was considered one of the 
richer ranches in the region. 
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California has about 22,000,OOO 
acres on which annual plants pre- 
dominate in the herbaceous cover. 
This is known as the California an- 
nual-type vegetation (Talbot, Bis- 
well and Hormay, 1939). The flora 
is made up of many different spe- 
cies, as many as 200 or 300 per 
square mile. As many as 35 and 
commonly 15 to 20 species have 
been recorded for a square foot of 
ground. Seed production is gener- 
ally high, even under adverse 
weather conditions and fairly close 
grazing. Burcham (1955) reported 
yields of 400 to 1,600 pounds per 
acre in open grassland ranges. The 
vegetational cover varies greatly 
from place to place and from sea- 
son to season depending upon such 
factors as variable weather, kind 

IThe California Forest and Range Es- 
periment Station is maintained at Berke- 
ley, California by the Forest Service, 
U. S. Department of AgrimltuTe in co- 
operation with the Ukversity of Cal- 
if ornia. 

of soil, degree and season of graz- 
ing, and occurrence of fire (Tal- 
bot and Biswell, 1942; Hervey, 
19’49 ; Kadish, 1955 ; Biswell, 1955). 

To learn more about the ecology 
of the annual-type vegetation, 
counts were made of individual 
plants on 152 sample plots over a 
period of three years at the San 
Joaquin Experimental Range,2 in 
the Central Sierra Nevada foothills 
of California. This area is fairly 
representative of a vast portion of 
the 22,000,OOO acres of the annual- 
type vegetation. Another reason 
for making the counts was to test 
the practicability of this method 
of sampling yearly and seasonal 
changes in the resident annual-type 
vegetation. 

Plant Numbers and %rvival 
In Dense Bands 

Soon after the first rains in the 
fall, ground that has been virtually 
zA branch of the California Forest and 
Range Experiment Station. 

too dry during late summer for 
plants to, grow becomes literally 
covered with thousands of annual 
plants. Approximately 50 percent 
of those in dense stands die before 
reaching maturity, and one-half to 
three-fourths of those remaining 
are stunted plants. This sequence 
of development was followed for 4 
three years by counting the indi- 
vidual plants on the 152 sample 
plots. 

During the first year the young 
seedlings were counted on 0.2 x 0.2- 
foot square sods taken from the 
very densest stands obtainable of 
certain abundant range plants. 
Converted to a square-foot basis, 
four samples of soft chess (Bromus 
mollis) averaged 17,433 plants per 
square foot; four of foxtail fescue 
(Pestuca megalura) 20,875 ; and 
nine of broadleaf filaree (Erodium 
botrys) 1,048. Scattered in with 
the broadleaf filaree were about an 
equal number of other plants, 
mainly grasses. These averaged 
1,600 per square foot for the nine 
plots. 

On the densest plots the seedlings 
were about as thick as they could 
possibly grow. Foxtail fescue seed- 
lings, being the smallest, occurred 
in the greatest numbers. Broadleaf 
filaree seedlings are relatively large _ 
and not nearly as many can grow L 
on a given unit of area. 
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During the second season, 33 
2 x 2-foot plots were staked out in 
dense stands, including soft chess, 
foxtail fescue, broadleaf filaree and 
whitetip clover (Trifolium varie- 
gatum). Density of vegetation was 
estimated for each of these plots, 
after which two 0.2-foot-square 
units of equal density were chosen 
in each plot for the plant counts. 
One unit was carefully removed, 
the sod torn apart and the seedlings 
counted; the second was staked for 
counting at the height of plant de- 
velopment, during the latter part 
of April. When the April counts 
were made, density was again es- 
timated for the two sets of plots. 
The results from these counts and 
estimates are summarized in Table 
1. 

The estimates of forage density 
on the 2 x 2-foot plots were consid- 
erably higher than over the experi- 
mental range as a whole: 56 per- 
cent as against 37 percent. The 
estimates of vegetation density on 
the 0.2 x 0.2-foot units were still 
higher, averaging almost 7’7 per- 
cent. 

The greatest reduction in plants 
from the seedling stage to ma- 
turity occurred in the clover 
stands and the least reduction in 
the broadleaf filaree plots. The 
percentage reductions for each of 
the species were as follows: fox- 
tail fescue, 50 percent ; soft chess, 
38 percent ; broadleaf filaree, 11 
percent ; whitetip clover, 93 per- 
cent. The whitetip clover has a 
spreading habit of growth which 
may partly account for the greater 
mortality in stands of this species 
as it develops to maturity. The 
grasses in dense stands seldom de- 
velop tillers but in thinned stands 

FIGURE 1. Annual plants comprise nearly all of the resident herbaceous vegetation 
in the lower portions of the Central Sierra Nevada foothills of California. 

the tillers may be many. In a con- 
tiguous area where scraping the 
soil surface had greatly thinned 
the stand, foxtail fescue plants had 
developed as many as twenty till- 
ers. These added materially to 
the density of the vegetation in 
the mature stage. 

In the spring of the third year, 
ten sods of one square-foot each of 
the four species were selected at 
random in mature stands of 90 per- 
cent density or better and counts 
made of all the plants. These sods 
showed the following numbers of 
plants per square foot: foxtail 
fescue-7,435, with 395 additional 
plants of other species; soft chess 
-5,075, with 525 additional plants 
of other species; broadleaf filaree 

-1,002 with 1,002 additional 
plants of other species; and white- 
tip clover-705, with 1,085 addi- 
tional plants of other species. 
Another set of 10 sods per species 
selected at random in stands of 
about average density showed the 
following numbers at maturity : 
foxtail fescue-2,020, with 432 of 
other species ; soft chess-1,435, 
with 370 of other species; whitetip 
clover-347, with 150 of other spe- 
cies. 

The sample sods each year 
showed wide range in number of 
plants per unit area. 

Time required for the counts 
averaged 11, hours for each of the 
seedling plots and one hour for the 
mature plant sods. Because of the 

Table 1. De,nsity and number of plants pelr square fooit on dense sample plolts in the amual-type vegetation. 

Plant density No. of plants per square foot 

No. ~ Seedlings Mature plants Dominant species Other plants Total 

of 2x2-ft. .2x.2-ft. 2x2-ft. .2x.2-ft. Seed- Mature Seed- Mature Seed- Mature 
Dominant species plots plots plots plots plots lings plants lings plants lings plants 

$7 % % % 
Foxtail fescue 10 40 60 60 74 15,625 7,435 332 395 15,957 7,830 
Soft chess 9 46 58 58 77 8,638 5,075 438 525 9,076 5,600 
Broadleaf filaree 10 45 76 53 77 1,210 1,002 1,032 1,002 2,242 2,004 
Whitetip clover 4 37 55 55 79 6,650 381 2,462 231 9,112 612 
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variability in numbers of plants 
per sod and the time required to 
make the counts it was concluded 
that the count method of sampling 
resident annual vegetation as used 
here would likely be impractical 
where many plots are needed for a 
reliable sample. However, for cer- 
tain studies in which exactness is 
desired the count method may 
prove highly satisfactory. It has 
been used occasionally in reseeding 
studies. 

Seed Prolduction 
Annual plants usually produce 

an abundance of seed. Judging 
from the number of plants per unit 
area, no scarcity of seed existed on 
the ground in the areas where 
counts were made. Seed produc- 
tion insufficient for another year’s 
crop under normal conditions is 
usually not a particular problem 
on annual-type ranges. 

As an indication of the number 
of seed produced per unit area, 
counts were made of the seed pro- 
duction of broadleaf filaree. The 
seeds were counted on 26 plots of 
4-foot radius distributed along a 
one-mile fence line separating a 
heavily grazed pasture from one 
moderately to lightly grazed over 
a 7-month period. An average of 
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537 broadleaf filaree seeds were 
produced per square foot in the 
heavily used pasture, and 683 in 
that moderately- to -lightly used. 
Four plots protected from grazing 
gave an average of 1,087 seeds, the 
number varying from 335 to 2,283. 
The forage density on all plots, 
grazed and ungrazed, averaged 33 
percent with broadleaf filaree com- 
prising 41 percent of the plant 
cover. On the four protected plots 
the plant density averaged 41 per- 
cent, and broadleaf filaree made up 
51 percent of the cover. 

Summary 
Counts were made of individual 

plants of several species in the 
seedling stage and at maturity on 
sample plots in the California an- 
nual-type vegetation to learn more 
of the ecology of this plant cover 
and to test the practicability of 
this method of sampling changes 
in the vegetation. Measurements 
were also made of the number of 
seed produced by plants of broad- 
leaf filaree. 

Seedling numbers varied widely, 
being highest in foxtail fescue, a 
plant with small seedlings, with 

-20,875 per square foot in the 
densest stands. Approximately 50 
percent of the seedlings in dense 

stands die before reaching matu- 
rite and up to three-fourths of 
those remaining are stunted plants. 

Because of the great variability 
in number of plants per unit area 
and the time required for making 
counts, this method of sampling 
annual and seasonal changes in 
the vegetation has limited applica- 
tion. 

Seed production in the annual 
vegetation type is high under nor- 
mal conditions of weather and 
grazing. 
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The role that animals play in attached to their bodies or by in- 
the dissemination of seeds has been gestion of seeds at one location 
the subject of speculation and lim- 
ited study for many years. It has 
been established that -animals may 
spread plants when seeds become 
lP&lished with the approval of the 
Director as Research Paper No. 409 of 
the University of Idaho Agricultural 
Experiment Station. 

and discharge at another. In 
many areas grazed by livestock, or 
used for trailing, plants formerly 
not common to the region have 
been introduced. It seems logical 
to assume that in many cases 
these plants may have been intro- 
duced by livestock coming from 

areas where these species were 
present or by the use of imported 
feeds containing seeds of these spe- 
cies. Today, livestock, in addition 
to being trailed, are often carried 
great distances to grazing areas by 
railroads or trucks. Consequently, 
seeds of various species could be 
spread over distant areas by live- 
stock in a short period of time. In 
addition, rabbits and rodents may 
act as carriers of seed for shorter 
distances. 

In view of these possibilities, the 
present study was undertaken to 
determine the viability of certain 
range plant seeds after passing 
through the digestive tract of sheep 

_ and rabbits and to ascertain how 
long viable seeds would remain in L 
the digestive system before being 
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variability in numbers of plants 
per sod and the time required to 
make the counts it was concluded 
that the count method of sampling 
resident annual vegetation as used 
here would likely be impractical 
where many plots are needed for a 
reliable sample. However, for cer- 
tain studies in which exactness is 
desired the count method may 
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and discharge at another. In 
many areas grazed by livestock, or 
used for trailing, plants formerly 
not common to the region have 
been introduced. It seems logical 
to assume that in many cases 
these plants may have been intro- 
duced by livestock coming from 

areas where these species were 
present or by the use of imported 
feeds containing seeds of these spe- 
cies. Today, livestock, in addition 
to being trailed, are often carried 
great distances to grazing areas by 
railroads or trucks. Consequently, 
seeds of various species could be 
spread over distant areas by live- 
stock in a short period of time. In 
addition, rabbits and rodents may 
act as carriers of seed for shorter 
distances. 

In view of these possibilities, the 
present study was undertaken to 
determine the viability of certain 
range plant seeds after passing 
through the digestive tract of sheep 

_ and rabbits and to ascertain how 
long viable seeds would remain in L 
the digestive system before being 
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excreted. Such information would 
be valuable in planning programs 
aimed to prevent the spreading of 
undesirable plant species and pos- 
sibly as an aid in the revegetation 
of ranges with acceptible species. 

In selecting the plants for this 
study, an attempt was made to use 
representative species found in the 
sagebrush-grass and salt-desert 
shrub types of the intermountain 
region. Seeds of seven species, in- 
cluding two shrubs, two annual 
forbs, two annual grasses and one 
perennial grass were selected. 

The species2 studied were: Nut- 
tall saltbush (At&$ex wuttallii) ; 
shadscale (A-triplex confertifolia) ; 
halogeton (Halogeton glomera- 
tus) ; Russian thistle (Scclsola kali 
tenuifolia) ; cheatgrass (Bromus 
tectorum) ; Medusa-head (Elymus 
caput-medusae) ; and fairway 
crested wheatgrass (Agropyron 
cristatum). 

Saltbush and shadscale were 
chosen for study because of their 
importance as browse plants and 
the need for further knowledge 
concerning their reproduction and 
spread. Halogeton was selected be- 
cause of its importance as a toxic 
range weed ; Russian thistle be- 
cause of its relationship to haloge- 
ton and its abundance on depleted 
ranges ; cheatgrass because of its 
status as an invader of former per- 
ennial ranges and medusa-head as 
a recent and less desirable invader. 
Crested wheatgrass was chosen as 
the principal species for range re- 
seeding in Idaho and other west- 
ern states. 

Literature Review 

Many papers dealing with the 
relationship of animals to the dis- 
semination of ingested seeds have 
been published. In the following 
review only papers concerned with 
mammalian seed ingestion and 
having an experimental basis are 
considered. 

Oswald (1908) fed 2,000 seeds elach 
of 21 different speciea of plants to 

2Nomenclature follows that of R. J. 
Davis : Plora of Idaho, William C. 
Brown Co., Dubuque, Iowa, 195.2. 

ye,arling oabves. An avera,ge germina- 
tion of 12.8 percent, was obltained after 
the seeds had passed through the 
digestive tract. Beach (1908) feld 6 
pounds daily of flax feed containing 
212,912 weed seeds per pound to a 
Jersey cow. Germination percentage 
of the check lot seeds was 2’6 perceat; 
4 to 5 percent’ of recovered seeds were 
found to bei viable. 

Harmon and Keim (1934) useid sev- 
eral species of domestic animals in seed 
viability studies. In respect to per- 
centage of whole seeds passejd, test 
animals weIre ranked in the follolwing 
order: hogs 24.1, calves 23.1, horses 
12.9, sheep 10.7, and chickens 0.3. The 
effect of digestion on the viability of 
weed seeds was sufficiently different for 
each kind of animal so t,ha,t the order 
wa,s changeld wheln consideration was 
given to the percentage of viabilet seeds 
passed. The pereent’ages of viable seeds 
passed by te& animals, wore: calves 9.6, 
hogs 8.8, horses 8.7, sheep 6.4 and 
ehickelns 0.2. These1 workers state that, 
“an a,verage of 14.2 percent uninjure#d 
seeds was recovered from c&es, horses, 
sheep, hogs and chickens feid various 
weed seeds; an a,veraget of 6.7 pelrcent, 
viable seeds was recovered from ela,c$ 
1,000 seeds feid to all the animals,.” 
Working with dairy crows, At$eson, 
Hulbert# and Warren (1934) recovelred 
several speciee of weed seeds a,fter 47, 
59, 73 and 93 hours in the\ bovine diges- 
tive t,rac,t. GerminaLion te& showed 
that appaselntly the longer the seeds re- 
mained in the animal’s, digestive tract, 
ths greater was the reduction in germi- 
nation. Of 19 samples, representing 
13 different, species studied, reduction 
in germinaLion due to digestive proc- 
esses was more than 90 perc,ent, in 6 
samples and 80 percent or more in 11 
samples. 

Fisher (1947) has observed that 
mesquite infestation may be due to 
livestoak grazing on brush-infe&ed 
land aad sprea,ding the seed through 
fecal droppings. Ge,rmination studies 
of mesquite seed fed to mules, steer 
calves Iand lambs showed viablility of 
54, 45 and 12 percent, respectively, 
after having passed through the diges- 
tive tracts. 

Working with Ma.castney rose hips, 
McCully (1951) found tha,t slightly 
more! than 50 percent. oP the seed was 
recovered and of t.his a,pproximately 
90 percent suffered no’ apparent, dam- 
age from pas’sing through the digestive 
system of nmturei CQTVS. Morel than 90 
percent of the se& recovered was 
passed by the fourth day. 
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In a California st,udy using cattle 
as ths disseminators of eight. range 
forage, species, Jones and Carroll 
(1953) oblserved lit,& difference in the 
controlled and reclaimed germination. 
These ge,rmination percent,ages aver- 
aged 88.8 and 85.7, respectively, for 
the eight species studied. No atltempt 
was ma,de to determine the percentage 
of ingested seeds which passed through 
the digestive tract. 

In a Georgia study, Burton and An- 
drews (1948) used Jersey cows to 
stndy the rate of elimination and ger- 
mina,tion of seeds of lespedeza and 
various grass species. Although the 
bulk of seed wa,s passed in 72 hours, 
the time required varied fro,m 24 honrs 
to 10 days depending oa the plant 
species. Recovery of seeds varied from 
one-half to one-eighth of t,he a,mount 
fed in a lo-day co&&ion period. Paa- 
sage through the digestive tract re+ 
duced the, viability of most, seeds fed. 

In w&-central Kansas, Timmons 
(1942) oherved jack rabbits ea,ting 
prickly-pear cactus fruit and dissemi- 
na,ting the1 seed in their fecal pellets. 
Germination of seeds found in the 
jack rabbit droppings was 62 percent 
in comparison to 44 percent in hand 
picked seeds. Extensive eating of 
cactus fruit by jack rabbits was report- 
ed by R&gel (1941, 1942). Most of 
the seeds passed unharmed &rough the 
digestive tracts of the rabbit,s. Brown 
(1947), in Kansas, fonnd numerous 
seeds in fecal pellets of jack rabbits. 
Germinaftion tests showed thaf many 
of the seelds wme via,ble and that pas- 
sage throagh the digestive tract, in- 
creased the germina.tion percentage in 
baffalo grass, cactus and smooth sumac, 
whereas sand dropseed was affected 
very little. 

Glendening and Pa.ulsen (1950 ) feld 
5,950 seeds of velvet8 mesquite to two 
sheep in six tests and found that 68 
percent of the seeds were destroyed 
beyond recognition by ma&i&ion and 
digest’ive processes. The greatest elimi- 
nation of seeds occurred the second 
day after ingestion, and approximately 
95 percent of the seeds were eliminated 
by the fifth day. Of the total seeds fed, 
27.3 percent were found to be immedi- 
a,tely or potentially via,ble. 

Cook and Stoddart (1953) collected 
feces of sheep and jack rabbits on halo- 
geton-infelsted ranges in Utah. These 
workers found t.ha,t for every 500 grams 
of dry sheep feces and each 500 grams 
of dry jac,k rabbit feces, 14 and 18 
halogeton seedlings were produced, re- 
spectively. Two wether sheep, consum- 
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ing two quarts of halogetcm seeds (42,- 
690 winged seeds) per day were 
equipped with fecal bags. The a,verags 
germination of halogeton seeds aft’er 
passing through the sheep was only 
1.02 percent. Calcula;tions showed, 
however, that, 435 potential seedlings 
were excreted by ea,ch a,nimal each day 
and seeds were compl&ly &minatled 
from the digestive tract in 3 days. 

In studying fecal pellets obtained 
from the colons of domestic shselp and 
deer, Heady (1954) stated that “a 
portion of the seeds cansamed pass 
throngh these mimals in viable condi- 
tion; the portion being dependent on 
the nature of the seed and chara,cter- 
istics of the animal-.” 

Experimental Pmcedure 
Seeds of six range plant species 

were collected in southern Idaho 
during 1953 or 1954. The crested 
wheatgrass sample was of a 1953 
commercial seed lot. The seeds 
were fed to domestic sheep and do- 
mestic rabbits to ascertain the ef- 
fect of animal digestion on viabil- 
ity. 

All seeds were cleaned by hand 
or mechanical means to remove 
f o r e i g n material. Nuttall salt- 
bush was cleaned by hand to re- 
move leaves and twigs. Shadscale 
was first run through a laboratory 
hammermill to remove bracts and 
then through a Clipper seed clean- 
er to separate foreign material. 
Halogeton was processed by roll- 
ing with a rubber roller to loosen 
seed from bracts ; manual fanning 
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was used to remove chaffy bracts 
and the seed sifted through a 
2 mm. soil screen to separate seed 
from foreign material. No at- 
tempt was made to separate the 
“black” and “brown” forms of 
s e e d s (Tisdale and Zappettini, 
1953). Seeds of Russian thistle 
and cheatgrass were rolled with a 
rubber roller and then passed 
through the Clipper seed cleaner 
to separate seeds from foreign ma- 
terial. Medusa-head seeds were 
merely separated by hand from 
the spikes and given no further 
treatment. 

The average number of seeds 
per gram was obtained for each 
species from three l-gram samples. 
Computation of the number of 
seeds in the 25-gram and 5-gram 
samples fed to sheep and rabbits, 
respectively, was made by means 
of these conversion factors. 

The Hampshire and Rambouillet 
ewe lambs and New Zealand rab- 
bits used as experimental animals 
had free access to water and were 
fed constant, predetermined quan- 
tities of chopped alfalfa hay for 
14 days prior to and throughout 
each trial. Animals were kept and 
fed in individual feeding cages 
which facilitated fecal collections. 

The amount of feces excreted 
over a 24-hour period was deter- 
mined prior to each trial when the 
animals were fed at a constant 

Table 1. Germination tests of seeds before and after pasting through the digetive tracts of sheep. 

level. Fecal collections made over 
three 24-hour periods immediately 
prior to the feeding of the seeds 
under study served as a basis for 
calculated daily fecal excretions. 

On the first day of each trial, 
the experimental animals were fed 
two portions of seeds, in the morn- 
ing (7 a.m.) and the afternoon 
(4 p.m.). Sheep were fed two 25- 
gram portions of seeds and rabbits 
two 5-gram p o r t i o n s. Animals 
were fed pre-determined quanti- 
ties of alfalfa hay and continued 
to receive this amount daily 
throughout each trial. 

The number of viable seeds re- 
covered in sheep feces was deter- 
mined on loo-gram fecal collec- 
tions made daily for 10 days after 
the seed were fed. Similar 40- 
gram fecal collections were made 
with the rabbits for a 5-day pe- 
riod. The total number of viable 
seeds excreted daily was computed 
from the daily fecal collections on 
the basis of the previously deter- 
mined total daily fecal excretion. 

Germination studies were con- 
ducted with the control seed, fecal 
samples, and chopped alfalfa hay. 
The control samples consisting of 
4 replicates of 100 seeds of each 
species were counted and spread 
on uncontaminated blotters in pe- 
tri dishes. In addition three du- 
plicate samples of 100 seeds each 
of the shadscale and Nuttall salt- 

Plant species 

Nuttall saltbush 

Daily Daily Control No. No. of few1 seed germinating Recovered 
feed fecal seed seeds Collection days after feeding seed 

intake excr. germin. fed 1 2 3 4 5 6 7 8 9 10 Total germination 

gms. gm. % % 
1362 1120 6.5 16,000 0 67 45 45 34 11 11 22 0 0 235 1.47 
1135 967 0 48 48 39 29 29 19 19 10 0 241 1.51 

Shadscale 908 787 0 13,000 0 24 31 24 24 16 16 8 0 0 143 1.10 
1362 1256 0 25 25 38 25 25 13 0 0 0 151 1.16 

Halogeton 1362 1059 60.1 74,950 0 135 254 143 127 72 40 16 16 0 803 1.07 
1816 1483 0 133 356 208 178 89 59 15 15 0 1053 1.40 

Cheatgrass 1816 1650 90 13,700 0 33 83 66 50 33 17 17 0 0 299 2.18 
1816 1559 0 47 62 78 31 47 31 16 0 0 312 2.28 

Medusa-head 1362 1301 98.5 9,350 0 26 52 39 26 26 26 13 13 0 221 2.36 
1135 1090 0 33 44 44 44 33 22 11 0 0 231 2.47 

Fairway crested wheat- 908 787 97.5 18,000 0 31 47 47 31 24 24 8 8 0 220 1.22 9 
grass 1362 1301 0 91 78 52 39 26 26 0 0 0 312 1.73 
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Daily Daily Control No. 
feed fecal seed seeds 

No. of fecal seed germinating 

Collection days after feeding 
Recovered 

seed 
Plant species intake excr. germin. fed. 1 2 3 4 5 Total germination 

Nuttall saltbush 
gms. gms. % 

60 42 6.5 
60 42 

% 
.28 
.34 

3,200 0 6 3 0 0 9 

0 5 4 2 0 11 

Shadscale 60 41 0 2,600 0 0 0 0 0 0 
60 42 0 0 0 0 0 0 

0 
0 

60 44 60.1 14,900 0 2 3 2 0 7 .05 
60 42 0 3 4 2 0 9 .06 

Halogeton 

60 40 73 7,970 0 6 7 0 0 13 .16 
60 43 0 9 6 0 0 15 -19 

Russian thistle 

Cheatgrass 60 44 90 2,740 0 3 2 0 0 5 .18 
60 43 0 4 2 0 0 6 .22 

Medusa-head 60 42 98.5 1,870 0 5 6 0 0 11 .59 

60 44 0 7 5 0 0 12 .64 

Fairway crested wheat- 60 46 97.5 3,600 0 1 5 2 0 8 .22 
grass 60 42 0 2 6 3 0 11 .31 

bush were treated with 10 percent 
hydrochloric acid for 5 minutes 
and an additional three samples of 
100 seeds each of these two species 
were refrigerated at 25” F. for 6 
days in an attempt to break seed 
dormancy. Seed from a single 
source was used in each study. 

Fecal pellet samples and alfalfa 
hay samples were spread on and 
covered with large clean blotters 
in metal trays. Fecal pellets were 
broken apart with a putty knife 
prior to placing on the blotters. 
All samples were germinated in a 
room where daily temperatures al- 
ternated between 72 and 80” F. 
The humidity of the blotters was 
kept as high as possible. Seeds 
were considered to have germi- 
nated when definite seedlings de- 
veloped. The germination period 
for the control lots varied from 14 
days to a maximum of 30 days. 
Seeds in the fecal samples were al- 
lowed 35 days to germinate. 

Experimental Results 
The data for the trials with 

sheep (Table 1) indicate a consid- 
erable period following each feed- 
ing during which appreciable num- 
bers of viable seeds were excreted. 
In most cases this period was from 
the 2nd through the 8th day after 
feeding. Numbers of seeds ex- 

creted were generally greatest on 
the 2nd through the 5th day. 

The percentage of viable seeds 
passed by the sheep was similar 
for all species, despite marked dif- 
ferences in seed size, shape and na- 
ture of seed coat. The two annual 
grasses yielded the greatest germi- 
nation of total seeds fed. The two 
browse species gave the highest 
germination in relation to the lab- 
oratory germination of the control 
seed samples. 

Results of the trials with rabbits 
(Table 2) were distinguished by 
the shorter period during which 
seeds were excreted following a 
feeding, and the lower percentage 
recovery of viable seeds of all spe- 
cies. No viable seeds of shadscale 
were recovered and recovery of 
halogeton seed was extremely lim- 
ited. 

Special Seed Treatment 
The poor laboratory germination 

of the two browse species sug- 
gested further study to determine 
to what extent seed dormancy 
might be involved. Three loo-seed 
samples of Nuttall saltbush were 
treated with 10 percent hydro- 
chloric acid for 5 minutes prior to 
testing for germination but with 
no apparent effect on seed dor- 
mancy. Seeds receiving this prior 

treatment had an average germi- 
nation of 6 percent as compared to 
6.5 for untreated seed. Three ad- 
ditional samples of this species 
were subjected to 6 days of refrig- 
eration (25 O F.) prior to ger- 
mination. This treatment had an 
adverse effect on germination, as 
no seeds germinated during a 35- 
day test period. Examination of 
ungerminated seeds in these two 
studies showed that 21 percent had 
no embryos. 

Treatment of three seed samples 
of shadscale for 5 minutes with 10 
percent hydrochloric acid prior to 
germination s t u d i e s apparently 
aided in reducing seed dormancy. 
Five percent germination was ob- 
tained for seeds thus treated. How- 
ever, refrigeration treatment-25 O 
F. for 6 days-had no beneficial 
effects in increasing germination 
as seeds thus treated failed to ger- 
minate. An average of 23 percent 
of the ungerminated seeds in these 
two treatments were found to have 
no embryos. 

The low germination of haloge- 
ton noted for the control samples 
is apparenty due to the use of a 
mixture of “black” and “brown” 
forms of seed as collected in the 
field. Laboratory tests of the lat- 
ter form of seed have shown con- 
sistently low germination without 
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special treatment such as scarifica- 
tion of the seed coat (Tisdale, 
1955). 

Feed Intake and Fecal Excretion 
The relationship of average daily 

feed intake to the average daily 
fecal excretion is of interest to 
those concerned with livestock- 
land use relationships. Table 3 
presents a summary of the average 
daily feed intake and average fecal 
excretion of experimental animals 
under the conditions of this study. 

Table 3. Average daily feed intake 
and fecal excretion of sheep and 

rabbits. 
Fecal excretion 
(oven dry wt,.) 

Feed intake Range Average 

gms. gms. gms. 

Sheep 
908 545- 999 787 

1,135 6351,180 1,078 
1,362 908-1,407 1,207 
1,816 1,408-1,771 1,566 

Rabbits 
60 40-46 44 

. Discukm and Conclusions 
These studies indicate that do- 

mestic sheep and domestic rabbits 
have the ability to carry viable 
seeds in their digestive tracts for 
comparatively long periods of time 
and, hence, could distribute these 
seeds. Although most of the viable 
seeds were passed by sheep during 
the third and fourth days (Table 
1) and by rabbits on the second 
and third days (Table 2), it is sig- 
nificant that a few viable seeds 
were still being passed by sheep 9 
days and by rabbits 4 days a.fter 
they were fed. However, the quan- 
tities of viable seeds passed by 
sheep and recovered on the 8th 
and 9th days were so small as to 
suggest that practically all the 
other seeds fed had been destroyed 
by mastication and digestive proc- 
esses and contributed to the nutri- 
tional needs of the animals. 

The viability of most seeds was 
greatly reduced by their passage 
through the digestive tracts of 
both sheep and rabbits. Seed vi- 
ability was reduced more consist- 
ently by rabbits than by sheep. In 

tests with both animals, differences 
in viability of excreted seed among 
the seven plant species were small, 
despite the fact that the species 
tested varied greatly in the amount 
and rapidity of laboratory germi- 
nation. 

In the case of shadscale, germi- 
nation was actually increased after 
passage through the digestive tract 
of sheep. Apparently the diges- 
tive processes of the ruminant are 
such as to partialIy overcome the 
seed dormancy of this species. 
The fact that the ruminant does 
not masticate, as do rabbits, at the 
time of initial feed intake may 
have a bearing on this phenome- 
non. Some seeds may perhaps set- 
tle out in rumination and thus are 
not subjected to regurgitation and 
subsequent mastication, and passed 
from the rumen into the reticu- 
lum, omasum and abomasum with- 
out complete disintegration. 

Germination of 5 percent was 
obtained for shadscale seed treated 
with acid and presumedly this in- 
dicates that seed dormancy can be 
partially overcome by such treat- 
ment or by ruminant digestion. 

Summmy 
The effects of sheep and rabbit 

digestion on the viability of seeds 
of seven western range plants are 
reported. 

Under the conditions of the study 
viable seeds remained in the di- 
gestive tracts of sheep for as long 
as 9 days and in that of rabbits 
for 4 days. The proportion of vi- 
able seeds recovered was relatively 
small for all species studied. 

These data indicate that it is en- 
tirely feasible for sheep or rabbits 
to transport viable seed via their 
digestive systems for great dis- 
tances and, consequently, to con- 
tribute materially to the spread of 
various plants in relatively short 
periods of time. This fact may 
partially explain the rapid spread 
of certain weedy plant species on 
western ranges. 

This knowledge could perhaps 
be used to advantage by utilizing 
sheep as disseminators of seeds of 
preferred range forage species into 
inaccessible areas. 

Acknowledgment 
Appre&tion is expressed t,o Pro- 

fear L. A. Sharp and Mr. M. Hiron- 
aka, for aid in collec5ing seeids, and to 
Mr. V. E. Mendel, for assistance in 
caring for the sheelp. 

LITERATURE CITED 
ATKESON, F. W., H. W. HULBERT AND 

T. R. WARREN. 1934. Effect of bovine 
digestion and of manure stoirage on 
the viability of weed seeds. Jour. 
Amer. Sot. Agron. 26: 390-397. 

BEACH, C. L. 1908. Viability of weed 
seeds in feeding stuffs. Vermont Agr. 
Expt. Sta. Bull. 138. 

BROWN, H. L. 1947. Coaction of jack 
rabbit, cottontail and vegetation in 
a mixed prairie. Trans. Kansas Acad. 
Sci. 50: 28-44. 

BURTON, G. W. AND J. S. ANDREWS. 
1948. Recovery and viability of seeds 
of certain Southern grasses and lespe- 
deza passed through the bovine diges- 
tive tract. Jour. Agr. Res. 76: 95-103. 

COOK, C. W. AND L. A. STODDART. 1953. 
The Halogeton problem in Utah. Utah 
Agr. Expt. Sta. Bull. 364. 

FISHER, C. E. 1947. Present informa- 
tion on the mesquite procblem. Texas 
Agr. Expt. Sta. Progr. Rept. 1056. 

GLENDENING, G. E. AND H. A. PAULSEN. 
1950. Recovery and viability of mes- 
quite seeds fed to sheep receiving 
2,4-D in drinking water. Bot. Gazette 
111: 486-491. 

HARMON, C. W. AND F. D. KEIM. 1934. 
The percentage and viability of weed 
seeds recovered in the feces of farm 
animals and their longevity when 
buried in manure. Jour. Amer. Sot. 
Agron. 26: 762-767. 

HEADY, H. F. 1954. Viable seeds re- 
covered from fecal pellets of sheep 
and deer. Jour. Range Mangt. 7: 
259-261. 

JONES, R. D. AND F. D. CARROLL. 1953. 
Spread of range forage plants. Calif. 
Agr. 7: 4. 

MCCULLY, W. G. 1951. Recovery and 
viability of Macartney rose seeds fed 
to cattle. Jour. Range Mangt. 4: 
101-106. 

OSWALD, E. J. 1908. The effect of ani- 
ma,1 digestion and fermentation of 
manures on the viability of seeds. 
Maryland Agr. Expt. Sta. Bull. 128. 

RI~EL,, D. A. 1941. Some coactions of 
rabbits and rodents with cactus. Trans. 
Kansas. Acad. Sci. 44: 96-103. 

--. 1942. Some observations of the 
food coactions of rabbits in Western 
Kansas during periods of stress. Trans. 
Kansas Acad. Sci. 45: 369-375. 

TIMMONS, F. L. 1942. The dissemina- 
tion of pricklypear seed by jack rab- 
bits. Jour. Amer. Sot. Agron. 34: 513- 
520. 

TISDALE, E. W. (1955). (Unpublished 
data..) 

TISDALE, E. W. AND G. ZAPPETINI. 1953. 
Halogeton studies on Idaho ranges. 
Jour. Range Mangt. 6: 225-236. 

‘1 

u 



production and could be added 
into the over-all ranch plan. 

Range Improvement on the Flat Top Ranch 

in Central Texas1 
i 

OLAND HEDRICK 
Flat l’op Ranch, Wdmt Sprivzgs, Texas 

Those of us who have been em- 
ployees of the Flat Top Ranch 
from the beginning of the range 
improvement program like to think 
of Mr. Charles Pettit, the owner, 
and all the employees as one large 
family, the Flat Top Ranch Fam- 
ily. As would be expected, all 
members of the family do not agree 
on every detail ‘of the different 
practices used in connection with 
the program. However, there are 
several things that all do agree on, 
(1) the key to aI perwmn~ent mnge 

is grass cover, and (2) the native 
tall bunch grasses, principally big 
and little bluestem, Indiangrass, 
and sideoats grama, fit best into 
the program in our area. 

The Flat Top Ranch is located 
near Walnut Springs, in Central 
Texas, about 70 miles southwest of 
Fort Worth. It now includes 
17,000 acres of rolling Grand 
Prairie solis, of which only about 
10 to 15 percent is deep enough to 
be suitable for cultivation. The 
average annual rainfall is about 32 
inches, and the principal vegeta- 
tion consists of tall bunch grasses. 
Some invasion of oak, cedar, and 
other brush has occurred since the 
area was first settled, almost 100 
years ago. 
Initial Condition of the Ranch 

Mr. Charles Pettit first started 
the ranch with a purchase of 7,000 
acres in June, 1938. Less than 400 
acres were in cultivation. In sub- 
sequent years, 28 additional tracts, 
ranging from 80 to 1,000 acres, 
and including 3,000 acres of crop- 
land, were purchased to bring the 
ranch to its present size of 17,000 
acres. 
IPaper presented at the Ninth Annual 
Meeting of the American Society of 
Range Management, Denver, Colorado, 
January 26, 1956. 

At the time of the purchases, all 
the cropland was low in produc- 
tion due to continuous cropping 
without any soil improving prac- 
t ices. Clean farming, burning of 
crop residues, and other malprac- 
tices had permitted erosion to be- 
come severe on much of the crop- 
land. 

All the rangeland had little 
grass and was infested with weeds, 
cactus and needlegrass, which was 
due to overstocking and yearlong 
use. Many early settlers practiced 
rotated burning, first to remove 
what was considered to be an ex- 
cess of litter, and later, as a method 
of controlling invasion of cedar 
and seedlings of other plants. 

With few exceptions, all im- 
provements such as fences, build- 
ings and pens were in very poor 
state, having no value whatsoever 
in some cases. We believe these 
conditions were principally due to 
improper land use, and were posi- 
tive evidence of the operator elim- 
inating himself by failing to main- 
tain the productivity of the top- 
soil. We recognize that many of 
the units were too small, and that 
droughts, floods and economic con- 
ditions were contributing factors. 
However, regardless of adverse 
conditions, or size of unit, we be- 
lieve that the only assurance of a 
permanent agriculture is mainte- 
nance of the soil fertility. 

When Mr. Pettit made his first 
purchase in 1938, he immediately 
started a program of land improve- 
ment. An agreement was signed 
with the Bosque Soil Conservation 
District in 1941, and a complete 
conservation plan was prepared 
for the ranch. As each tract of 
land was added, it was treated 
more or less an an individual unit 
until it was brought back to full 
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Cropland Improvement 
For cropland, the improvement 

program included first retaining 
only land suitable for cultivation, 
land classes I, II, and III as classi- 
fied by soil scientists of the Soil 
Conservation Service. Only about 
40 percent of the original culti- 
vated land remains in crops today. 
However, it produces now as much 
as the original total. 

Soil improvement practices are 
used intensively for cropland. Win- 
ter legumes, generally Austrian 
winter peas, vetch, and sweet- 
clover, were used to improve badly 
depleted soils. Rotations of winter 
legumes followed by Sudangrass, 
or by 2 or 3 years of corn or 
grain sorghum used for ensilage, 
and legumes seeded with oats, bar- 
ley or rye, used for grazing only, 
are used in the cropping systems. 
About 40 pounds of superphos- 
phate has been applied to all land 
planted to legumes. 

All sloping cropland has been 
terraced, and diversion terraces 
have been built to control outside 
water where needed. 

We believe that the improve- 
ment of cropland on a ranch should 
be given first consideration. The 
cropland can contribute materially 
to the production of hay and graz- 
ing crops that can be used profit- 
ably to take the pressure off na- 
tive grazing lands. 

Both water and summer supple- 
mental pastures are used on the 
Flat Top Ranch. Sudangrass 
planted on cropland for summer 
grazing helps to relieve the load 
on range areas so that the tall 
grasses are able to make sufficient 
growth to establish a good cover 
and make some seed. Oats, rye 
and barley for cool-season grazing 
relieve the load on a dry range to 
the extent that some of the grass 
cover is left for litter, also allow- 
ing the native grasses to make con- 
siderable growth during the early 
growing season before starting to 
graze them. 

As we look back on the improve- 
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ment program of different range 
areas, we are inclined to believe 
that some of those crops of grain 
that were used for pasture only 
are still paying off due to the fact 
that they helped to establish a 
range condition that does not re- 
quire as much mowing of weeds 
and lessens the effort to control 
the growth of cactus and woody 
plants. 

The improvement of production 
on the retained cropland was much 
quicker than the re-establishment 
of the retired cropland to grass, or 
the improvement of grasses on the 
badly infested rangeland. 

Reclaiming Old Fields 
The land retired from cultiva- 

tion consisted mostly of steeply 
sloping, shallow and eroded soils. 
After much effort to re-establish 
grasses on this land, we found that, 
where at all practical, it was a 
good practice to grow a legume on 
the land before seeding, leaving all 
the growth of the legume plant for 
litter in which to seed. 

We seeded some of the old fields 
to native grasses, and some to in- 
troduced grasses, such as King 
Ranch bluestem, Dallisgrass and 
others. We sodded some to buffa- 
lograss, a native grass common 
on heavily used pastures. We find 
that n o n e of the introduced 
grasses, that some would call 
“Wonder Grasses,” fit into the 
permanent range program as well 
as the native grasses. The native 
tall bunch grasses are even taking 
over and crowding out the buffalo- 
grass, after several years of con- 
trolled grazing. 

Control of Woody Plants 
The removal of woody plants 

and cactus was the first step in im- 
proving the range land. This was 
done by bulldozing cedar and un- 
derbrush, by hand grubbing, haul- 
ing and piling the cactus, and by 
hand-spraying chemicals on large 
trees. 

W o o d y plants were removed 
from the shallow soils, such as the 
upland hillsides and ridges first 
due to less cost, leaving the creek 
bottoms and deep soils where there 

was a heavy growth of large tim- 
ber and underbrush to the last. 
However, we believe, now that the 
creek bottoms have been cleaned 
out and re-established to grass, 
that it would be more profitable to 
the beginner to give the deep soils 
first consideration. 

It may take 4 to 6 years to re- 
establish a good cover of grass on 
the shallow soils where little blue- 
stem, sideoats grama and tall drop- 
seed are in the majority in the 
composition. On the other hand, 
we have observed that in some 
cases on the deep soils, the tall na- 
tive grasses, as big and little blue- 
stem and Indiangrass, have devel- 
oped into vigorous growing plants 
within 2 to 3 years following treat- 
ment. In our immediate section, 
we believe that the potential pro- 
duction of the deep creek bottom 
soils is 10 to 1 that of the shallow 
soils on the ridges. Although the 
first cost of controlling brush is 
much greater per acre, the recov- 
ery of grasses and response to 
seeding is much quicker on the 
deep soils and the yields are 
enough greater to balance the cost. 

We have found that it is a long 
way from weeds, cactus, woody 
plants, and needlegrass on the 
badly infested range lands to a 
good cover of the tall native bunch 
grasses. We are reminded of a 
statement made by a young man 
several years ago. This young man 
and his wife had purchased some 
rangeland in Central Texas which 
was heavily infested with about all 
of the undesirable plants that can 
be found on a range. They had 
come to the Flat Top Ranch to 
observe some of the range improve- 
ment practices. Due to their pro- 
found interest, we took consider- 
able time and went into detail to 
explain the many things that had 
been done to re-establish the grass 
cover on the ranch. When we had 
finished, the man said, “Hedrick, 
we have to buy the land too many 
times.” In reply we said, “Yes, the 
purchase price of a piece of range 
land infested with undesirable 
plants is only a down payment on 
the finished product.” 

We have had to do some follow-up 
work to control sprouts and weeds. 
We have used sheep and goats to 
graze off sprouts, mowed weeds 
and hand-cut sprouts, and sprayed 
chemicals on weeds and sprouts. 

Management Follows 
Improvement 

However, our basic program has 
been built around deferring pas- 
tures and controlling grazing to 
give the native grasses their best 
opportunity to grow. We believe 
that the following benefits have 
been obtained from keeping a good 
cover of the native grasses: the 
grasses compete with and help to 
control the invading plants, it is 
the most practical way to tie down 
the soil, we have had a minimum 
of evaporation 1 o s s e s, the soil 
structure is such that rains are ab- 
sorbed and stored, and the litter is 
the source of organic matter which 
is essential on our high lime soils 
and Central Texas climate. 

During the early years of the 
range improvement program, there 
was much hay fed to livestock on 
the range. From observation of Q 
the recovery of the range areas 
where this was done, we believe 
that the cost of hay fed to conserve 
cover and litter can be charged off 
over a period of years. From ex- 
perience we are convinced that 
any continuous practice of con- 
trolling the growth of undesirable 
plants by mechanical means is mot 
practical. 

In addition to grass cover as a 
means of conserving soil and wa- 
ter, there has been considerable ef- 
fort made at Flat Top to conserve 
and make use of runoff water. 
There have been some 50 earthen 
dams built with ponds and lakes 
ranging from l/z to 90 surface 
acres. It is estimated that the 
total surface area is 250 acres, 
with an average depth of 10 feet, 
or a total of 2,500 acre-feet of im- 
pounded water if and when all are 
full. 

Do Improvements Pay? 
There are many people who ask, 

“Can the small owner afford grass w 
cover ?” 
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To answer this question, let us 
ride in a pickup as we drive over 
some of the ranch on September 24, 
1955. During the early morning 
hours of September 23, 5 to 6 
inches of rain fell on the ranch 
and surrounding area within three 
hours. All streams adjoining the 
ranch flooded. There was some 
flooding of streams that drain the 
watershed above the ranch. How- 
ever, there was 120 flooding of 
draws or branches that drain ranch 
land only. Many of the ponds did 
not catch full. Some small ponds 
which were dry before the rain 
caught very little water. 

Shortly after leaving the ranch 
headquarters we turn east on the 
county road that runs through the 
ranch. As we come upon a small 
rise in the road we see a small 
pond just below the road. The 
drainage area of this pond is an 
estimated 80 or 9’0 acres, 30 acres 
of which is in cropland. All of the 
cropland drains across the range 
land. The amount of water that 
the pond had caught was less than 
one acre-foot, much of which ap- 
parently had drained from the 
surface of the road as the water 
was discolored from the clay that 
serves as a binder in the material 
used to hard surface the road. 

As we stop on this rise and ob- 
serve the small pond that is prac- 
tically empty after the 5 or 6 
inches of rain that fell in 3 hours, 
we would like to go back to the 
time of purchase of this land. 

The drainage area is a part of 
a l,OOO-acre tract that was pur- 
chased in 1940 for 14 per acre. 
The range land was infested with 
cactus and weeds. The area under 
cultivation was very low in organic 
matter and had a very poor soil 
structure. We remember repair- 
ing the fence on both sides of the 
road after one heavy rain during 
the early part of the operation of 
Flat Top. The net wire on the 
fence had caught enough trash col- 
lected off the drainage area by 
runoff water to cause the fence to 
go out. 

The drainage area since pur- 
chase has been maintained at all 

times under a good grass cover by 
removing cactus and mowing 
weeds, followed by controlled graz- 
ing. The stocking rate is now 
higher than the recognized rate of 
stocking on adjoining areas where 
grass cover has not been main- 
tained. The small pond, which 
under good cover caught so little 
water, was built principally to, 
catch silt and is one of a series of 
six ponds built above one of the 
larger ponds on the ranch. 

The larger pond was built in 
1940, being completed in April, 
and has a drainage area of 2,200 
acres. The pond when full has a 
surface area of 30 acres, with a 
maximum depth of 35 feet, and an 
estimated average depth of 10 feet, 
or a total capacity of 300 acre-feet. 

At the time the pond was built, 
approximately 900 acres of the 
drainage were under cultivation, 
much of which was very steep. All 
range areas were in poor condi- 
tion. More than 50 percent of the 
drainage area was owned at that 
time by small farmers. One rain 
during the latter part of May, 
1940, filled all six of the catch 
ponds above, and filled the large 
pond, then flooded to the full ca- 
pacity of the spillway, 300 cubic 
feet. 

Today, all the drainage area is 
under Flat Top management. The 
cultivated acreage of the drainage 
area has been reduced to approxi- 
mately 350 acres, and the retired 
acreage has been established to a 
reasonably good cover. The range 
land has been improved to what 
we consider a fair to good condi- 
tion. Before 5- to 6-inch rain of 
September 23, the water in the 
large pond was very low. As we 
drive across the dam of the pond 
on September 24, we estimate that 
the water level had risen 5 feet, 
an estimate of 30 acre feet run off 
from 2,200 acres, or about l/6 of 
an inch per acre. The rest of that 
5 or 6 inches had soaked into the 
soil where it will be used to grow 
grass. 

One rancher who owns and op- 
erates 1,000 acres of land, all of 
which lies within a neighboring 

creek valley, told us that his 
branches and the main creek of 
the valley were the highest on Sep- 
tember 23, 1955, they had been in 
33 years. 

Better Grasses Mean More Water 

As we go about our daily task, 
*we have been able to make many 
simple observations which are very 
convincing. During the winter 
months, we have been digging and 
balling trees for transplanting. 
Some of the trees have been taken 
from Flat Top Ranch land and 
some of the trees have been taken 
from land immediately ad joining 
the ranch. The trees are dug with 
hand labor to a depth of 3 to 31/2 
feet. It is interesting to note how 
much more moisture is in the soil, 
and how much better the structure 
of the soil, where the trees are 
growing on deep soils that have 
some grass cover compared to no 
grass cover. 

In another observation, there is 
a branch that forks just outside of 
the ranch, one prong coming out 
of the ranch and the other prong 
draining through ad joining land. 
As we cross the prong on the ranch 
there is running water while on 
the prong on the other ranch there 
is no water to be found. This dry 
branch flooded during the heavy 
rain of September 23, according to 
debris and other evidence. 

The running water in the streams 
on the ranch, we believe, is due to 
the effect of range land under 
cover and to the impounding of 
runoff water. We would venture 
to say that where water has been 
impounded and held for as much 
as 12 months, there has been a 
movement of water through the 
subsoil, back into the bed of the 
stream, and starting the stream to 
flow below the dam. 

Below the large dams on the 
c r e e k s that have considerable 
drainage areas, there have been 
several low dams built which im- 
pound water to the extent that the 
creek channel stands full. The 
water level in these ponds is main- 
tained by opening a valve which 
releases water from the larger 
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pond above. The subsoil of the 
creek bottom land along the chan- 
nels is irrigated sufficiently to af- 
fect the growth of the deep-rooted 
grasses. There has been vigorous 
growth of grass on some of these 
areas during extreme dry surface 
conditions. 

Due to the extreme dry condi-* 
tions of the subsoil of this area, 

after several years of drought, the 
movement of water through the 
subsoil has been very easily traced 
by the growth of the plants. The 
deep-rooted grasses seem to be able 
to go the greatest depth for this 
moisture. 

In conclusio’yz, we have heard 
much about the small operation 
versus the large operation. As we 

think of the practices used to im- 
prove and maintain range land, 
we realize that each tract of land 
that was added had to be treated 
as a unit in bringing it back into 
production. It matters not how 
large or how small the operation, 
the important thing, we believe, is 
regaining and maintaining pro- 
duction. 

Germination of Freshly Harvested Seed of 
Some Western Range Species 

HORTON M. LAUDE 

Associate Professor, Department of Agronomy, University 
of Califomicl, Da’vis, California 

The germination of seed and the 
emergence of seedlings from the 
soil are primary considerations 
for the rancher, whether in regard 
to the reseeding of desirable plants 
or the control of unwanted species. 

Of the several aspects of germi- 
nation, the retention of seed viabil- 
ity with considerable age (long- 
evity) has been rather extensively 
studied. It is generally understood 
that after several years of storage 
viability declines, the rate of this 
decline being mainly a function of 
the species and of storage condi- 
tions. 

The effect of stage of seed ma- 
turity at harvest has likewise re- 
ceived attention (McAlister, 1943 ; 
and H e r m an n and Hermann, 
1939). This is of considerable im- 
portance in many grasses since 
parts of the inflorescence may 
ripen at different times, causing 
the seed obtained at harvest to 
vary in maturity. Selection of 
harvest date becomes a matter of 
timing to avoid both excess shat- 
tering and ,immaturity, yet to 
place the bulk of the seed at the 
desired stage of development. 

A further aspect of germination 
and the one primarily considered 
by this paper is that transient pe- 
riod of delayed germination or 
dormancy commonly encountered 

in many freshly harvested seeds. 
Harrington (1923) discussed this 
problem with winter wheat, a.nd 
Coffman and Stanton (1938) noted 
delayed germination in varieties 
of cultivated oats. Such dormancy 
has been reported in freshly har- 
vested seed of numerous cultivated 
grasses including certain blue- 
grasses and orchardgrass (Sprague, 
1940)) ryegrass (Anderson, 1947), 
timothy (Toole, 1939), and crested 
wheatgrass (Hermann and Her- 
mann, 1939). In the majority of 
these reports, however, the delayed 
germination did not persist long 
enough to interfere with stand es- 
tablishment during the first nor- 
mal planting period following seed 
harvest. 

There is evidence in certain 
range and pasture species that 
dormancy of fresh seed more fre- 
quently may persist long enough 
to interfere with good emergence 
rates during the first planting sea- 
son following h a r v e s t. Coukos 
(1944) noted such dormancy in 
big and little bluestem, Indian- 
grass, and some collections of side- 
oats grama. He stated, “Of the 
several peculiarities of native grass 
seeds, the character of dormancy 
is primary in influencing stand es- 
tablishment .” Dawson and Hein- 
richs (1952) reported difficulty in 

establishing stands of green stipa- 
grass due to poor germinability of 
the seed. They noted that the 
freshly harvested seed seldom ger- 
minated over 20 percent and often 
as low as 2 percent. In the case 
of the wild oat, Awena fatua, 
Toole and Coffman (1940) found 
that average germination of seed 
when tested approximately 10 days 
after collection was 13.8 percent 
and that after 9 to 11 months stor- 
age this germination had increased 
to 64.5 percent. 

It is well to note that compl&e 
germination at the first opportu- 
nity of all seed sown may not be, 
in many instances, the desired be- ‘cr 

havior for a range plant. Like- 
wise, for a given species the degree 
of dormancy in freshly harvested 
seed may vary from year to year 
and even from different locations 
of harvest the same year. Still, 
species which exhibit dormancy in 
seed just harvested warrant study 
for this characteristic for it may 
influence the management and han- 
dling of the plant. 

Delayed germination can affect 
emergence from seedings made 
while this dormancy persists and 
thus can contribute to poor stands 
and to the labeling of a species as 
hard-to-establish. It may influence 
germination tests such as are run 
on seed entering commercial chan- 
nels. Low germination, as found 
in recently harvested seed, should 
be distinguished from low viability 
in seed due to excessive age, for 
the former condition need not 
necessarily s i g n i f y low quality 
seed, it being a temporary condi- 
tion. Furthermore, delayed germi- ‘r 
nation relates to aspects of weed 
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enough to interfere with stand es- 
tablishment during the first nor- 
mal planting period following seed 
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There is evidence in certain 
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dormancy of fresh seed more fre- 
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control in that the time of germi- 
nation of any undesirable seed 
crop is a factor in combating the 
unwanted plant. 

The current studies were initi- 
ated when difficulty was encoun- 
tered in obtaining satisfactory ger- 
mination of freshly harvested seed 
of certain range species being em- 
ployed in laboratory investiga- 
t ions. This paper reports on the 
dormancy of freshly harvested seed 
in species previously studied little 

. or not at all for this characteristic. 

Methods and Procedure 
In earlier work (Laude, 1951), 

treatments to improve stands of 
smilo grass (Oryxopsis miZiacea)) 
were studied. Emergence of green- 
house plantings of the seed lots 
used in that investigation sug- 
gested that poor stands might be 
associated with the use of recently 
harvested seed. To clarify this ob- 
servation, freshly harvested seed 
of smilo was germinated both im- 
mediately after stripping from the 
parent plants and following inter- 
vals of laboratory storage. Since 
smilo does not shatter readily in 
the field, seed was taken from the 
plants periodically between late 
June and early November. The 
seed crop at Davis normally is 
considered mature near mid-July. 

Seed of two sources was used; 
namely, California certified smilo 
and a strain provided by the Soil 
Conservation Service bearing the 
accession number P-726-CF-N-2. 
Both exhibited the same behavior 
relative to dormancy. 

The germination tests of smilo 
were run in a seed germinator at a 
temperature of 21” to 22°C. One- 
hundred-seed samples of plump 
seed were placed in Petri dishes on 
four layers of paper toweling cov- 
ered with a filter paper and mois- 
tened with tap water. Reported 
percentages are the average of 
eight loo-seed samples after a test 
of 2%day duration. Some gain in 
germination was obtained by ex- 
tending the duration of the test. 
Lengthening the germination pe- 
riod from 28 to 42 days resulted 
in an average increase in germina- 

tion of 10.3 percent. However, as 
this increase was rather uniform 
among representative seed lots, re- 
liable comparisons could be made 
using the %-day test. 

Delayed germination was en- 
countered in f r e s h 1 y harvested 
seed of a number of annuals. Seed 
of broad-leaf filaree (Erodium Bo- 
tryys) and of the following grasses 
was collected upon maturity from 
native stands in California in 1952 
and 1953 : barb goatgrass (Aegi- 
lops triuncidis), slender wild oats 
(Awena ba,rbata), wild oats (A. 

fatua), soft chess (Bromus mol- 
Zis), ripgu t (B. rigidus), red 
brome (B. rubens), downy chess 
(B. f ecf orum ) , medusa-head (Ely- 
wws cap&-medusae), foxtail fescue 
(Festuca megalura) , Mediterra- 
nean barley (Hordeum hystrix;) , 
mouse barley (H. Zeporinwm) , and 
Stebbins barley (Hordeum steb- 
binsii).l Seed of each was planted 
within a few days of collection and 
at intervals thereafter in a sandy 
loam soil in the greenhouse under 
conditions favorable for germina- 
tion. Unless otherwise noted, the 
results are expressed as the aver- 
age per c en t a g e of seedlings 
emerged 28 days after planting, 
based on 50-seed samples. 

The seed was planted leaving at- 
tached any adhering glumes or 
coverings that remained on the 
seed when it was stripped from the 
parent plant. Particular care was 
1The assistance of Mr. Beeoher Cramp- 
ton, Herbarhm Botanist, in collecting 
a,nd identifying the seed is gratefully 
acknowledged. 

taken to plant only well-developed, 
plump caryopses. To insure this, 
much of the seed was counted out 
over a lighted ground glass which 
enabled separation of empty from 
filled florets by revealing the sil- 
houette of the kernel. 

Results and Discussion 
Slnilo Grass 

In 1951, smilo seed was har- 
vested at Davis periodically be- 
tween June and November, and 
germination was tested on each lot 
immediately after harvest and sub- 
sequently after periods of labora- 
tory storage. Pronounced dor- 
mancy was encountered in all 
freshly harvested samples except 
those collected on November 5 
(Table 1). 

Between September 10 and No- 
vember 5 a marked change 
occurred in the physiological con- 
dition of the seed remaining on 
the plants in the field. In some 
species chilling temperatures has- 
ten the termination of seed dor- 
mancy. The increased coolness of 
autumn probably contributed to 
the breaking of dormancy of those 
seeds remaining in the field until 
November 5. All samples collected 
earlier and stored in the labora- 
tory displayed similar behavior in 
regard to possessing extremely low 
germination at first followed by a 
gradual increase in germination 
with storage time. 

Those samples harvested upon 
maturity in July still possessed 
low germination six months later, 
a period long enough to extend 

Table 1. Germination percentages of mile seed upon harvest and a,fter periods 
of laboratory storage>. 

SC?4 Da,te 28-day germination test commenced 

collection 1951 1952 
date, June July July July Aug. Aug. Aug. Sept. Nov. Jan. 
1951 26 10 17 24 7 14 28 11 12 17 

% 
June 25 2.5 0.0 - 0.0 2.0 - - - 5.9 37.1 
July 9 0.0 - 0.0 1.2 - - - - - 
July 16 0.1 - - - - - 4.2 16.3 
July 23 1.0 1.8 - - - - - 
Aug. 13 5.2 - - 12.2 22.6 
Aug. 27 1.1 - - 25.2 
Sept. 10 2.4 - 31.3 
Nov. 5 97.6 98.1 
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Table 2. Seedling emergence from freshly harvested seed of annual grasses planted in 
greenhouse soil at intervals after collection. 

Seed collection Dates of planting during year of collection 

Species 

Barb goatgrass 

Slender da oats 

Wild oats 
Soft chess 
Ripgut grass 

Red bromegrass 
Downy chess 

illedusa-head 

Foxtail f esme 

Mediterranean barley 
Xouse barley 
Stebbins’ barley 

date 1952 collections 1953 collections 

1952 1953- June 18 July 11 Aug. 19 Oct. 14 June 13 July 20 Aug. 25 Oct. 15 

Percent emergence, 28 days after planting 
6124 - - - - _--__--_ 0” 72 94 100 
6114 5128 - 0 - 66 0 0 50 82 
6/16 5115 0 2, - 14 0 - 49 78 
6/15 6112 20 76 - 100 0 80 85 96 
6/14 5116 24 86 - 96 0 - 93 - 
6114 6112 2 32 90 100 0 0 50 98 
6/14 6/12 0 20 74 94 0 - 29 68 
6/14 - - - - _ _ . _ . . _ _ 6 4 - 92 . 
6114 5112 2 58 98 98 2 0 78 98 
6114 517 20 70 - 98 64 - 96 - 
6/13 5126 2 78 100 100 2 25 94 - 
6121 5111 2” 32 62 94 0 - 100 - 

*Planted July 3. 

beyond any autumn planting made 
the year of harvest. The impor- 
tance of this in stand establish- 
ment becomes clearer when it is 
realized that germination percent- 
ages obtained in a germinator are 
generally considerably higher than 
emergence percentages of the same 
seed planted in soil. On lots of 
smilo so compared, the germina- 
tion percentage in Petri dishes ran 
as much as 40 percent higher than 
the seedling emergence from seed 
planted in soil in the greenhouse. 

Greenhouse plantings help to il- 
lustrate the problem which may 
arise from sowing recently har- 
vested seed possessing delayed ger- 
mination. One such lot of smilo, 
harvested when mature in 1948, 
.and planted in the greenhouse on 
the following October 19, Novem- 
ber 1, February 1, and March 24, 
yielded seedling emergence per- 
centages 28 days after each plant- 
ing of 13.8, 28.8, 30.5 and 50.0 per- 
cent respectively. Greenhouse 
plantings may logically be ex- 
pected to emerge considerably bet- 
ter than range seedings. 

In 1952, fresh seed from the 
planting studied the previous year 
as well as that from two additional 
plantings was evaluated for de- 
layed germination. The results 
showed the same general pattern 
of behavior noted in Table 1. How- 
ever, in 1953 the dormancy com- 
menced to break in late August to 

early September and by mid-Oc- 
tober those seed lots collected in 
July were averaging 47 percent 
germination. This illustrates the 
variation in dormancy of fresh 
seed from one year to the next. 
Seed remaining in the field the 
longest germinated more complete- 
ly upon harvest, an October 27 col- 
lection reaching 95.2 percent. 

as long as eight to ten weeks after 
harvest, not be sown the year of 
harvest. In California this would 
apply to fall seedings following 
seed harvests of the previous sum- 
mer. Such a procedure would min- 
imize delayed germination as a 
factor capable of impairing good 
stand establishment. 

Annuab 
It appears justified to propose Seedling emergence recorded for 

that smilo seed, which retains an plantings soon after seed collection 
exceptionally low germination for and periodically thereafter for 

too - OCTOBER 14 . 

AUGUST 19 . 

80 - 

Y 
5 
i? 60- 

: 
(3 
z 
0’ 40- 

ti 
I 

JULY II . 
m 

4 
s zo- 

ei 
a 

JUNE 18 . 
0 I I 1 

0 5 IO I5 20 25 30 35 

DAYS AFTER PLANTING 

FIGURE 1. Germination of red bromegrass in greenhouse soil. Seed was collected 
June 14, 1952, and was planted the following June 18, July 11, August 19, and 

October 14. 
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twelve annual grasses is presented 
in Table 2. In all cases the 1953 
collections were taken from differ- 
ent locations and on different dates 
than were those of the previous 
year. The stage of seed maturity 
within a collection undoubtedly 
varied somewhat since seeds 
stripped from a grass plant may 
differ in degree of ripeness. These 
factors aid in explaining the vari- 
ation in emergence noted between 
the two years. 

A uniform pattern of behavior 
is apparent. Seedling emergence, 
a n d presumably therefore seed 
germination, increased with greater 
storage time. Upon collection most 
species showed delayed germina- 
tion. By the latter part of August 
this dormancy was broken in most 
cases and by mid-October in all ex- 
cept the 1952 wild oat collection. 

Not only is dormancy reduced 
with time after maturity, but com- 
plete seedling emergence is more 
rapid and first emergence occurs 
sooner after’ planting (Fig. 1). The 
total emergence of the June 18 
sample plotted in this figure con- 
tinued to increase slowly with 
time, and reached 26 percent by 
late September. I;i t t 1 e to no 
change was recorded for the other 
plantings with additional time. 

Dormancy persisted longer in 
broad-leaf filaree than in any of 
the grasses. In a collection planted 
at intervals over 24 months, first! 
emergence totaling 11 percent was 
obtained from a seeding made six 
months after seed maturity, this 
e m e r g e n c e continuing slowly 

This Society is the youngest in years, the most unique in character and the most democratic in mem- 

throughout six weeks. One year 
after seed collection total emer- 
gence was 39 percent and at two 
years it.was 91 percent. The more 
rapid emergence associated with 
the breaking of fresh seed dor- 
mancy was striking in that maxi- 
mum emergence was obtained in 
10 and 7 days for the one- and 
two-year-old seed, respectively. 

Summary 

Dormancy of freshly harvested 
seed was encountered in smilo 
grass, broad-leaf filaree and twelve 
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to improve the emergence and stand 
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Certain lots of smilo seed, har- 
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vested at Davis when mature in 
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emergence. As an aid to more rapid freshly harvested seeds of several Poa 
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r e t a i n i n g low germination for germination of freshly harvested Tim- 
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not be sown the autumn following 11: 119-139. 

harvest. By the second year that -, AND F. A. COFFMAN. 1940. Var- 

dormancy prevailing after harvest 
iations in the dormancy of seeds of the 
wild oat, Buena fatua. Jour. Amer. 

would be negligible. Sot. Agron. 32: 631-638. 
-O- 

bership of any agricultural scientific society in our beloved country. 
It is the youngest because since the first society of this kind-the Philadelphia Society for Promoting 

Agricult,ure-was founded in 1785, no society for the promotion of range management was formed until 
1947 when Joe Pechanec and the others of that small group of founders organized the movement which 
bears our name. 

It is the most, unnique of any agricultural scientific society because it has no counterpart in any other 
nation or land in the world. The reason for that is that, the word “range” has never been translated 
into any other tongue. There a.re the steppes of Russia, the veld of Africa, the pampas of Argentina, the 
paature of Australia, but none of them mean what “range” means to an American. 

It is t,he most democratic because its membership includes a broa,der group of technicians, grass-roots 
ranchers and scientists than any other similar Organization.--BARRINGTON R. CARPENTER, Toastma,ster at 
the 9th Annual Banquet of the American Society of Range Management. 



Root Plowing Proved Best Method of 
Brush Control in South Texas s 

D. V. ALLISON AND C. A. RECHENTHIN 

Work Unit Co9anservationist, Soil Conserva+tionV Service, 
Bemvides, Texms; Range Conservationist, Soil Conservation 
Sevrvice, SunI Angelo, Texas 

Rootplowing proved to be the 
most effective method of killing 
brush in tests conducted by the 
Duval County Ranch Company 
near Freer, Texas. This method 
was compared with chaining, chop- 
ping, treedozing and spraying in 
a series of controlled tests. 

Many methods of controlling 
b r u s h have been developed in 
South Texas in recent years. More 
than a million acres have been 
treated in some way or another in 
the last ten years. Each method 
has its supporters claiming it to 
be the most effective or practical. 

W. H. McDugald of the Duval 
County Ranch Company decided 
to try out various methods and see 
for himself. He obtained the help 
of the Agua Poquita Soil Conser- 
vation District and Don V. Allison 
of the Soil Conservation Service 
at Benavides in planning and es- 
tablishing the plots and in making 
studies to evaluate the results. 
The Southwestern Research Foun- 
dation later joined in making the 
studies. 

Study Area 
An area of 1,364 acres was se- 

lected on the ranch northwest of 
Freer. It is typical of a large part 
of the “Brush Country” of South 
Texas. Included are gently slop- 
ing ridges of shallow, gravelly 
soils, grading to almost level “flats” 
of deep soils. The soils are all 
highly calcareous and are very 
fertile. Moisture is the limiting 
factor in plant growth. Because of 
heavy texture, most of the soils of 
the study area are “droughty.” 
They have been tentatively as- 
signed to the Kenedy and Cardova 
series. 

The area has been rather heavily 
grazed for more than 100 years, 

and the vegetation has changed 
markedly from the original condi- 
tion. 

The original settlers and early 
writers describe the country when 
settled as being open prairie with 
only an occasional tree or bush, 
mostly along the streams. The 
dominant grasses in the prairie 
vegetation were trichloris (Trich- 

Other grasses found in lesser 
amounts were curlymesquite (Hi- 
Znria belangeri), slim tridens (Tri- 
dens mutica), pappusgrass (Pap- 
pophorum bicolor) and filly pani- 
cum (Panicurn filipes) . Because 
these species are less palatable or 
grow short and close to the ground, 
t h e r e b y evading close grazing 
more effectively, they were able to 
replace taller species taken out by 
heavy grazing. 

Under continued heavy use, even 
these species are greatly reduced. 
Red grama (Bouteloua trifida) , 
whorled dropseed (Sporobolus py- 
ramidatus), and Halls panicum 
(Panicurn halli) remain on some 
of the more deteriorated ranges in 
a very sparse stand. 

Zoris crinita and T. pluriflora), 
two forms of plains bristlegrass 
(Setwia macrostachya) , cottontop 
(Trichachne californica), blue- 
stems. (Andropogon barbinodis 
and A. perforatus) lovegrass 
dens (T&dens eragrostoides), 
vine-m e s q u i t e (Palnicum 
tusum). In some areas these 
ties have a 1 m o s t wholly 
appeared. Plains bristlegrass 
been able to stay better than 
by utilizing the protection of 
thorny shrubs. 
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The dominant vegetation of the 
area now is woody shrubs and trees 
forming a thicket that in places is 
a 1 m o s t impenetrable. Only a 
sparse, stunted growth of grass 
occurs under the brush, and most 
soil surfaces are severely crusted, 
shedding much of the rainfall. 

The principal woody species are 
mesquite (Prosopis juZl;flora var. 
g$anduZosa) , blackbrush acacia 
(Acacia amentacea) , several con- 
dalias ( Corzdalia spp. ) , guajillo ~1 
(Acacia berZam%eri), amargosa 
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( CasteZa tezccm), allthorn (Koe- 
berlinia spinosa) , granjeno (Celtis 
pallida), guayacan (Porlieria an- 
gustifolia), whitebrush (Aloysia 
Zigustrina), and desert yaupon 
(S&me ff eria cuneifolia) . Many 
other species occur in lesser 
amounts. Ceniza (Leucophylum 
frutescens) is abundant on some 
shallow, gravelly ridges. 

Many species of cactus are 
found. Pricklypear (Opuntia 
Zilzdheimeri) is most common and 
is found almost everywhere, except 
.where eradicated or controlled. It 
sometimes grows to heights of ‘7 
to 9 feet in clumps 15 to 20 feet 
a c r o s s, and occasionally forms 
dense thickets of its own. Tasa- 
jillo (Opucntia Zeptocaulis) is also 
widely spread, and many other 
species are abundant, at least in 
places. Several species of yuccas 
are common. 

Experimental Procedure 

To test the various methods of 
control, the 1,364-acre area se- 
lected was divided into 9 plots, 
varying in size from 95 to 195 
acres. Each plot contains some of 
the deep soils and the shallow and 
light soils, and is therefore repre- 
sentative of most of the area. 
Brush was treated by one of the 
control methods on eight of the 
plots, and no treatment was given 
on the ninth for a check plot (Fig. 
1). 

Soil Conservation Service tech- 
nicians established permanent me- 
ter-square quadrats, 27 per plot, 
for counting grasses and 27 600- 
square-foot belt t r a n s e c t s for 
counting the woody vegetation. 
These areas were observed before 
treatment and in 1954 and 1955 
following the treatment. 

Rainfall during 1954, the first 
year, was about normal with 19.4 
inches. However, the early part of 
1955 was below normal, when only 
9.5 inches fell from November 
1954 to September 1955. Heavy 
rains occurred in September and 
October 1955 to bring the 1955 
total to 22.35 inches through Oc- 
tober. Excellent grass growth fol- 
lowed the September and October 

FIGURE 2. Roller cutting or chopping gave a 22 percent reduction of woody plants 
and a 95 percent increase in grasses. Grasses include trichloris, lovegrass tridens, 
plains bristlegrass, cottontop, pink pappusgrass, panicums and three-awn. 

rains, just prior to making the last 
readings. 

The mechanical methods of con- 
trol were carried out in November 
and December 1953. Spraying of 
the herbicide-spray plot was done 
in July 1954. The entire area was 
fenced in March 1954. No grazing 
has been permitted to date to per- 
mit the grasses to make the maxi- 
mum growth. It is planned to 
graze the area later in order to 
better evaluate the effects of the 
treatments. 

Results 

Table 1 gives the costs and re- 
sults of the tests for the first two 
years. 

Chaining 
The brush on three of the plots 

was chained, using an anchor chain 
with 90-pound links, pulled behind 
two crawler-type tractors. One of 
the plots was chained only in one 
direction. Larger, more rigid trees 
and bushes were snapped off, but 
occasionally one was pulled out 
with the roots. Smaller, pliable 
brush was only knocked down by 
the chain, some resuming a semi- 
upright position afterwards. The 
other two plots were chained a 
second time going in the opposite 
direction. The second chaining in 
the opposite direction broke off 
much of this brush, thereby mak- 
ing grazing less hazardous. 

Table 1. Brush kill and grass increase on brush control plots. 

Treatment 
cost 

per acre Brush kill Grass increase 

Chained one way $ 2.00 
Chained two ways 3.00 
Chained two ways and raked 10.00 
Sprayed with 2,4,5-T 3.50 
Sprayed with 2,4-D/2,4,5-T 7.75 
Rootplowed 10.00 
Rootplowed and raked 17.00 
Chopped (roller cutter) 4.00 
Treedozed 5.00 

% % 
21 61 
23 66 
35 85 
21 12 
47 44 
62 268 
63 35 
22 95 
28 104 
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One of the plots, chained two 
ways, was raked with a 16-tooth 
brush rake, with 40-inch teeth at 
16-inch spacings, attached behind 
the crawler tractor. Brush was 
raked into windrows about 300 
feet apart, leaving relatively clean 
strips between. 

Chaining did not kill much 
brush, only 21 percent one-way, 23 
percent two-ways and 35 percent 
when raked afterwards. Most of the 
brush resumed vigorous growth, 
and much of it was three to four 
feet high at the end of the second 
year. Mesquite sprouted readily 
from the bud zone on the stem just 
below the ground surface. Repeat 
treatment will be necessary in a 
few years. However, it would be 
possible to use a small brush 
chopper the next time, thereby re- 
ducing cost, since the larger brush 
was knocked down by the chain- 
ing. 

Chaining with a heavy chain in 
pulling up brush and trees dis- 
turbs the surface soil, breaking 
the crust, and thereby helps to ab- 
sorb r a i n s. Fair increases of 
grasses resulted from chaining one 
or two-ways (Fig. 2). Raking aft- 
erward did not leave the soil in 
condition for rapid recovery as the 

strips bet w e en windrows were 
bare. Good grass growth did occur 
in the windrows which accounts 
for most of the increase shown in 
the table. 

Rootplowing 
Rootplowing, though the most 

expensive, was the most effective 
treatment both in reducing brush 
and improvement of grass. Two 
plots were rootplowed by means of 
a heavy V-shaped blade pulled at 
an average depth of 11 inches be- 
hind a crawler type tractor. Two 
“kicker bars” (iron rods) were 
welded on each side of the blade 
at such an angle as to partially 
invert the cut-off brush plants, ex- 
posing the roots to keep them from 
resuming growth. One of the plots 
was raked, following plowing, in 
a manner similar to the chained 
plot. 

Rootplowing killed almost 100 
percent of the brush. However, 
numerous seedlings appeared, and 
net reductions were only 62 and 
63 percent for the two tests by 
the end of the second year. Root- 
plowing seems to spread prickly- 
pear. 

Grass recovery was better on the 
rootplowed plot than any other 
plot, more than twice that of the 

second best plot. However, raking 
following p lo w i n g severely set 
back the grass so that the raked 
plot made very slow recovery. The 
raking pushed the grass and seed 
into the windrows leaving the bare 
surface exposed and an unfavor- 
able site for grass seedlings, except 
in the windrows. An extremely 
dense stand of Russian thistle ap- 
peared, no doubt materially con- 
tributing to slow recovery of 
grasses. 

Buffelgrass was broadcast in a 
small part of the plowed and raked 
plot in the spring of 1954. The 
disturbed surface was apparently 
a good seedbed for this grass as 
an excellent stand was obtained. 
Clippings that fall yielded 4,101 
pounds of oven-dry grass, as com- 
pared to 447 pounds of grass from 
the non-seeded portion of the plot. 

Brush Chopping 
Brush on another plot was cut 

with a r o 11 in g brush chopper 
weighing 22,000 pounds with 
blades at 14-inch intervals. The 
blades entered the soil about 4 
inches deep leaving a trench or 
furrow which served to catch both 
seed and rain. The brush was cut 
into short lengths, which formed a 
protective surface mulch, aiding in 
catching rain, protecting young 
seedling and reducing evaporation 
and erosion. Grass recovered most 
rapidly the first year on the 
chopped plot, though the root- 
plowed plot far exceeded the 
chopped plot by the end of the sec- 
ond year (Fig. 3). Chopping 
killed little brush, most of it re- 
suming vigorous growth. Treat- 
ment will again be needed in a few 
years. 

A small part of the chopped plot 
was seeded to buffelgrass and 
birdwoodgrass. Both made good 
stands (Fig. 4). A solid row of 
seedlings came up in many of the 
blade cuts as though they had 
been drilled. This seeded plot ap- 
peared equal to the seeded plot in 
the rootplowed-raked area. 

Treedozing 
Brush on another plot was cut 

with a treedozer, an inverted V- 
shaped bulldozer blade mounted in 
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front of a crawler tractor. Con- 
tinuous forward movement is pos- 
sible, as cut-off brush with some 
grass and soil is pushed to the 
sides where it forms a windrow. 
The blade moves along at the sur- 
face of the ground cutting off 
most brush plants and occasion- 
ally pulling one up. 

A greater kill of brush was ob- 
tained by this method than by 
chopping or chaining. The dozed 
strips were scraped almost bare, an 
unfavorable site for grass seed- 
lings. Ma jar grass recovery was 
limited to the windrows the first 
year, but spread so that this was 
the second highest plot by the end 
of the second year. 

Aerial Spraying 
Brush on another plot was 

sprayed by airplane in July, 1954, 
with herbicidal sprays. One-half 
the plot was sprayed with 11/3 
pounds 2,4,5-T per acre in a 25 
percent oil-water emulsion. The 
other half was sprayed with a 
mixture of one pound each, per 
acre, of 2,4,5-T and 2,4-D in the 
same carrier. 

At the time of spraying mois- 
ture was deficient and most plants 
were in stress. Herbicides would 
probably have been effective had 
they been applied while the woody 
vegetation was in a flush state of 
growth. Mesquite was the only spe- 
cies materially affected by either 
treatment. The mixture contain- 
ing both 2,4-D and 2,4,5-T killed 
more brush, but the 2,4,5-T spray 
killed the higher percent of the 
mesquite. 

Since spraying does not affect 
the crusted soils, grass recovery in 
the sprayed plots was much less 
than on the other plots, except the 
plowed and raked plot. Perhaps a 
more rapid recovery would have 
occurred had a greater kill of the 
brush species been obtained. 

Experience in these plots and on 
other ranches in South Texas 

FIGURE 4. Buffelgrass and birdwoodgrass were broadcast on this plot following 
roller cutting or chopping. There was a 451 percent increase in grass compared 

with the check plot for the first year. 

point to several conclusions. Per- 
haps the most important is that 
grass recovery, either of native or 
seeded grasses, is greatest where 
the soil surface is disturbed and a 
mulch left such as in rootplowing 
or chopping. Raking following 
other treatments generally de- 
stroy considerable grass, but seems 
to prepare a good seedbed for 
range seeding. It is doubtful if re- 
sults justify the additional cost of 
raking. 

Chaining, chopping and tree- 
dozing kill relatively little brush. 
Follow-up treatment will be neces- 
sary. Information on how soon 
this should be done and what the 
kill will be in recurrent treat- 
ments may be found out as this 
study continues. 

Rootplowing gave near 100 per- 
cent kill on all varieties of brush, 
but seedlings were numerous. Root- 
plowing appears best suited to 
deep soils with mixed brush but 
relatively free of pricklypear. 

Chopping is more effective on 
smaller brush. Chaining, however, 

appears better for larger brush. 
Treedozing appears quite effective 
on g r a n j e n o, whitebrush, and 
shrubs more common on deeper 
soils, and appears to give best con- 
trol of pricklypear. 

Since most of South Texas is in- 
fested with a mixture of woody 
species, many of which are not af- 
fected by sprays, herbicides ap- 
pear to have only limited adapt- 
ability. Thickets of mesquite, par- 
ticularly on sandy soils and away 
from cultivated fields, can be con- 
trolled with herbicides if sprayed 
when making rapid growth. 

It is planned to continue the 
studies for several more years. It 
will be particularly important and 
interesting to note what effect a 
thick stand of grasses will have on 
growth of brush sprouts and seed- 
lings. For this reason, the plots 
will be grazed in such a manner as 
to leave a thick cover of vigorous 
grass. It is known that if the 
grasses are grazed out the brush 
will soon reclaim the area, and the 
treatment will have been in vain. 
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Range Conditions Induced by Grazing1 
JAMES 0. KLEMMEDSON 

2501 Russell Street, Berkeley 5, California 

Accurate range analysis is one 
of a range manager’s key tasks. 
With the help of a few ecological 
principles, he must appraise the 
evidence and determine the range 
condition and trend of each site. 
With the aid of management prin- 
ciples he then adjusts his manage- 
ment accordingly. 

Several techniques for determin- 
ing ra.nge condition have been de- 
veloped in recent years (Dykster- 
huis, 1949; Hump h r e y, 1949; 
Parker, 1951; Pickford and Reid, 
1942; Schwan and Costello, 1951). 
Review of these techniques shows 
that soils receive little attention 
except for site classification. This 
neglect may be due in part to a 
lack of knowledge of soil and site 
responses to grazing. Studies of 
such responses are badly needed to 
provide specific soil and site indi- 
cators which would be useful in 
judging r a n g e conditions and 
trends. This paper reports the re- 
sults of such a study. Its purpose 
was to determine the changes in 
vegetational cover, soil stability 
and physical condition of the soil 
that occur with declining range 
condition in the high mountain 
park type. 

Study Area 
The study area is a portion of 

the White River National Forest 
near Hiner Spring in western Col- 
orado. Investigations were con- 
fined to the high mountain pask 
type, at 10,000 feet elevation. Sub- 
alpine grassland, dominated by 
IAdapted from the author’s Master of 
Science thesis. Acknowledgment is made 
to Dean C. H. Wasser, School of Fmes- 
try and Range Management, Colorado A. 
& M. College, Port Collims, Colorado, for 
helpful advice during the study and 
preparation of the manuscript. Pub&u- 
ti.on. is by permission of the Dean of the 
Graduate School, Colorado A. 4 M. Col- 
lege. 

Thurber’s fescue (Pestuca thur- 
beri), characterizes the b e t t e r 
range condition classes. Slopes 
ranged from 5 to 20 percent. 

The soils over the entire study 
area are azonal with A-C profiles 
and are derived from basic igneous 
rocks of the andesite-basalt group. 
The soils are shallow to deep (1% 
48 inches), well drained and of 
loamy texture. Mechanical analysis 
gave the following average results 
for the study area as a whole; 
sand, 32.1 percent; silt, 45.7 per- 
cent; and clay, 22.2 percent. The 
original soil sample contained 30.4 
percent gravel. 

The approximate climatic condi- 
tion of the study area, obtained 
from graphs prepared by Baker 
(1944), shows a total annual pre- 
cipitation of 29 inches. Seasonal 
precipitation for the growing sea- 
son amounts to approximately 11 
inches, and more than half of the 
total precipitation is in the form 
of snow. Mean July and January 
temperatures a r e approximately 
54” F. and 13” F., respectively. 

Methods and Procedures 

Data were collected on good, 
fair and poor condition ranges on 
a “high mountain slopes site.“2 
Duplicate areas, A and B, which 
were comparable in exposure, slope 
and soils were sampled. Data con- 
cerning vegetational cover and in- 
dicators of soil movement were re- 
corded on five transects in each 
sampling area using a modifica- 
2The “high mountain slopes site” was 
delifneated into range condition classes 
with the aid of a Range Con&tion and 
Site Guide1 developed for the White 
River Drainage of Western Colorado by 
the Soil Conservation Service. This guide 
is based largely on the classification of 
Dykxterhuis (1949) emptoying ttie scheme 

of “increasers,” “decreasers” and %n- 
vaders.” 
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tion of Parker’s three-step method 
(Parker, 1951). 

Indicators of erosion observed _ 
a n d incorporated into Parker’s 
method included orientation of lit- 
ter, soil deposition, soil washing 
and crusting, and pedestalling of 
bunchgrass. A scheme of classify- 
ing the pedestals into four stages 
as described by Retzer (1947) was 
followed. An abbreviated descrip- 
tion of each stage follows: 
Stage I-Plant crown on a level 

or near level with sur- 
face of soil. 

Stage II-Plant crown above 
level of soil surface 
around part of its per- 
imeter ; breaking away 
tends to occur on the 
downhill side of 
clumps. 

Stage III-Plants on a soil pedes- 
tal above the adjacent 
surface on all sides. 

Stage IV-Grass on top of the 
pedestal dead or near- 
ly so ; pedestal disin- 
tegrating. 

Six core samples of the surface _ 
two inches of soil were collected 
from each sampling area for lab- 
oratory analysis of soil texture, or- 
ganic m at t e r content, volume 
weight and pore size distribution. 
For the latter analysis, measure- 
ments of percentage of water by 
volume at various tensions were re- 
corded and serve as the index to 
the distribution of large and small 
non-capillary pores. A procedure 
described by Tanner and Jackson 
(1949) was followed. 

Two infiltration test runs were 
conducted along each transect of 
the sampling area using tin-can in- 
filtrometers similar to those de- 
scribed by Evanko (1950). 

Results 
Vegetatim 

Plant density decreases with de- 
terioration in range condition. In 
each study area, density decreased 
more, however, from fair to poor 
condition than from good to fair 
condition. On good condition range, 
average plant density for the two w 
areas studied was 48.3 percent; 
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for fair and poor condition ranges 
it was 42.1 percent and 24.1 per- 
cent, respectively. 

Range in good condition dis- 
played a high total percentage of 
“desirable” plant species (Table 
1). Thurber’s f e s c u e (Pestuca 
thurberi), dominant in the aspect, 
made up 35.3 percent of plant 
cover on the two areas studied. 
S e d g es (Cccrex qq.), nodding 
brome (Bromus anomdus) , and 
sheep fescue (Pestuca ovina) were 
o t h e r desirable species, which, 
with Thurber’s fescue, made up 
62.1 percent of the composition on 
good condition ranges. Undesir- 

able species comprised 13.6 per- 
cent. 

On fair condition ranges, desir- 
able species made up only 35.2 
percent of the total composition of 
which 13.2 percent was Thurber’s 
fescue and 18.4 percent sedges. 
Undesirable species decreased to 
9.5 percent. Intermediate species, 
however, increased with declining 
range condition from 22.7 percent 
in good condition range to 51.7 
percent in fair condition range. 
Some of the important intermedi- 
ate species were polyanthus brome 
(B r o m u s polyanthus), slender 
wheatgrass (Agropyron trachy- 

caulum), Kentucky bluegrass (Pea 
pratensis), Letterman’s needle- 
grass (Stipa lettermani), wild dan- 
delion (Agoseris sp.), aspen pea- 
vine (Lathyrus leucanthus) and 
western yarrow (Achilles lanulo- 
sa). 

Thurber’s fescue completely dis- 
appeared from the vegetational 
cover of poor condition ranges. 
Idaho fescue (Pestuca idahoensis) 
and sedge, the only desirable spe- 
cies recorded, were found only in 
very meager amounts. Undesir- 
able species comprised more of the 
composition than in fair condition 
and made up 32.4 percent of the 

Table 1. Vegetational composition on good, fair and poor condition range. 

Condition Class and Area 

Good Fair Poor 

A B Aver. A B Aver. A B Aver. 

Desirable Species 
Festuca thurberi 
Festuca idahoensis 
Festuca ovina 
Bromus anomalus 
Cares spp. 

% 
33.0 

- 
2.1 
3.4 

22.1 

5% % 
37.7 35.3 
- - 
- 1.1 
2.8 3.1 

23.0 22.5 

% % % % 
10.4 16.0 13.2 - 

5.4 - 2.7 1.6 
- 0.5 0.3 - 
1.4 - 0.7 - 

12.8 23.9 18.4 - 

% % 
- - 
- 0.8 
- - 
- - 
1.8 0.9 

Total 60.6 63.5 62.1 30.0 40.4 35.2 1.6 1.8 1.7 
Intermediate Species 

Agropyron trachycaulum 
Bromus polyanthus 
Poa pratensis 
Stipa lettermani 
Aquilegia caerulea 
Pseudooymopterus sp. 
Agoseris sp. 
Lathyrus leucanthus 
Achilles lanulosa 
Erigeron speciosus var. 

macranthus 
Delphkum sp. 
Thalictrum sp. 

0.5 0.8 
- - 
- - 
0.8 7.9 

- - 
2.8 0.4 
9.6 3.2 
1.7 4.5 
6.0 4.0 

0.7 5.4 
- 6.6 
- - 
4.4 16.0 

- - 
1.6 0.5 
6.4 10.4 
3.1 5.2 
5.0 7.8 

3.4 4.4 
0.5 3.6 

- - 
13.7 14.9 

0.5 0.3 
1.4 1.0 

11.7 11.1 
4.3 4.8 
9.6 8.7 

7.5 9.6 8.6 
7.1 6.1 6.6 
- 0.9 0.5 
6.7 18.0 12.4 
1.6 - 0.8 
2.4 - 1.2 

20.9 14.5 17.7 
14.2 8.8 11.5 

1.9 0.9 1.4 

0.8 1.6 1.2 4.2 
- - - - 
0.8 - 0.4 0.5 

1.4 
- 

0.2 

2.8 
- 

0.4 

- 
- 

1.9 

1.7 
0.9 

- 

0.9 
0.5 
1.0 

Total 
Undesirable Species 

Viola spp. 
Aster spp. 
Lupindls spp, 
Helenium hoopesii 
Potentilla gracilis ssp. nuttalli 
Eriogonum sp. 
Cirsium sp. 
Viguiera multiflora 
Fragaria ovalis 
Gilia aggregata 

23.0 22.4 22.7 56.6 46.7 51.7 64.2 61.4 62.8 

3.4 
- 
- 
- 

0.9 
10.0 
- 
- 
- 
- 

14.3 
2.1 

47.0 

- 
0.8 

- 
- 
4.5 
3.2 
0.4 

- 
4.0 
- 

1.7 - 
0.4 1.9 

- - 
- 1.2 
2.7 1.4 
6.6 1.4 
0.2 - 

- 2.8 
2.0 - 

- - 

1.4 0.7 
0.5 1.2 

- - 

0.7 1.0 
5.0 3.2 

- 0.7 
- - 
- 1.4 
2.7 1.4 
- - 

0.8 - 
- - 
0.8 - 

14.1 17.5 
1.2 4.4 
- - 
7.1 9.2 
7.1 - 
- 1.7 
- 0.9 

0.4 
- 
0.4 

15.8 
2.8 
- 
8.2 
3.6 
0.9 
0.5 

Total 
Others 
Plant Density Index 

12.9 13.6 8.7 10.3 
1.2 1.6 4.7 2.6 

49.6 48.3 42.4 41.8 

-- 

9.5 
3.7 

42.1 

31.1 33.7 32.4 
3.1 3.1 3.1 

25.4 22.8 24.1 
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Table 2. Relationship of plat density index., blare soil, erosion pavement, orga,nic 
matter, vollume weight and infiltra&ion with stage of range colndition. 

Condition 

Good 

Plant 
Bare Erosion* Density Organic* * Volume* * 

Area Soil Pa,vement Litter Index Matter Weight Infiltration 

% Yo % % % Min,utes/Inch 
of water 

A 5.6 3.8 40.8 47.0 10.4 0.930 5.36 
B 7.2 1.8 39.8 49.6 9.3 1.009 10.37 

- - - - - - -_ 
Aver. 6.4 2.8 40.3 48.3 9.9 0.970 7.82 

Fair A 12.8 12.4 28.6 42.4 7.3 1.16~5 8.14 
B 17.2 13.8 23.8 41.8 7.1 1.147 9.28 

------- 
Aver. 15.0 13.1 26.2 42.1 7.2 1.156 8.71 

Poor A 35.6 17.6 16.6 25.4 6.7 1.158 43.23 
B 34.8 24.0 15.6 - 22.8 5.5 1.238 16.93 

------- 
Aver. 35.2 20.8 16.1 24.1 6.1 

*Ac.cumulations of rock material smaller than % inch in diameter. 
**Sample from surface two inches of soil. 

1.198 30.08 

composition. Important undesir- 
able species were orange sneeze- 
weed (Heletium hoopesii) , thistle 
( Cirsium sp. ) , showy goldeneye 
(V/lguiera multiflora) and Nut- 
tall’s cinquefoil (Potentilla graci- 
lis, ssp. nuttalli). 

Indilc&ors cvf Erosion 

Soil erosion indicators were in- 
creasingly more noticeable with 
deterioration of the range from 
good to poor condition (Table 2). 
On good condition ranges, the oc- 
currence of indicators showe’d that 
soil was fairly stable, while on 
fair and poor ranges, the soil was 
obviously eroding. 

Transect data showed a steady 
increase in percentage of bare soil 
with declining range condition, 
from 6.4 percent in good condition 
to 35.2 percent in poor condition. 
Percentage litter decreased uni- 
formly. The litter cover formed a 
rather heavy mat on good ranges, 
while on fair ranges litter was 
noticeably thinner, and on poor 
condition range it was very scant 
and almost inconspicuous. On good 
condition range where the high 
percentage of litter complemented 
the crownspread of live vegeta- 
tion, the small amount of bare soil 
was well dispersed. On range in 
poor condition, the less extensive 
and generally scant litter cover 

obviously furnished little protec- 
tion to the surface soil. This was 
shown by the accumulation of 
gravel, and washing of soil which 
indicated that runoff and erosion 
had been taking place. 

The most readily observed indi- 
cators of soil instability were the 
presence of an erosion pavement 
and plant pedestals. The occur- 
rence of these indicators unmistak- 
ably showed that with declining 
range condition there was in- 
creased erosion activity. Practical- 
ly no erosion pavement was found 
on good condition ranges but poor 
condition range had 20.8 percent. 

The relationship between the 
pedestalling stage of bunchgrasses 

and range condition found by Ret- 
zer (1947) was for the most part 
confirmed by this study (Table ’ 
3). The cyclic nature of the pedes- 
tal stages described by Retzer was 
rather apparent, however, very 
few stage IV pedestals were found. 
Over 90 percent of the pedestals 
on good condition range were 
stage I, with the remainder in 
stage II and III. With declining 
range condition, stage II and III 
pedestals were increasingly more 
abundant. Of the stage I pedes- 
tals on fair and poor condition 
range, relatively few were old 
plants. Young plants on stage I 
pedestals were in close association 
with stage II and III pedestals the 
original soil surface of which was 
obviously higher than the present 
surface of stage I pedestals, indi- 
cating at least a second cycle of 
pedestalling. The presence of an 
erosion pavement on the same level 
with stage I pedestals was an ad- 
ditional clue to the cyclic nature 
of pedestals and amount of soil 
removed. 

Alluvial soil deposits were ob- , 
served most frequently on fair 
condition range. This might be 
explained by the fact that on poor 
condition range, bunchgrasses or 
other plants of sufficient basal area 
to inhibit continued downward 
movement were absent or few in 
number. However, oriented litter 
occurred most frequently on poor 
condition range. Evidently, the 
single or few-stemmed species and 

Table 3. The relationship betwelen PdestaUing stages of bunchgrass and raxLge 
condition. 

Range 
Condition 

Good 

Fair 

Poor 

Pedestal Stage 

Area I II III IV 

% % % % 
A 93.4 5.5 1.1 - 
B 96.0 3.2 0.8 - 

Aver. 94.7 4.4 1.0 - 

A 53.3 41.3 5.4 - 
B 66.6 19.7 12.4 1.3 

Aver. 60.0 30.5 8.9 0.7 
A 22.3 44.3 33.4 - 
B 21.0 62.8 11.2 5.0 

Aver. 21.7 53.6 22.3 2.3 ‘)r 
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small rocks common to poor con- 
dition range obstruct the continued 
movement of this larger, but lower 
density material (leaves, stems, 
small sticks) more effectively than 
soil material. Rock pedestals and 
soil washing were closely associa- 
ted with erosion pavement and bare 
ground and indicated current soil 
loss. Crusting of the surface soil 
was observed frequently on areas 
of bare soil surface. 

PhysicaJ Properties of the Soil 
Pore Size Distribution 

Soils from good condition ranges 
retained more water at all tensions 
applied and hence were higher in 
percentage of both large and small 
non-capillary pore space than soils 
f r o m fair and poor condition 
ranges (Fig. 1). Relatively small 
differences were found between 
soils from fair and poor condition 
ranges. In general, soils from area 
A were higher in percentage water 
retained than those from area B. 
Soils from poor condition range in 
area B retained the least amount 
of water at all tension settings, ex- 
cept one. 
Soil Organic Matter 

Soils throughout the two areas 
studied were relatively high in or- 
ganic matter content (Table 2). 
Organic matter in soils from good 
condition ranges was 9.9 percent 
whereas soils from fair and poor 
condition ranges had 7.2 percent 
and 6.1 percent, respectively. In 
all three condition classes soils 
from area B were lower in per- 
centage organic matter content 
than for area A. This was espe- 
cially noticeable on good and poor 
condition ranges. 
Volume Weight 

The volume weight analysis 
showed increasingly higher values 
for soils from good to fair and poor 
range condition. As with pore 
size distribution and organic mat- 
ter content, differences were great- 
er between good and fair condition 
ranges than between fair and poor 
condition (Table 2). 

Infiltration 
Results from the infiltration 

trials were variable within all 

PERCENTAGE WATER BY VOLUME 

FIGURE 1. Percentage water by volume retaiued in the surface two inches of soil 
at various tensions ou good, fair and poor condition ranges. 

range conditions sampled. Data 
showed only slight differences in 
the rate of infiltration of one inch 
of water on good and fair condi- 
tion ranges, 7.82 and 8.71 minutes, 
respectively. Poor condition range 
displayed low rates of infiltration, 
an average of 20.08 minutes, and 
considerable variation between A 
and B. 

Discussion 

The relationship between vege- 
tational cover and range condition 
in the high mountain park type 
follows a pattern closely resem- 
bling that described by others 
(Dyksterhuis, 1949 ; Humphrey, 
1945; Costello and Schwan, 1946) 
working in different types. The 
importance of the various vegeta- 
tional criteria as tools in range 
condition classification cannot be 
questioned. 

This study showed that the phys- 
ical phase of the range complex 
deteriorated markedly with declin- 
ing range condition. Changes in 
both the stability and the physical 
condition of the surface soil were 
distinctly evident. Many of these 
changes may be recognized, meas- 
ured and used as criteria in judg- 
ing range condition as well as vege- 
tational criteria. 

The erosion pavements observed 
indicated that erosion was or had 
been taking place. Although the 
amount of soil lost was not deter- 
mined quantitatively, the pave- 
ments were indicative of the rela- 
tive amount of erosion for the 
range condition classes. 

Presence of pedestalled bunch- 
grass was one of the most apparent 
indicators of soil loss in this study. 
Pickford and Reid (1942) reported 
a similar relation on subalpine 
ranges in the Northwest. The re- 
lationship between distribution of 
pedestalling stages and range con- 
dition indicates that pedestalling 
of plants might be easily incorpo- 
rated as a quantitative indicator 
for judging range condition. 

Such indicators as deposits of 
alluvial soil material, orientation 
of litter, rock pedestals, and crust- 
ing and washing of soil surface are 
associated with an unstable soil 
mantle and are readily obliterated 
by natural causes. Therefore, they 
seem especially important in fur- 
nishing information on current hap- 
penings, and hence should be valu- 
able as indicators in determining 
trend of range condition. The oc- 
currence of all indlicators of soil 
stability studied may be readily 
observed or measured quantitative- 
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ly by many range sampling tech- 
niques. 

Studies of volume weight, per- 
centage organic matter, pore size 
distribution, and infiltration rate 
indicated that the physical con- 
dition of the soil had definitely 
deteriorated with decline in range 
condition. With the exception of 
infiltration, measurement of these 
soil properties ordinarily requires 
laboratory analysis. However, rela- 
tive soil physical condition can be 
estimated indirectly by observing 
other indicators which give clues 
to absorptive rate of the soil, run- 
off and amount of erosion. 

Degeneration was accompanied 
by progressive deterioration in both 
the physical and vegetational phase 
of the range complex. Greater 
change in the physical phase was 
noted in the earlier stages of range 
deterioration, from good to fair 
condition. Greatest change in the 
vegetational phase was noted in 
the later stages of range deteriora- 
tion, from fair to poor. Ellison 
(1949) has described similar differ- 
ential rates of change of vegetation 
and soil in range trend. 

Differences were found in the 
two areas studied. Measurements 
of erosion pavement, volume weight 
and organic matter content showed 
deterioration of soil in Area B to 
be more advanced than that in 
Area A, although the vegetation 
was similar. The more depleted 
soil condition on Area B associ- 
ated with vegetation closely simi- 
lar to that on A under poor 
range condition may be explained 
on the basis that the vegetation of 
both areas, upon reaching a poor 
condition stage, had assumed a’gen- 
era1 equilibrium with the soil. 
However, with continued overuse 
for a longer period of time, the soil 
conditions on Area B had contin- 
ued to deteriorate. The existence of 
different rates of trend for vege- 
tational and soil conditions indi- 
cates that a two-fold condition 
analysis is probably needed. 

It seems apparent from this 
study that indicators of soil stabil- 
ity and physical condition can be 
used as criteria in guides for deter- 
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mining range condition. An at- 
tempt should be made to include 
study of the physical phase of the 
range complex in range analysis 
which has been largely a Segeta- 
tional analysis in the past. 

Summary 

1. Studies were made in the high 
mountain park type of western 
Colorado to determine the changes 
in vegetational cover, soil stability, 
and physical condition of the soil 
that occur with declining range 
condition. 

2. After delineation into sites 
and range condition classes, the 
areas were sampled for plant den- 
sity, composition and indicators of 
soil stability by a modification of 
Parker’s 3-step method and by ob- 
servation. Infiltration rates were 
measured with a tin-can infiltro- 
meter. Data on the physical condi- 
tion of the surface soil were ob- 
tained by laboratory analysis. 

3. Plant density decreased with 
a downward trend in range condi- 
tion. Desirable species diminished 
and intermediate and undesirable 
species showed an increase with de- 
terioration in range condition. A 
greater change was noted from fair 
to poor than from good to fair 
condition. 

4. Physical soil conditions also 
deteriorated with a downward 
trend in range condition. Promi- 
nent indicators of soil disturbance 
and instability such as erosion 
pavements, plant pedestalling, bare 
soil and degree of litter cover 
became more evident as the range 
deteriorated. Less noticeable indica- 
tors such as alluvial deposits, orien- 
tation of litter, rock pedestals, and 
soil washing and crusting furnish 
supporting evidence of trends and 
reveal current happenings. 

5. As shown by infiltration stud- 
ies and measurements of organic 
matter content, volume weight a.nd 
pore-size distribution, the physical 
condition of the soil deteriorates 
with a trend from good to poor 
range condition. 

6. The “state of health” of the 
physical phase of the range com- 

plex may be determined by prac- 
tical methods and for management 
purposes. Indicators of soil dis- 
turbance show the relative degree 
of soil stability and may be readi- 
ly observed and evaluated by range 
sampling techniques. The physical 
condition of the soil may be ac- 
curately determined only by lab- 
oratory analysis. 

7. Soil indicators can be used 
as criteria in judging range condi- 
tion and should be more fully used 
in what has largely been a vegeta- 
tional analysis. 
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The Effect of the 1949-1954 Drought 

on the Ranges of Texas 

VERNON A. YOUNG 

Localized droughts have been 
fairly common in Texas, but never 
before in the recorded history of 
the state has a drought been so 
widespread and severe as that of 
1949.54. During this 5.year pe- 
riod the lack of rainfall and hot 
scorching temperatures continuing 
for month after month brought 
death in large areas of grassland 
to the cover of grasses and forbs 
as well as to many woody plmts. 
Depleted vegetational covws led to 
the loss of fertile topsoil through 
wind erosion in many areas in the 
state. 

The drought was as severe on 
livestock as on the foram which 
they grazed. Many range animals 
died and reproduction ms greatly 
reduced (Fig. 1). Through lack of 
vitamin A, cows often gave birth 
to dead calves. 

The long duration and severity 
of the drought caused many raneh- 
men to lose their life savings in 
attempting to maintain both breed- 
ing and commercial herds by con- 

timed purchases of large amounts 
of feed to supplement the sparse 
native forage. 

Forage and Soil Depletion 
In the sumer of 1954, millions 

of acres of grassland ranges ap- 
peared to be from 75 to 95 percent 
devoid of the better grasses (Fig. 
2). During windy periods, heavy 
losses of surface soil and plant 
residue occurred, especially on 
heavy clay soils and on sandy soils 
that comprise large acreages in the 
state. 

With the resumption of rains in 
the fall of 1954 and in the spring 
and summer of 1955, considerable 
topsoil was lost from heavily uti- 
lized areas supporting little or no 
plant residue. Severe gullging oc- 
curred on the steeper slopes from 
storms of high intensity common 
during this period. Thus the com- 
bination of ranges depleted from a 
long period of drought and in- 
tense and often excessive rainfall 
following the drought interval led 

to the loss of valuable property 
and even human life in certain 
areas of Texas. 

A striking example of the eon- 
sequences of heavy rainfall follow- 
ing drought was the severe flood of 
September, 1954, which occurred 
in the Devils River drainage near 
Ozona. This flood not only se- 
verely damaged ranges but caused 
destruction of home properties 
and led to the death of 19 persons. 
Devastating floods also occurred in 
the lower watersheds of the Rio 
Grande River during 1954 and 
1955 with heavy losses of surface 
soils where the drought had been 
unusually severe. Because of the 
large runoff, the flood extended be- 
yond the river banks and washed 
out the bridge between Laredo, 
Texas, and Nuevo Laredo, Mexico. 
Here again the loss of several hu- 
man lives occurred as well as the 
destruction of much valuable prop- 
erty. 

Drought Effects on Brush 
On many of the rolling hill 

ranges in the Edwards Plateau, 
the drought killed large numbers 
of trees, including species such as 
post, Spanish, blackjack and shin- 
nery oaks, Ashe juniper, elm and 
others of minor importance. In 
the vicinity of Junction, Texas, 
for instance, as much as 80 to 95 
percent of the stand of Ashe juni- 
per died from drought. Thus one 
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apparent gain from the standpoint 
of conservation was the death of 
many individual plants of several 
undesirable woody species from 
the Rio Grande Plains to the Cross 
Timbers of north Texas. 

Among the woody plants most 
resistant to drought were mesquite 
and pricklypear. In dense stands 
of mesquite, mortality of 5 to 10 
percent was noted. Many old 
pricklypear plants died from the 
effects of the drought, combined 
with the increased injury from in- 
sects and grazing. Ranchers in 
man? drought-stricken areas used 

pricklypear for livestock forage by 
burning the spines to allow ani- 
mals to graze (Fig. 3). Use of this 
emergency forage during the 
drought, supplemented by limited 
amounts of cottonseed cake, saved 
thousands of head of cattle and 
sheep from starvation. A com- 
mon practice of effectively utiliz- 
ing pricklypear was to graze cat- 
tle first and folloxl- up with sheep. 

Grass Survival 
Studies made on many range 

areas during and after the drought 
showed that grasses were killed 
whet,her grazed 01‘ not. At the 

Texas Range Station near Barn- 
hart, several desirable grasses died 
out in the check areas, excluded 
from livestock grazing. On hew- 
ily utilized pastures of this sta- 
tion, short grasses of high forage 
value, such as curly mesquite and 
buffalo grass, showed a very high 
mortality. Curly mesquite grass, 
which in 1948 comprised 77 per- 
cat of the grass cover on the So- 
nora Ranch Exprriment Station, 
showed the folloving degrees of 
survival in 1954 under various 
stockinz rates. 

I,igat (12 A. CT., 15 
s&ion) 

R”tn+ion (32 A. u., 22 

section) 

On rocky soils at the Sonora 
Ranch Experiment Station, nu- 
merous seedlings of curly mesquite 
were established in the fall of 1954 
from seed that had apparently re- 
mained viable during the drought 
period. These plants made a re- 
markable growth in 1955 and re- 
established a good cover following 
the drought. On the heavy soils of 
the Texas Range Station, 85 miles 
north of the Sonora Ranch Station, 
however, very few seedlings of 
curly mesquite developed under 
similar moisture conditions. The 
few old plants that survived the 
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drought produced many strong 
stolons. Within the same area, 
weakened plants of buffalo grass, 
with root crowns more deeply set 
and more resistant to trampling 
than those of curly mesquite, made 
fair to good recoveries and thus 
developed fast-growing runners 
after good rains. 

Data obtained at the Texas 
Range Station and on adjacent 
ranges indicate that seedlings of 
tall grasses were extremely scarce 
during the drought-recovery pe- 
riod. Close utilization of these tall 
grasses during the drought period 
would be expected to curtail seed 
production. A few seedlings may 
have developed but escaped obser- 
vation. In southwest Texas, 
drought studies conducted by the 
Department of Range and Fores- 
try revealed that a few grass seed- 
lings appeared during the second 
year of drought but these died 
when grazed or clipped. 

On ranges supporting substan- 
tial amounts of brush, some of the 
better grasses and forbs survived 
the drought period because of 
the protection afforded by dense 
clumps of brush against close uti- 
lization by livestock (Figure 4). 
Brushy ranges in many hardland 
soil areas now support ma-e 
healthy grass plants than non- 
brushy areas because of this pro- 

t&ion from grazing. This greater 
survival of grasses, however, does 
not argue for brush-infested 
ranges, since other undesirable 
conditions prevail on such areas. 
Few woody plants died on heavily- 
stocked oak-brush ranges in cer- 
tain areas from which tall bunch- 
grasses had been depleted through 
close grazing prior to the drought. 
On similar lightly stocked ranges, 
the brush species often suffered 
heavy mortality because of the 
strong competition for available 
,.- -,,. .,‘.. ,( , . ,I)( ). ,. 

li 

moisture offered by the substantial 
cover of deep-rooted grasses (Fig. 
5). 

At the Sonora Ranch Xxperi- 
ment Station the mortality of live 
oak brush was as high as 90 per- 
cent in deep lowland soils sup- 
porting both oak brush and bunch- 
grasses. A high percentage of the 
bunchgrasses survived in these 
areas. Drought recovery has been 
most rapid, however, on the rocky 
ranges supporting many of the 
better bunchgrasses, as shown in 



142 VERNON A. YOUNG 

the following data from the So- 
nora Ranch Experiment Station 
in 1954: 

Grass 

Curly mesquite 
Side-oats grama 
Silver bluestem 
Wright three-awn 

Percentage 
survival 

12 
97 
87 
45 

Examination of the root sys- 
tems of deep-rooted bunchgrasses 
showed that many old roots died 
during the drought. Newly devel- 
oped roots were sparse and very 
short as compared with those of 
comparable plants during years of 
normal rainfall. On the heavily 
utilized hardland ranges, crowns 
of desirable perennial grasses were 
often so severely trampled that 

few or no new roots developed. A 
high percentage of the better 
grasses on these ranges died and 
weeds of low forage value made 
rapid growth during 1955. 

Termites were among the most 
destructive agents on many ranges 
during the latter part of the 
drought period. Increased activity 
of these consumers of plant mate- 
rials was evident in the abundance 
of earthen, termite casts covering 
the severely grazed stubble and 
crowns of grasses and forbs. As 
these plants died, the termites con- 
sumed the roots as well as parts of 
the root crowns. Ranges subject to 
such destruction reco,ver slowly 
and it may take years of desirable 
management to restore them to 
their former productiveness. 

The damage resulting on the 
ranges of Texas from the 5-yeas 
drought period, 1949-54, can be 
correlated with land management 
and the type of soil. 

In general, ranges that were 
properly managed before and dur- 
ing the drought came through in 
fair to good condition; overstocked 
ranges were severely damaged and 
subsequent recovery has been very 
limited. Thus ranchmen have evi- 
dence of the need for carrying out 
proper management practices year 
after year, not only to meet 
drought periods, but to build for 
an economic unit by capitalizing 
on the years of favorable moisture. 
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During the winter of 1948 di- technique by workers interested in 
gestion studies were undertaken the nutrition of livestock, it was 
with mule deer to learn something later thought desirable to make ad- 
of the nutritional values of browse ditional chemical determinations 
forages that are present upon deer to check the advisability of using 
winter ranges of the intermoun- the lignin-ratio technique in fu- 
tain area. When these studies were ture deer studies. Most of the 
undertaken the lignin-ratio tech- sample material from the earlier 
nique of digestion determination studies was still at hand, so it was 
was just coming into use as a possible to submit these to the lab- 
means of investigation. At the oratory for lignin and cellulose 
time it was decided to follow the analyses. Similar determination8 
direct method of digestion deter- were also made of samples col- 
mination, since it was not certain lected in s u b s e q u e n t digestion” 
that the lignin-ratio technique pro- trials. This made possible a com- 
vided a proper basis for the studies parison of the direct and the lig- 
planned. In consequence, however, nin-ratio methods of determining 
of the adoption of the lignin-ratio digestibilities. 

In theory, the lignin-ratio tech- 
nique is based on the indegestibil- 
ity of lignin. Considerable experi- 
mental evidence exists to show 
that lignin, as found in certain 
common livestock forages, is in- 
deed indigestible or only slightly 
digestible by livestock,! However, 
no known tests have been made to 
determine if similar results may 
be had with native, woody range 
plants and game animals. Because 
mule deer normally winter on ex- 
tremely woody forages, it is con- 
ceivable that this species is able to 
break down fibrous plant material 
to a greater degree than domestic 
stock. 

Review of Literature 
Experimenters in the field of 

animal nutrition hold conflicting 
opinions about the applicability of 
the lignin technique. Swift, et al. 
(1947), concluded that the tech- 
nique was highly valid based upon 
results secured from tests with 
sheep. This conclusion was drawn 
from a comparison of direct diges- 
tion trial values with lignin-ratio 
values in the same trials. Forbes 
and Garrigus (1950) reported neg- 
ative lignin digestion values of 
from 5 to 44 percent with steers 
and wethers fed various grass and 
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the following data from the So- 
nora Ranch Experiment Station 
in 1954: 

Grass 

Curly mesquite 
Side-oats grama 
Silver bluestem 
Wright three-awn 

Percentage 
survival 

12 
97 
87 
45 

Examination of the root sys- 
tems of deep-rooted bunchgrasses 
showed that many old roots died 
during the drought. Newly devel- 
oped roots were sparse and very 
short as compared with those of 
comparable plants during years of 
normal rainfall. On the heavily 
utilized hardland ranges, crowns 
of desirable perennial grasses were 
often so severely trampled that 

few or no new roots developed. A 
high percentage of the better 
grasses on these ranges died and 
weeds of low forage value made 
rapid growth during 1955. 
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the severely grazed stubble and 
crowns of grasses and forbs. As 
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the root crowns. Ranges subject to 
such destruction reco,ver slowly 
and it may take years of desirable 
management to restore them to 
their former productiveness. 
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sheep. This conclusion was drawn 
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legume forages. Strangely, they 
concluded that even a 44 percent 
apparent gain in lignin gave diges- 
tion coefficients by the lignin-ratio 
technique which departed little 
from the direct coefficients secured 
from the same trials. 

Contrasting with these results 
Ferguson (1942) reported positive 
lignin digestion coefficients of from 
4.4 to 16.6 percent in wheat straw 
fed to sheep. Bondi and Meyer 
(1943) recorded even more impres- 
sive positive digestion coefficients 
with sheep on various mediter- 
ranean forage plants, these varying 
from 35.1 to 64.0 percent. 

Sowden and Delong (1949) 
studied the lignin contents of feed 
and feces of sheep on pasture and 
concluded that the lignin was 
broken down in the digestive tract, 
making the use of the lignin-ratio 
technique inapplicable to young 
plant tissues. A similar view is 
held by Sullivan (1955) who ob- 
served that the lignin in the feces 
was more vulnerable to attack by 
strong acids and weak alkalis than 
was the lignin in the feed of the 
grasses being tested. 

Cook, et al. (1954), used the 
lignin-ratio technique on woody 
range plants, apparently without 
testing the digestibility of lignin in 
the plants studied. 

Method and Procedure 

Plants fed during the trials were 
all native shrubby species except 
alfalfa hay. The species tested were 
curlleaf mahogany (Cercocarpus 
Zedifolius) , birchleaf m ah o g any 
(Cercocarpus montanus) , cliffrose 
(Cowania stansburiana), choke- 
cherry (Prunus virginiana), Gam- 
be1 oak (Quercus gamNbeZG), Utah 
juniper (Jwniperus utahensis), bit- 
terbush (Purshia tridentata) , sage- 

The data reported in this study 
were obtained from digestion trials 
conducted with mule deer (Odocoi- 
Zeus hemionus) during the winters 
of 1947-48, 1948-49, 1950-51, 1952- 
53, and 1953-54. Trials with two 
sheep were made on alfalfa hay in 
1948-49. The tests were made near 
Logan, Utah. 

Table 1. Percent lignin in six forage and feces samples, showing eight separate 
determinations for each sample. 

Number and date of analysis 

Sample 
1 2 3 4 6 7 

May Aug. Jan. Jan. JZIl 
‘53 ‘53 ‘54 ‘54 ‘54’ 

Jan. Feb. Fe:. 
‘54 ‘54 ‘54 Mean Range 

Feed 
Orts 

Feces 

Feed 
Orts 
Feces 

Cliffrose Deer no. 53-11 
16.3 18.9 17.7 17.4 14.4 14.9 13 8 13.1 15.8 13.1-18.9 
14.5 22.9 25 0 24.8 22.1 22.3 22.1 21.4 21.9 14.5- 25.0 

31.9 31.3 33.4 33.6 32.4 32.1 31.4 33.0 32.4 37.3-33.6 
-___ 

Chokecherry Deer no. 53-10 
27.7 27.5 28.4 28.1 25.5 26.5 24.8 24.5 26.6 24.5-28.4 
25.9 26.2 27.2 27.4 24.7 24.7 23.0 23.7 25.4 23.0-27.4 
35.6 33.7 33.9 35.2 33.5 33.9 32.9 33.3 33.9 32.5-35.6 

brush (Artemisia tridentata ssp. 
typica) and cured alfalfa hay. 

The deer used in the tests varied 
in age from less than a year to 
mature animals. All of the trials 
included one animal less than a 
year old, except in tests of cliffrose 
and Gambel oak, in which two 
fawns were used. Five deer were 
tested with curlleaf mahogany, 
cliffrose, Gambel oak, and Utah 
juniper. Four were fed birchleaf 
mahogany, chokecherry, bitter- 
brush, and alfalfa hay. Although 
six deer originally were tested upon 
sagebrush, sample material had 
been discarded from ,a11 but two 
animals fed this species. 

Feed, orts (rejected feed) and 
fecal samples were submitted to 
the Utah State Agricultural Col- 
lege animal nutrition laboratory 
for chemical analysis. The same 
chemist made all determinations re- 
ported in this paper. Lignin deter- 
minations were made as suggested 

Metabolism cages, described in 

by Ellis, et al. (1946) as modified 

an earlier publication, were used 
(Smith 1950). All deer were given 

by Forbes and Hamilton (1952). 

the feed to be studied for a prelim- 
inary period of several days prior 

In some of the re-analysis later de- 

to being placed in the metabolism 
cages. After the deer were in the 
cages, the preliminary feeding was 
continued from two to five days be- 
fore the collection period began. 
The duration of preliminary feed- 
ing in the cages depends on the 
length of feeding previous to being 
placed in cages. The collection pe- 
riod was at least seven days, most 
being 10 days. 

scribed, a further modification in 
the following process was adopted 
from Stamm and Harris (1953).l 

Results and Discussion 
Chemical analysis - A perusal 

of the initial lignin values revealed 
irregularities in the chemical deter- 
minations. Because the sensitivity 
of the quantitative lignin analysis 
is basic to the appropriateness of 
the lignin-ratio technique, it was 
decided to pursue this question fur- 
ther. Accordingly, material from 
two digestion trials, containing 
samples of feed, orts and feces 
from a deer fed cliffrose and a deer 
fed chokecherry, were selected for 
resubmission to the chemist (Table 
1). Eight lignin analysis figures 
were secured for each of the six 
samples. 

The first analysis was made in 
May, 1953, the second in August, 
1953; and the third, fourth, fifth, 
and sixth in January, 1953 ; and 
the seventh and eighth in Febru- 
ary, 1954. 

The third and fourth analyses 
were laboratory duplicate values 
run by the chemist on the same 
day. The fifth and sixth analyses 
were laboratory duplicate samples 
tested a day later. The seventh and 
eighth analyses were laboratory 
duplicate samples tested approxi- 
mately a month later. Except for 
these duplicate determinations, the 
identical status of materials tested 
was unknown to the chemist. 

The variation in lignin values 
for the same sample is considerable 
1The authors acknowledge the aid of 
David 0. Williamson for chemical anal- 
ysis of material. 
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Table 2. Apparent digestibility of lignin in nine forage species by deer and 
alfalfa hay by sheep. 

Forage Digestion Trial 

1 2 3 4 5 Mean Range 

--%-- 
Birchleaf mahogany 
Bitterbrush 
Chokecherry 
Cliff rose 
Curlleaf mahogany 
Gambel oak 
Sagebrush 
Utah juniper 
Alfalfa hay-deer 
Alfalfa hay-sheep 

31.0 23.8 30.8 42.1 - 31.9 
30.0 18.8 22.2 23.0 - 23.5 
20.6 36.2 35.8 17.0 -- 27.7 
-7.2 -2.7 -0.1 32.8 13.0 7.2 
26.0 15.8 19.9 21.7 11.0 18.9 
26.7 21.9 24.4 30.2 15.5 23.7 
33.9 30.1 -- - - 32.0 
16.9 9.3 27.6 25.1 - 19.7 
1.8 7.5 3.9 11.1 - 5.8 
9.2 14.9 - - - 12.1 

23.8-42.1 
18.8-30.0 
17.0-36.2 
-7.2-32.8 
11.2-26.0 
15.5-30.2 
30.1-33.9 
9.3-27.6 
1.8-11.1 
9.2-14.9 

n 

(Table 1). In the case of the orts 
of cliffrose, the maximum value re- 
ported is 172 percent that of the 
lowest. Obviously, greatly differ- 
ent digestion coefficients are pos- 
sible depending upon which of the 
sets of values might have been re- 
ceived from the laboratory. These 
data suggest that the determina- 
tion of lignin in material high in 
lignin is not a satisfactorily de- 
veloped technique, a conclusion 
given weight by parallel conclu- 
sions of wood chemists (Stamm 
and Harris, 1953). Moreover, 
other investigators have similarly 
questioned the accuracy of lignin 
determinations made upon herba- 
ceous material (Sowden and De- 
Long, 1949). 

Digestibilities of lignin-Al- 
though the problem of chemical 
separation of lignin seemed not 
adequately solved, there appeared 
to be justification for proceding 
with calculations of lignin digesti- 
bility, since the methods used were 
those which had been employed by 
other investigators. 

In all cases, the average of the 
several determinations is positive, 
varying between 5.8 and 32.0. How- 
ever, in the case of cliffrose, the 
average is open to question since 
all three determinations made dur- 
ing 1953 were negative (the only 
instances in which negative values 
appeared) while the two tests made 
in 1954 were positive. These data 
suggest the possibility of some pro- 
cedural error having been made, 
perhaps in the method of securing 
samples. In view of the positive 

values secured in all other in- 
tances, the 1953 values for cliffrose 
are perhaps questionable. 

The comparatively low digestion 
values secured with a dry forage 
(alfalfa hay) may be of signifi- 
cance in view of the results re- 
ported by Miller et al. (1954.) Al- 
though the test animals were rab- 
bits, they report marked differences 
in the digestibility of lignin from 
green as compared to dried feed 
from the same species. The differ- 
ences were 4.7, 3.2, and 6.8 percent 
greater digestibility of lignin for 
green material of ladino clover, tall 
fescue and orchard grass respec- 
tively than for dry material of the 
same species. 

It is interesting to note that in 
the two trials with sheep on alfalfa 
hay (Table 2), the sheep were ap- 
parently able to digest a greater 

percentage of alfalfa hay lignin 
(ave. 12.1) than were deer (5.8). 
While two trials are not sufficient 
to conclude that sheep do digest 
lignin, these results, in the light of 
the deer data, raise a serious ques- 
tion in the case of sheep too. 

Comparison of values determined 
by lignin ratio method with direct 
measurement-Table 3 shows the 
digestion values for certain con- 
stituents which would have been 
secured had the method of study 
relied upon the lignin-ratio method, 
together with values secured from 
direct measurement. In all cases, 
the lignin-ratio method gave lower 
values than were found by measure- 
ment. Apparently, there is no basis 
for using the lignin-ratio approach 
in studying winter diets of mule 
deer until such time as a more re- 
liable method for lignin analysis is 
available. 

Little basis exists for comparing 
the digestive abilities of deer and 
sheep on the same forages. The 
only known instances wherein one 
of the plants in this experiment 
was tested by others is that of big 
sagebrush by Cook, et aZ. (1954). 
From our own data comparative 
tests are available on alfalfa hay 
with both deer and sheep. The com- 
parative findings are given in Ta- 
ble 4. Although these data are 
meager there appears to be no 
basis for assuming that deer and 
sheep behave dissimilarly with re- 
spect to digestion of fibrous mate- 

Table 3. Comparison of measured digestibility values with those obtained by 
lignin-ratio calculation. 

Apparent Digestibilities 
Feed Intake v 

Protein Ether Extract Cellulose 

BY BY BY BY BY BY BY BY 
Forage direct lignin- direct lignin- direct lignin- direct lignin- 

determi- ratio determi- ratio determi- ratio determi- ratio 
nation nation nation nation 

(gra;ms, ove7G dry) % % % 
Birchleaf mahogany 808 534 48.5 24.2 37.6 7.5 43.4 17.1 
Bitterbrush 793 604 35.7 15.4 53.0 37.9 19.6 -5.2 
Chokecherry 685 488 48.4 28.9 23.3 -7.7 21.2 -23.8 
Cliff rose 1,113 1,018 39.8 33.3 47.7 42.7 16.6 1.9 
Curlleaf mahogany 667 534 54.3 43.1 42.9 29.1 41.2 27.4 
Gambel oak 1,076 817 10.7 -17.9 33.8 13.2 23.7 9.5 
Sagebrush 581 485 68.7 54.0 70.9 49.1 65.5 49.6 
Utah juniper 538 425 16.8 -3.4 58.9 48.9 39.3 24.4 
Alfalfa hay-deer 890 839 76.9 75.4 16.9 9.2 59.3 56.4 
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rial. In only one instance do the Table 4: Comp,arative digestion values for deer and sheep on sagebrush and 
coefficients calculated for deer and alfalfa. 

sheep show pronounced differences, Plant Animal Method Protein Ether Extract Cellulose 
that of ether extract from sage- 
brush. 

Sagebrush sheep* Lignin ratio 54.7 74.6 33.7 
deer Lignin ratio 54.0 49.1 49.6 

The study does not provide a deer Direct 68.7 70.9 65.5 
clear-cut answer as to the actual Alfalfa Hay deer Lignin ratio 75.7 10.6 56.4 

digestibility of lignin. In view of deer Direct 76.9 16.9 59.3 

the fact that the lignin determina- Alfalfa Hay sheep Lignin ratio 71.1 37.5 45.0 

tion is especially difficult with sheep Direct 74.6 45.5 51.8 

woody materials, it is possible that *Cook et al. (1954) 

the apparent digestibility is ex- 
plainable by the inability of the 
chemists to separate lignin from 
other fractions of the feed. How- 
ever, from the practical standpoint, 
this is unimportant. The fact that 
chemists skilled in the determina- 
tion cannot determine lignin con- 
tent accurately invalidates the lig- 
nin-ratio technique as a basis for 
computing the digestibilities of na- 
tive forages high in woody mate- 
rials. 

Digestion coefficients were calcu- 
lated for browse species native to 
Utah in addition to alfalfa hay 
when fed to mule deer. Calcula- 
tions were made by both the direct 
method and by the lignin-ratio 
technique. 

Digestion coefficients for lignin 
were positive except for three trials 
made with cliffrose. Positive mean 
values varied from 9.3 to 42.1 di- 
gestibility for the native species. 
Smaller values were secured in the 
case of alfalfa hay. 

Difficulty was encountered in 
making consistent lignin deter- 
minations in the laboratory. Con- 

siderable variation in results was 
secured from repeated analysis of 
the test materials. 

Markedly different digestion 
values resulted from the lignin- 
ratio technique as compared to 
conventional analysis in the case 
of the native forages. On the basis 
of limited data it seems possible 
that these differences were not at- 
tributable to the species of animal 
used, for marked agreement existed 
in limited data from deer and sheep 
on the same materials. 

No clear inference may be 
drawn as to whether the apparent 
digestion of lignin is due to in- 
ability to isolate the material or to 
actual digestion. In either event 
the lignin-ratio technique appears 
to be of doubtful validity on the 

_ type of forages used. 
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Edited by Donald W. Hedrick, Dept. of Animal Husbandry, Oregon State College, Corvallis, Oregon 

Breeding Beef Cat$le for Unfavora,ble 
Environments. Edited by A. 0. 
Rhoad. Undvsrs~ty of Texas Press, 
Azdstin~. 248 pages. 1955. $4.75. 

This book is very info’rmative and 
the1 subject is well covered because the 
relation OS soil and plants to liveistoclk 
production is integrated with beef cat- 
tle breading. The strength of the boo,k 
is realized by cont,ributions from inter- 
national authorities e1ac.h presenting 
material on his o’wn speoialt,y. Since 
t,he book is written by several authors, 
each covering a particular phase, the 
reviewer feels that some dotail on these 
important chapters is essential. 

J. C. BONSMA has sho’wn how the 
British breeds degelnerafe under tropi- 
cal hoat conditions. He points o,ut thaf 
the parts of the animal which fully 
develop la&r in life, loin and rump, 
sho’w theI greatest effects of tropiclal 
conditions. Calves developed in the 
uterus during the summer months in 
non-a,dapted co,ws are very small af 
birth and show markeld post-naqtlal re- 
tarda,tion in grolwth. A smooth, sleek, 
short hair coat, pigment about the eyes, 
and thickness and mobility of the hide 
are important traits in a.daptive ad- 
vantages to tropical conditions. 

In the discussion of heat tolerance, 
D. H. K. LEE points out tha,t obljelctive 
measurements aret needed <but that pro- 
duction under ho,t conditions1 must not 
bo overlooked. Thus, heat tolerance 
may be assessed “intuitively” and 
“objetotively.” Studies may be made by 
observing animals undisturbed in the 
environment,, observing animals under 
controlled environments and by “field 
testing” where the animals are deliber- 
ately disturbed. Animal reactIons 
whic:h may indi&e tolerance to heat 
are respira,tory and heart rafes, body 
temperaturel, yield of product, work 
capacity, r e p r o d u c t i v e capacity, 
growth, behavior and fatness. No one 
criterion of assessing heat tolerance 
can be used in breeding animals to 
withstand heat. 

JOHN HAMMOND emphasizes the im- 
portance of repro,ductive officioncy on 
the economy of beef prod&ion. Cli- 
mate can influenea reiproduction by the 
direct effects of temperature, humidity 
and light on the animal and bsy their 
indirect effaots through the feeds. The 
ratio of darkness to light has ‘been 
found important’ in sheep, an animal 
ha,ving a. seasonal breeding pattern, 
alt,hough &tle are similarly tiected. 
High a6r temperatures, particularly 
when associa,tad with high humidity, 
depress fertility in the male becanse t,he 
testes are not, maint,ained at a, tempera.- 
ture which favors speivm prod&ion. 
In the improvement of range1 cattle 
through breeding, several difficulties 
are encountered such as detecting es- 
trus in cows with short heat periods. 
There is little1 evidenoo that high air 
temperature influelnces the o~ccurrouce 
of heaNt. Hea,vy ra.infall by lea,ching 
certain minerals from the soil ma,y 
influence a imal reproduction by the 

Y type of plant, materials produced. Low 
rainfall ma,y relduce food suppliesI. 

GEOBGE H. HURT points out, that ret 
duc,tions in foocd intake and growth or 
production occur with higher tempera- 
tures. Genetic ina,bility toe wlthst’and 
a,dverse onvironmelntN rather than in- 
fection ascounts for low produc;tion 
under rigorous aonditions. Hybridiz- 
ing and crossing strains, offer a means 
of increasing vigojr and ability to with- 
sfand harsh environments. Animals 
must possess genelticl ability to resist 
cold, dis!sipate heat and maintain nor- 
mal body temperature, pulse rate and 
appetite if normal produ&ion is to be 
realized. 

Cattle are influenoed by a8 la,ck of 
feed; a lack of minerals, particularly 
phosphorus; and a la& of vitamins, 
particularly vitamin A. F. B. MORRISON 
points out the1 importance o’f continuous 
growth fair grea,ter returns from steers 
aad for calving helifers a,t an early age. 
The drain of lactation may prevent 
heifers from seittling soon after the 
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first c,alf if feed prior to or following 
clalving is scianty. 

C. L. LUNDELL and W. D. LAWS 
point out that soil fertilit’y affects 
chemical composit,ion (feed value) of 
a given plant species, changes the plant 
composition (ratio of more desirable 
to less desirable plants) and influences 
yield of forage. This effect on yield is 
perhaps of most importance. Supply- 
ing mineral needs through forage is 
highly desirable and can be accom- 
plished by altering soil fertility. Even 
on areas considered unsuitable for 
livestock, nutritious forages ma,y be 
produced by a well-balanced fertilizer 
program. Increases in soil fertility 
result, in more and better forages and 
livestock. 

It, is important to breed grasses as 
woll as cattle, for aNda,ptation to difficult 
environments, according to W. G. i, 
WHALEY. Difficulties encountered in 
breeding range’ grasses are t,he large 
number of species conoerned, the small 
size of the flowering pa,&, failure of 
flower parts to open, reproduction by 
a,pomixis, and most of all by a8 lack of 
knowledge regarding the plants. Com- 
mon melthods of plant improvement are 
selection, hybridization a.nd the induc- 
tion of mut,ations. Hybridization com- 
bined with selection will probtably be 
ble most effective in range1 grass im- 
provement but lack of fertility of the 
hybrids may create a problem. 

H. J. COOLIDGE, JR. points out tha,t 
the forest ox or kouprey has undergo,ne 
na.tural selection through severity of 
climate, disease, pests, etc., and tha.t 
some of its genes might be useful in 
breeding cattle) for unfavorable envr- 
ronment s. 

J. L. LUSH has sholwn how varianeo 
is composeld of the additively genetia, 
dominanoo, epistasis, environment and 
intera,ction elf environment with herod- 
ity components. Selection is most 
effective for genetic gains in the addi- 
tively geneltic7 po,rtion while certain h 
breeding systems may ble needed to Ed- 
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ploit the other genes. Where heritabil- 
ity is high, mass selection is quite effect 
tive. GenoQypes may act differently 
under differently undelr different’ condi- 
tions. Selection s,ho,uld be done under 
t,he enviroament in which the animals 
are to produce in such cases. 

In discussing the building of blreelds, 
L. M. WINTERS points out that selec- 
tion is most effective with genetic 
segrega,tion and that a crossbred fonn- 
dation is most c.onducive ta genetic 
segregation. He stre#s.ses the need for 
an objec,tive by the breteder, careful 
selection of fonndation animals, the 
use o2 superior crossbmds, a,ocurate 
measurement, of performance in a4 
simple manner, flelxible inbreeding 
program and abdlit#y of the breeder to 
recognize desirab’le segregates. 

- 

E. J. WARWICK states8 tha,t it is 
desirable to form a new breed when 
the exis,ting breeds do not fit a partic- 
ular situation. S&&ion within a breed 
might eventually result in animals 
adapted fo,r particular conditions, but 
the process can be more rapid by use 
of a crossblred foundation. A suitable 
breed has the a,dvantage over CTOBB- 
breeding because systematic, long-time 
crossbreeding programs are not neceis- 
=YY. 

R. T. CLARK, in rev&&g some of 
the work by the U.S.D.A., at Miles City, 
Montana, shows tha,t rate of gain is 
ve’ry highly heritable. Closed lines ha,ve 
been improved through selection al- 
though inbreeding might ble expected 
to lower vigor. He stresses weight for 
age (growth ra,te), feled efficiency, feil-- 
tility, carcass quality, type, and frele- 
do,m from defects as traits to be con- 
sidered in selecting beef cahtle. 

R. C. NE,WTON ha,s revielwed a vast 
amount of work conduclted on quality 
o,f beef. Tenderness and pala,tability are 
shown to be more closely rela.ted to 
carcass gra,des than chemical compo- 
sition. 

In discussing the1 improvement of 
indigenous breetds, J. C. BONSMA gives 
the weak points of the Afrikander cat- 
tle as irregular b,reeding, poor milking 
and low production of beef in spit.0 
of their hardiness and ability to with- 
stand high tempera,ture. Certain mor- 
phologic,al and physiolo~gical t’raits are 
shown to, be associa,teld with abilit’y to 
withstand high temperatures. For ex- 

ample, woolly-coated ca,ttle at one year 
of age weigh 120 lbs. less than smooth 
coasted ones. St,udies of the functio,ns 
of body parts and organs in response 
to environmental stimuli are needed to 
provide knowledge useful in improve- 
ment, and achieving a,dapt,a,tion of the 
animal to its environment. 

J. S. VEIGA tells how Indian cattle 
are produced in Brazil and shows the 
relation of production to climatic con- 
ditions. Caftle in t.his asaa geaerdly 
have good feed during the rainy, grow- 
ing season but very sparse feeld ofthm- 
wise. Cattle are marketed a,t otlder ages 
than in the United States but drming 
percentages are high. DiseaseIs are 
more prevalent during the welt season, 
t-he main problems being folot-and- 
mouth and b8rucellosis both of whiclh 
are under federal control methods. Rei- 
search is being done oa improvement 
by selec.tion and blreeding metho,ds at 
six or more stations in Brazil. 

A. 0. RHO~D, of King Ra,nch, tells 
how the1 Santa Gemrtrudis ca,ttle were de- 
veloped frolm an original cross of 
Shorthorn and Bra,hman, using mass 
and peldigree selections. Selection was 
based on total score or index which 
included a,daptaaioa to, rugged condi- 
tions. By the brmtding system em- 
ployed, genetic qualities1 of the top 
sire are added to’ the gene pool 09 the 
entire herd. With traits, of high heri- 
tability or present in both sexes, mass 
select,ion is most eiffective~, with traits 
of loswer heritability or expressed in 
one’ sex, pedigree and progeny te& 
selection are most effec,tive. More use 
of progeny tes#ting is delmanded as 
selection inteasifies the desirable traits 
becanse of the reduction in heritability. 

Anyone interested in range and beef 
ca,ttle improvement8 will gain a grea,t 
deal from rea,ding this book. It is 
writtein at the college leivel and should 
beI of particular interest to1 progressive 
ranchers and to college studetnts inter- 
ested in livestock and range. It covers 
a large field and even though written 
by several persons, the material is well 
integrated and ass such it presents a 
good coverage of the sub ject.--RaZpF, 
Bogaat, Oregon State College, Corval- 
lis, Oregon. 

The New Grassland-Livestock Hand- 
book. By the Joint Committee on 
Grassland Farming. Univ. of OkZa- 

homa Press, Nornadln. 48 pages. 
1955. $0.50. Revised. 

This publication of the Joint Com- 
mittee on Grassland Farming is a 
comprehensive compilation of facts 
presented in a question and answer 
form. There are 107 questions and 
answers pertaining to establishment, 
maintenance, renovation and use of 
grasslands. Crop processing, storage 
structures and machinery needs are 
set forth. 

The committee states that profits 
from grasslanding are dependent on 
the quality of the animal utilizing the 
nutrients produced, no matter what 
the fo’rm. An animal of poor hered- 
ity, low capacity, or poorly managed 
wll not suddenly become profitable 
under a passland program. It’s the 
good animal that will make your 
grassland efforts of highest value. 
--E. 8. Ruby, Rushcreek Land & Live- 
stock Co., L&co, Nebraska. 

Man’s Nature and Nature’s Man. 
The ecology of human communities. 
By Lee R. Dice. University of Mzkh- 
igan Press, Arm Arbor. 329 pages. 
1955. $5.00. 

Books on human ecology are by no 
means rare, but they have been writ- 
ten, with a few notable exceptions, by 
persons traine,d in the social sciences 
and not by pra,cticing ecologists. If 
for no other reason, the background 
of the author (Professor of Zoology 
and Director of the Institute of Hu- 
man Biology, University of Michigan) 
makes the present volume well worth 
the serio,us attention of all those inter- 
ested in ec.ology and especially to those 
interested in human ecology and so- 
ciology. Dr. Dice has here a.ttempted 
to place man in promper prospective 
with the natnre which has brought him 
into existeace and which has sustained 
him through the ages. 

The subject matter of this book was 
originally sche>duled for treatment as 
a chapter in the autho,r’s earlier Nat- 
ura’l Commuvtities (1952) ; but he found 
an adequate treatment of this unique 
and ecologically important species im- 
possible within the space limitations of 
a, general ecdogy text. Man, there- 
fore, has been separately tretated be- 
canse of the degree rather than the 
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basic nature of his dominance. The 
author has largely avoided the t,wo 
extremes of his subject, : the anthrocen- 
tria view of man a8 t,he supreme spe- 
cies and the pe,ssimistia view that man 
is just another species. Man is here 
presented as the’ dominant animal (in 
the true ecological sensei) of the ma- 
jor portion of the present day world. 
This dominance in no way implies, 
however-, t,hat he is sticriently inde- 
pendent of either his physical or bi- 
ottia environments to disregard them or 
even to assume any degree 09 com- 
placeney to’wards thelm. The principal 
thesis of t’his book is that man’s con- 
tinued evolution towards eves higher 
levels o,f oulture depends, to a large 
extent, upon his realization that he is 

a member of a bio8tio community and, 
with lesser species, subjelct, to its corn- 
plex and sometimes aaoting laws. 
“Every human society, therefore, 
should strive’ cont.inuadly to impro8ve its 
laws, its customs, and its morals, to 
t,he end that the oommunity may ada,pt 
itself more perfectly to its habitat,.” 

The structure8 ob the ted renders it’ 
difficult of analysis by parts since ea#ch 
of the 28 eha,pters seems to stand alone 
and with little orientat,ion to other 
cha,pters. Those subjects usually dis- 
cussed in animal ecology texts are du- 
tifully trea,ted here : i.e., popula,tion 
dynamics, environmental relat.ionships, 
intraspecifia and interspec,ifia compe- 
t,ition, communit,y structure, regulatofry 
mechanisms, eft’e. In the first 25 champ- 

-o- 

ters, the author largely refrains from 
personal comment or criticism and pre- 
sents a straightforward review of what u 

is known .a,blout, man as an ecological 
being. The last three chapters, which 
may prove the most. stimulating and 
controversial section of the book, are 
devot#ed to Dr. Dice’s philoso’phioal 
views of man, morals and s&al in- 
stitutions. 

This enjoyable and infornmtive book 
&should bje of interest to those JOURNAL 
rejaders who desire a better under- 
staading of man as an eco,logical force 
and es#pecially to those who wish bet’- 
ter to understand na,ture’s man as well 
as man’s nature.--RarZ@ L. Xr, Bi- 
ology Department, Marqueltte Univer- 
sity, Milwaukee, Wisconsin. 

RANGE CONDITIONS AND TRENDS RESULTING FROM WINTER CONCENTRATIONS OF ELK IN 
ROCKY MOUNTAIN NATJONAL PARK, COLORADO 

Abstract of thesis submitted in partial fulfillment of 
the ~eqwirements for the degree of Master of Science in 
Range Management, Colorado Agrioultural imd Mechan- 
ioal College, 1955. 

One of the greatest problems in the management 
of big game is that of local concentra,tions of animals 
on the winter range, particularly on areas which are 
protected from hunting, such as national parks. Such 
a problem exists in Rocky Mountain National Park, 
where after the reintroduction of elk in 1913, the herd 
population increased beyond the carrying capacity of 
the range. The problem has been approached by the 
periodic reduction of the herd since 1944. 

During the summer of 1954, a study was conducted 
to determine the range conditions and trends result- 
ing from these concentrations. The study area was 
located at an elevation of approximately 8,500 feet 
in the Beaver Meadows and Horseshoe Park areas of 
Rocky Mountain National Park. Data were collected 
from seven small enclosures established on difYerent 
vegeta,tional types during the 1930’s and from sam- 
pling areas located on vegetational types comparable 
to those within the enclosures. Vegetational data were 
collected by use of the line intercept method and by 
separate measurements to determine plant vigor. 
Erosion data were obtained by use of a modification 
of t,he Parker three-step method and by water infil- 
tration tests. 

Statist,ical analysis of the data indicated that the 
concentration areas have been damaged to a consid- 
erable extent in the past, particularly along Fall 

River in Horseshoe Park. Timbered areas were found 
to be in slight,ly better condition than open areas. The 
concentration areas, as a whole, were in fair range 
condition and progressing toward a better condition. 
Upward trends in range condition were sufficiently 
apparent to show tha,t the elk reducftion program has 
been beneficial to the range, and it’s continuation 
seems advisable since it would keep the animal num- 
bers within the carrying capacity of the range and 
encourage further upward trend. The belief that con- 
centration areas are natural, and are “sacrifice areas” 
with practical management, ma#y not bei entirely true 
if management is based upon the use of concentratioa 
area,s as key areas. The reduction program has re- 
sulted in further upwa,rd trends of the concentration 
areaas and has not lowered the elk numbers to the 
extent tha.t their scenic value is impaired. Since one 
of the primary objectives of the National Park Serv- 
ice is to present wildlife in its natural ha,bitat, the 
reduction program seems very desirable as it allows 
the animals to be seen in good physical condition, 
prevents t,hem from destroying the natural vegetation 
and provides for the recovery of the concentration 
areas. 

Browse species such as bitterbrush (Pu,rsGa tri- 
dent&a), big sage ( Artemcisia tride~daNta), chokecherry 
(Przmus mGyitial~a~), wax currant (R&es cerezm), 
willow (Xalix spp.) and mountain mahogany (Cer- 
cocarpus spp.) should be allowed up to 40 percent 
of total density in judging condition of ellk range.- 
ROBERT F. BUTT~Y, Range Conservationist, Bureau 
of Indian Affairs, Elko, Neva,da. 
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ment reseaseh. Jour. Farm Econ. 

Swanson, Earl R. Integrating crop 
and livestock activities in farm man- 
agement activity analysis. Jour. 
Faam Econ. 37(5): 1X49-1258. Dec. 
1955. (Univ. Illinois, Urbana) 

RANGE EDUCATION AND RESEARCH 

Bibliographies, methods, equipment 

analyses. Jour. Wildlife Mangt. 
20(l) : 64-68. Jan 1956. (Ill. 
Na,tural Hist,ory Survey, Urbana,, and 
Okla,. A. & M. Coll., Stillwater) 

Kuchler, A. W. A c mprehensive 
I method of mapping veg tatioa. Ann. 

Amer. Assoc. Geog. 45(4): 40’4-415. 
Dec. 1955. (Univ. Kansas, La,wrence) 

Robinette, W. Leslie, Dale A. Jones, 
Jay S. Gashwiler and C. M. Aldous. 
Further analysis osf methods for 
censusing win&r-lost deer. Jour. 
Wildlife Mamgt. 20(l) : 75-80. Jan. 

Service and Fish and Game Dept., 
Salt Lake City, Utah) 

Wallace, A. T’. and W, H. Chapman. 
Studies in plot technique for oat 
clipping experiments. Agron Jour. 
84(l) : 32-35. Jan. 1956. (Florida 
Agr. Expt. Sfa., Gainesville~, and 
No,. Fla,. Agr. Expt. Sta,.) 

Wood, Walter F. Use of stratified 
random samples in a, land use st,tndy. 
Ann. Assoc. Amer. Geog.: 45(4) : 
350-367. Dec. 1955. (U. S. Army 
Quartermaster Reseasch a,nd Devel- 
opment Ceater, NaNtick. Mass.) 2956. (U. S. Fish and Wildlife I 
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MZDDLE EAST 
Agricultural representatives of the 

Internationad Cooperation Administra- 
tion met in Teheran, Iran in Novem- 
ber, 1955 for discussion of range man- 
agement problems in the Middle East 
and North Africa, particularly as to 
the types of training work needed to 
spread the techniques of range man- 
agement, more widely among the peo- 
ple. RAY G. JOHNSON, ALBIN D. MOL- 
OHON, GEORGE STEWART, TOM I. DUD- 
LEY and FLOYD D. LARSON were among 
the group which reported on two range 
management training courses held dur- 
ing the past year in Egypt and Iran. 
An additional course of the same na- 
ture was planned in Teheran in 1956. 

NATZONAL CAPZTAL 
GEORGE E. BRADLEY, Chairman of 

the newly organized National Capital 
Section, has announced that’ member- 
ship in the Section is open to Society 
members in the District of Columbia, 
Maryland, Virginia, West Virginia, 
Delaware and Pennsylvania, as well 
as other eastern sta,tes. 

A special committee report on range 
research drafted by JOSEPH F. PECH- 
ANEC, EVAN L. FLORY and THOMAS L. 
AYERS recommended that : (1) the 
feasibility of a national survey of pres- 
ent range research programs and needs 
should be studied, and (2) formation 
of research needs committees that would 
function on a continuing basis in all 
local sections should be encouraged. 
The report was submitted to the Board 
of Directors at the na,tional meeting. 

NORTHERN GREAT PLAZNS 
Newly elected officers of the Section 

are : 
Chairman : WARREN C. WHIT&IAN, 

Fargo, North Dakota 
Vice Chairman : RAYMOND YOUNGMAN, 

Regina, Saskatchewan 
Secretary-Treasurer : WALTER HOUS- 

TON, Miles City, Montana 
Co’l&%&l : GEORGE HALLADAY, Regina, 

Saskatchewan ; GEORGE ROGLER, Ma 
Saskatchewan ; GEORGE ROGLER, 
Mandan, North Dakota; BURTON 
BREWSTER, Birney, Montana ; DAN 
FULTON, Ismay, Montana 

With the Northern Grea.t Plains Sec- 
tion occupying such a large geograph- 
ical territory and holding one annual 
meeting each year, the Se&ion officers 
ha.ve proposed to organize the Section 
on an informal chapter basis. Desig- 
nated chapters and chairman for each 
area are: Saskatchelwan, RAYMOND 
YOUNGMAN; Boxemauz, GENE F. 
PAYNE ; SoutheasterN Mowtawa, WAL- 
TER HOUSTON ; North Dakota, WAR- 
REN C. WHITMAN. Plans have been 
made for several chapter meetings in 
North Dakota and southeast Montana. 

The1 summer Section meeting has 
been scheduled for June in Lewiston, 
Montana, according to MONS TEIGEN, 
Program Chairman. 

PACZFZC NORTHWEST 
The Summer Field Tour of the Sec- 

tion will be held June 19-20 at the 
Starkey Experiment’al Range, La 
Grande, Oregon. The annual meeting 

is scheduled for November 26-27 at 
Pent&on, British Columbia. 

SOUTH DAKOTA 
Meeting and tour dates scheduled 

for the South Dakota Section are as 
follows : 

June I.-Tour of OTTO WOLFF 
Ranch in Shannon County; LES 
BERNER in charge. 

Aug. 9-10.-Tour of Cottonwood 
and Antelope Range Field Sta- 
tions; TEX LEWIS and LES ALBEE 
in charge of tour; evening ban- 
quet and meeting at Belle Fourche; 
HARLAND MEANS and FLOYD COL- 
LINS in charge. 

Sept. I4.-Tour of Custer State 
Park and Wind Ca,ve Park, WEN- 
DELL BEVER in cha,rge. 

Nov. 26-27.-Annual meeting in 
Rapid City. 

TEXAS 
Plans have been made for field days 

at the Duval Coumy Ranch Company 
a.t Freer, Big Spring, LaGrange and 
Big Bend National Park. The annual 
meeting will be held at Abilene. 

Preparations are being made for a 
second Range Camp for 4H and FFA 
students to be held in August. 

WYOMZNG 
Two field days are planned for the 

Wyoming Section: one on June 7-8 
out of Worland with BURTON SILCOCK, 
BLM, in charge; the second on Sep- 
tember 22 from Laramie with BEN 
RICE, U. S. Forest, Service, in charge. 

SECTION CHAIRMEN AND SECRETARY-TREASURERS FOR 1956 
Arizona Idaho 

George E. Glendening Da,vid G. Wilson JustJn Smith 1001 N. 16th St. 
812 N. Longfellow 802 North Crayeroft Rd. Boise Research Center Clark Ralph Noble 
Tucson, Arizona Tucson, Arizona U. S. Forest Service Boise, Idaho 

California Boise, Idaho 
W. C. Weir Burgess L. Kay International Mountain 
Dept. of Animal Field Station Admin- Robert’ L. Ross Lawrence Osburnsen 

Husbandry istration Soil Conservation Serv- Federal Bldg. 
Univ. of California Univ. of California ice Butte? Montana 
Davis, California Davis, California Whitehall, Montana 

Colorado Kansas-Oklahoma 
Charles Terwilliger Warren J. Gray Freld Whittington Bob Wright 
511 City Park Ave. Roolm 436, P. 0. Bldg. Box 111 Box 461 
Fort Collins, Cello. Denver, Colo. Elk City, Oklahoma Cheyenne, Oklaboma 
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National Capital 
George E. Bradley Merton J. Reed 
4319 N. Pershing Dr. U. S. Forest, Set-vice 
Arlingtoa, Virginia Washington 25, D. C. 

Nebraska 
George L. Wiseman Charles Mo,wry 
Natl. Wildlife Relfuge Soil Conservation 
Valentine, Nebraska Service 

Halsey, Nebraska 

Nevada 
Blaine Halliday 
Box 671 
Elko, Neva.da 

Norman R. Ritter 
Box 671 
Elko, Neva.da 

New Mexico 
Walt,e,r W. Nations H. W. Springfield 
U. S. Indian Selrviee 5804 Princess Jeanne 
1000 Indian School Rd. Ave. N.E. 
Albuquerque, Netw Mex. Albuquerque, New Melx. 

Northern Great Plains 
Warren C. Whitman Walter Houston 
Botany Dept. U. S. Range Livestock 
N. Dakot,a, Agr. Co811egel Expt. Sta. 
Fa.rgo, N. Dakota Miles Cit,y, Montana 

Pacific 
Thomas G. Willis 
Box 340 
Kamloopg Brit. Col. 

Northwest 
William L. Pringle 
Bolx 340 
Kamloops, Brit. Col. 

South Dakota 
Harland Means Les Albee 
Box 110 Box 1671 
Belle Fourche, S. Dak. Rapid City, S. Dak. 

Southern 
Ma,rshall E. MsCullough Hurlon Ray 
Georgia Experiment Sta. Soil Conservation Serv- 
Experiment, Georgia ice 

Fayetteville, Arkansas 
Texas 

Leo B. Me,rrill Edward B. Keng 
Sonora Ranch Expt. Soil Conserva.tion Serv- 

Sta,. ice 
Sonora, Texas Sonora, Texas 

Utah 
Myrvin E. Noble J. Deloy Hansen 
Bureau of Land Man- Federal Bldg., Room 465 

agement Salt Lake City, Utah 
Brigham City, Utah 

Wyoming 
E. J. Fortenberry Alan A. Beetle 
U. S. Forest, Service A,gronomy Department, 
Box 971 UniversJty of Wyoming 
Laramie, Wyo. Laramie, Wyo. 

Middle East 
Col. Omas Draz‘ Capt. Omar Sabry 
Desert Institute Desert Range Develop- 
Heliopolis, Egypt ment 

Ras El Hekman, Egypt 

SOCIETY BUSINESS 

NINTH ANNUAL MEETING 
Denver, Colorado 

January 2427, 1956 
The Ninth Annual Meeting of the 

American Society of Range Manage- 
ment w’as held at Denver, Colorado, 
January 24-27, 1956. Headquarters 
for the meeting were at the Shirley- 
Savoy Hotel. Regi&rat,ion for the sec- 
ond meeting held in the Colorado ca,pi- 
to1 was 451. 

Business meetings of the Board of 
Directors were held January 23 and 
27. Highlights of these meetings are 
presented in this issue. 

Section chairmen and representa,- 
tives met on Tuesday, January 24 
under the chairmanship of CHARLES 
TERWILLIGER, Chaiman of the host Col- 
ora.do Section. The group gave atten- 
tion to methods of increasing Society 
membership through sectional activi- 
ties and projects. Incoming President 
DANNY FREEMAN discussed his activi- 
ties as Membership Committee Chair- 

man in working with the Section Chair- 
men. 

The program was opened with a 
technical session meeting on January 
24 featuring the topics “Control of 
Undesirable Vegetation” and “Classi- 
fication of Wildlands for their Best 
Use”. Keynote speakers a,t the general 
sessions were WILLIAM MORGAN, Pres- 
ident of Colorado A. and M. College; 
WESLEY A. D’EWART, Assistant Secre- 
tary of the Interior for Public Land 
Management ; aad JOSEPH F. PE- 
CHANEC in an address prepared by As- 
sistant Secretary of Agriculture ER- 
VIN L. PETERSON, who was unable to 
attend. 

Sessions during the maJn meeting 
period covered the topics “Coordinat- 
ing and Harmonizing the Multiple 
Uses in Watershed Reslources”, “How 
Grass Grows and the1 Influence of 
Growth Habits on Utdlization Measures 
of Productivit,y”, ” Economics of Range 

Improvement”, “Range Management 
Education”. On Thursday aflernoon, 
opportunity was provided for guided 
tours of the Bureau of Re&unation 
Laboratories at the Federal Center 
and at the Safeway Distribution Cen- 
ter. Arrangements for the effectively 
presented program were handled by 
EVAN L. FLORY, Program Chairman, 
and co-workers. 

At the general business meeting of 
the Society, expression w’as given to 
theI possibility of holding annual meet- 
ings at other seasons of the year; the 
need for more a$ctive pa,rticipation of 
Range Society membmers in state and 
national livestock association meetings, 
the desirability for members to write 
a.dvertisers expressing appreciation for 
support of the Journal and plans for 
greater representation of natio,nal of- 
ficers at the Section meetings. 

At. the annual banquet, entertainment 
was provided by t,he South High School 

L 

. 

u 



152 WITH THE SECTIONS 

National Capital 
George E. Bradley Merton J. Reed 
4319 N. Pershing Dr. U. S. For& Set-vice 
Arlingtoa, Virginia Washington 25, D. C. 

Nebraska 
George L. Wiseman Charles Mo,wry 
Natl. Wildlife Relfuge Soil Conservation 
Valentine, Nebraska Service 

Halsey, Nebraska 

Nevada 
Blaine Halliday 
Box 671 
Elko, Neva.da 

Norman R. Ritter 
Box 671 
Elko, Neva.da 

New Mexico 
Walt,e,r W. Nations H. W. Springfield 
U. S. Indian Selrviee 5804 Princess Jeanne 
1000 Indian School Rd. Ave. N.E. 
Albuquerque, Netw Mex. Albuquerque, New Melx. 

Northern Great Plains 
Warren C. Whitman Walter Houston 
Botany Dept. U. S. Range Livestock 
N. Dakot,a, Agr. Co811egel Expt. Sta. 
Fa.rgo, N. Dakota Miles Cit,y, Montana 

Pacific 
Thomas G. Willis 
Box 340 
Kamloopg Brit. Col. 

Northwest 
William L. Pringle 
Bolx 340 
Kamloops, Brit. Col. 

South Dakota 
Harland Means Les Albee 
Box 110 Box 1671 
Belle Fourche, S. Dak. Rapid City, S. Dak. 

Southern 
Ma,rshall E. MsCullough Hurlon Ray 
Georgia Experiment Sta. Soil Conservation Serv- 
Experiment, Georgia ice 

Fayetteville, Arkansas 
Texas 

Leo B. Me,rrill Edward B. Keng 
Sonora Ranch Expt. Soil Conserva.tion Serv- 

Sta,. ice 
Sonora, Texas Sonora, Texas 

Utah 
Myrvin E. Noble J. Deloy Hansen 
Bureau of Land Man- Federal Bldg., Room 465 

agement Salt Lake City, Utah 
Brigham City, Utah 

Wyoming 
E. J. Fortenberry Alan A. Beetle 
U. S. Forest, Service A,gronomy Department, 
Box 971 UniversJty of Wyoming 
Laramie, Wyo. Laramie, Wyo. 

Middle East 
Col. Omas Draz‘ Capt. Omar Sabry 
Desert Institute Desert Range Develop- 
Heliopolis, Egypt ment 

Ras El Hekman, Egypt 

SOCIETY BUSINESS 

NINTH ANNUAL MEETING 
Denver, Colorado 

January 24-27, 1956 
The Ninth Annual Meeting of the 

American Society of Range Manage- 
ment w’as held at Denver, Colorado, 
January 24-27, 1956. Headquarters 
for the meeting were at the Shirley- 
Savoy Hotel. Regi&rat,ion for the sec- 
ond meeting held in the Colorado ca,pi- 
to1 was 451. 

Business meetings of the Board of 
Directors were held January 23 and 
27. Highlights of these meetings are 
presented in this issue. 

Section chairmen and representa,- 
tives met on Tuesday, January 24 
under the chairmanship of CHARLES 
TERWILLIGER, Chaiman of the host Col- 
ora.do Section. The group gave atten- 
tion to methods of increasing Society 
membership through sectional activi- 
ties and projects. Incoming President 
DANNY FREEMAN discussed his activi- 
ties as Membership Committee Chair- 

man in working with the Section Chair- 
men. 

The program was opened with a 
technical session meeting on January 
24 featuring the topics “Control of 
Undesirable Vegetation” and “Classi- 
fication of Wildlands for their Best 
Use”. Keynote speakers a,t the general 
sessions were WILLIAM MORGAN, Pres- 
ident of Colorado A. and M. College; 
WESLEY A. D’EWART, Assistant Secre- 
tary of the Interior for Public Land 
Management ; aad JOSEPH F. PE- 
CHANEC in an address prepared by As- 
sistant Secretary of Agriculture ER- 
VIN L. PETERSON, who was unable to 
attend. 

Sessions during the maJn meeting 
period covered the topics “Coordinat- 
ing and Harmonizing the Multiple 
Uses in Watershed Reslources”, “How 
Grass Grows and the1 Influence of 
Growth Habits on Utdlization Measures 
of Productivit,y”, ” Economics of Range 

Improvement”, “Range Management 
Education”. On Thursday aflernoon, 
opportunity was provided for guided 
tours of the Bureau of Re&unation 
Laboratories at the Federal Center 
and at the Safeway Distribution Cen- 
ter. Arrangements for the effectively 
presented program were handled by 
EVAN L. FLORY, Program Chairman, 
and co-workers. 

At the general business meeting of 
the Society, expression w’as given to 
theI possibility of holding annual meet- 
ings at other seasons of the year; the 
need for more a$ctive pa,rticipation of 
Range Society membmers in state and 
national livestock association meetings, 
the desirability for members to write 
a.dvertisers expressing appreciation for 
support of the Journal and plans for 
greater representation of natio,nal of- 
ficers at the Section meetings. 

At. the annual banquet, entertainment 
was provided by t,he South High School 

L 

. 

u 



SOCIETY BUSINESS 

has been conducted in an outstanding 
manner and in such a vay as to fur- 
ther promote the objectives of the So- 
ciety. Only through the well roordi- 
nated and unselfish efforts of many 
people can this be achieved and apprp 
eiation is extended to the following 
persons, films and organizations for 
the pad whirh they played: 

The Denrw Visitors and Convention 
Bureau for assistance at the re&tra- 
tion; the Westers Farm Life _Magazine 
for the official programs; the Record 
Stockmm for the banquet programs. 

A Word from your President 

153 

The business concerns of Denver for 
their support in advertisments in the 
Journal of Range i’&mzgemn~t. 

The management of the Shirley- 
Savoy Hotel for their outstanding 
cooperation and rourtesy in providing 
facilities for the meeting. 

The Phillips Petmleum Company 
for their efforts in the furtheranoe of 
better range management in the ex- 
eellent publication “Native Grasses, 
Legumes and Forbs” with its many 
fine colored illustrations. 

Mrs. LA~REXCE E. RIO~,AN for ar- 
ranging the Ladies Tour and Lunch- 

Choir of Denver and exhibition danc- 
ers. FARRING~N R. CARPENTER prr‘e- 
sided BS Toastmaster for the program 
at which JOHN CHOHLIIS was awarded 
a a-year mrmbe~hip in appreciation 
for his oontribntion in promoting the 
interests of the Society at the San 
Jose, California meetinp and for his 
continuous service with the group since 
its organization. Recognition was also 
given to Dick Whetsell of the Okla- 
homa Section for his efforts in making 
awilable educational booklets on range 
plants and management. 

The Plant Identification Contest was 
won by the team from Texas A. and 
11. College comprised of FRITZ E. 
LANDBRS, RONALD G. GARDNER, CLAUDE 
ALEXANDER and DAVID FA~CETT, 
coached by DONALD L. Huss. High 
point scorers were FRITZ LANOFXS and 
Ros~rn GARDNER of Texas A. and M. 
College and RILEY ~&CLEL~N of 
Colorado A. and M. College. The win- 
ning team received a plaque donated 
by the American Meat Institute. 

Winners in the photographic eon- 
test were: Grand champion, R. R. 
HUXPHREY, University of Arizona at 
Tucson, and Reseewe Champion, H. H. 
RISWELL, University of California at 
Berkeley. Axrds in the four cate- 
gories as named by popular vote vere: 
(1) Ramge &nts and types, R. R. 
HUMPHREY, Tucson, Arizona; (2) 
Range cosdition and utilizatim, Hsa- 
BERT JONES, Littleton, Colorado; (3) 
Range improvemmt and management, 
H. H. BISWELL, Berkeley, California; 
(4) Rmges md rmge scewes, CLAIR 
WHITLOCK, Salmon, Idaho. 

Avards in the colored slide contest 
went to HURLOX C. RAY, Fayettetille, 
Arkansas as Grand Champion and 
ROBERT A. DARROW, College Station, 
Texas as Resenre Champion. Pre-nta- 
tion of additional colored movies and 
slides vas featured on an evening pro- 
grsm. 

A ladies tour and luncheon featuring 
the Denver Museum of Natural His- 
tory was arranged under the leadership 
of Xrs. LACRCXCE A. Rlo~nns. 

RESOLUTIONS 
The Ninth Annual Meeting of the 

American Society of Range Manage- 
ment at the Shirley-Savoy Hotel in 
Denver, Colorado, Januav 24.27, 1956 

I should like to 
ur@ each of us to 
turn to the inside 
cover of this 
JOURNAL and re. 
read the aims and 
objectivea of the 
Sooietv and then 
reded-icate our- 
selv~ to these ob- 
jectives. We have 
ronle a. long way 

The committees are now complete. 
Great care was exercised to try to get 
a good balance relative to oeeupation 
and geography. They are listed in this 
JOURNAL. The duties and functions are 
covered pretty well in their titles, 
Please study these rarcfullp and if you 
have any questions or suggestions per- 
tinent to any of the subjects or aetivi- 
ties, please contact the Chairman. I 
am sure they till welcome suggestions 
and recommendations from all of you. 

Also, don’t hesitate to contact &,ur 
National offirers on any matter. “We 
welcome your ideas and suggestions. 

REMEMBER OUR GOALS THIS 
YEAR-MORE MEMBERS AND 
MORE PUBLICITY. 

For contribution of prizes in the 
Plant Identification and Photographic 
contests and for special awards: Amer- 
ican Meat Institute, Colorado Cattle. 
men’s Association, Nillers Stoekmen 
Supply Co., Camera Exchange of Col- 
orado, Ford Optical Co., Dave Cook, 
Gart Rrothers, and Dann>- Frwxnan. 

The Displays and Contest Commit. 
tee under the chairmanship of Er,smw 
II. REID for zrranging and officiating 
at the contests. 

con. 

Safemay Stores Inc. and the Bum” 
of Reclamation for making available 
their facilities and a&sting in tours. 

The Program Committee under the 
chairmanship of EYAN L. FIQRY and 
to each person participating for the 
derelopment of a diversified and edu- 
cational program. 

FRED H. KENNEDY and Waaae~ 
GRAY, co-chairmen, and members of 
the Arrangements Committee who 
worked so diligently in making the 
innumerable arrangements that made 
the meeting particularly enjoyable. 
Spaial credit is due RICHI~RD B. 
EICRENRERGER, Director, and members 
of the South High School choir for 
the highlight of the banquet program. 

RORERT A. Daanow for unsel6e.b 
service as Editor of the JournnE of 
Range Management, and for the stand- 
ard of excellence achieved in the sev- 
eral issues of the Journal he has edited. 

TERRY WHITE for devotion to duties 
as Executive Score- and for per. 
forming the duties so capably despite 
conditions of unfavorable health. 

A. P. (RED) ATKIXS for his able 
leadership and guidance of the Amer- 
icnn Society of Range Manqement for 
the past one and one-half yeasg t&_ 
ing over when President FLOYD LAa_ 
80X left to accept & fore&n a&en- 
“lent. 

To all of these people and to many 
others unmentioned, the American So- 
ciety of Range Management extends 
its fullest appreciation. 

Resolutions Cmtittee 

Kenneth Conrad 
Warren Gray 
Donald Henrey 
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Keynote address program : Dr. H. G. SMITH, past president of 
Denver Area Council of Churches: A. P. ATKINS, Retiring 
President; W. E. MORGAN, President, Colorado A. & M. Col- 
lege; WE~SLEY A. D’EWART, Assistant Secretary of the Interior. 

RAD, rancher, and retiring Director, 
Wray, Colorado ; MARVIN KN~ESE, ranch- 
er, Ebklev. Colorado; RICHARD Ml HURD, 
U: S. Forest Service, Rapid City, South 

Dakota. 

munitv Pastures, Regina Saskatchewan; 
THO&S G. WIL&S, Superintendent, Do- 
minion Range Expt. Sta., British Co- 
lumbia ; E. W. TISDALE, Vice President, 
A. S. R. M., Moscow, Idaho. 

JOSEPH F. PECHANEC, Chief Range Man- MASON A. HE,IN, Agr. Res. Service, Wash- 
agement Research, U. S. Forest Service; C. ington, D. C.; L. A. STODDART, Utah 
WAYNE COOK, Utah State Agricultural Col- State Agricultural College, Logan; AL- 
lege, Logan; MARVIN KLEMME, formerly on FRED L. BAKER, U. S. Southern Great 
technical assistance assignment with ICA Plains Field Station, Woodward, Okla,.; 

in Greece. J. S. MCCORKLE, Soil Conservation Serv- 

Mrs. A,P. ATKINS, wife of Past President A. 
P. ATKINS; Mrs. TFZRY WHITE,, wife of Ex- 
ecutive Secretary TERRY WHITE; Mrs. JOHN 
CLOUSTON, wife of Assistant Regional Forester, 

Portland, Oregon. 
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REPORT OF THE EDITOR SOCIETY INCOME AND EXPENSES the committee to withdraw approxi- 

Negotiations were completed with 1955 mately $8,000 of investments from the 

the Wallace-Homestead Company of Receipts Woodward Building and Loan Asso- 

Des Moines, Iowa for a new printing 
Memberships . . . . . . . . . . . $16,009.85 ciation of Oklahoma for re-investment, 

contract for the JOURNAL 0~ RANGE 
Reprint sales . . . . . . . . . . . 878.02 
Advertising . . . . . . . . . . . . 1,174.44 

in U. S. Government bonds. Approval 

MANAGEMENT effective with the July, Back issue sales . . . . . . . . 3’70.20 
was given by the Directors 

1955 issue. The first 81/2 volumes, 1947- 
55, were printed by the Waverly Press 
of Baltimore, Maryla.nd. 

Interest on savings . . . . . . 137.07 Was?&ngton Affairs Committee. - 
Div. from Trust Fund . . . go.49 GEORGE BRADLEY, former chairmen of 

Total $18,660.07 t,h e committee, presented a petition and 

The 1955 volume conta.ined 58 a&i- 
cles aad technical notes with a total of 
286 pages. Nearly 70 articles were re- 
ceived for publication during the year. 
An average period of 7 months elapsed 
between the receipt of a manuscl<pt 
and its publication date. 

Three special issues were released 
during the year: The January Con- 
vention Issue containing the program 
and its details of the annual meeting; 
the September Student Issue featuring 
articles by and news of range manage- 
ment students from range manage- 
ment students throughout the country; 
and the November International Issue 
emphasizing the problems and pro- 
grams of grazing land management 

,- around the world. Appreciation is ex- 
pressed to GENE F. PAYNE and F. A. 
BRANS~N of Montana State College 
for their valuable help and leadership 
in assembling material for the Sep- 
tember Student Issue which contained 
12 student papers and 2 contributed 
articles. Plans ase being made for a 
Rancher Issue to be released in late 
1956. 

Advertising revenues from the *Tour- 
nal amounted to $1,174, an amount 
closely similar to the preceding year. 
Approximately 16 pages of the 1955 
volume were taken up in advertise- 
ments. Additional income through 
greater volumes of advertising and in- 
creased membership subscriptions is 
needed to permit. expansion from the 
present size of the Journal. 

Recognition is given to JOHN 
CH~HLIS of Sacramento, California 
and JOSEPH H. ROBERTSON of Reno, 
Nevada for their able assistance and 
guidance as members of the Editorial 
Board for 1953-55. New members chos- 
en by the Directors for 1956-58 are 
Clinton H. Wasser of Fort Collins, 
Colorado and Ben 0. Osborn of Wash- 
ington, D. C.-Robert A. Darrow. 

Expenses 
Journal publication . . . . . 9,365.50 
Office of Executive Secretary 

Secreta,ry salary . . . . . . 1,200.OO 
Stenographic service . . 1,852.77 
Payments to sections . . 1,619.75 
Supplies and misc. . . . . 2,786.37 

Office of Editor . . . . . . . . 594.04 
Total expenses . . . . .$17,416.43 
Balance . . . . . . . . . . . 1243.64 
Total . . . . . . . . . . . . .$18,660.07 

HIGHLIGHTS OF DIRECTORS’ 
MEETINGS 

January 23-27, 1956 

President A. P. ATKINS presided at 
the Directors’ meeting held at, the 
Shirley-Savoy Hot,el, Denver, Colo- 
rado on January 23, 1956. Other offi- 
cers and directors were present with 
the exception of MONT SAUNDERSON, 
Director. 

Major items of business considered 
were the reports of standing commit- 
tees, the organization of a new Na- 
tional Capital Section, the designation 
of the University of Wyoming for the 
storage of historical records of the 
Society and the change in investment 
of the Society trust fund from the 
Woodward Building and Loan Asso- 
ciation to U. S. government bonds. 
Highlights of the committee reports 
are as follows : 

1957 Corbventio% City Committee.- 
LES ALBEE, who replaced JERRY EVANS 
as Chairman, reported that three cities 
had made bids within the area of Idaho, 
Montana and the Dakotas designated 
for this convention. Great. Falls, Mon- 
tana was selected for the 1957 meeting. 

Membership Committee.-DANNY 
FREEMAN, Chairman, reported that, the 
plesent membership of the Society is 
2,902, a net gain of 46 members during 
the year. President-elect FREEMAN 
will serve again as Chairman of the 
Membership Committee in 1956. 
Finlance Committee.-Director V. A. 
YOUNG gave the recommendation of 

constitution and by-laws of a proposed 
new National Capital Section, serving 
the Washington, D. C. area. Unani- 
mous approval was given the charter 
of the new section, replacing the 
Washington Affairs Committee. 

1958 Con’ventioti City Committee.-JOE 
WAGNER indicated that of the three 
states, New Mexico, Texas and Arizona, 
to be considered for the convention 
location, Arizona made the strongest 
bid. The committee was instructed to 
Lomplete arrangements with Phoenix 
as the designated convention city. 

Cooperation with Pouth Orga~G&ions 
Committee.-KARL PARKER, Chairnmn, 
presented an outline for a, range man- 
ual for youth groups to be developed 
and published individually by state 
colleges. Approval was given for fur- 
ther action on the committee proposal. 

Research Methods Committee. - C. 
WAYXE COOK, Chairman, reported that 
a preliminary draft of a Handbook of 
Range Research Methods would be pre- 
pared by September, 1956 and would 
be ready for the publishers by Jan- 
uary, 1957. Arrangements are to be 
made with the Nat,ional Research 
Council in the publication of the hand- 
book. 

Approval was given to the 1956 
budget as follows: 

Estimated Receipts . . . . $18,930.00 
Estimated Expen,ditures 

Office of the President 200.00 
Office of Editor . . . . . . 600.00 
Executive Secretary 8,405.OO 
Journal publication 9,725.oo 

Total . . . . . . . . . . . . . $18,930.00 
No important changes were indi- 

cated in the budget from the 1955 ex- 
penditures. 

CLINTOK H. WASSER of Fort Collins, 
Colo. and BEN 0. OSBORN of Washing- 
ton, D. C. were naqed to the Editor- 
ial Board of the JOURNAL OF RANGE 
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MANAGEMENT to replace JOHN 
CHOHLIS cr#md JOSEPH H. ROBERTSON 
whose terms expired in 1955. The Di- 
rectors ga#ve approval to the designa- 
tion of the November 1956 issue of 
the Journal as a Rancher Issue, with 
articles to be contributed by ranchers 
in cooperation with Section officers. 

ALAN A. BEETLE, Society Historian, 

SOCIETY BUSINESS 

presented an agreement, with the Uni- 
versity of Wyoming concerning the 
care of the historical papers of the 
American Society of Range Manage- 
ment’ to be stored in the library at the 
Universit,y. Approval wit8 given to the 
arrangement by the Board and it was 
pointed out tha,t this function would 
not duplicate the Depository Library 

of range management literature which 
has been established at the Utah State 
Agricultural College at Logan. 

LADD HAYSTEAD, editor of the Joint 
Grassland Committee, outlined the 
functions of that organization and in- 
vited participation of the Range So- 
ciety in a future meeting of the Joint 
Committee. 

VEGETATIONAL COMPOSITION AND ANIMAL GAINS izs AFFECTED BY DEGREE OF FORAGE 
UTILIZATION ON SHORTGRASS RANGE LAND IN SOUTHEASTERN WYOMING 

Abstract of dissertation submitted in partial fulfill- 
ment of the requirements for the Ph.D. degree, Depart- 
ment of Agronomy, University of Nebraska, Lincoln, 
Nebraska, June, 1955. 

The pincipal objectives of this study were to de- 
termine the effect of three degrees of forage utili- 
zation on: (1) the vegetational composition of short- 
grass range land in southea.stern Wyoming; (2) the 
pounds of gain made per ewe and per lamb; and (3) 
pounds of gain per acre by ewes and lambs. 

Little change in vegetational composition was 
found when shortgrass range land was utilized lightly 
(leaving a 1.2 inch stubble height of Bouteloua 
gmcilis at the end of the grazing season) for a period 
of ten years. Moderate utilization (leaving 0.9 inch 
stubble height) and heavy utilization (leaving 0.6 
inch st,ubble height) resulted in significant vegeta- 
tional composition changes. 

The four major grass species, which oontributed 
a$pproximately 95 percent of the1 t,otal basal cover, 
reacted differently to grazing pressure. Bouteloua 
gracilis decreased on the ordinary upland site but 

increased on the slope site under hea.vy grazing. 
Bu,ch,Zoe da,ctyZoides increased on the ordinary up- 
land and dry bottom sites of the heavily utilized 
pastures but remained a.bout constant on the slope 
site. Agropyrom smithii responded to grazing pres- 
sure by decreasing on all sites and Stipa comata, 
which wa.s abundant only on the slope site, was prac- 
tically eliminated by ten years of heavy use. 

Both ewes a.nd lambs gained more per animal on 
the lightly grazed pastures than on those heavily 
utilize,d. The differences were small but st8atistically 
significant. 

When animal gains were calculated on a per-acre 
basis, lambs produced significantly more pounds of 
gain from the pastures which were heavily utilized 
than from those which were moderately or lightly 
uxd. Ewes produced more pounds of gain per acre 
from moderately and heavily used pastures than 
from those lightly utilized but there was no sig- 
nificant difference between the moderately and hea’vily 
used pastures in this respect.--Robert L. Lang, 
Departmnt of Agronomy, University of Wyoming, 
Lasamie, Wyoming. 

NEWS AND NOTES 

Meetings and Conferencea 
National Hereford Congress Held 

in Tucson, Arizona 
The Seventh National Hereford Con- 

gress held April 4-6 in Tucson, Ari- 
zona marked the 250th anniversary of 
the founding of the cattle industry in 
the Southwest, according to President 
H. B. THURBER of the Arizona Here- 
ford Associat,ion, joint sponsor of the 
meet. Secretary E. T. BENSON of the 
Department of Agriculture was the 
principal speaker at the meeting which 
included discussions of range eco- 
nomics, animal gains, feeds and feed- 
ing, crossbsreeding results and dwarf- 
ism. 

Range Management Policies to be 
Establis+he’d on National 

Wildlife Refuges 
The U. S. Fish and Wildlife Service 

is developing a range resources man- 
agement policy which will put, res,ource 
management on National Wildlife Ref - 
uges on a scientific basis. Soil capa- 
bility and vegetation surveys are being 
conducted by BLM and SCS personnel 
on these a,reas in guidance of range 
utilization practices. 

Revised Federal Range Code 
Established 

The Revised Federal Range Code for 
Grazing Districts, administered under 

the Taylor Grazing Act, became effec- 
tive in Janua,ry, 1956, as approved by 
Acting Secretary DAVIS. The current 
revision has been in progress for more 
than three years during w,hich time it 
was reviewed in detail by grazing dis- 
trict advisory boards and the National 
Advisory Board Council. 

Johnson Named Chief of Animal 
Disease Branch of AR8 

Dr. HOWARD W. JOHNSON was named 
Chief of the Animal Disease and Pa,ra- 
site Research Branch of the Agricul- 
tural Research Service. JOHNSON re- 
placed Dr. B. T. SIMS when the latter 
was appointed Director of Livestock 
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Research. JOHNSON joined the Wash- 
ington staff in 1948 to work on the 
foot-and-mouth disease and has been 
Acting Chief since September 1955. 

Beef Production Potential in 
Alaska Studied 

The Alaska Agricultural Experiment 
Station and Dr. C. W. VROOMAN of 
Corvallis, Oregon will undertake a 
study of the beef industry potential 
of northwest,ern Kodiak Island. The 
project was initiated following a pre- 
liminary analysis by representa,tives 
of the BLM, the Alaska Commissioner 
of Agriculture, the Soil Conservation 
Service, and the Experiment Station 
and Extension Service of the Univer- 
sity of Alaska, looking toward a better 
understanding of the beef growing and 
marketing potentials of the area. 

RANGE MEN ABROAD 
BARRY C. PARK returned to the 

Forest Service in February, 1956 from 
a 2-year foreign assignment with the 
International Cooperation Adminis- 
tration in Amman, Jordan. His new 
headquarters will be at Missoula, Mon- 
tana, where he will head up the Range 
Analysis and Training program for 
the Northern Rocky Mountain retion. 

In Amman, Jordan, PARK was in 
charge of a ra.nge management pro- 
gram in which seedings, waterspreading 
devices, fencing, water developments 
and other improvement, practices were 
demonstra.ted. He served in teacher 
training schools at the) Kadoori Agri- 
cultural School and the Bedouin School. 

HAROLD VOGEL, former Chief of the 
Technical Assistance Unit in the North 
American Regional Office of the FAO, 
has recently been appointed head 

Longmont Seed Co. 
Field Seeds and Complete Seed Service 

Buy-Clean-Treat-Sell 
Legumes-Grasses-Grain 

LONGMONT, COLORADO 
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of the FAO North American Regional 
Office. VOGEL succeeds Gove HAM- 
BIDGE, who is retiring. Prior to join- 
ing the FAO in 1943, VOGEL was an 
agricultural economist with the U. S. 
Dept. of Agriculture. 

ferred to the Regional Forester head- 
quarters in Denver, Colorado as as- 
sistant, to Chief of Range Management. 

R. 0. LEWIS, of the Soil Survey 
Division, Soil Conservation Service in 
Wa.shington, D. C., has accepted a, 2- 
year position as Agricultural Special- 
ist with the International Cooperation 
Administration in the Philippines. 

ROBERT E. WAGNER, Project Leader 
of Range and Pasture of the West for 
the Agricultural Research ServiceI, has 
resigned to become Head of the De- 
partment of Agronomy at the Univer- 
sity of Maryland. 

BOB SWEET, Agricultural Engineer 
of the BLM in Wyoming, has joined 
FLOYD LARSON in Libya in a technical 
assistance assignment under the Inter- 
national Cooperation Administration. 

GEORGE L. BURNETT, former Assis- 
tant Chief of the Division of Range 
Management in the California Region 
of the U. S. Forest. Service, has been 
named Supervisor of the Manti-La Sal 
National Forest with headquarters in 
Price, Utah. 

IN THE FZELD 
JOHN L. LAUNCHBAUGH, formerly 

Farm Advisor in Range & Forestry in 
Humboldt. County, California, has 
transferred to the Hays, Kansas Agri- 
cultural Experiment Station a.s Pas- 
ture Marmgement, Specialist. He is in 
charge of studies on season of grazing 
and deferred grazing on native range 
and seeded stands. 

LLOYD L. BERNHARD has been pro- 
moted to Assistant Chief of the Divi- 
sion of Range) Management in the Cali- 
fornia Region National Forest, office 
in San Francisco. He was formerly 
staff assistant on the Malheur National 
Forest in Oregon. 

IRVING BEARD, a rancher near Frui- 
ta, Colorado, has reported the first 
known poisoning of livest,ock by hal- 
ogeton in the state of Colorado. Local 
veterinarians and analysis of stomach 
content by Colorado A. &. M. College 
established that the loss of 37 head 
of sheep of a band of 600 was due to 
halogeton. 

RODERICK K. BLACKER, former staff 
officer on the Rio Grande National 
Forest in Colorado, has been trans- 

BLAIN MORRIS, Area Conservation- 
ist, of the SCS at Logan, Utah, recently 
transferred to the Division of Budget 
and Finance of the SCS at Washing- 
ton, D. C. 

WILLIAM J. LUCAS, Assistant Super- 
visor on the Sawtooth National Forest 
in Idaho, has been promoted to the 
Supervisorship of the Custer Natdonal 
Forest in Montana. 

POSITION WANTED 

WILLIAM H. SHAW, Assistant Super- 
visor on the Boise National Forest, has 
been named Supervisor of the Saw- 
tooth National Forest in Idaho, suc- 
ceeding GLENN A. THOMPSON, named 
Assistant Chief of Fire Control in the 
Washington Office of the Forest Serv- 
ice. 

Agronomist M.S. in Soils (19521, Ph.D. in 
Farm Crops ( 1965 ) , forage crop establishment 
and production, and Range Management, with 
minors in Agri. Education and Agri. Econom- 
ics, 48 years old, married without children. 
free of prejudice for color, gationality or race, 
desires position in teaching, research, experi- 
mentation, commercial, Agri. College, Non- 
proflt Institution, Private Company here or 
abroad. Contact the Executive Secretary of 
the American Society of Range Management. 
Box 7746, Albina Station, Portland, Oregon. 

THE NORTH EAST 
SEED COMPANY 

Quotations gladly given on request 
for grasses, legumes, and field seeds 
Complete Stocks-Fast Service-Rlght PrIcea 

2002 Delgany St., Denver Ph. CH 4-5247 

RANCH * Management Service * Consulting and Appraisals 

* Reseeding Contractors k Ranch Loans 

Throughout the Western States and Canada, Call or Write: 
R. B. (Dick) Peck, WESTERN RANCHING SERVICES 

Home Office: 313 Denrock Ave. e Dalhart, Texas, Ph. 65 
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RICHARD E. GRIFFITH, Assistant has been in commercial seed production 
Chief of the U. S. Fish & Wildlife work in Oregon. 
Service Branch of Refuges, conferred 
with refuge leaders and managers in 

ROBERT E. BEMENT has transferred 

regional meetings in Minnesota and 
from the Soil Conservation Service at, 

New Mexico on grazing policies and 
Trinidad, Colorado to the Agricultural 

land use practices on national wildlife 
Research Service at the Central Plains 

refuges. 
Experiment Station at Nunn, Cdo- 
rado in grazing management studies 

HOWARD C. LEE, staff axsistant on the on native and seeded pastures. 
Bitterroot National Forest in Montana, 
has been promoted to Assistant Super- 
visor of the Boise National Forest in 
Idaho. 

GRANT A. HARRIS, formerly with the 
Department of Range Management at, 
Utah State A,gricultura.l College, has 
joined the staff of the School of Fores- 
try at Washington State College, Pull- 
man, Wa.shington as Associate Profes- 
sor of Range Management. , 

ROCKY MOUNTAIN 
SEED COMPANY 

FRED GOMM has joined the staff of 
the Agricultural Research Service at 
Bozeman, Montana to handle reseeding 
studies in central and western Montana 

Range and Pasture 

Grasses 

and Legumes 

in collaboration with the U. S. Forest 
Service and Montana State College. 
GOMM obtained his M. S. a.t Utah State Seeds of 
Agricultural College in 1955. 

JOHN C. DIBBERN, formerly with the 
Highest Quality 

Bureau of Indian Affairs at White- 
river, Arizona., has joined the Program 
Staff of the Washington office. Catalog on Request 

Dr. NEIL Wright of the Agricultural 
Research Service has been named in 
charge of the grass breeding program 
in the Southwestern semiarid region. 
He will headquarter in Tucson, Ari- 
zona in cooperation with the Univer- 
sity of Arizona. WRIGHT is a graduate 
of Pennsylvania State University and 

1325 Fifteenth Street 

DENVER, COLORADO 

MA 3-6134 

BARTELDES SEED CO. 
Satisfactory Since 1867 

Crested - Pubescent - Tall - Slender - 
Intermediate - Western Wheat 

Buffalo - Blue Grama - Alfalfa - Clovers 

40th and Jackson-Denver-FL 5-7361 
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OEPEWOABLE CREDIT LOANS 

PRODUCTION 
R 
0 Operating loans are made to Fm 

D 
ers and Stockmen to meet their 
production needs. 

U Short-term c a p it a 1 financing for 

C range development, soil and mois- 

T 
ture conservation, and purchase of 

I 
needed equipment. 

0 
N 

COOPERATIVE 
R 
E The PCA is a service organization 

D 
owned and operated by farmers 
and stockmen. Local management 

I 
is in the hands of a Board of Di- 

T 
rectors elected by borrowing stock- 
holders. 

ADAPTABLE ’ 
S 
S 
0 
C Each loan is made to fit the par- 

I 
titular purpose for which credit ie 
needed. Repayment program ax- 

A ranged to coincide with anticipated 

T income. 

I 

0 
N 

Defailed information is available a) 
your local Production Credit 

Association Office. 

Address your inquiries in Colorado to the 
nearest Production Credit Association Office 

located in the following cities: 

Denver, P.O. Box 6946 
Colorado Springs, P.O. Box 146 

Fort Collins, P.O. Box 608 
La Junta, P.O. Box 488 

Monte Vista, P.O. Box 350 
Montrose, P.O. Box 328 

Rifle h 
Sterling, P.O. Box 551 
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