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RANGE MANAGEMENT 

Grassland and Livestock Regions of Mexico1 

RODERIC E. BULLER, E. HERNANDEZ X., AND 
MARTIN I-I. GONZALEZ 

Associate Agronomist (Forage Crops) with the Mexican 
Agricultural Program of The Rockefeller Foundation; 
Professor Titular de Agrostologia, Escuela National de 
Agricultura, Chapingo, Mexico; and Ingeniero Agronomo 
with the Oficina de Estudios Especiales, Secretaria de 
Agricultura y Ganaderia, Mexico, D. F. 

Mexico is truly a grassland 
country. Over one third of its 
area-about 165 million acres-is 
in native pastures and ranges 
which support around 22 million 
grazing animals. Only about 10 
percent of the country’s land 
area is tillable, and of this 80 per- 
cent is semi-arid. The lack or 
uncertainty of natural rainfall 
limits the production of food 
crops and necessitates a grazing 
type economy in much of the 
country. Cultivated forage pro- 
duction occupies an important 
place in the agriculture of the 
more humid regions and irriga- 
tion districts. 

Despite the obvious impor- 
tance of grasslands and adequate 
forage production to the well- 
being of the nation, only recently 
has a serious coordinated effort 
been made to analyze the basic 
problems and to initiate an im- 
provement program based on 
sound research techniques. Im- 

1 This paper was presented at the 
Eleventh Annual Meeting of the 
American Society of Range Man- 
agement in Phoenix, Arizona. Paper 
No. 110 of the Agricultural Journal 
Series of The Rockefeller Founda- 
tion. 

provement of basic food crops 
such as maize, beans, and wheat 
has been rapid during the past 
15 years, but improvement of the 
animal industry through the ef- 
ficient and rational use of graz- 
ing lands and greater cultivated 
forage production has lagged 
behind. 

The shortage of technicians in 
the field of range management 
and general forage crop produc- 
tion is acute. At the present time 
there are no more than about 15 
investigators in the entire coun- 
try spending part or full time in 
this field. The agricultural col- 
leges have not emphasized for- 
age and range courses in their 
curriculums and only a few of- 
fer specilized courses relating to 
these subjects. 

This article is based primarily 
on experience and information 
obtained by the Oficina de Estu- 
dios Especiales, which is a coop- 
erative research program of the 
Mexican government and The 
Rockefeller Foundation, and the 
National School of Agriculture. 
Among the published contribu- 
tions that are pertinent to the 
subject, the following deserve 
mention here: Starker Leopold’s 
treatment of the vegetative zones 
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of Mexico (1950); a detailed 
study of the grasslands of Dur- 
ango and neighboring states by 
H. S. Gentry (1957) ; F. Shreve’s 
work on the vegetation of north- 
ern Mexico (1951) ; A. S. Hitch- 
cock’s taxonomic review of the 
grasses of Mexico and the U. S. 
(1913) ; and the Atlas Climato- 
logic0 of the Mexican Depart- 
ment of Agriculture (1939). 

For the purposes of this initial 
presentation, the country has 
been divided into 4 large grass- 
land and livestock regions, (Fig- 
ure 1) according to climate, na- 
tural vegetation and type of cul- 
tivated forage production, char- 
acteristics of animal population, 
and main objectives of the live- 
stock industry. Although these 
divisions are large and can be 
subdivided, such a regional ap- 
proach has proved valuable to 
the research program by bring- 
ing to light the most critical 
problems. Pertinent data con- 
cerning livestock populations are 
also presented in Table 1. 

Major Regions 
Northern Temperaie 

This region is the largest of the 
4 and includes approximately 116 
million acres of native grassland 
(Figure 2). A considerable por- 
tion borders on the southwestern 
United States, to which it natur- 
ally is similar in many ways. 
Rainfall is low, ranging from 8 
inches on the plains to 28 inches 
in the high Sierra Madre Occi- 
dental mountain range, in the 
western portion. Except in sev- 
eral highly mechanized irriga- 
tion districts where cotton and 
wheat are the principal crops, 
farming is of minor importance 
because of limited moisture. 
While some alfalfa is grown un- 
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FIGURE 1. A division of Mexico into grassland and livestock regions based on climate, 
natural vegetation and type of cultivated forage production, and animal population 
characteristics. 

der irrigation, production could 
become much more important, as 
could the use of cotton by pro- 
ducts for livestock feed. 

Three general vegetation types 
are utilized by livestock: (1) 
grasslands due primarily to the 
influence of climate; (2) grass- 
lands due primarily to the influ- 
ence of saline soils; and (3) 
shrub and scrub vegetation with 
grasses as subordinate elements. 

The first type may be sub- 
divided in accordance with spe- 
cies dominance and the associ- 
ated trees and shrubs. In all 
cases, however, the principal spe- 
cies are members of the genera 
Bouteloua, Hilaria, Muhlenber- 
gia, Heteropogon, Andropogon, 
Aristida, Eragrostis, Buchloe, 
and Lycurus. 

The best development of the 
halophyte grasslands exists . in 
the abundant swales formed in 
the lower parts of the enclosed 
watersheds in Chihuahua, Coa- 
huila, Durango, San Luis Potosi, 
and Zacatecas. Solid stands of 
Distichlis spicata, Eragrostis ob- 
tusiflora, S p o r o b o 1 us airoides, 
and Hilaria mutica characterize 
this type. 

Of special value are the grasses 
associated with the spiny shrubs 
and low woody species, mostly 
legumes, browsed by cattle and 
to a larger extent by goats. These 
grasses are Muhlenbergia por- 

teri, Setaria macrostachya, Bou- 
teloua curtipendula, B. breviseta, 
Trichachne californica, and Stipa 
eminens. 

The more than 10 million 
animals that graze the region are 
preponderantly beef cattle, 
sheep, and goats. However, the 
raising of feeders and stockers 
for export to the United States 
occupies first place in the econ- 
omy of the region. This is par- 
ticularly true in the northwest- 
ern portion where United States 

buyers and Mexican sellers 
create a vigorous trading atmos- 
phere. The importance of beef 
cattle in this region is illustrated 
in Figure 3. Hereford is by far 
the dominant breed, although 
Aberdeen Angus is gaining in 
popularity. Goats are most nu- 
merous in the drier eastern part 
of the region, where they subsist 
on the desert browse plants, 
Figure 4. 

These northern grasslands re- 
quire the most judicious use of 
range management practices, but 
although such practices are al- 
ready employed by the progress- 
ive ranchers, unfortunately the 
major part of the area has been 
and still is being overgrazed. 
This situation is seriously aggra- 
vated by the recent prolonged 
period of abnormally low rain- 
fall. Qualified ranchers estimate 
that in the State of Chihuahua, 
for example, the grasslands are 
able to support at present only 
half as many animals as 10 years 
ago. In addition, less scientific 
information has been accumu- 
lated here than in other areas. 
Proper stocking rates, supple- 
mental feeding, livestock water 
development, range pitting, re- 

Table 1. Acres of grassland, livestock populations and production of s&&d 
roughages by regions in Mexico.* 

Regions 
Gulf Pacific 

North Central Plains Coast 
Grasslands** (acres) 115,993,411 16,145,492 12,144,216 21,408,310 
Total animal 

population (not 
including hogs) 10,671,628 5,807,023 2,357,477 2,786,219 

Cattle 4,633,341 2,200,354 2,073,980 1,616,541 
Horses 845,903 355,943 244,600 271,168 
Mules 293,455 157,226 26,097 109,264 
Donkeys 410,579 594,631 7,800 190,327 
Sheep 1,458,170 1,196,140 2,000 166,839 
Goats 3,030,180 1,302,729 3,000 432,080 
Hogs 645,145 942,059 590,747 702,062 
Alfalfa production 

(metric T) 533,840 1,139,311 non reported 100,777 
Corn stover 

(metric T) 982,356 1,968,445 424,900 860,181 
* Statistical data based on the 1950 census, Secretaria de Economia, Mexico, 

D.F., Mex. 
** These figures include only the areas recognized as grasslands. From the 

point of view of livestock utilization, these should be augumented by the 
oreas with browse plants. 



seeding, and brush and poisonous 
plant control are some of the 
problems needing research. Dur- 
ing the past year steps have been 
taken to acquire some of this in- 
formation. The Chihuahua Re- 
gional Livestock Association has 
made available approximately 
2,500 acres of grassland which 
are now being developed as an 
experimental range and will 
serve as a focal point for range 
improvement investigation and 
extension. This effort is being co- 
ordinated through the newly 
founded School of Animal Hus- 
bandry of the University of 
Chihuahua. 

A taxonomic review of some 
2,500 grass specimens collected in 
northwestern Mexico has pro- 
vided the basic orientation for 
the practical range improvement 
program. Seed samples have al- 
so been collected for the estab- 
lishment of native grass nurs- 
eries, in keeping with, the phil- 
osophy of emphasizing indigen- 
ous species rather than exotic in- 
troductions. 

Animal losses due to poisonous 
plants have been alarming in 
certain areas, particularly in 
north-central Chihuahua where 
it has been estimated that from 
3 to 4 thousand animals died dur- 
ing the past 3 years because of 
one species alone, Drymaria are- 
narioides. Information for the 
effective and economic control 
of this species is now being ob- 
tained. Much of the basic infor- 
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mation on poisonous plant con- 
trol acquired by investigators in 
the United States appears to be 
directly applicable under local 
conditions. 

Central Temperate 

This region, which includes 16 
million acres of natural grass- 
land, is unique in containing also 
approximately 90,000 acres of ir- 
rigated alfalfa, about 60 percent 
of the total acreage of this crop 
in the Republic. The average an- 
nual rainfall varies from 12 to 32 
inches with the occurrence of 
definite wet and dry seasons. 
The terrain has a bleak, parched 
appearance during the dry win- 
ter months, but turns to green- 
ness with the first rains in June. 

The production of irrigated 
alfalfa as soilage or pasture, 
(Figure 5) supplemented with 
corn for silage, supports a large 
dairy industry which meets the 
demands of Mexico City’s 4 mil- 
lion inhabitants, and other large 
population segments of the area. 
Considerable pressure has been 
imposed on the land, and the 
production of maize, wheat, and 
beans for human consumption 
is heavily practiced. The great- 
est number of dairy cows is con- 
centrated in this region, most of 
them being Holsteins. Sheep are 
important, but are entirely re- 
stricted to the open grazing 
lands. Donkeys, oxen, and mules 
for work purposes are numerous 
and their distribution correlates 

3 

well with the necessities of the 
rural human population. The 
hog industry has grown rapidly 
in the past 5 years, but it is 
chiefly maintained on concen- 
trates and alfalfa soilage. Since 
food crops are grown almost ex- 
clusively for human consump- 
tion, no possible source of forage 
is left unexploited. In some sec- 
tions, plant residues such as the 
stems and leaves of maize, beans, 
chickpea, and peanuts are heav- 
ily relied upon as roughage. 

Because of the definite scar- 
city of forage to support the 
growing dairy industry, research 
efforts in this region have been 
directed toward increasing cul- 
tivated forage production. Dur- 
ing the past 4 years more than 
100 plant introductions, includ- 
ing different species and vari- 
eties, have been screened and 
tested. Among those studied 
have been legumes such as al- 
falfa (A!Iedicago), red and Ladino 
clover (Trifolium spp.), and 
birdsfoot trefoil (Lotus sp.), and 
perennial grasses such as orchard 
(Dactylis), rescue (Bromus cuth- 
urticus), Harding (Phuluris tu- 
berosu var. stenopteru), smooth 
brome (Bromus inermis), tall 
fescue (Festucu urundinuceu), 
and annual and perennial rye 
(Secule cereule and S. monu- 
turn). In general, throughout this 
area the adaptability and pro- 
ductivity of alfalfa has been 
outstanding. Experimentally, al- 
f alfa yields have averaged 10 

FIGURE 2. The Northern Temperate region with its 116,000,000 FIGURE 5. Irrigated alfalfa is the principal forage crop grown for 
acres of grassland is the largest of the four regions. the dairy industry in the temperate regions of Mexico. 
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FIGURE 3. The distribution of cattle populations in Mexico by FIGURE 3. The distribution of goat populations in Mexico by 
states, based on the 1950 census. states, based on the 1950 census. 

tons of hay per acre annually. It 
is possible to cut alfalfa from 6 to 
11 times a year, depending on the 
region and mildness of winter 
temperature. The results of al- 
falfa variety testing have led to 
specific recommendations for 
farmers and the initiation of a 
certified seed production pro- 
gram. Selections from locally 
grown common varieties have 
been most promising. Cultural 
and management practices for al- 
falfa are also being studied. At 
the higher elevations of around 
8,500 feet above sea level, me- 
dium red clover has averaged 12 
tons of hay per acre annually in 
yield trials, consistently more 
than alfalfa in this cooler en- 
vironment. Here, medium red 
clover has behaved like a peren- 
nial and it is in its fourth year 
of cutting. It is still relatively 
unknown to local dairymen. Re- 
search is also being conducted on 
numerous summer and winter 
annuals in order to fulfill the re- 
quirements of a well-balanced 
forage program. 

In contrast to the large dairy 
industry, which is based on pri- 
vate enterprise and is dependent 
on irrigated alfalfa, the open 
grazing lands are communal 
properties and the movement of 
mixed herds from the villages to 
the neighboring pastures in the 
morning and their return at 
night is a common sight. The im- 

portant indigenous grass spe- 
cies are Bouteloua gracilis, B. 
filiformis, B. radicosa, Hilaria 
cenchroides, Bromus spp., Fes- 
tuca spp., Agrostis spp., Poa spp., 
Muhlenbergia spp., Trisetum 
spp., and Lycurus phleoides. 

Over-grazing and its deleteri- 
ous effects are in evidence, par- 
ticularly in close proximity to 
the towns. These grazing lands 
are in a continual state of dis- 
turbance because of sporadic 
plantings of maize and beans 
which are grown in the rainy 
summer season. The present so- 
cio-economic situation with re- 
gard to land tenure will require 
special attention in any program 
designed to improve the produc- 
tivity of these communal grass- 
lands. 

Gulf Plains 
The natural vegetation of this 

region, which includes about 12 
million acres and borders the 
Gulf of Mexico, consists of nu- 
merous types of tropical forests 
as well as various types of grass- 
land. The grasslands may be 
classif ied as follows: 

Sand dune and sandy plains 
of the coastal area; Boute- 
loua filiformis, B. curtipen- 
dula, Opizia stolonifera, 
Paspalum notatum, P. con- 
jugatum, Mesosetum spp., 
Panicum repens. 
Tropical deciduous forest 
with open grassland areas; 

Bouteloua hirsuta, B. cur- 
tipendula, Pennisetum spp., 
Opizia stolonifera. 
Tropical savannahs; Tri- 
chachne insularis, Elyon- 
urus tripsacoides, Paspalum 
virgatum, Heteropogon con- 
tortus, Andropogon bi- 
cornis, A. glomeratus. 
Disturbed tropical humid 
forest; Paspalum notatum, 
P. conjugatum, Axonopus 
af finis. 

Rainfall is extremely variable, 
ranging from 32 inches to as 
much as 120 inches annually. 

The most economically impor- 
tant livestock enterprise is the 
production of beef, for local con- 
sumption and for Mexico City 
and other population centers of 
the central region. Meat is also 
produced here for shipment to 
the isolated Yucatan Peninsula 
farther to the east. A large num- 
ber of small dairy herds produce 
milk for local needs. The ma- 
jority of native cattle have a 
dominance of Zebu characteris- 
tics, but some herds of purebred 
Santa Gertrudis are to be found 
as well as Brown Swiss crosses. 

Throughout the whole region 
the improved pastures consist of 
Guineagrass or paragrass, two 
very well naturalized species, 
(Figure 6). Although experimen- 
tal data are lacking it is said 
that two and one half acres of 
this type of pasture will support 



one animal unit throughout the 
year. 

Despite the abundance of rain- 
fall, much of the region experi- 
ences a dry season of from 4 to 
6 months during the winter 
which seriously reduces pasture 
production. As would be ex- 
pected in a warm, humid climate, 
the incidence of animal disease 
and insect and parasite problems 
is high; these factors often limit 
beef gains in spite of abundant 
forage. The majority of adapted 
tropical grasses are low in pro- 
tein and digestible nutrients, and 
this coupled with the absence of 
herbaceous legumes results in a 
rather low quality forage. The 
situation is somewhat counter- 
balanced by vines and leaves of 
woody leguminous shrubs which 
are browsed or harvested man- 
ually. 

In this high rainfall area 
shrubs and weeds are rapid in- 
vaders and constitute a constant 
threat to the maintenanck of well 
managed pastures. This threat 
is commonly met by annual 
burnings at the end of the dry 
season, usually in April or May. 
Claims are also made that this 
burning reduces the populations 
of ticks, snakes, and rodents. 

Clearing land for the estab- 
lishment of pastures or for agri- 
culture presents many problems 
and is costly. Local farmers ac- 
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complish it by cutting over the 
vegetation with a machete and 
then burning the entire mass 
after it has thoroughly dried. 
Seed of Guineagrass is then 
broadcast over the ash residue 
just at the beginning of the rainy 
season, usually in June. Addi- 
tional cuttings are generally re- 
quired to eliminate the regrowth 
of shrubs in these newly seeded 
pastures. On the experiment sta- 
tions, land clearing with heavy 
equipment such as bulldozers 
has given excellent results. The 
use of chemicals for controlling 
brush is also being investigated. 

The animal and forage produc- 
tion potential of this Gulf Coast 
region is tremendous, as is being 
verified by the results of forage 
investigations which were be- 
gun only 3 years ago and are 
therefore still in the initial 
phase. At the 2 tropical research 
stations, emphasis has been 
placed so far on determining the 
adaptability and productivity of 
numerous grass and legume in- 
troductions. Very few of the 
known tropical forage species 
are utilized by ranchers of this 
region even though they are suc- 
cessfully employed in other trop- 
ical countries. One elephant- 
grass hybrid, called Merkeron, 
has been outstanding in much of 
the area, yielding as much as 200 
tons per acre of green feed an- 
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nually, Figure 7. In contrast to 
the situation in the dry northern 
region, greater production of nu- 
tritious forage in the Gulf Coast 
area can best come through the 
use of properly managed intro- 
duced species rather than native 
vegetation. As the screening and 
testing process indicates promis- 
ing material, studies on estab- 
lishment and management are 
begun. Information on accepta- 
bility by animals and rancher 
opinions are acquired by main- 
taining close contact with pro- 
gressive cattlemen. 

Strangely enough, very little 
silage is made in the Gulf region, 
although it has tremendous ap- 
plication because of the excess 
of forage produced in the sum- 
mer and the scarcity in winter. 
Excellent silage has been made 
in pilot silos during the rainy 
season using different introduced 
grasses and legumes. The good 
results achieved on a larger com- 
mercial scale by several ranchers 
point the way to an expansion of 
the use of silage for this region. 

Pacific Tropical 

This region is actually a coun- 
terpart of the Gulf Coast region 
but is characterized by more 
heterogeneity in regard to topo- 
graphy, climate, and vegetation. 
It includes about 21 million acres 
of grassland and can be sub- 

FIGURE 6. A typical improved 
the tropical Gulf Coast region. 

pasture containing Guineagrass in FIGURE 7. Merkeron, an elephantgrass hybrid recently introduced 

into the tropics, has proven outstanding for chopped green feed. 
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divided into three major areas: 
the coast, the central valleys, and 
the river basins. Rainfall is less 
than in the Gulf Coast region, 
averaging from 20 to 60 inches 
annually. 

The important indigenous 
grasses are Hilaria semplei, H. 
cenchroides, Bouteloua filiformis, 
B. curtipendula, Cathestecum 
erectum, C. multifidum, Opixia 
stolonifera, Heteropogon contor- 
tus, Panicum spp., Paspalum 
spp., E I yonurus tripsacoides, and 
Tripsacum spp. 

Livestock populations are sim- 
ilar to those of the Gulf Coast, 
with beef and milk animals be- 
ing the most numerous. How- 
ever, goats are more important 
here because of the abundance 
of more arid vegetation. 

For the present, research is 
not being undertaken in this 
area, and it has been included 
in this discussion chiefly to 
round out the regional grassland 
picture of Mexico. 

LITERATURE CITED 
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Bitterlich’s plotless method 
was introduced to American for- 
esters by Grosenbaugh (1952). 
Grosenbaugh provided a com- 
prehensive description of the 
method, and a number of authors 
have subsequently discussed new 
instrumentation and field appli- 
cations. Cooper (1957) has re- 
cently shown how the method 
may be used to sample shrub 
cover directly in percentage of 
ground surface covered. 

1 A contribution from Squaw Butte- 
Harney Experiment Station, Burns, 
Oregon. Operated and financed 
jointly by the Crops Research Di- 
vision, Agricultural Research Serv- 
ice, U. S. Department of Agricul- 
ture and the Oregon Agricultural 
Experiment Station. Published with 
the approval of the Director, Or- 
egon Agricultural Experiment Sta- 
tion, Corvallis, Oregon as Technical 
Paper No. 1196. 

The principle is that in a the- 
oretical circular plot drawn 
around each plant, the area ra- 
tio of plant: plot is constant. For 
instance, with a plant:plot area 
ratio of 1: 100 the plants are al- 
ways 1 percent of the plot areas. 
Then the number of plots over- 
lapping a given point may be 
counted and expressed directly 
as plant-cover percentage. 

With a plant: plot area ratio of 
1: 100, the corresponding radius 
ratio of 2 circles is 1: 10. The ra- 
dius ratio of 1: 10 describes an 
angle of 11’29’. That is, the an- 
gle will just include a small 
circle having a radius l/l0 as 
long as the distance of its center 
from the vertex of the angle. 
Thus, ground cover may be esti- 
mated by counting those plants 
that fill the angle when the ver- 
tex is fixed at a selected sam- 
ple point. It is well to empha- 
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F., Mex. 

GENTRY, H. S. 1957. Los pastizales 
de Durango. Instituto Mexican0 
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Sonoran desert. Vol. I. Carnegie 
Institution of Washington. Publ. 
591. Washington, D. C. 

size that the sample is a point, 
and that the objective is to count 
the theoretical plots which over- 
lap at the point. The angle serves 
that objective because each plant 
that fills the angle has a plot 
that overlaps (includes) the 
sample point. 

This paper presents an instru- 
mentation of Bitterlich’s plotless 
method for sampling basal 
ground cover of bunchgrasses, 
and compares results obtained 
by this method with results ob- 
tained by line interception (Can- 
field, 1941). 

Procedure 

Application of Bitterlich’s plot- 
less method requires an angle 
which is rotated in a complete 
circle about a selected sampling 
point as an observer views the 
vegetation. Consequently, an 
acute angle (described by the 
plant: plot radius ratio of 1: 10 
was prepared by welding 1% 
inch angle iron (Figure 1). The 
arms extended about 4 feet, and 
further extension of the angle 
was accomplished with a 
straightedge when viewing large 
grass clumps beyond reach of the 
frame. A S-inch hole drilled at 
the vertex of the angle permitted 
pinning to selected sampling 
points. 
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Oregon. Operated and financed 
jointly by the Crops Research Di- 
vision, Agricultural Research Serv- 
ice, U. S. Department of Agricul- 
ture and the Oregon Agricultural 
Experiment Station. Published with 
the approval of the Director, Or- 
egon Agricultural Experiment Sta- 
tion, Corvallis, Oregon as Technical 
Paper No. 1196. 

The principle is that in a the- 
oretical circular plot drawn 
around each plant, the area ra- 
tio of plant: plot is constant. For 
instance, with a plant:plot area 
ratio of 1: 100 the plants are al- 
ways 1 percent of the plot areas. 
Then the number of plots over- 
lapping a given point may be 
counted and expressed directly 
as plant-cover percentage. 

With a plant: plot area ratio of 
1: 100, the corresponding radius 
ratio of 2 circles is 1: 10. The ra- 
dius ratio of 1: 10 describes an 
angle of 11’29’. That is, the an- 
gle will just include a small 
circle having a radius l/l0 as 
long as the distance of its center 
from the vertex of the angle. 
Thus, ground cover may be esti- 
mated by counting those plants 
that fill the angle when the ver- 
tex is fixed at a selected sam- 
ple point. It is well to empha- 

ENTO. 1939. At 1 as Climatologico 
de Mexico. Tacubaya, Mexico, D. 
F., Mex. 

GENTRY, H. S. 1957. Los pastizales 
de Durango. Instituto Mexican0 
de Recursos Naturales Renovables, 
A. C. Mexico, D. F., Mex. 

HITCHCOCK, A. S. 1913. Mexican 
grasses in the U. S. National Her- 
barium. C. N. H. 17: 181-388. 

LEOPOLD, A. S. 1950. Vegetation 
zones of Mexico. Ecology 31(4) : 
507-518. 

SHREVE, F. 1951. Vegetation of the 
Sonoran desert. Vol. I. Carnegie 
Institution of Washington. Publ. 
591. Washington, D. C. 

size that the sample is a point, 
and that the objective is to count 
the theoretical plots which over- 
lap at the point. The angle serves 
that objective because each plant 
that fills the angle has a plot 
that overlaps (includes) the 
sample point. 

This paper presents an instru- 
mentation of Bitterlich’s plotless 
method for sampling basal 
ground cover of bunchgrasses, 
and compares results obtained 
by this method with results ob- 
tained by line interception (Can- 
field, 1941). 

Procedure 

Application of Bitterlich’s plot- 
less method requires an angle 
which is rotated in a complete 
circle about a selected sampling 
point as an observer views the 
vegetation. Consequently, an 
acute angle (described by the 
plant: plot radius ratio of 1: 10 
was prepared by welding 1% 
inch angle iron (Figure 1). The 
arms extended about 4 feet, and 
further extension of the angle 
was accomplished with a 
straightedge when viewing large 
grass clumps beyond reach of the 
frame. A S-inch hole drilled at 
the vertex of the angle permitted 
pinning to selected sampling 
points. 
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FIGURE 1. An acute angle was prepared by 
welding I$$-inch angle iron and drilling a 
l/--inch hole at the vertex. 

Eight lOO-foot transects were 
established on sagebrush-bunch- 
grass range which had previous- 
ly been sprayed with 2,4-D for 
sagebrush control. The area had 
been grazed moderately prior to 
sampling in September 1958. 

When measuring basal ground 
cover by the line interception 
method, the interception of 
bunchgrass crowns directly be- 
low the edge of the tape was 
measured to the nearest 0.01 foot 
and recorded by species. When 
sampling with the angle, 10 
points were established at lo- 
foot intervals along the tape be- 
ginning 5 feet from the origin. 
At each point the angle was 
pinned and rotated about the full 
circle while the observer counted 
all clumps of grass by species, 
which filled the angle at ground 
level. Each count gave one per- 
cent cover. Basal ground cover 
data were recorded separately 
for each sampling point. It 
should be observed that plants 
appearing to exactly fill the 
angle should be counted only 
half the time because there is in- 
sufficient precision to determine 
whether the respective plots just 
include or exclude the sample 
point. 

Two observers read each tran- 
sect by each method in random 
order without preliminary prac- 
tice; however, each observer had 
considerable previous experience 
with line interception. An assist- 
ant was employed by each ob- 
server for recording data and 
reading time. 

Transects, methods, and ob- 
servers were compared in terms 
of percentage basal ground 
cover, number of individual 
plants sampled, number of spe- 
cies sampled, and minutes of 
reading time by standard an- 
ayses of variance. 

Resulfs 

Mean squares for relating vari- 
ance to difference among tran- 
sects, between methods, and be- 
tween observers are presented in 
Table 1. Methods alone intro- 
duced signif icant variance in 
basal ground cover, number of 
plants encountered, and number 
of species encountered. How- 
ever, reading time varied signifi- 
cantly among transects, between 
methods, and between observers. 

Basal ground cover estimates 
with the angle were 40 percent 
higher than those obtained by 
line interception (Table 2). How- 
ever, the difference between 
methods was not consistent 
among species (Table 3). By 
average, species dominance was 
in the same order for each meth- 
od. However, the order of domi- 
nance between the 2 most abun- 
dant species was different be- 
tween observers when measured 

Table 1. Mean squares for relating 
observers. 

by line interception. Differences 
among species were smaller and 
the order of dominance was less 
consistent by line interception. 

The angle sample (10 points) 
included 70 percent more in- 
dividual plants and 13 percent 
more species per transect than 
that obtained by line intercep- 
tion. However, it must be noted 
that the number of plants in- 
cluded in the angle samples were 
not measures of frequency of oc- 
currence. Rather, individual spe- 
cies were counted in direct pro- 
portion to their dominance in 
basal ground cover. Frequency 
of occurrence and average inter- 
ception length by species, as may 
be computed from line intercep- 
tion data, provide advantages for 
this method over Bitterlich’s 
plotless method. The apparent 
advantage of more plants and 
species encountered with the 
angle is a relative indication of 
sampling intensity that could re- 
verse between methods with 
equivalent sampling intensities. 

Average reading times were 
10.6 and 18.5 minutes per tran- 
sect respectively for 100 feet of 
line interception and 10 points 
with the angle (Table 2). How- 
ever, when reading times by 
methods were compared at equal 
sampling intensities, the plotless 
method required l/9 as much 
reading time (Table 4). The 
number of observations required 
for an adequate sample of 
ground cover was estimated to 
be 44, lOO-foot lines of intercep- 
tion and 28 points with the angle. 

variance fo transects, methods. and 

Variance among sources in terms of: 

Basal 
Source of Degrees of ground Number of Number of Reading 
variation freedom cover plants species time 
Transects 7 2.6 142 0.4 15.4* 
(M)ethods 1 55.7”” 10,841** 4.0** 504. ** 
(0) bservers 1 1.8 75 0.0 294. ** 
MxO 1 0.1 0 1.0 4.0 
Error 21 1.6 113 0.5 4.4 

* Significant at the 5-percent probability level. 
** Significant at the l-percent probability level. 
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Table 2. Mean transect values comparing line interception with Bitferlich’s 
plofless method.’ 

Percent Number of Number of Minutes of 
Sampling methods ground cover plants species reading time 

Line interception 
Bitterlich’s 
plotless method 
5% L.S.D. 

6.3 52 5.2 10.6 

8.9 89 5.9 18.5 
0.9 8 0.5 1.5 

*A transect with line interception was 100 feet long and with Bitterlich’s 
method was 10 points at regular intervals along the line. 

Consequently, a single point with 
the angle provided more con- 
sistent information regarding to- 
tal ground cover than did 100 
feet of line interception. 

A single point with the angle 
included an average of just 3.4 
species. Samples of 2, 3, 4, and 
5 points per transect drawn from 
the data included an average of 
4.2, 4.7, 5.0, and 5.2 separate spe- 
cies, respectively. Thus, 5 points 
per transect recorded as many 
species as 100 feet of line inter- 
ception. Five points per tran- 
sect may be recommended, as 
this would (theoretically) record 
each species providing a basal 
ground cover of 0.2 percent or 
more. Only 5 species were so 
abundant in the present data. 
With 5 points per transect an 
adequate sample included 6 tran- 
sects per macro-plot under the 
conditions studied. 

Discussion and Conclusions 

Bitterlich’s plotless method 
gave a surprisingly large time 
advantage over line interception 
and is worthy of further con- 
sideration. The saving in time, 
however, must be weighed 
against losses of information on 
frequency of occurrence among 
species and average clump size 
by species, which may be com- 
puted from line interception 
data. 

It is of interest to give further 
consideration to the higher 
ground-cover estimate obtained 
with the angle. A comparison of 
methods by individual species 
indicated considerable disparity. 

Consider, for instance, the 3 most 
abundant species presented in 
Table 3. The ground-cover esti- 
mates for A. spicatum and K. 
cristata were much higher with 
the angle than with line inter- 
ception. However, the ground- 
cover estimates for P. secunda 
were essentially equal. This dis- 
parity may have been because of 
clump size, shape, and stem 
density within the clumps. The 
assumption of circular plants is 
realistic for tree d.b.h., but is 
less realistic for clumps of grass. 
P. secundu grew in small round 
clumps, but K. cristutu and espe- 
cially A. spicutum often formed 
large clumps having dead por- 
tions and irregular shapes. In 
line interception dead portions 
and irregular contours often 
caused interruption in measure- 
ments, which in turn created dis- 
parity in the consideration of the 
number of individuals of each 
species intercepted (frequency 
of occurrence). With the angle 
it would be difficult to establish 
rules for omitting dead portions 
of clumps or for reconciling ir- 
regular shapes. In the present 
study all continuous clumps of 
grass that filled the angle were 
counted without adjustment. 
Perhaps this disparity would con- 
stitute a problem in some in- 
vestigations. Cooper (1957) pre- 
sented similar disparities among 
shrub species; however, his data 
were not interpreted in terms of 
qualitative differences between 
methods. In his data the plotless 
method gave estimates that were 
102,140, and 107 percent as much 

as line interception, respectively, 
for creosote bush, palo Verde, 
and burroweed. 

The authors believe that it is 
expedient to employ an assistant 
to record data obtained by line 
interception, but that an assist- 
ant is unnecessary when the 
angle is used. Assistants were 
employed with each method in 
the present study. Although we 
cannot expand the implication of 
this opinion regarding the im- 
portance of an assistant, it is well 
to note that the recording and 
compilation of data obtained 
with the angle was simple and 
fast. In consequence, other 
workers using the angle might 
obtain even greater time ad- 
vantage than is reported. 

Since it is a common practice 
to stratify large areas and choose 
by restricted randomization the 
locations for macroplots (which 
are subsequently sampled thor- 
oughly) , it is presumed that the 
time-advantage reported would 
be generally applicable. How- 
ever, under the sampling condi- 
tions selected for the present 
study, there was only slight in- 
terference by sagebrush. The 
time advantage would probably 
have been much less if sampling 
had been conducted under a 
sagebrush overstory because the 
angle frame employed was cum- 
bersome when brush was en- 
countered. 

Summary 
Bitterlich’s plotless method 

was tested as a method for sam- 
pling basal ground cover of 
bunchgrasses. A suitable acute 
angle (described by the plant: 
plot radius ratio of 1: 10) was 
prepared by welding 11/2-inch 
angle iron and drilling a 1/d-inch 
hole at the vertex of the angle 
for pinning to selected sampling 
points. Basal ground cover about 
a point was determined by 
counting each plant that filled 
the angle. Each count gave 1 
percent in basal ground cover. 

Sample data obtained with the 
angle were compared with line 



BITTERLICH’S PLOTLESS METHOD 9 

Table 3. Species dominance in basal ground cover by line interception and 
Bifferlich’s plofless method. 

Percent basal ground cover by: 

Line interception 
Bitterlich’s 

plotless method 

Species A” B Average A B Average 

Agropyron spicatum 2.0 
Koeleria cristata 2.5 
Poa secunda 1.4 
Stipa thurberiana 0.5 
Festuca idahoensis 0.1 
Sitanion hystrix 0.1 
Oryzopsis hymenoides tb 
E lymus cinereus 

2.3 2.2 
1.7 2.1 
1.2 1.3 
0.4 0.4 
0.2 0.2 
0.1 0.1 

t 

3.6 3.4 3.5 
3.2 2.9 3.0 
1.2 1.2 1.2 
0.5 0.6 0.6 
0.5 0.5 0.5 
0.1 0.1 0.1 
t t t 
t t 

aCapital letters A and B identify observers. 
bTrace. 

interception data. When the ground-cover estimates were 40 
methods were compared at equi- percent higher, differences 
valent sampling intensities, the among species were larger, and 
angle required l/9 as much time the order of species dominance 
as line interception. Basal was more consistent with the 

Table 4. Average number of samples and relative time required fo obtain 
equal intensify in sampling” with line interception and Bitferlich’s plof- 
less method. . 

Sampling method 
Number of Reading time 

Observer samplesb Minutes/sample Total 

Line interception 
(100 feet per sample) 

Bitterlich’s plotless 
method 
(one point per sample) 

A 44 13.2 586 
B 43 7.9 340 

Average 44 10.6 464 

A 22 2.2 48 
B 34 1.5 51 

Average 28 1.8 50 

“Sample in which the variance is 10 percent of mean basal ground cover at 
the 5 percent level of probability. 

bEstimated from N = t2s2/(x-m)2. 

angle 
tion. 

The 
plants 

1 than with line intercep- 

assumption of circular 
is realistic for tree d.b.h., 

but is less so for clumps of grass. 
Ground-cover estimates for spe- 
cies growing in large irregular- 
shaped clumps were higher with 
the angle than with line inter- 
ception; however, estimates for 
species growing in small, round 
clumps were essentially the 
same with each method. Perhaps 
this disparity would constitute a 
problem in some investigations. 

The authors believe that it is 
expedient to employ an assistant 
to record data obtained by line 
interception but that an assistant 
is unnecessary when the angle 
is used. 

The time advantage would 
probably have been much less if 
sampling had been conducted 
under sagebrush overstory, be- 
cause the angle frame employed 
was cumbersome when brush 
was encountered. 
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During the past several years 
scientists have devoted consider- 
able study to the effect on plants 
of the recently available plant 
growth substance, gibberellic 
acid. Among the numerous re- 
sponses reported are some ap- 
pearing to have possible appli- 
cation to forage production on 
range, although these responses 
usually have not been studied 
using range species. Increased 
dry weight and stimulated 
growth at low temperatures are 
reported behaviors of this type. 

Freitas, McClung, and Quinn 
(1957) reported significant fresh 
and dry weight increases in the 
Brazilian pasture grass, Panicum 
maximum, during winter months 
following foliar sprays with gib- 
berellic acid. Leben and Barton 
(1957) obtained significant dry 
weight increases in Kentucky 
bluegrass in Indiana when har- 
vested November IO, having been 
sprayed 15 days earlier with this 
chemical. Wittwer and Bukovac 
(1957a) found that winter dor- 
mant Kentucky bluegrass re- 
sumed vigorous growth in Mich- 
igan within a few days after be- 
ing sprayed in March. These in- 
vestigators (1957b) also noted 
that adequate fertility, particu- 
larly nitrogen, aided in stimulat- 
ing growth following the hor- 
mone spray, and that the effect 
of spraying might persist for 2 
to 6 months. 

Other work provides less 
promise that beneficial uses may 
be found for range. Marth, Au- 
dia, and Mitchell (1956) sur- 
veyed the response of many 
plants to the hormone and found 
that behavior differed pro- 
nouncedly among species with 

California 

some being little affected by 
treatment. Youngner (1958) re- 
ported that although dry weight 
of clippings was increased in 
Zoysia grasses, treatment with 
gibberellic acid did not improve 
the rate of turf establishment. 
Field applications have been 
made in England by Morgan and 
Mees (1956) who found that al- 
though the dry weight of forage 
cut after gibberellic acid applica- 
tion was increased at the first 
cut, it decreased at the second 
cut resulting in no significant in- 
creased yield from the sward. 

Both the stimulation of growth 
at seasons when low tempera- 
tures normally retard growth 
and the increases in dry weight 
of forage frequently reported 
following treatment with gibber- 
ellic acid, appear to be features 
warranting additional study on 
range species growing under 
range conditions. The present 
study was undertaken with these 
objectives in mind. 

Materials and Methods 

Throughout these studies the 
potassium s a 1 t of gibberellic 
acid1 was used at 100 p.p.m. in 
water to which detergent2 at 1 
C.C. per liter was added as a 
spreader. A single spray was ap- 
plied to the foliage. Plants in 
the greenhouse were wetted 
with the spray to the point of 
slight run-off from the leaves. 
Seventy-three gallons of solu- 
tion per acre was used in the 
field spraying which resulted in 
an application rate of 1 ounce of 
gibberellic acid to the acre. 

A number of species were 
screened for response in the 
greenhouse. These were planted 
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in ‘I-inch clay pots, in steam- 
sterilized soil, and sprayed when 
approximately 3 weeks old. Con- 
trols were sprayed with water 
containing detergent only. Tem- 
peratures ranged from 68” to 80” 
F. Observations were made to 6 
weeks after spraying when dry 
weight, maximum plant height 
(to the tip of longest leaf), and 
number of culms were recorded. 

Field applications were made 
on native annual range at two lo- 
cations in California; namely, at 
the Forest Service San Joaquin 
Experimental Range and at the 
University’s Hopland Field Sta- 
tion. At both sites the effect of 
spraying range fertilized at sev- 
eral levels was studied. 

Vegetation at the San Joaquin 
Range consisted primarily of 
soft chess (Bromus mollis) and 
broadleaf f ilaree (Erodium bot- 
rys). The area was burned over 
before autumn rains on Septem- 
ber 25, 1957. A split plot design 
was established using ammo- 
nium nitrate at rates of 0, 30 
and 100 pounds of N to the acre, 
with gibberellic acid either not 
applied or sprayed on November 
7, 1957, or March 7, 1958. The 
fertilizer was applied October 12, 
1957. Individual plots were 10 
by 25 feet and replicated 6 times. 
Relative vigor and plant height 
was recorded during growth. On 
May 6-9, 1958, 3 square-foot 
quadrants were cut at ground 
level from each plot, air dried 
on benches in a warm green- 
house, and weighed. 

At Hopland, where a similar 
procedure was planned, the veg- 
etation consisted primarily of 
soft chess, ripgut brome (Bromus 
rigidus), slender wild oats 
(Avena barbata), and broadleaf 
filaree with scattered clumps of 
purple stipa (Stipa pulchra). The 
proportion of filaree was much 
less than at the San Joaquin 

1 Gibberelk acid, bearing the trade 
mark “Gibrel” was kindly supplied 
by Merck and Co., Inc. 

2 Either Tween-20 (Atlas Powder 
Co.) or X-77 (Colloidal Products 
Corp.) 
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Range. The vegetation was 
mowed before treatments were 
applied. Since it was known that 
this site responded to both nitro- 
gen and phosphorus, both were 
employed in the fertilizer treat- 
ments. Again gibberellic acid 
was applied at one of two dates, 
either November 5,1957, or April 
10, 1958. Fertilizer applications 
were made on October 29, 1957, 
using urea as the source of nitro- 
gen and treble superphosphate 
for the phosphorus. Nitrogen 
levels of 0, 30, and 100 pounds 
of N per acre were applied with 
and without phosphorus at 200 
pounds per acre. A factorial de- 
sign was employed having four 
replications with individual plots 
being 10 by 25 feet in size. 

Alteration of the schedule at 
Hopland was required by the ab- 
normally warm wet winter of 
1957-58 which resulted in un- 
usually abundant growth and by 
persistent rain which prevented 
field operations. Lodging of the 
rank growth necessitated mow- 
ing and raking the area after 
the first sampling of 3 quadrats 
per plot on March 3. Rains de- 
layed the spring spraying until 
April 10, and these plots were 
then sampled on May 13. All 
samples at Hopland were dried 
in a forced draft oven before be- 
ing weighed. 

Resulfs and Discussion 
Greenhouse Study 

Five species were selected for 
evaluation of response to gibber- 
ellic acid in the greenhouse. 
These were planted at a mini- 
mum of 10 replications in a soil- 
sand mix to which no fertilizer 
was added. At the time of spray- 
ing, approximately 3 weeks after 
planting, the filaree was in the 
lo-leaf stage (a rosette), annual 
ryegrass (Lolium multiflorum) 
had 6-8 leaves, nodding stipa 
(Stipa cernua) had 4-7 leaves, 
and two bromes had 3-4 leaves. 
In the grasses the younger vis- 
ible internodes elongated notice- 
ably after spraying, and treated 
plants appeared paler in color 

though outgrew this condition 
in time. The filaree responded to 
treatment by a broadening of 
leaf blades and increase in peti- 
ole length with petioles assuming 
an upright habit. 

The resulting measurements 
are presented in Table 1. All ex- 
cept annual ryegrass responded 
with increased plant height, 
while the ryegrass exhibited an 
increase in culms per plant. Only 
in the case of prairie bromegrass 
(Bromus catharticus) was a sig- 
nificant increase in top weight 
obtained. Roots were not in- 
cluded in these weights, though 
it is recognized that in future 
studies they should be con- 
sidered. The appearance and 
growth habit of prairie brome- 
grass treat e d with gibberellic 
acid is shown in Figure 1. 

Plantings at other seasons were 
observed in the greenhouse. The 
same growth response by a spe- 
cies was not always obtained, 
indicating that variables such as 
temperature, age of plant when 
treated, and perhaps light, influ- 
ence the response to spray appli- 
cation. 

San Joaquin Range Field Trial 

At the San Joaquin Range 
moisture and temperature condi- 
tions were favorable for plant 
development and growth was ap- 
proximately normal. Twenty- 

FIGURE 1. Prairie bromegrass seven weeks 
after spraying at the 2-leaf stage with gib- 
berellic acid. Left-hand pot is the control. 
Background lines are 6 inches apart. 

nine inches of rain was received, 
well distributed from November 
through April. Temperatures 
were low enough to retard 
growth until March. The vigor- 
ous spring growth, though rank, 
remained erect until harvest in ’ 
May. 

Results of this trial are pre- 
sented in Table 2. No significant 
difference was obtained at har- 
vest in the November 7 spray 

Table 1. Weight, height, and nuniber of culms per plant for five species 
unsprayed and sprayed wiih gibberellic acid (100 p.p.m.1 23 days 
after planting and harvested 48 days after spraying. 

Species 

Broadleaf Soft Annual Nodding Prairie 
Item filareel chess1 ryegrass stipa bromegrass 

Plants per replication 5 8 8 6 8 
Dry weight gms., 

treated 3.81 3.50 6.88 2.90 6.68* 
Dry weight gms., 

untreated 4.20 3.24 6.76 2.42 5.47 
Heighta, cm., treated 11.6** 43.0** 36.8 48.7”” 100.6** 
Heightz, cm., untreated 4.6 31.5 31.7 40.3 59.7 
Culms, treated ________ 4.8 22.3* 16.2 2.0 
Culms, untreated ________ 5.8 17.3 14.8 2.2 

*Significantly greater than untreated at 5 percent level. 
**Significantly greater than untreated at 1 percent level. 
1 Harvested 41 days after spraying. 
2 Height to tallest left tip. 
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Table 2. Average air-dry weigh1 in grams of fop growth of replicated age into components as used at 
square-foot samples at the San Joaquin Range clipped May 6-9, the San Joaquin Range did not 
1958, following fertilizer treatments on October 12. 1957. and gib- 
berellic acid application on November 7, 1957, or March 7. 1958. 

reveal noticeable response by 
particular species. 

Nitrogen, lbs. per acre 

Gibberellic acid 0 30 100 

0 40.25 55.00 
1 oz. per acre on Nov. 7 44.67 54.34 
1 oz. per acre on Mar. 7 59.84 79.17 

Gibberellic acid treatments, LSD (5%) = 8.22; (1%) = 11.08. 
Nitrogen treatments, LSD (5%) = 9.14; (1%) = 12.99. 

76.57 
71.21 
95.39 

Interaction not significant. 

treatment. In late November and 
December these plants exhibited 
evidence of response, mainly in 
height, but this increase was not 
maintained during the ensuing 
months. The March 7 spray, 
however, resulted in highly sig- 
nificant increases in dry weight 
at all nitrogen levels. The re- 
sponses to fertilizer were sig- 
nificant, but no significant inter- 
action between fertilizer and 
gibberellic a c i d was .obtained. 
The March application of 
gibberellic acid produced height 
increases in the soft chess which 
persisted until harvest. These 
ultimately averaged from 3 to 4 
inches. The greatest percentage 
increase in total dry weight oc- 
curred in the unfertilized plots, 
with progressively less increase 
attributable to the spray being 
obtained as the nitrogen level 
was increased. The actual dry 
weight gain per plot, however, 
was very similar at all fertilizer 
levels. 

There was a noticeable in- 
crease both in size of filaree and 
in its earliness of flowering in 
the plots of the March 7 spray- 
ing. To evaluate differences in 
response among species, samples 
of this date and of the controls 
were separated into grasses, fil- 
aree, and forbs other than fil- 
aree. The separations revealed 
that the grass and forb-other- 
than-filaree components, al- 
though slightly increased in 
weight, contributed proportion- 
ately less to the total harvest fol- 
lowing spraying on March 7 than 
they did to the controls. The 

filaree component, however, in- 
creased in weight, and in percent 
of the total yield by 13 to 15 per- 
cent regardless of the fertilizer 
treatment. This accounted for 
much of the gain in dry weight 
shown by the sprayed herbage. 
The conditions which contrib- 
uted to this increase by filaree 
are not known. The species does 
not always respond in this man- 
ner to gibberellic acid as evi- 
denced in Table 1. 

Hopland Field Trial 

Autumn rains commenced at 
Hopland in September and con- 
tinued into May. Forty-nine 
inches of precipitation was re- 
ceived from November through 
April, with 28 inches of this com- 
ing in January and February. 
Temperatures w e r e unusually 
warm with only an occasional 
light frost. When fertilizer was 
applied in late October, the 
grasses were approximately 3 
inches high. By the end of Feb- 
ruary, at the high fertilizer lev- 
els, growth was rank and lodged 
with some rotting commencing 
in the rain-packed herbage. A 
few clear days permitted samples 
to be clipped on March 3. 

Dry weights are presented in 
Table 3. The only significant 
differences obtained were be- 
tween fertilizer levels. This was 
not unexpected, since the sole 
detectable effect of the Novem- 
ber 5 treatment had been the 
characteristic light green color 
of sprayed plants, a condition 
which disappeared after a few 
weeks. Separation of the herb- 

Following the first sampling 
the entire area was mowed and 
raked, in preparation for the 
second spray which was delayed 
by rain until April 10. The dense 
growth of the “100 N-200 P” plots 
had crowded out smaller plants 
so that only scattered stubble of 
the larger species remained for 
the second spray. However, uni- 
form vegetation was available in 
the control and 30 N plots. 

Samples were clipped on May 
13. By this time the fertilizer 
treatments had leached and little 
difference appeared among the 
fertilizer applications of t h e 
previous October. The gibberel- 
lit acid spray did not produce 
signif icant differences in re- 
growth of the plots. 

The 1957-58 season was too 
mild at both test sites to gain re- 
liable information on the growth 
of treated plants at low tempera- 
tures. 

Range vegetation in the field 
appears to offer several obstacles 
to the successful use of gibber- 
ellic acid. Areas are so extensive 
that the use of more than a 
single application is not feasible. 
Furthermore, the vegetation is 
composed of numerous species 
in various stages of development. 
The likelihood of producing 
growth stimulation in most of 
these by a single spraying is re- 
mote, when we recognize that 
species differ in response, and 
also that within a species stage 
of development may affect re- 
sponse. It is possible that as 
more information is obtained 
concerning the action of gibber- 
ellic acid in relation to tempera- 
ture, moisture, light, fertility, 
and to stage of plant develop- 
ment, more specific uses may be 
suggested. 

Summary 

The growth of range species 
was studied both in the green- 
house and in the field in re- 



Table 3. 

RESPONSES TO GIBBERELLIC ACID 13 

Average oven-dry weight (grams) of herbage from replicated stimulation at the same time on 
square-foot areas af Hopland clipped March 3, 1958 following fer- a sizeable proportion of the 
filizafion on October 29, 1957 and gibbekllic acid application on 

- . 

November 5, 1957. 
range flora is remote. As more 
information is accumulated on 

Gibberellic acid gibberellic acid it is possible that 

Fertilizer 1 oz. per acre None specific uses may be indicated. 

(Pounds per acre) 
None 
30 N 
100 N 
200 P 
200 P, 30 N 
200 P, 100 N 

19.41 18.89 
26.83 25.41 
35.18 34.41 
24.10 28.23 
30.72 36.91 
33.14 31.72 

Fertilizer treatments, LSD (5 percent) = 5.54; (1 percent) = 7.45 

sponse to a single foliar spray of 
gibberellic acid in solution at 
100 p.p.m. The field tests were 
at two locations on sites fertil- 
ized with nitrogen alone or nitro- 
gen and phosphorus. 

Following spray treatment 
p 1 ant s generally responded by 
showing a paler green color and 
a tendency toward greater 
height. The effect of fall spray- 
ing in the field did not persist 
overwinter. In 0 n e instance 
spraying in early March resulted 
in significant increases in dry 
weight of herbage when harv- 
ested two months later. Though 
responses to fertilizer w e r e 
marked, no significant interac- 
tion between gibberellic acid and 
fertilizer was obtained. 

Species differed in response to 
the foliar spray and the same 
species was not consistent in re- 
sponse. In the greenhouse trials, 
signif icant increase in dry 
weight of top growth was ob- 
tained with prairie bromegrass 
but not broadleaf filaree. The 
one significant increase in dry 
weight of herbage obtained in 
the field was attributed primar- 
ily to an increased growth of 
broadleaf f ilaree. 

With our present state of 
knowledge the use of gibberellic 
acid on range to increase forage 
production does not appear justi- 
fied. On such extensive areas 
the use of more than a single ap- 
plication is not feasible, and the 
likelihood of inducing growth 
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Physiological Responses of Big Sagebrush to 
Different Types of Herbage Removal 
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Studies dealing with various 
intensities of artificial removal 
of herbage from browse plants 
always bring up the problem of 
how to select the material to be 
harvested. Should it be a pre- 
scribed percentage of each twig, 
based upon total length or 
weight; or should it be a pre- 
scribed percentage of the total 
current growth present on the 
plant. In the latter case, it would 
not matter how much of each 
twig was harvested or where the 
twig was located on the plant as 
long as the approximate prede- 
termined percentage of the 
whole was harvested. 

During the spring of 1956, on 
desert sagebrush types of central 
Utah, a study was initiated to 
determine how big sagebrush 
(Artemisia tridentata) respond- 
ed to two different types of herb- 
age removal. At each of two lo- 
cations, ten pairs of plants were 
permanently marked for study. 
One plant of each pair was har- 
vested by removing one-half of 
the current growth of each ttiig 
over the entire plant; the other 
was harvested by removing all 
of the current year’s growth 
from only one-half of the plant. 
Thus, to begin with, approxi- 
mately equal weight of herbage 
was removed from each plant 
under each treatment. The plants 
were harvested each spring for 
three years, about March 1, just 
before active spring growth was 
apparent. 

Results 
Herbage Responses 

Plants that were harvested by 
removing all of the current 
growth on one-half of the plant 
displayed considerably more 
dead material at the end of the 

three years of treatment than 
the plants harvested by clipping 
one-half of each twig- over- the 
entire plant (figure 1) . 

In the first case there was an 
average of 272 square inches of 
dead material per plant at the 
end of three years of treatment, 
compared to only 75 square 
inches of dead material for the 
plants in the second case (table 
1). There were no completely 
dead plants in either group, but 
in most cases where all of one- 
half the plant was harvested- 
that half of the plant was dead 
by the end of three years. How- 

FIGURE 1. The top picture shows the right 
side of the plant dead as a result of de- 
foliation for 3 years, but the other half 
more vigorous than the control plants. The 
lower picture shows general loss of vigor 
in the plant to the right as a result of har- 
vesting one-half of the current growth over 
all of the plant, compared to the unclipped 
plant on the left. 

ever, the half of the plant that 
was unclipped grew more vigor- 
ously than plants receiving no 
treatment (table 2). The current 
twig growth on control plants 
averaged 32.8 millimeters in 
length, compared to 57 milli- 
meters on the unharvested por- 
tion of treated plants. In spite 
of death of half of the plant 
treated, the remaining half pro- 
duced as many seedheads as un- 
treated plants (table 2). 

Chemical Responses 

Plants that were harvested by 
clipping all of the current growth 
from one-half of the plant pro- 
duced somewhat higher percent- 
ages of lignin and cellulose, 
whereas plants harvested by 
clipping one-half of each twig 
over the entire plant produced 
higher percentages of ether ex- 
tract, protein, and other carbo- 
hydrates. In both types of har- 
vesting, the ether extract, pro- 
tein, cellulose, and phosphorus 
increased from 1956 to 1958; and 
ash, lignin, other carbohydrates, 
and gross energy decreased 
(table 3). 

Roof Responses 

On plants which had all of the 
foliage removed from half of the 
plant, most of the roots on the 
harvested side of the plant were 
dead or almost so; however, they 
were rapidly being replaced by 
roots from the other side of the 
plant. No major roots had grown 
from the living side to the dead 
side, but numerous small tertiary 
roots were growing into that side. 
This indicates that manufactured 
food is not translocated laterally 
from the leaves on one side to 
the roots on the other. 

Discussion 

McMurtrey (1937) stated that 
radial transfer of solutes from 
xylem to phloem or vice versa 
appears to occur along the vascu- 
lar rays, but translocation from 
one side of the plant to the other 
is not understood. 

Most findings strongly support 

14 
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Table 1. Average vigor and yield measuremenfs on 20 paired sagebrush planfs harvesfed by fwo differenf mefh- 
ods for fhree years. Measuremenfs were faken in fhe fall over fhe enfire planf. regardless of freatmenf. 

Harvesting 
treatment Year 

Length Length Number Herbage 
of of of yield 

vegetative seed- seed- Cover per 
twig stalk stalks Live Dead plant 

All of half 
of the plant 

Half of all 
of the plant 

Differences 

~- 

1956 
1957 
1958 
1956 
1957 
1958 
1956 
1957 
1958 

*Significant at the .05 level 
**Significant at the .Ol level 

the theory that little or no cross- 
transfer of food occurs in tissue 
already formed. There is, how- 
ever, some evidence that new 
secondary tissue may develop 
from one side of the plant to 
the other (MacDaniels and 
Curtis, 1930). 

McMurtrey (1937) found that 
when mineral elements were 

FIGURE 2. A sagebrush plant with the left 
side dead as a result of a single harvesting 
of all of one-half of the plant for 3 succes- 
sive years. 

withheld from the roots, mineral 
deficiencies appeared on that 
side of the plant only. Caldwell 
(1930) found, by shading leaves 
on one side of a turnip, that the 
sugar content of that side of the 
root was considerably less. 

Auchter (1923) concluded that 

(mm> (mm> 
22.4 82.7 
53.4 158.0 
32.1 72.3 
24.6 85.1 
57.9 118.1 
24.7 37.6 
-2.2 -2.4 
-4.5 39.9 
7.4” 34.7 

232.3 
217.6 
106.9 
245.2 
196.6 
41.8 

-12.9 
21.0” 
65.1** 

kxl. inches) h3-M 
199.8 17.3 56.53 
205.2 189.4 21.03 
208.1 272.2 25.57 
225.0 10.8 51.26 
211.7 44.3 29.02 
220.7 74.9 92.40 
-25.2 6.5 1.16 
-31.7 145.1** -7.99 
-12.6 197.3** -66.83** 

in straight-grained trees the car- 
bohydrates from leaves are 
translocated to the roots direct- 
ly below them, but not to the 
roots on the other side of the 
tree. However, he found that 
water was readily transferred 
from roots on one side of the 
tree to leaves on the other side. 
Crane (1922) observed that trees 
with one side dwarfed as a re- 
sult of pruning had roots on that 
side that were likewise small 
compared to the other side. 

In the present study it is indi- 
cated that sagebrush reacts in 
the same manner as a straight- 
grained tree. From close obser- 
vation it is indicated that vessels 
run up and down one side of the 
plant from the tip of the twigs 

to the roots. However, branches 
of the plant may be distorted to 
the extent that the foliage does 
not always appear directly over 
the roots fastened to them. 

As shown in figures 2 and 3, 
the sagebrush plant separates 
rather easily into a number of 
apparently self-supporting units, 
including branches and roots. 

Summary and Conclusions 

It was found that clipping all 
of the current year’s growth 
from one side of the plant dur- 
ing late winter or early spring 
caused death of that one-half of 
the plant after three years of 
treatment; whereas clipping one- 
half of all the current year’s 
growth over the entire plant re- 

Table 2. Average vigor measuremenfs for fhe unharvesfed half of sage- 
brush planfs where fhe ofher half was complefely removed com- 
pared fo unfreafed planfs. 

Length Length Number 
of of of 

vegetative seed- seed- 
Year twig stalk stalks 

(mm) (mm) 
Unharvested part 1956 51.7 82.7 232.3 

of plant treated 1957 68.4 158.0 217.6 
1958 51.0 72.3 106.9 

Control plants 1956 34.6 91.5 254.0 
untreated 1957 30.0 140.7 185.1 

1958 33.1 72.8 109.1 
Difference 1956 17.1* -8.8 -11.7 

1957 38.4** 17.3** 32.5** 
1958 17.9* -0.5 -2.2 

*Significant at the .05 level 
**Significant at the .Ol level 
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Table 3. Chemical composition of maferial harvested from twenty paired sagebrush plants harvested by two dif- 
ferent methods during March before active spring growth was evident. 

Harvesting 
treatment Year 

Ether Total 
extract protein Ash 

Other 
Cellu- carbo- Phos- Gross 

Lignin lose hydrates Calcium phorus energy 

All of half 
of the plant 

Half of all 
of the plant 

1956 5.9 11.6 9.0 
1958 9.0 12.2 8.3 

1956 7.2 12.8 8.8 
1958 9.0 13.5 8.4 

(percent) (Cal/kg) 
13.0 13.1 46.5 0.97 .16 5035 
10.8 20.1 39.6 ______._ .17 4680 

12.2 12.0 47.1 1.08 .16 5162 
10.6 17.2 41.3 ____ ..__ .21 4495 _ 

duced vigor of the entire plant 
substantially, but only small iso- 
lated twigs or branches were 
killed. 

At the end of three years of 
treatment, the unharvested one- 
half of plants in the first group 
had grown so vigorously that the 
increased production about com- 
pensated for the loss of the other 
one-half of the plant. 

The study indicates that there 
is little or no translocation of 
manufactured food from one side 
of the plant to the other. Har- 
vested material from clipping all 
of the herbage from one side of 
the plant was higher in lignin 
and cellulose, whereas herbage 
from clipping one-half of each 
twig over the entire plant was 
higher in ether extract, protein, 
and other carbohydrates. 

FIGURE 3. A plant half dead and half alive, 
separated into recognizable self-supporting 
units including roots and branches, 
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Determining the percentage of 
ground covered by shrubby vege- 
tation is an integral part of range 
inventory and of range condi- 
tion and trend studies. Measure- 
ment of plant cover is used in 
making site descriptions and in 
studying brush control, seeding, 
and grazing management. A 
change in plant cover often re- 
flects a change in management 
practices. 

No accurate method of measur- 
ing plant cover has been devised. 
In most instances only an estima- 
tion of plant cover is made. How- 
ever, Smith (1944) showed that 
cover estimates vary signifi- 
cantly among individuals on dif- 
ferent days and even on the 
same day. Many range techni- 
cians, land managers, and ecolo- 
gists have recognized the need 
for a rapid, accurate, and easy- 
to-use method of measuring 
plant cover. 

The loop procedure of the 
Parker 3-Step Method is used 
widely in condition and trend 
studies. Ash-inch loop is utilized 
to obtain the plant density in- 
dex, a frequency measurement. 
Recently, Johnston (1957) em- 
ployed the loop procedure to 

1 Present address: Department of 
Range Management, Utah State 
University, Logan, Utah. 

2 The authors wish to acknowledge 
Drs. C. Wayne Cook and H. P. 
Cords for assistance with the sta- 
tistical procedures. 

measure basal area cover in 
grassland vegetation. He found 
this method detected fewer spe- 
cies and gave more variable 
data than either the line-inter- 
ception or vertical-point-quad- 
rat methods. The literature con- 
tains no other studies concerning 
the relationship between the 
plant-density-index and actual 
plant cover. 

Another widely used proced- 
ure for determining ground 
cover is the line-interception 
method described by Canfield 
(1941). Johnston (1957) found 
this method to be more time-con- 
suming but detected more spe- 
cies by its use than by either the 
loop or the point-quadrat meth- 
od. Savage (1940) found the line- 
interception method suitable for 
use in dune vegetation of the 
Southern Great Plains. Hormay 
(1949) discussed the use of this 
method for estimating density 
and yield of California bunch- 
grasses. Hanson (1950) found the 
line-interception method super- 
ior to others in mixed vegetation 
but inferior to some in dense 
grassland. 

The variable-plot method 
(Cooper, 1957) is a new procedure 
used to estimate shrub-crown 
cover. Cooper compared the vari- 
able-plot method with the line- 
interception and complete-tally 
methods in the shrub type of 
southern Arizona. The variable- 
plot method was faster and easier 
to apply and gave cover values 
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which closely approximated the 
estimates obtained by the other 
sampling techniques. 

It was , the purpose of this 
study to compare methods of es- 
timating shrub crown cover as 
used by different observers in 
stands of varying shrub cover 
and species composition. Each 
method was then evaluated in 
terms of the “true cover” as cal- 
culated from actual shrub meas- 
urements. 

Procedure 

Four sites were selected for 
study, (1) Sweetwater Flat, (2) 
Quail Canyon, (3) Calico Moun- 
tain, and (4) Spanish Springs 
Valley, all located in northwest- 
ern Nevada. Spanish Springs Val- 
ley (Fig. 1) is dominated by big 
sagebrush (Artemisia tridentata 
Nutt.) The Sweetwater Flat site 
(Fig. 2) was plowed and seeded 
to crested wheatgrass in 1950. 
This site now supports a sparse 
stand of big sagebrush. The 
Quail Canyon site (Fig. 3) is 
dominated by shadscale (Atri- 
plex confertifolia (Torr.) S. 
Wats.); the Calico Mountain site 
(Fig. 4) by whitesage (Eurotia 
Zanata (Pursch) Moq.) . 

At each site a plot of 10,000 
square feet (100 x 100 feet) was 
selected for uniformity of vege- 
tation type and topography. This 
main plot was divided into sub- 
sampling areas of a number and 
size assumed necessary to obtain 
adequate measurements of 
shrubs for calculating “true 
cover”. The number and size of 
these sampling units were as 
follows: four 25 x 25-foot sub- 
sampling areas at Calico Moun- 
tain and Spanish Springs Val- 
ley and four 25 x 50-foot sub- 
sampling areas at Quail Canyon. 
The entire main plot at Sweet- 
water Flat was sampled. The 
shrubs on each sampling unit 
were measured with a yardstick 
with 3 observers concurring on 
each measurement. Dead por- 
tions of the crown were exclud- 
ed. Two measurements were re- 
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FICIJRE 1. A dense stand of big sagebrush characterizes the study 
location in Spanish Springs Valley. 

corded for each shrub and the 
crown area calculated by the 
ellipse formula, A = Tab, where 
a and b are lengths of major and 
minor radii, respectively. 

Crown area calculated by this 
method has a high positive cor- 
relation (.99) with data obtained 
by mapping shrub crowns to 
scale and planimetering the 
crown areas (unpublished data, 
U. S. Forest Service, 1947). The 
cover calculated by the ellipse 
formula is referred to as “true 
cover” in this paper and was 
used as the standard for evalu- 
ating the accuracy of the line- 
interception, variable-plot, and 
loop methods. 

Six lOO-foot transect lines were 
established in each main plot. 
These transects originated from, 
and were perpendicular to, adja- 
cent sides of the plot at the 25, 
50- and 75-foot points. These lines 
were used for the loop-proced- 
ure and line-interception meth- 
ods. The variable plots were lo- 
cated at 6 of the transect inter- 
section points (Fig. 5). 

The 3 observers recorded the 
data for each method on the 
same plot at each location be- 
fore calculating shrub cover or 
comparing results. 

Results and Discussion 

The analysis of variance was 
calculated for the line-intercep- 
tion, variable-plot and loop meth- 

FMJRE 3. The Quail Canyon sampling area is dominated by shad- 
scale with annual forbs and grasses seasonally abundant. 

ods as used by the 3 observers at 
4 locations. Differences among 
methods and locations and their 
interaction were highly signifi- 
cant. 

Each observer had used and 
was familiar with the line-inter- 
ception and loop procedures. Ap- 
proximately one-half day was 
spent in becoming familiar with 
the variable-plot technique and 
comparing individual observers. 
Transect lines and variable-plot 
locations were not moved until 
all observers had recorded their 
readings. These factors contrib- 
uted to the low variation .among 
observers. Since there were no 
signif icant observer differences 

FIGURE 2. Sweetwater Flat, once plowed 
and seeded to crested wheatgrass, now sup- 
ports a sparse stand of big sagebrush. 

estimates for all individuals for 
each method at each location 
were averaged together with the 
means from the ellipse-formula 
method (Table 1). Statistical 
analyses of these averages are 
presented in Table 2. 

Significant differences among 
locations were expected, since 
selected sites varied widely in 
shrub cover. 

The mean percent cover value 
for the 4 methods (Table 1) was 
analyzed by Duncan’s multiple 
range test (Duncan, 1955). This 
test revealed that mean cover 
over all locations for the line-in- 
terception and ellipse-formula 
methods was not significantly 
different. The variable-plot and 
loop-procedure gave significant- 
ly higher mean-cover values than 
either the line-interception or 
the ellipse-formula method. The 
loop-procedure method gave a 
significantly higher mean value 
than the variable-plot method. 

The 4 methods gave variable 
results at different locations 
(Table 1). At each location where 
the shrub crown cover was 
greater than 5 percent, the loop- 
procedure gave the highest aver- 
age ground-cover percentage. 
Duncan’s multiple range test 
(Duncan, 1955) revealed that, 
when crown cover was 5 percent 
or less, any of the methods tested 
gave cover values which did not 
differ significantly from the 
measured or “true cover” shown 
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Table 1. Multiple range test of mean percent shrub cover for 4 
methods of estimation af 4 locations1 

Method 

Location 

Sweetwater Flat 
Spanish Springs 
Quail Canyon 
Calico Mountain 

Ellipse Line Variable Loop 
formula interception plot procedure - 

4.1” 4.1” 5.0” 4.9” 
20.9” 20.6” 23.4b 27.3” 
10.8” 13.6b 13.8b 16.0” 
18.8b 13.9” 20.7bs’ 21.8’ 

Mean for Methods 13.6” 13.0” 15.7b 17.5’ 

’ Any two means ai any one location with different superscripts are signif- 
icantly different at the .05 level. 

as the ellipse method in Table 1. 
In such instances the most rapid 
method of crown-cover estima- 
tion would be the most logical 
choice. The data show that as 
shrub cover increases, the differ- 
ences among methods become 
greater (Table 1). At Sweetwater 
Flat, cover varied from 4 to 5 
percent, and there were no sig- 
nificant differences among the 4 
methods. However, at ‘the Span- 
ish Springs location, where the 
dominant shrub is the same and 
the cover is 4 to 5 times as heavy, 
the differences among methods 
were significant and showed 
their general characteristic tend- 
ency of revealing high or low es- 
timates. At the Spanish Springs 
and Quail Canyon sites the loop 
procedure gave cover values sig- 
nificantly larger than those ob- 
tained by the other 3 methods. 
At Calico Mountain variable plot 
data were not significantly dif- 
ferent from the cover values ob- 
tained by the ellipse method or 
loop procedure, although the lat- 
ter two differed significantly 
from each other. 

The whitesage type at Calico 
Mountain and the shadscale type 
at Quail Canyon were difficult to 
sample because of the large num- 
ber of plants with partially dead 
crowns. These portions of dead 
crowns were not recorded and, 
therefore, were excluded from 
the cover values as estimated by 
the line-interception, ellipse- 
formula, and loop procedures. 
Percent of ground cover esti- 

mated by the variable-plot meth- 
od depends upon observing a 
portion of the living crown on 
both sides of the cross arm. 
Therefore, central portions of 
dead crowns were unavoidably 
included in the variable plot 
data, thus inflating the cover 
values obtained by this method. 
The inclusion of dead crown in 
data obtained by the variable- 
plot method contributed to the 
higher cover values for this 
method compared with “true 
cover”. Should some procedure 
be devised for reducing the vari- 
able-plot results by the amount 
of dead crown area, the cover 

Table 2. Analysis of variance for data 
in Table 1. 

Source of Degrees of Mean 
variation freedom squares 

Location 3 1412.9** 
Method 3 93.4* * 
Location x method 9 56.9** 
Error 72 12.4 

Total 87 

**Denotes significance at the .Ol 
level 

values obtained by this method 
would be more comparable to 
“true cover”. Even without some 
factor to reduce the variable-plot 
data by the amount of dead 
crown, estimation by this method 
did not differ significantly from 
either the line-interception or 
ellipse-formula methods, except 
at one location. 

The cover values obtained 
by the line-interception method 
were significantly different from 
those of the ellipse-formula 
method at Quail Canyon and 
Calico mountain where there 
were numerous partially dead 
shrub crowns. At Sweetwater 
Flat and Spanish Springs the 2 
methods gave similar values. At 
one of these sites the shrub cover 
was low and at the other it was 
high, but there was very little 
dead crown at either site. These 
results indicate that the line-in- 
terception method will give re- 
sults comparable to the ellipse- 
formula method over a wide 
range of shrub crown cover pro- 
vided that few partially dead 
crowns are present. 

The difficulty with any esti- 
mating method is the problem of 
obtaining a sufficient number of 
observations to sample adequate- 
ly the population being studied. 
The number of plots necessary to 
sample each study site adequate- 
ly depends upon the amount of 
variation in shrub cover. An 
analysis of observer and plot 
variations is presented in Table 
3. The coefficient of variation 
among plots and the number of 
plots necessary to sample the 
vegetation within 20 percent of 
the mean with 95 percent con- 
f idence were calculated (Snede- 
car, 1946). 

Variation among plots was sig- 
nificant with the loop-procedure 
and line-interception methods at 
all locations (Table 3). Observer 
differences were significant at 1 
location with each of these 2 
methods. 

The coefficient of variation is 
an indication of the magnitude 
of variability among individual 
plots. 

Because of the high variabil- 
ity among plots, a large sample 
is necessary to estimate crown 
cover by the line-interception 
and loop-procedure methods. 
Within the limits of accuracy es- 
tablished in this study, it would 
require from 14 to 104 plots to 
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Table 3. Analysis of observer and sample unit (transect or variable plot) 
variability. coefficient of variation (C.V.), and sample size when using 
3 methods of estimating shrub-crown cover af 4 locations. 

Mean squares, C.V., and sample size at: 

Method 
and 

Source 

Degrees Sweet- 
of water 

freedom Flat 

Calico 
Spanish Quail Moun- 
Springs Canyon tain 

Loop-procedure: 
Observers 
Sample Unit 
Obs. x Sample unit 
C.V. 
Sample size1 

Variable-plot: 
Observers 
Sample unit 
Obs. x Sample unit 
C.V. 
Sample size1 

Line-interception: 
Observers 
Sample unit 
Obs. x Sample unit 
C.V. 
Sample size1 

2 
5 

10 

2 
5 

10 

2 
5 

10 

.06 5.16” 
14.62” * 97.87” * 

.06 0.83 
78.0 % 36.2% 

100 22 

0.36 3.83 
0.40 20.79”” 
0.19 1.74 

12.6% 19.5% 
3 6 

0.01 1.97 2.36”” 
10.66*” 51.00* 92.51** 

0.08 14.61 0.31 
75.5% 34.7 % 70.7 % 

104 20 83 

2.16 6.89 
132.40** 41.42”” 

0.77 4.42 
71.9% 29.5% 
85 14 

1.84 0.10 
1.34 3.18 
1.02 3.64 
8.4% 8.6% 
1 1 

1.75 
33.91** 

2.66 
41.9% 
29 

‘Number of plots necessary to sample within 20 percent of the mean with 
95 percent confidence.. 

*Denotes significance at .05 level. 
#*Denotes significance at .Ol level. 

sample adequately the shrub 
cover by these 2 methods, assum- 
ing a valid estimate of the popu- 
lation variation can be obtained 
from the 6 samples taken. Per- 
haps 6 samples were not suffi- 
cient to predict normal popula- 
tion variation; however, many 
studies lack even this degree of 
sampling intensity. 

The line-interception method 
was the most accurate of the 
methods studied when compared 
with “true cover”, although a 
large sample is needed for the 
estimate of cover to be reliable. 
The results of this study indicate 
when shrub cover exceeds 5 per- 
cent, estimates by the loop-pro- 
cedure method are unreliable ir- 
regardless of the size of sample 
taken because of the significant- 
ly higher cover values obtained 
compared with “true cover”. 

Among-plot variation when 
sampling with the variable-plot 
method was significant at only 
one location (Table 3). There 

were no significant observer dif- 
ferences at any location for this 
method. The coefficient of varia- 
tion for the variable-plot method 
was considerably lower than 
either of the other 2 methods. 
Therefore, this method was con- 
sidered the most reliable and 
the number of plots needed to 
sample shrub cover adequately 
was small and did not exceed 
the number of plots used in this 
study. 

Advantages and disadvantages 
of the various methods of sam- 
pling were noted during the 
course of this study. The ellipse- 
formula method, although ac- 
curate, is time-consuming and 
should, therefore, be used only 
when accurate estimations of 
shrub cover are necessary. 

In addition to the extremely 
variable data obtained when 
using the line-interception and 
loop-procedure methods, is the 
time consumed in stretching and 
rewinding the steel tape. It is 

also doubtful that the tape used 
for permanent transects in 
shrubby vegetation can be relo- 
cated exactly for subsequent 
readings. 

The variable-plot method is 
rapid and easy to learn and use. 
However, when vegetative cover 
is 20 percent or more, it is diffi- 
cult to distinguish individual 
shrubs growing close together. 
This may account for the signifi- 
cant plot variation at the Spanish 
Springs site (Table 3). Where 
crown cover is dense, it may be 
necessary for the observer to 
leave the point of observation 
and determine whether there is 
only 1 large shrub or several 
small ones in a particular clump. 
Another man working with the 
observer can point out the indi- 
vidual plants when the observer 
is in doubt. In either instance, 
time and manpower are utilized. 
Cooper (1957) also found the 
method unreliable in shrub cover 
of 35 percent or greater. As a re- 
search tool, the variable-plot 
technique cannot be used to 
study minute vegetational 
changes. This method may have 
distinct advantages for use by 
land management agencies in in- 
ventory work. These agencies 
seldom have the time or person- 
nel to establish enough transect 
lines in order to get an adequate 
sample of vegetative cover. 

Summary and Conclusions 

Three methods of estimating 
shrub-crown-cover were com- 
pared by 3 observers in 4 loca- 
tions in northwestern Nevada. 

A uniform area of 10,000 square 
feet was selected at each loca- 
tion. Shrub cover was estimated 
by the line-interception, vari- 
able-plot, and loop-procedure 
methods. Sampling procedure is 
explained. 

A fourth method was used to 
determine “true cover” and was 
included in some comparisons by 
means of Duncan’s multiple 
range test. “True cover” was 
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FIGURE 4. Whitesage, protected from grazing for 20 years, is the dominant shrub on 
the Calico Mountain sampling area. 

used as a standard to evaluate 
the accuracy of 3 methods of 
estimation. 

The data were analyzed, using 
standard statistical procedures.2 
Significant differences were 
found among locations,. methods 
of estimating shrub cover, and 
the methods x location interac- 
tion. 

The line-interception method 
gave shrub values which were 
comparable to “true cover” as 
calculated by the ellipse-formula 
method. 

Cover values obtained by the 
loop-procedure method were sig- 
nificantly higher than “true 
cover”. 

Cover values obtained when es- 
timating by the different meth- 
ods varied widely from location 
to location. 

When using the loop-proced- 
ure or the line-interception 
methods a large sample is needed 
because of plot variability. 

Among-plot variation was sig- 
nificant at all locations with the 
loop-procedure and line-intercep- 
tion methods but it was signifi- 
cant at only 1 location with the 
variable-plot method. 

The variable-plot method has 
high precision because of low 
variability between plots. How- 
ever, cover estimates by this 
method are higher than “true 

cover” partly because of dead 
shrub crowns. A modification of 
this method to exclude dead 
crowns from the cover estimate 
will increase the accuracy and 
usefulness of the variable-plot 
method. 

c------_- loo’-1 

FIGURE 5. Schematic drawing showing 
transects 1, 2, and 3 running through the 
plot east to west, and 4, 5, and 6 through 
the plot north to south ; variable plots 
(VP) 1 through 6 located equidistant 25’ 
inside the plot boundary where the east- 
west transects intersect the north-south 
transects. 
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Irrigation is tremendously im- According to Clyde (1958) irri- 
portant to the agriculture of the gation in the 17 western states 
western United States; and (96 percent of the national total) 
water, on which it is based, is uses just over 80 billion gallons 
a primary requirement for the of water daily. The nation’s in- 
industrial and economic develop- dustrial use of water is about the 
ment of the region. Anyone at same. The human requirement 
all familiar with the difficulties is 17 billions daily. Industrial 
encountered in partitioning the use is increasing so rapidly that 
waters of the Colorado River it is estimated at 215 billion gal- 
realizes this must be so. Garnsey lons daily by 1975, with irriga- 
(1950) wrote a book in support of tion at 110. The nation receives 
the hypothesis that the Upper about 4.3 trillion gallons daily 
Basin States would forever re- as snow and rain. The problem 
main a hinterland if they failed is thus less one of total supply 
to hold fast to their share of the than of distribution. Industry is 
waters of the Colorado River. expanding most rapidly in the 

great importance in the arid 
West. 

In round numbers there are 
30 million acres of irrigated land 
in the 17 western states, of which 
nearly half, 14 million acres, pro- 
duce forage. In addition, 18 mil- 
lion acres of non-irrigated land 
produce forage (figure 1). Most 
of the irrigated alfalfa and near- 
ly all the irrigated pastures are 
in the 11 western states. Hay- 
lands in the 11 western and 6 
plains states are presented in 
figure 2. Note the large acreage 
of wild hay in the plains states. 
For numbers of cattle and sheep 
in the 11 western and 6 plains 
states see figure 3. Note that in 
terms of animal units (5 sheep = 
1 cow) cattle are 10 times as im- 
portant as sheep. 

The extent to which western 
livestock graze on National For- 
est lands is presented in figure 
4. Note that 1 of every 9 cows 
and 2 of every 9 sheep obtain 
summer feed on the National 
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FIGURE 2. Hay crops in the 11 western and 6 plains states. Note 
the importance of alfalfa in both areas and the large acreage of 
wild hay in the plains states. From 1954 census of Agriculture. 

FIGURE 1. Hay and silage acreage in the 17 western states. 
About half the total irrigated acreage produces forage. From 
1954 census of Agriculture. 

West, where it competes for 
water directlv with irritation. I 

Presented on program of American 
Grassland Council at Twelfth An- 

although many industrial proc- 
nual Meeting, American Society of esses do not consume the water, 
Ranae Manaaement, Tulsa. Okla- but require only its temporary 
ho&, Januaiy 29, 1$59. ’ use. Multiple use of water is of 

Forests, the total grazing ob- 
tained being about 7 percent of 
the total need. Approximately 
61 million acres of National For- 
est lands are grazed. The Bureau 
of Land Management, with 187 
million acres under grazing in 
the western United States, con- 
tributes a little more than the 
Forest Service to cattle grazing 
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and about twice as much to 
sheep. The relationship between 
domestic livestock and big game 
(chiefly deer) on National For- 

Alfalfa is clearly the most im- 
portant harvested forage crop in 
the 17 western states. There are 

est lands is illustrated in figure 

13.3 million acres of alfalfa of 

5. 

which a/5 are irrigated. With irri- 
gated acreages of 5 million for 
alfalfa, 4.5 million for pastures, 
3.5 million for mountain mead- 
ows and approximately a million 
each for silage and grains cut 
for hay there can be little doubt 
about the importance of irriga- 
tion to animal production in the 
western United States. 

Alfalfa is particularly adapted 
to the basic soils of the West. It 
is a high producer of nutritious 
forage comparatively high in 
nitrogen. It responds to water in 
almost any amount and is easily 
made into hay. Although it has 
been subjected to some serious 
diseases and pests, resistant var- 
ieties or effective management 
practices have been developed as 
each need arose. Within a given 
area, methods of establishing, 
producing and harvesting the 
crop have become fairly well 
standardized. It is likely that 
alfalfa will become increasingly 
important in the western states. 
The degree to which alfalfa can 
be depended upon to produce a 

IRRIGATED GRASSLANDS 

crop every year, in the West, is 
something that ranchers, dealing 
with generally overstocked 
ranges with a high dependence 

In contrast to alfalfa, irrigated 
pastures have presented an en- 
tirely different set of problems. 

on the vicissitudes of nature, can 

When the West was settled pas- 

appreciate to the fullest. 

tures were either available on 
wet valley-bottom lands or were 
established on areas not suitable 
for intensive cultivation. The 
prevailing system of manage- 
ment was continuous close graz- 
ing and flood irrigation, without 
application of fertilizer. Under 
this management these pastures, 
no matter what they contained 
to begin with, soon reverted to 
Kentucky bluegrass and white 
clover, the clover disappearing if 
irrigation was neglected. 

Before improved methods of 
pasture management could be 
developed, or much interest 
shown in them, pressure for pas- 
ture products had to be suffi- 
cient for pastures to expand 
onto arable land. Dairy products 
generated this pressure and 
along with rotation grazing set 
the stage for the direct compari- 
son of pastures with other crops. 

FIGURE 4. Cattle 
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This led to research. The high 
productive potential of irrigated 
pastures, which this research 
brought to light, has yet to make 
its impact on the agriculture of 
the West. Facts now available, 
however, assure that irrigated 
pastures will become of much 
greater importance in the future 
in animal production in the west- 
ern states. 

Although a few early research- 
ers made notable progress, as 
have others currently active, it 
is to the comprehensive and 
fruitful investigations under the 
leadership of Bateman at the 
Utah Station that we are largely 
indebted for the present promise 
of irrigated pastures. Carried 
out over a quarter of a century, 
these studies were always incor- 
porated into the management of 
the dairy herd (Bateman et al., 
1949) which increased from 
about 35 milking cows and their 
young stock to double that num- 
ber and never lacked for the acid 
test of practical application on a 
field scale. Some of these in- 
vestigations are as follows: 

(1) Bateman (1940) reported a 
study conducted with D. W. Pitt- 
man. One application of 600 
pounds treble superphosphate 

and sheep grazing on National Forest 

FIGURE 3. Cattle and sheep in the 11 western and 6 plains 
states. In terms of animal units cattle are 10 times as im- 
portant as sheep. From 1954 census of Agriculture. 
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Table 1. Suggested pasture mixtures and rafes of seeding on a good seedbed for 9 conditions common in the 
Infermounfain Region. From ihe Uiah Agr. Exp. Sfa., with some modificaiions. 

LEGEND 

151 Best use. 

Range of 
adaptati0n.l 

Crested wheatgrass 

Intermediate wheatgrass 

Tall wheatgrass 

Smooth bromegrass 8 ///// 
Tall oatgrass 

Orchardgrass 

Reed canarygrass 5 5 5 

Alfalfa (wilt-resistant) 

Sweet clover I//// ///// ///I/ ///I/ 
Red clover ///I/ 

///// 

3 
1 

2 

1 Ladino clover 

Alsike clover //I// 1 2 

Strawberry clover 

Tall fescue 2 
///// 1 1 1 

///// ///// ///// ///I/ ///// 
1 The slant-marked blocks extend the range of adaptation of each species to areas where they may be valuable 

under some conditions. For example, Reed canarygrass once established is highly productive throughout the 
slant-marked zones, but good stands of it are difficult to obtain without abundant water. Likewise, widely 
adapted sweet clover is not so desirable a pasture plant as alfalfa, but might be used on dryland to safely 
extend the grazing period without danger of bloat. 

2 Tall fescue and all varieties of it (Alta fescue, Kentucky 31 fescue, etc.) 
ommended because of low palatability. 

though widely adapted, are not rec- 

(43 percent P,O,) resulted in an 
average increase of 63.8 percent 
over a 5-year period. Another 
treatment of 200 pounds treble 
superphosphate and 10 tons ma- 
nure gave a 3-year average in- 

* crease of 34.4 percent. On the 
basis of these studies the dairy 
farm pastures were placed under 
a fertilization program of 10 to 15 
tons manure directly from the 
barn plus 200 pounds treble 
superphosphate every 3 years. 
This was later changed to every 
2 years (Bateman, 1943) follow- 
ing a response of 95.7 percent the 
same season from an application 
in the spring of 6.8 tons manure 
and 200 pounds treble superphos- 
phate. 

(2) During 1942-44 the rate of 
spring and early-summer growth 

of pasture was determined by 
Bateman (1952) for 4 fields 
grazed in rotation. The results 
of this study are presented in 
figure 6. Note the tremendous 
vigor of pastures early in the 
season. Grazing must also begin 
early and be carefully controlled. 
Otherwise, extra acres must be 
harvested as hay. 

(3) Bateman has rather con- 
sistently obtained yields of 60-80 
bushels of barley per acre seeded 
as a companion crop to alfalfa 
or pasture. His philosophy is 
that if a companion crop is not 
sown there will be one of weeds. 
(Stapledon (1949) has shown that 
the ryegrasses are much more 
competitive against other grasses 
than is a cereal cover crop.) Suc- 
cess with a companion crop, on 

irrigated land, requires fertile 
soil, a firm, clean seedbed, early- 
spring seeding, and meeting the 
moisture needs of the small- 
seeded crop. Barley is recom- 
mended at 50 pounds per acre 
(Bateman, 1956, 1958). 

(4) Production per acre from 
pasture has been reported as 
pounds of total digestible nutri- 
ents, pounds of milk (4 percent 
fat-corrected), pounds of butter- 
fat, or combinations of these 
with gain or loss in body weight 
of the grazing animals. Such pro- 
duction records led to a search 
for more productive mixtures 
(Bateman and Keller, 1956). 
Some relationships are presented 
in figures 7 and 8. 

The recommended mixture has 
consistently yielded 5000 pounds 
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FIGURE 5. Animal-unit months of grazing provided domestic livestock and big game 
animals on National Forest ranges 1923-1957. From 1953 report, Chief of Forest Service, 
with additions from Division of Range Management. Hunter visits from 1957 Agricultural 
statistics. 

FIGURE 6. Early-season growth of pasture forage during 194244 on 4 pastures grazed in 
rotation (pastures numbered 1 to 4). Dairy Experimental Farm, Utah Agricultural Ex- 
periment Station. 

or more of total digestible nu- 
trients per acre, and when grazed 
by dairy cows with a 400-pound 
butterfat average has consistent- 
ly yielded above 8000 pounds of 4 
percent fat-corrected milk, or 320 
pounds of butterfat. In 1953 20 
acres averaged 9007 pounds and 
332 pounds of butterfat from pas- 
ture alone (Bateman, 1956). 

Table 1 presents the recom- 
mended mix, arrived at by 
rather extensive experimenta- 
tion, and suggested mixtures for 
different conditions prevalent in 
the western states (taken with 
some modification from Utah 
Extension Bulletin 173, Depart- 
ment of Agronomy, 1949). 

In a recent study (Bateman, 
1958; Bateman, et al., 1958) Bate- 
man and associates compared 
grazing with green chop fed in 
dry lot. Milk production per 
acre was identical, but labor and 
machinery requirements of 
green chop made it the more 
costly practice. Current litera- 
ture contains reports that under 
grazing as much as 30 percent of 
the feed is wasted. In this con- 
nection it is interesting that the 
Utah study reports 46 pounds 
dry-weight forage per acre re- 
fused under grazing and 114 
pounds when fed in dry lot. This 
is an illustration of the efficiency 
of utilization possible when irri- 
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gated pastures are properly man- 
aged. 

In 1948 LeRoy Bunnell and a 
former high school s t u d e n t , 
M a c k Hansen, produced 952 
pounds of beef per acre on an 8- 
acre pasture seeded to the new 
Utah mixture. After accounting 
for 2.3 tons of barley and 3.2 tons 
of alfalfa hay fed, they obtained 
a return of $213 per acre from 
the pasture (McVickar, 1951). 

Heinemann and Van Keuren 
(1955, 1958a, 1958b) and Van 
Keuren and Heinemann (1956, 
1958) have consistently ap- 
proached and sometimes ex- 
ceeded 1,000 pounds of beef or 
mutton per acre, from irrigated 
pastures seeded to simple mix- 
tures. 

True and Hoveland (1955) have 
written: “It is possible to pro- 
duce 1,000 pounds beef gain or 
milk equivalent per acre on well- 
managed irrigated pastures in 
south Texas. Irrigated pastures 
offer good profits in milk or beef 
production and the best known 
method of soil improvement.” 

According to Staten et al. 
(1951) well-managed irrigated 
pastures should carry 3 cows and 
their calves from April 1 to No- 
vember 15. They report the ex- 
perience of farmers that a well- 
grown and well-managed pas- 
ture can be expected to produce 
1,000 to 1,500 pounds or even 
more of beef per acre. They esti- 
mate that it costs $42 to establish 
an acre of pasture and $72 a 
year to maintain it. 

In a preliminary report Jensen 
and Madsen (1957) give produc- 
tion of beef from Kentucky blue- 
grass pastures in Nevada for 
1957. Pastures given 50 pounds 
N per acre in March and 55 
pounds in July yielded 693 
pounds of beef per acre as com- 
pared with 498 pounds when no 
fertilizer was applied. Under 
each treatment grazing was ro- 
tated at a-week intervals be- 
tween 2 pastures. In 1958 the 
fertilized pastures received 36 
pounds of N in March, June, and 
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August (Jensen and Madsen, 
1958). Two years of nitrogen 
fertilization reduced the clover 
content of the pasture to 5 per- 
cent. The unfertilized pastures 
which contained 41 percent 
clover actually out yielded those 
receiving 108 pounds N by 10 
percent. Considering the extent 
of old bluegrass pastures in the 
western United States, these 
data are of considerable signifi- 
cance. 

good, but “in many 
more than half the 
livered to the farm is 
the alfalfa plant.” 

During the past season Animal 
Husbandry and Dairy at Utah 
State cooperated in grazing year- 
ling Hereford steers on a new 22- 
acre pasture seeded after level- 
ing and draining the land. The 
pasture produced 1,078 pounds 
of beef per acre. No supplements 
were fed (Dew, 1958). 

According to Dominy (1958) 
the U. S. Geological Survey esti- 
mated that 21 million acre-feet 
of water are lost each year by 
evaporation from fresh water 
lakes, reservoirs and streams in 
the 17 western states and that a 
much greater annual loss is in 
water consumed by undesirable 
vegetation around reservoirs, 
along natural water channels, 
canals and ditches. Among the 
plants involved are phreato- 
phytes, which Dominy reports 

Research on the improvement 
of mountain meadows in the 
West probably began with the 
studies of Stewart and Clark 
(1944) in Wyoming and Pittman 
in Utah (Pittman and Nielsen, 
1950) and is now in progress par- 
ticularly in Oregon, Colorado, 
and Wyoming. In these studies 
the effects of high levels of nitro- 
gen (Willhite and Rouse, 1956), 
new species combinations (Lewis, 
1955), and management practices 
(Cooper, 1957) to improve the 
quality of forage as well as the 
yield are making significant 
progross. Mountain meadows of- 
fer great potential for increased 
productivity, particularly where 
some degree of water control can 
be obtained. 
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FIGURE 7. Production of pounds TDN from pasture and other feed crops 
Experimental Farm, Utah Agricultural Experiment Station. 
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Wailer is so important to the 
western United States that it is 
a paradox almost beyond belief 
that it is so extravagantly and 
inefficiently used. Lauritzen 
(1955) estimates that “about 1/3 
of all water diverted for irriga- 
tion is lost in conveying it to the 
land . . . another % percolates 
too deeply or runs off during the 
process of application to the 
land.” Stansberry (1955), discuss- 
ing irrigation of alfalfa, states 
that if 70 percent of the water is 
used bv the slant. efficiencv is 
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FIGURE 8. Tons green herhage per acre from the Huntley mix and new mixtures under 
rotation or strip grazing at the Dairy Experimental Farm, Utah Agricultural Experiment 

” A , r, - Station. 

places not 
water de- 
utilized by 

have encroached on 17 million 
acres of land and use an esti- 
mated 25 million acre-feet of 
water per year. Experiments 
now in progress indicate that on 
water bodies with low surface 
movement evaporation can be 
greatly reduced by applying a 
film of Hexadecanol. 

Much progress is being made 
through canal and ditch lining in 
reducing loss es by percolation 
(Lauritzen et al., 1952; Lauritzen 
and Peterson, 1953; and Laurit- 
zen, 1955). Great strides have 
been made in determining how 
to control undesirable vegeta- 
tation economically (Timmons 

at the Dairy 
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I I 

I 
I I 

I ’ I I I 
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and Klingman, 1958) and we 
have for some time had the 
knowledge necessary to irrigate 
properly, so as to avoid excessive 
run-off or percolation beyond 
the roots of crop plants, if we 
but apply it. 

Inefficiently as irrigation 
water appears to be used by 
farmers whose entire enterprise 
depends on it, the use of water 
by ranchers is apparently even 
less efficient. Saunderson (1950) 
wrote this: “Generally the tend- 
ency has been for the stock 
ranch to economize on labor 
rather than water, with the re- 
sult that the water is not used 
efficiently by the standards of 
intensive crop agriculture.” He 
then pointed out that the labor 
requirement to produce a ton of 
harvested hay is lower for irri- 
gated than _ for non-irrigated 
land, largely because of the low 
yields of the latter. 

Even though it 
that all available 

m?Y 
wa t 

appear 
er re- 

sources of the West are being 
used, by the prevention of waste 
alone irrigation could be greatly 
extended. 

Ranchers seeking a better bal- 
ance in their feed supply, or 
greater stability for the future, 
should thoroughly investigate 
the possibility of developing ir- 
rigated alfalfa or improved irri- 
gated pasture on their private 
lands. It is a reasonable estimate 
that ranchers not able to do this 
may strengthen their position by 
acquiring lands suitable for this 
purpose. 
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Vigor of Idaho Fescue in Relation to 
Different Grazing Intensities 

FLOYD W. POND 

Range Conservationist, Rocky Mountain Forest and 
Range Experiment Station 1, Forest Service, U. S. De- 
partment o j Agriculture 

The English word, vigor, is 
from the Latin “vigere,” which, 
according to Webster’s diction- 
ary, means “to be lively or 
strong.” The vigor of an individ- 
ual plant or group of plants, 
then, may be expressed by some 
measurement that is indicative 
of plant health and robustness. 
Many parts of plants are consid- 
ered to be indicative of plant 
vigor although leaf height, culm 
height, basal area and numbers 
of leaves and flower stalks are 
most often used. Relationships 
between grazing intensity and 
vigor of Idaho fescue (Festuca 
idahoensis Elmer), as expressed 
in terms of leaf height, basal 
area, and herbage weight, are 
discussed in this paper. 

Several workers have estab- 
lished relationships between 
plant vigor and grazing use. 
Short and Woolfolk (1956) found 
that a definite correlation exists 
between range condition and 
leaf heights of bluestem wheat- 

1 Central headquarters maintained in 
cooperation with Colorado State 
University, Fort Collins, Colorado. 
Research reported was conducted 
in cooperation with the University 
of Wyoming at Laramie, Wyoming 

grass (Agropyron smithii Rydb.) 
Parker (1954) maintains that 
changes in grazing intensity are 
first reflected in plant vigor and 
later by changes in density, com- 
position, and soil stability. In the 
meadows of eastern Oregon and 
eastern Washington, deteriora- 
tion of rangelands is first shown 
by a decrease in leaf and culm 
height, sparsity of leaves and 
loss of color (Reid, 1946). After 
eight years at Manitou Experi- 
mental Forest, average height 
growth of Arizona fescue (Fes- 
tuca arixonica Vasey) was 40 per- 
cent less on heavily used range 
than on moderate- and light-use 
range (Johnson, 1953). 

Area and Methods 
The study was carried out on 

six pastures, each approximately 
85 acres, located on grass-forb 
ranges of the Tongue Ranger 
District of the Bighorn National 
Forest. Idaho fescue was the 
dominant forage producer on all 
pastures although numerous 
other species were found. Meas- 
urements were restricted to re- 
sidual soils formed from gigantic 
parent materials (called granitic 
soils) and from sedimentary par- 
ent materials (called sedimen- 

tary soils). Soils formed from 
shales predominate in the sedi- 
mentary areas, although soils 
formed from limestone and sand- 
stone are also present. The prin- 
cipal soil series were Burgess 
gravelly loam and Owen Creek 
silt loam. 

Beginning in 1951 the pastures 
were grazed with steers at 3 dif- 
ferent intensities. The dates the 
cattle were placed on and taken 
off the pastures varied each year: 
entering dates ranging from 
June 19 to July 2 and removing 
dates ranging from September 9 
to 24 depending on when the de- 
sired grazing intensities were 
obtained. Grazing intensities 
were assigned at random to the 
pastures. Two pastures were 
grazed lightly (less than 25 per- 
cent of the current annual height 
growth of Idaho fescue); two 
were grazed moderately (ap- 
proximately 50 percent); and 
two were grazed heavily (ap- 
proximately 75 percent). 

An exclosure, 150 x 150 feet, 
was located in each pasture. The 
exclosures in 3 pastures were 
placed on soils of granitic origin, 
in one pasture on deep soil 
formed from shale, and in 2 pas- 
tures on thin soils of sandstone 
and shale origin near granitic 
outcrops. 

In 1955, differences in height 
growth of Idaho fescue plants 
were noticeable between the pas- 
tures grazed at different inten- 
sities. To measure these differ- 
ences, one hundred Idaho fescue 
plants were selected at random 
on the granitic soils, and one 
hundred plants were selected on 
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position, and soil stability. In the 
meadows of eastern Oregon and 
eastern Washington, deteriora- 
tion of rangelands is first shown 
by a decrease in leaf and culm 
height, sparsity of leaves and 
loss of color (Reid, 1946). After 
eight years at Manitou Experi- 
mental Forest, average height 
growth of Arizona fescue (Fes- 
tuca arixonica Vasey) was 40 per- 
cent less on heavily used range 
than on moderate- and light-use 
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The study was carried out on 
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ranges of the Tongue Ranger 
District of the Bighorn National 
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dominant forage producer on all 
pastures although numerous 
other species were found. Meas- 
urements were restricted to re- 
sidual soils formed from gigantic 
parent materials (called granitic 
soils) and from sedimentary par- 
ent materials (called sedimen- 

tary soils). Soils formed from 
shales predominate in the sedi- 
mentary areas, although soils 
formed from limestone and sand- 
stone are also present. The prin- 
cipal soil series were Burgess 
gravelly loam and Owen Creek 
silt loam. 

Beginning in 1951 the pastures 
were grazed with steers at 3 dif- 
ferent intensities. The dates the 
cattle were placed on and taken 
off the pastures varied each year: 
entering dates ranging from 
June 19 to July 2 and removing 
dates ranging from September 9 
to 24 depending on when the de- 
sired grazing intensities were 
obtained. Grazing intensities 
were assigned at random to the 
pastures. Two pastures were 
grazed lightly (less than 25 per- 
cent of the current annual height 
growth of Idaho fescue); two 
were grazed moderately (ap- 
proximately 50 percent); and 
two were grazed heavily (ap- 
proximately 75 percent). 

An exclosure, 150 x 150 feet, 
was located in each pasture. The 
exclosures in 3 pastures were 
placed on soils of granitic origin, 
in one pasture on deep soil 
formed from shale, and in 2 pas- 
tures on thin soils of sandstone 
and shale origin near granitic 
outcrops. 

In 1955, differences in height 
growth of Idaho fescue plants 
were noticeable between the pas- 
tures grazed at different inten- 
sities. To measure these differ- 
ences, one hundred Idaho fescue 
plants were selected at random 
on the granitic soils, and one 
hundred plants were selected on 
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Table 1. Leaf height, basal area and weight per plant in relation fo grazing intensify1 on the Bighorn experimental 
pastures, 1955 and 1956. 

Leaf Height Basal Area Weight per Plant 
Degree of Granitic Sedimentary Granitic Sedimentary Granitic Sedimentary 

Use Soils Soils Soils Soils Soils Soils 

No use inches inches cm2 cm2 grams grams 
(exclosures) 

1955 7.5 7.9 7.1 7.4 1.37 1.44 
1956 8.1 8.1 8.2 13.3 2.77 2.74 
Average 7.8 8.0 7.6 10.4 2.07 2.09 

Light grazing 
(less than 25%) 

1955 4.7 9.0 4.6 9.7 0.81 1.85 
1956 4.4 9.1 7.7 10.4 1.00 3.30 
Average 4.6 9.0 6.2 10.0 0.90 2.58 

Moderate grazing 
1955 4.0 6.9 4.3 5.8 0.69 1.22 
1956 5.2 7.4 6.3 7.8 0.78 1.74 
Average 4.6 7.2 5.3 6.8 0.74 1.48 

Heavy grazing 
1955 3.3 6.2 3.2 4.4 0.50 1.14 
1956 3.7 6.3 5.1 7.0 0.45 1.22 
Average 3.5 6.2 4.2 5.7 0.48 1.18 

L.S.D.2 1.0 1.1 1.0 .9 .36 .53 

1 Grazing intensities were based on the percent removal of the current annual height growth of Idaho fescue. 
2 Least significant difference for averages at the 5 percent level. 

the sedimentary soils of each 
pasture. Twenty plants were al- 
so selected in each of the six ex- 
closures. Leaf height in inches, 
basal area in square centimeters 
and air-dry weight in grams of 
each plant were measured as an 
evaluation of vigor. Leaf height 
was the measurement of the 
longest leaf; basal area was com- 
puted from the average of two 
diameter measurements taken at 
right angles across the center of 
the plant; and air-dry weights 
were obtained by clipping, dry- 
ing and weighing the plants. All 
meaurements were repeated in 
1956 on another group of ran- 
domly selected plants. 

parable and somewhat taller 
than those from heavily grazed 
pastures. 

Results 
Leaf Height 

On soils of granitic origin, 
leaves of Idaho fescue were 
longer in exclosures than under 
any degree of use (Table 1). 
Shortest leaves were found on 
heavily grazed pastures, averag- 
ing less than one-half the height 
of leaves from exclosures. Leaf 
heights from lightly and moder- 
atelv grazed nastures were com- 

Leaf heights on sedimentary 
soils in heavily grazed pastures 
were shorter than under light 
grazing and no use. No differ- 
ences were found between non- 
use and light or moderate graz- 
ing. However, leaf heights on 
moderately grazed pastures were 
shorter than on lightly grazed 
pastures. These measurements 
were somewhat in contrast to 
those from granitic soils where 
leaf heights under light use were 
considerably shorter than under 
non-use. Except under non-use, 
plants on soils formed from sedi- 
mentary rocks were consider- 
ably taller than plants growing 
on granitic soils and subjected to 
the similar degrees of use. 

Basal Area 

On granitic soils, basal area of 
individual Idaho fescue plants 
was greatest within the exclos- 
ures and smallest within heavy- 
use pastures. Basal areas on mod- 
erately grazed pastures were 

.d ” L 
somewhat larger than those on 

heavily grazed pastures. The dif- 
ference in basal area of plants 
between non-use and light use 
was not as striking as differences 
in measurements of leaf height. 

On soils derived from sedi- 
mentary rocks, differences in 
basal area of Idaho fescue plants 
under non-use and light grazing 
were not significant. As with 
leaf heights, largest differences 
in basal area measurement be- 
tween one degree of use and the 
next heavier degree of use was 
found between moderately and 
lightly grazed pastures. Smallest 
basal areas were found on heavy- 
use pastures. Basal areas of 
plants from these soils were 
larger than plants subjected to 
the same use intensity on gran- 
itic soils. This was especially 
noticeable in comparing exclos- 
ures with lightly grazed pas- 
tures. 

Weighi per planf 

On granitic soils, weights of 
Idaho fescue plants exhibited 
much the same pattern as leaf 
height. A large difference was 
found between plants in exclo- 
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sures and those in lightly grazed 
pastures, but much smaller dif- 
ferences were found between 
plants on pastures grazed at the 
three intensities. Weights per 
plant were smallest on heavy- 
use pastures. 

On soils derived from sedi- 
mentary rocks weights of Idaho 
fescue plants followed the same 
pattern as leaf heights. Weight 
differences between plants of 
lightly grazed and moderately 
grazed pastures were very pro- 
nounced, while t h o s e between 
moderately and heavily grazed 
pastures were not significant. 
On these soils, weights per plant 
within exclosures were compar- 
able to weights per plant within 
exclosures on granitic soil. When 
other intensities of use were 
compared, however, plant 
weights from granitic soils 
proved to be approximately one- 
half as heavy as those from the 
same intensity of use ‘on soils 
derived from sedimentary rocks. 

Discussion 

On soils of granitic origin, 
measurements of leaf height and 
weight per plant showed large 
differences between exclosures 
and lightly grazed pastures. 
These differences were approxi- 
mately seventy-five percent as 
large as the difference between 
exclosed areas and heavily graz- 
ed pastures. The difference in 
basal area between exclosures 
and light-use pastures was 41 
percent as great as the difference 
between exclosures and heavy- 
use pastures. All measurements 
showed that differences occur- 
ring between light use and mod- 
erate use and between moderate 
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use and heavy use were relative- 
ly small. Thus, even light graz- 
ing of Idaho fescue on granitic 
soils lowers the vigor of the 
plants. 

On soils derived from sedi- 
mentary rocks, the greatest leaf 
height and plant weight were 
found on light-use pastures and 
exclosures. Differences in basal 
area measurements between ex- 
closures and lightly used pas- 
tures were not statistically sig- 
nificant. However, all three 
measurements on moderately 
used pastures proved to be con- 
siderably lower than the same 
measurements on lightly used 
pastures but not statistically dif- 
ferent from the measurements 
on heavily used pastures. Thus, 
vigor of Idaho fescue growing on 
soils derived from sedimentary 
rocks was little affected by light 
grazing, but was significantly 
lower on areas where 50 percent 
or more of the current year’s 
height growth was utilized. 

Of the three measurements, 
leaf height was the easiest, since 
only one measurement per plant 
was necessary in the field. Basal 
area required two measurements 
at right angles across the center 
of the plant. Determining weight 
per plant necessitated the most 
time since it involved clipping, 
air drying, and weighing each 
plant. All three measurements 
are about of equal value as a 
measure of vigor, hence leaf 
height seems the most logical to 
use. 

Summary 

1. Leaf height seems to re- 
flect plant vigor of Idaho fescue. 
It is more easily measured than 
basal area and weight per plant. 

2. In lightly grazed pastures, 
Idaho fescue plants on soils of 
granitic origin were substan- 
tially smaller than plants on the 
same soils within ungrazed ex- 
closures. Even light grazing low- 
ers the vigor of this species on 
this soil. 

3. On soils derived from sedi- 
mentary rocks, plants within ex- 
closures and lightly grazed pas- 
tures were of approximately the 
same size. Plants in moderately 
grazed pastures were consider- 
ably smaller. Thus, grazing ap- 
proximately 50 percent of the 
yearly height growth from Idaho 
fescue, with cattle during the 
June-September period, lowers 
the vigor of plants growing on 
these soils. 

4. On grazed areas, Idaho fes- 
cue plants used to the same in- 
tensity were larger on soils de- 
rived from sedimentary rocks 
than those on soils of granitic 
origin. Ungrazed plants within 
exclosures on both soils were of 
approximately the same size. 
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Effect of Fire on Seeded Forage Species’ 
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Assistant Specialist in Agronomy, Department of Agron- 
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Control-burning of brushlands 
and subsequent seeding with per- 
ennial grasses and annual le- 
gumes is a common range im- 
provement practice in California. 
A reburn of the area is common- 
ly employed to control brush 
sprouts and seedlings. Sprouting 
brush will produce seed by the 
third year following burning, 
and seedlings generally produce 
seed by the fifth year. It is high- 
ly desirable to kill the brush 
plants before they produce seed. 
Reburning is a commonly used 
method for accomplishing this. 
Subsequent burns or spot appli- 
cations of chemicals may be de- 
sirable to control the remaining 
brush. (Love, Sumner and 
Osterli, 1952). Seeded areas may 
also be accidentally burned. 
Hence, it is desirable to know 
what effect burning has on the 
forage species used in seeding 
range land. 

The work reported here was 
conducted in an effort to meas- 
ure the effect of fire on some of 
the forage species commonly 
used in seeding California brush- 
lands after burning. The study 
area was located 30 miles east of 
Redding on Blue Mountain at an 
elevation of 2200 feet. Brush 
species present were non-sprout- 
ing manzanita (Arctostap~yZos 
sp.), black oak (Quercus kellog- 
gii), blue brush (Ceanothus in- 
tegerrimus), buck brush (C. 
cuneatus), and poison oak (Rhus 
diversiloba). Blue Mountain was 
control-burned on August 10, 
1950. Excellent removal of brush 
resulted. The study area was 

l The aid of ranchers Walter B. Ald- 
ridge and Warren Flournoy is 
gratefully acknowledged. 

broadcast seeded to a mixture 
including hardinggrass ( P ha - 
Zuris tuberosu var stenopteru), 
orchardgrass (Dactylis glomer- 
utu), tall fescue (Festucu urunndi- 
nuceu), and rose clover (Trifol- 
ium hirtum). Current recom- 
mendations recognize these as 
among the best suited species for 
seeding in this area and encour- 
age the use of hardinggrass and 
annual clovers as the backbone 
of the seed mix (Bentley, et al. 
1956). The plots were primarily 
designed to measure the effect 
of burning on hardinggrass. The 
method of analysis was similar 
to that described by Canfield 
(1942). Thirty-seven permanent 
lines were measured on July 9, 
1957. 

A ten foot measuring stick was 
placed between two permanent 
steel stakes, and the position and 
intercept distance of each per- 
ennial grass crown was meas- 
ured. The remaining intercept 
distances were recorded as pre- 
dominantly rose clover or pre- 
dominantly annual grass. Inter- 
cept distances were measured to 
the nearest one-half inch. 

Blue Mountain was reburned 
on August lo,1957 to control the 
brush sprouts and seedlings 
which had appeared since the 
1950 burn. Many tree and brush 
snags which had accumulated 
since 1950 were consumed. 

Hardinggrass and Rose Clover 

At the time of burning hard- 
inggrass stems were green at the 
base. Rose clover was dry and 
the seed was shattering. The 
lines were measured again on 
September 6 of the following 
year. Hardinggrass bunches in- 
creased in crown diameter, from 
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FIGURE 1. Photo taken at the time of first 
measurement, July 1957. Note the excel- 
lent stand of rose clover and hardinggrass. 
This area was covered with manzanita and 
oak brush 8 to 15 feet high before control 
burning and seeding in 1950. 

13 percent ground cover imme- 
diately before the burn to 16 
percent one year after burning. 
Rose clover declined from 80 
percent ground cover before 
burning to 74 percent after burn- 
ing. 

The number of hardinggrass 
plants recorded varied slightly. 
The lines crossed 93 harding- 
grass plants in 1957, and 105 
in 1958 after the plants had 
been burned. This variation ap- 
pears to be due to fluctuations of 
the plant perimeters in relation 
to the line, and not to the estab- 
lishment of new plants or loss of 
old plants. No one year old 
plants were observed on the 
transects. Fuel conditions were 
light, as this was essentially a 
grass burn. Burning tempera- 
tures were not expected to ex- 
ceed 150” to 200” F., or to do 
little damage to seed (Bentley 
and Fenner 1958). 

To investigate the effect of 
heavy fuel concentration and in- 
tense fire on plant survival dead 
brush was placed on 4 additional 
lines as pictured in figure 2. The 
fuel accumulations were placed 
in August 1955. By August 1957 
dry grass from two seasons of 
growth had accumulated around 
the heavier fuel. Thus the stage 
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Table 1. Mean Percent Ground Cover of Seeded and Resideni Species Be- 
fore and After Burning with Light and Heavy Fuels. Burned 
August 10, 1957 (100% Density). 

Light Fuel Conditions1 
Species (No Fuel Added) 

July 9 Sept 6 
1957 1958 

Hardinggrass 13 16 
Orchardgrass Trace ____ 
Tall Fescue Trace Trace 
Rose Clover 79 74 
Annual Grass 8 10 

1 Sample based on 37 - ten foot transects. 
2 Sample based on 4 - ten foot transects. 

Heavy Fuel Conditions2 
(Fuel Added) 

Aug 3 Sept 6 
1955 1958 

19 26 
____ ____ 
____ ____ 
58 69 
23 5 

Table 2. Mean Number of Perennial Grass Plants Recorded Before and 
After Burning1 with Light and Heavy Fuels. 

Species 

Hardinggrass 
Orchardgrass 
Tall Fescue 

Light Fuel Conditions 
(No Fuel Added) 

July 9 Sept 6 
1957 1958 
93 105 

1 1 
3 0 

Heavy Fuel Conditions 
(Fuel Added) 

Aug 3 Sept 6 
1955 1958 

11 10 
___. ____ 
____ ____ 

1 Area burned August 10, 1957. 

was set for an intense fire. The 
artificial placement of fuel simu- 
lated conditions where brush 
snags accumulate after an origi- 
nal fire. 

The results were similar to 
burning with lighter fuels. The 
eleven hardinggrass plants re- 
corded in the 1955 sampling were 
reduced to ten, but the total in- 
tercept increased from 19.0 to 
24.4 percent. 

Seeds of hardinggrass and rose 
clover were collected in the light 
fuel area before and after the 
burn to test for viability. Seeds 
of both species which had been 
blackened would not germinate: 
They readily imbibed moisture 
but did not sprout. Of 52 hard- 
inggrass seeds found that were 
not blackened 7 germinated. 
Hardinggrass seed collected be- 
fore burning germinated 68.5 
percent. Two hundred unblack- 
ened seeds of rose clover were 
collected before and again after 
burning. Hard seed content was 
99.5 and 100 percent respective- 
ly, a common occurrence in an- 
nual clover seed produced under 
range conditions. A large per- 

centage of the clover seed was 
blackened and would not germi- 
nate. However, sufficient un- 
damaged seed remained to pro- 
duce a satisfactory, although 
slightly reduced, stand the year 
following burning. 

Smilo 

Smilo (Oryzopsis miliacea) is 
another important perennial for 
seeding burned brushland. It 
readily becomes established in 
rocky soils or under heavy ac- 
cumulations of dead trees and 
brush. Fire does not normally 
carry into the rocky areas. Areas 
of heavy fuel accumulations 
such as pictured in figure 3 are 
subject to more severe treat- 
ment. [This area is also on Blue 
Mountain and subject to the pre- 
viously mentioned burning pro- 
gram.] 

Before burning, 127 mature 
smilo plants were recorded in a 
three-foot wide belt transect 200 
feet long located in the study 
area. The area was burned and 
the plots re-sampled a year later. 
No live smilo plants remained 
of the original 127. Smilo re- 

mained unburned or only 
scorched in rocky areas not in- 
cluded in the transect and did 
not appear to have been dam- 
aged. 

Wheafgrass 

An ungrazed wheatgrass seed- 
ing in the sagebrush type of 
northeastern California was 
burned at the end of the third 
growing season. The seeding was 
a mixture of tall wheatgrass 
(Agropyron ezongatum), crested 
wheatgrass (A. desertorum), 
pubescent wheatgrass (A. tricho- 
phorum) and intermediate 
wheatgrass (A. intermedium). 
Total stocking of wheatgrass 
plants (percent of square feet 
sampled which contained at 
least one wheatgrass plant) for 
the three growing seasons be- 
fore the fire as well as one sea- 
son following the fire was sam- 
pled by the method described by 
Hyder and Sneva (1954). Wheat- 
grass stocking rate for the sea- 
sons 1955 - 1957 was 64.5, 62.5, 
and 65.0 percent respectively. 
The area was burned in Septem- 
ber of 1957. The accumulated 
mulch of three years growth of 
cheatgrass (Bromus tectorum) 
produced a hot grass fire. Sam- 
ples taken on April 22, 1958, the 
beginning of the fourth growing 
season showed the area to be 
80 percent stocked with wheat- 
grass plants. The pasture was 
grazed for the first time in May 

FIGIJRE 2. Heavier fuels were added to 
some transects before burning. 



and June of 1958 nine months 
after the fire. Samples taken in 
July 1958 showed the area to be 
90 percent stocked with wheat- 
grass plants. The 25 percent in- 
crease in stocking of wheatgrass 
plants (from 65 to 90 percent) 
was primarily due to the rhi- 
zomes of the intermediate and 
pubescent wheatgrass. 

Summary 

Improved forage species used 
in reseeding California brush 
ranges are often burned in fol- 
low up brush control fires or by 
accident. The effect of burning 
on forage plants varies accord- 
ing to species, time of burning, 
location and condition of pas- 
ture, etc. 

Hardinggrass in California ap- 
pears to be very fire tolerant 
under the conditions tested. A 
seven year old stand of harding- 
grass increased from 13 percent 
ground cover before ‘burning to 
16 percent ground cover the year 
following burning. 

Rose clover was slightly re- 
duced in density by burning. A 
large portion of the shattered 
rose clover seeds were black- 
ened by fire. These would not 
germinate. However, sufficient 

EFFECT OF FIRE 

FIGURE 3. Top. August 9, 1957. Smilo 
grows well in areas of heavy fuel accumu- 
lations. One hundred twenty seven mature 
smilo plants were counted on belt tran- 
sects in this general area at this date. 
Bottom. November 6, 1957. Same area 
after burning. Counts taken one year after 
burning show no smilo plants survived this 
treatment. 

undamaged seed remained to 
produce-a satisfactory stand of 
rose clover. 

Smilo in rocky areas did not 
burn well and was not affected 
by reburning. However, smilo 
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plants growing in heavy fuel ac- 
cumulations were all killed by 
fire. 

Wheatgrasses were not dam- 
aged by burning at the end of 
the third growing season. The 
stand seemed to improve during 
the fourth growing season due 
to the rhizomes of intermediate 
and pubescent wheatgrass pro- 
duced after burning. 
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Effect of Fertilization on Native 
Grass Pastures in Oklahoma 
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Associate Professor and Assistant Pro jessor, respectively, 
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Stillwater, Oklahoma 

Attempts to improve native 
grass areas by fertilization have 
rarely been successful in Okla- 
homa. Studies by Elder and 
Murphy (1958) and Murphy 
(n.d.) have shown that weeds 
were increased in native grass- 
land by repeated applications of 
fertilizer. 

To obtain additional data on 
the effect of fertilizers on native 
grass pastures, studies were con- 
ducted in 1957 and 1958 in the 
central cross-timber section of 
Oklahoma in an area formerly 
occupied by the Red Plains Con- 
servation Experiment Station 
(1956). Botanical composition 
was determined both years on 
two fertilized and two unferti- 
lized native grass pastures that 
had been grazed. The land on 
which these pastures were de- 
veloped was decribed and desig- 
nated by Daniel et al. (1943) as 
two types: 1. virgin, in the sense 
that it had never been plowed; 
it had been cleared of timber and 
scrub brush; 2. eroded and aban- 
doned crop land which had been 
allowed to return to native grass 
over a period of 20 years or more. 
One pasture of each type was 
fertilized and one was left un- 
fertilized. The unplowed and 
cleared area had been covered 
with native grasses and scrubby 
oaks (QUercUs spp.) originally. 
The oaks were removed in 1935 
and 1936 and in 1939 grazing was 
begun on both areas as a single 
unit. 

The fertilized pastures re- 
ceived 300 pounds of superphos- 
phate 0-20-O per acre in 1952 and 
again in 1955, and an annual ap- 
plication of 33 pounds of actual 
nitrogen from ammonium ni- 

trate 33-O-O per acre applied in 
late May of each year until the 
grazing study was terminated at 
the end of the 1956 season. 

The four native grass pastures 
investigated in this study were 
not grazed in 1957 and 1958. (The 
pastures will hereafter be re- 
ferred to by fertility treatment 
and by land condition on which 
they were developed.) In Au- 
gust of 1957 and July, 1958, ten 
samples of vegetation selected at 
random were obtained from each 
pasture. The samples collected 
in 1957 were from plots 30 square 
feet in size clipped at a height of 
two inches above the soil surface. 
The same height of clip was used 
in 1958, but the plot size was re- 
duced to 18 square feet. Each 
sample was hand separated into 
three categories; weeds, grasses 
and legumes. The composition of 
each pasture expressed in pounds 
of oven dry matter per acre is 
shown in Table 1. Previous 
treatment of these pastures and 
experimental grazing results as 
reported from the Red Plains 
Conservation Experiment Sta- 
tion (1956) from 1952 through 
1956 are given in Tables 2 and 3. 

Plant Species Present 

The predominant grasses in 

the pastures at the time of this 
study were big and little blue- 
stem (Andropogon gerardi and 
A. scoparius), switch (Panicum 
virgatum), Indian (Sorghastrum 
nutans), side-oats and blue 
grama (Bouteloua curtipendula 
and B. gracilis), splitbeard blue- 
stem and silver beardgrass (An- 
dropogon ternarius and A. sac- 
charoides). A wide range of 
weeds were present, but the 
most commonly found were an- 
nual plantain (Plantago spp.) , 
black-eyed Susan (Rudbeckia 
hirta), marestail (Erigeron cana- 
densis), annual broomweed (Am- 
phiachyris dracunculoides), and 
western ragweed (Ambrosia 
psilostachya). Legumes present 
were catclaw sensitivebrier 
(Schrankia uncinata), lead plant 
(Amorpha canescens) and Cassia 
species. 

Pasture Differences in Grass 
Species 

The predominant grass species 
in the pastures developed on 
eroded land were silver beard- 
grass and splitbeard bluestem; 
however, these grasses were 
noticeably absent on the deeper 
soils in the fertilized pasture of 
this group. In the non-fertilized 
eroded pasture the grasses were 
smaller in stature but more 
dense than those in the fertilized 
area. 

In the unplowed-cleared pas- 
tures the desirable tall grasses 
predominated, with very little 
silver beardgrass or splitbeard 
bluestem present. In the ferti- 
lized pasture, many areas of solid 
switch grass stands resisted 
weeds and made a dense cover. 

Table 1. Botanical Composifion of Four Native Grass Pastures on fhe Red 
Plains Conservafion Experiment Sfafion. 

Pounds of Oven-Dry Matter Per Acre’ 
Pasture-( Initial Land Grass Weeds Legumes 

Condition & Treatment) 1957 1958 1957 1958 1957 1958 

- Eroded (No Fertilization) 754 847 229 89 13 3 
Eroded (Fertilized) 714 504 821 476 45 39 
Unplowed-cleared (No Fertilization) 1230 1311 541 185 23 0 
Unplowed-cleared (Fertilized) 982 1408 1294 423 1 5 

’ Average of ten samples from each pasture. 
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EFFECT OF FERTILIZATION 

Table 2. Stocking rate, animal gains and hay produced during five seasons 
on fertilized and unfertilized native grass pastures developed on eroded 
land af the Red Plains Conservation Experiment Station 

Season’ 

Item 1952 1953 1954 1955 1956 -- 
30 acres-Fertilized: 

Acres per animal 3.75 3.75 3.00 3.00 3.75 
Lbs. gain/head, season 316 276 178 138 211 
Lbs. gain/head, day 2.61 2.12 1.71 2.55 1.94 
Lbs. gain/head, acre 85 75 59 46 56 
Lbs. hay/acre (oven dry)2 1,362 1,905 525 861 1,229 

30 acres-Unfertilized: 
Acres per animal 5.00 5.00 4.29 4.29 5.00 
Lbs. gain/head, season 285 240 104 186 151 
Lbs. gain/head, day 2.36 1.85 1.00 1.65 1.39 
Lbs. gain/head, acre 57 48 24 43 30 
Lbs. hay/acre (oven dry) 2 1,180 1,217 203 618 910 

l Grazing period in 1952 was May 1 to August 29 (121 days); in 1953, 
April 24 to August 31 (130 days); in 1954, May 6 to August 18 (105 days); 
and in 1955, the fertilized pasture was grazed from May 5 to June 26 (53 
days) and the unfertilized pasture was grazed from May 3 to August 25 
(115 days). 

2 Yields from three meadows in each pasture. 

As was found in the eroded area, 
the grasses were taller where 
fertilizer was used, but the un- 
fertilized-unplowed pasture had 
the most dense stand of grass. 

Weed Growth 

Most of the weeds found in 
these pastures were annuals. 
This was probably the result of 
a 2,4-D spraying program in pre- 
vious years which practically 
eliminated the perennials. In the 
non-fertilized eroded pasture 23 
percent of the total yield was 
weeds in 1957 which is not con- 
sidered excessive in this type of 
grassland. Weeds will usually 
comprise about 20 percent or 
more of the total yield of most 
hay meadows in Oklahoma that 
are cut only once a year. Very 
few native grass pastures, prop- 
erly grazed, will have less than 
about 30 percent of their total 
yield in the form of weeds. 

The production of 2 to 5 times 
more weeds by weight in the fer- 
tilized pastures than the unferti- 
lized, clearly demonstrates that 
many weeds will respond to fer- 
tilizer much better than these 
native grasses. 

A greater proportion of weeds 
was found each year in the pas- 

tures developed on the unplowed 
and cleared land than on that 
which was eroded. In 1957 the 
non-fertilized unplowed pasture 
had 30 percent of its total yield 
in the form of weeds, while 57 
percent of the total yield was 
weeds in a similar pasture that 
was fertilized. Then in 1958 
weeds produced twice as much 
vegetation on the fertilized un- 
plowed pasture as on the non- 
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fertilized. These results not only 
indicate that fertilizers will in- 
crease weed production consid- 
erably, but in addition, along 
with animal gains per acre as 
shown in Tables 2 and 3, suggest 
these pastures on the unplowed 
and cleared land had been grazed 
heavier in the past than those de- 
veloped on the eroded land. 

One application of 2,4-D in 
1958 to a portion of the fertilized 
unplowed pasture reduced the 
yield of weeds more than 90 per- 
cent as compared to the un- 
sprayed area. 

Total Production 

Total production of grass for 
this two year period was slightly 
in favor of the non-fertilized pas- 
tures regardless of land condition 
where they were developed. The 
greatest yield of oven-dry mate- 
rial per acre each year was high- 
er where fertilizers were used. 
This primarily resulted from 
greater weed production, as 
there was very little, if any, in- 
crease in legume yield and only 
in 1958 was there an increase in 
grass production and this was 
less than 100 pounds per acre. 
These data are in close agree- 
ment with those obtained by 
Elder and Murphy (1958). The 

Table 3. Stocking rate. animal gains and hay produced during 5 seasons on 
fertilized and unfertilized native grass pastures developed on unplowed 
and cleared (virgin) land af the Red Plains Conservation Experiment 
Station 

Season1 
Item 1952 1953 1954 1955 1956 - 

30 acres-Fertilized: 
Acres per animal 2.50 2.30 2.00 2.00 2.00 
Lbs. gain/head, season 334 304 172 252 213 
Lbs. gain/head, day 2.76 2.34 1.65 2.22 1.97 
Lbs. gain/head, acre 134 132 86 126 106 
Lbs. hay/acre (oven dry)2 2,222 2,885 1,107 1,294 1,390 

30 acres-Unfertilized: 
Acres per animal 3.33 3.33 2.73 2.73 2.00 
Lbs. gain/head, season 321 242 143 202 152 
Lbs. gain/head, day 2.65 1.86 1.38 1.79 1.41 
Lbs. gain/head, acre 96 73 52 74 76 
Lbs. hay/acre (oven dry)2 1,822 2,081 956 1,089 841 

’ Grazing period in 1952 was May 1 to August 29 (121 days); in 1953, 
April 24 to August 31 (130 days); in 1954, May 6 to August 18 (105 days; 
and in 1955, May 5 to August 25 (113 days). 

2 Yields from three meadows in each pasture. 
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most unexpected result from this 
study was the lack of, or ex- 
tremely small contribution made 
by native legumes to the total 
production, even when fertilized. 

Summary 

The effect of repeated applica- 
tion of fertilizers on native grass 
pastures was determined in the 
growing season of 1957 and 1958. 
These pastures were located in 
the central cross-timber area of 
Oklahoma on land formerly oc- 
cupied by the Red Plains Con- 
servation Experiment Station. 
The land had been described and 
designated as two types: 1. vir- 
gin, in the sense that it had never 
been plowed; it had been cleared 
of timber and scrub brush; 2. 
eroded and abandoned crop land 
which had been allowed to re- 
turn to native grass over a period 
of 20 years or more. Each land 
type was equally divided into 
two pastures one of .which was 
fertilized. The fertilized pasture 
of each land type received an ap- 
plication of 300 pounds of super- 
phosphate 0-20-O per acre in 1952 
and again in 1955, and an annual 
application of 100 pounds of am- 
monium nitrate 33-O-O per acre 
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applied in late May of each year 
until the grazing study was ter- 
minated at the end of the 1956 
season. The four native grass 
pastures reported in this study 
were not grazed in 1957 or 1958. 

In August of 1957 and July, 
1958 ten samples of vegetation 
selected at random were ob- 
tained from each pasture. Each 
sample was separated into three 
categories: grasses, weeds, and 
legumes. Weed production ex- 
pressed in percent of the total 
yield of vegetation for both years 
was 16 on the eroded non-ferti- 
lized pasture compared to 50 on 
the fertilized eroded pasture. In 
the non-fertilized unplowed pas- 
ture 22 percent of the total yield 
for both years were weeds, 
whereas weeds constituted 42 
percent of the vegetation har- 
vested from the fertilized un- 
plowed pasture. 

The total yield of grass for this 
two year period was slightly 
greater from the non-fertilized 
pastures regardless of land con- 
dition where they were de- 
veloped. 

The production of 2 to 5 times 
more weeds by weight in the fer- 
tilized pastures than the unferti- 

lized, clearly demonstrates that 
many weeds will respond to fer- 
tilizer much better than these 
native grasses. 

Pastures which were fertilized 
produced the greatest yield of 
oven-dry material per acre each 
year. This primarily resulted 
from greater weed production, as 
there was very little, if any, in- 
crease in legume yield and only 
in 1958 was there an increase in 
grass production and this was 
less than 100 pounds. 

Native legumes contributed 
little, if any, to the total produc- 
tion even when fertilized. 
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most unexpected result from this 
study was the lack of, or ex- 
tremely small contribution made 
by native legumes to the total 
production, even when fertilized. 

Summary 

The effect of repeated applica- 
tion of fertilizers on native grass 
pastures was determined in the 
growing season of 1957 and 1958. 
These pastures were located in 
the central cross-timber area of 
Oklahoma on land formerly oc- 
cupied by the Red Plains Con- 
servation Experiment Station. 
The land had been described and 
designated as two types: 1. vir- 
gin, in the sense that it had never 
been plowed; it had been cleared 
of timber and scrub brush; 2. 
eroded and abandoned crop land 
which had been allowed to re- 
turn to native grass over a period 
of 20 years or more. Each land 
type was equally divided into 
two pastures one of .which was 
fertilized. The fertilized pasture 
of each land type received an ap- 
plication of 300 pounds of super- 
phosphate 0-20-O per acre in 1952 
and again in 1955, and an annual 
application of 100 pounds of am- 
monium nitrate 33-O-O per acre 
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applied in late May of each year 
until the grazing study was ter- 
minated at the end of the 1956 
season. The four native grass 
pastures reported in this study 
were not grazed in 1957 or 1958. 

In August of 1957 and July, 
1958 ten samples of vegetation 
selected at random were ob- 
tained from each pasture. Each 
sample was separated into three 
categories: grasses, weeds, and 
legumes. Weed production ex- 
pressed in percent of the total 
yield of vegetation for both years 
was 16 on the eroded non-ferti- 
lized pasture compared to 50 on 
the fertilized eroded pasture. In 
the non-fertilized unplowed pas- 
ture 22 percent of the total yield 
for both years were weeds, 
whereas weeds constituted 42 
percent of the vegetation har- 
vested from the fertilized un- 
plowed pasture. 

The total yield of grass for this 
two year period was slightly 
greater from the non-fertilized 
pastures regardless of land con- 
dition where they were de- 
veloped. 

The production of 2 to 5 times 
more weeds by weight in the fer- 
tilized pastures than the unferti- 

lized, clearly demonstrates that 
many weeds will respond to fer- 
tilizer much better than these 
native grasses. 

Pastures which were fertilized 
produced the greatest yield of 
oven-dry material per acre each 
year. This primarily resulted 
from greater weed production, as 
there was very little, if any, in- 
crease in legume yield and only 
in 1958 was there an increase in 
grass production and this was 
less than 100 pounds. 

Native legumes contributed 
little, if any, to the total produc- 
tion even when fertilized. 
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Effects of Planting Dates, Seeding Rates, and 
Row Spacings on Range Seeding Results 
in Western Colorado’ 

WILLIAM J. McGINNIES 

Range Conservationist, Crops Research Division, Agri- 
cultural Research Service, U. S. Department of Agricul- 
ture, Fort Collins, Colorado 

The success of range seeding 
is highly dependent upon the 
date of seeding. Early spring and 
late fall are the planting periods 
usually recommended for range 
seeding in western Colorado and 
adjacent parts of Utah (Hull and 
Doran, 1950; Doran, Wasser, and 
Hervey, 1952; Plummer, Hull, 
Stewart, and Robertson, 1955). 
In southwestern Colorado, how- 
ever, August plantings have been 
suggested (Hull and Johnson, 
1955). In a one-year test in north- 
western Colorado, highest yields 
of crested wheatgrass (Agropy- 
ron desertorum) and . intermedi- 
ate wheatgrass (A. intermedi- 
urn) were reported from late- 
August plantings. Early-May 
plantings gave the lowest yields. 
Yields from October plantings 
were intermediate. All deter- 
minations were made in the third 
growing season (Hervey, 1958). 

In some cases, row width and 
seeding rate apparently affect 
yields of herbage from seeded 
range. At several locations in 
southern Idaho, yields of crested 
wheatgrass planted in 6-, 12-, 18-, 
and 24-inch row spacings did not 
differ significantly. However, the 

1 Contribution from the Crops Re- 
search Division, Agricultural Re- 
search Service, U. S. Department 
of Agriculture in cooperation with 
the Rocky Mountain Forest and 
Range Experiment Station, Forest 
Service, U. S. Department of Agri- 
culture, and the Colorado Agricul- 
tural Experiment Station, based on 
research initiated by Clyde W. 
Doran, formerly Range Conserva- 
tionist, Rocky Mountain Forest and 
Range Experiment Station and 
transferred to Agricultural Re- 
search Service in 1954. 

6- and la-inch row spacings gave 
better control of cheatgrass 
(Bornus tectorum) and brush 
(Hull, 1948). Near Flagstaff, 
Arizona, a 6-inch row spacing at 
a high seeding rate gave highest 
yields of crested wheatgrass in 
the second growing season, while 
an 18-inch spacing with a low 
seeding rate gave the lowest 
yields. In the fourth and fifth 
growing seasons, the 18-inch 
spacing produced the highest 
yields while the 6-inch spacing 
had the lowest. Yields from a 
12-inch spacing were intermedi- 
ate during all years. (Lavin and 
Springfield, 1955). In northwest- 
ern Colorado, crested wheat- 
grass was planted at 5 and 10 
pounds per acre at 6-, 8-, 12-, 
and 16-inch row spacings. After 
9 years there were no sigificant 
differences in the yield due to 
seeding rate or r o w spacing 
(Hervey and Noll, 1955). Several 
of these writers suggested that 
a 6-to 14-inch spacing would be 
a suitable compromise when con- 
trol of erosion and reinvasion of 
shrubs and weeds as well as 
maximum yield are considered. 

This paper reports studies of 
the effects of seeding date on 
stand establishment and of row 
width and seeding rates on herb- 
age yields in western Colorado. 

Methods 

The date-of-planting study was 
begun in September 1948, seven 
miles southwest of Crawford, 
Colorado, at an elevation of 7500 
feet. The native vegetation prior 
to plowing for this study was 
mostly big sagebrush (Artemisia 
trident&a) and scattered juniper 
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trees (Juniperus sp.) Average 
annual precipitation was esti- 
mated to be 12 inches. Distribu- 
tion ordinarily is rather even 
throughout the year except in 
June and early July, when rain- 
fall is only about half that in the 
other months. 

Crested wheatgrass and 
smooth brome (Bromus inermis) 
were planted in lo-foot rows at 
the beginning of each month 
from April through November 
during the four years of the 
study. Four replications were 
used. The plantings were evalu- 
ated in 1956 by numerical ratings 
based on number and distribu- 
tion of plants (O=no stand; lO= 
perfect stand). 

The seeding rate and row- 
spacing study was established in 
October 1949 about 2 miles west 
of the date-of-planting study. It 
was in a clearing in the pinyon- 
juniper that had previously been 
cleared for farming, but had 
been abandoned for over 20 
years. At the time of plowing 
for this study, the area was 
covered by a dense stand of big 
sagebrush. Elevation and an- 
nual precipitation were simuilar 
to the other area. Crested wheat- 
grass was planted at 3, 6, and 9 
pounds per acre in 7-inch row 
spacing, 3 and 6 pounds in 14- 
inch spacing and 2 and 6 pounds 
in 21-inch spacing. Intermediate 
wheatgrass was planted at 4, 8 
and 12 pounds per acre in 7-inch 
row spacing, and 4 and 8 pounds 
in 14-inch spacing, and 22/3 and 8 
pounds in al-inch spacing. The 
plots are 33 x 132 feet; two repli- 
cations were planted. Herbage- 
yield samples were obtained in 
1952, 1956, and 1957 by clipping 
9.6-square-foot plots. 

Results 
Dates of Planting 

The only planting date that 
consistently g a v e satisfactory 
stands of crested wheatgrass was 
April 1 (Table 1). Satisfactory 
stands (rated “5” or better) were 
obtained at each of the planting 
dates in at least one of the years. 
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Table 1. Average 1956 siand ratings of crested wheafgrass and smooth brome 
planted in different months 1946 through 1952 

Crested wheatgrass 
April 
May 
June 
July 
August 
September 
October 
November 

Smooth brome 
April 
May 
June 
July 
August 
September 
October 
November 

1948 1949 1950 1951 1952 

10.0 10.0 7.8 9.5 
10.0 8.5 0.5 0.5 
9.8 8.5 2.0 2.8 
2.0 7.8 0.2 2.5 
8.8 10.0 0.0 0.0 

8.0 9.5 10.0 0.0 0.0 
9.0 9.8 1.2 9.0 0.0 
9.5 10.0 0.0 8.8 

7.0 5.2 5.2 6.8 
6.2 5.0 4.5 8.0 
7.8 3.8 3.0 0.5 
1.5 3.0 4.5 0.8 
5.8 4.0 6.5 0.2 

7.8 7.2 3.5 7.5 1.5 
7.2 1.8 0.2 7.8 6.2 
8.5 3.2 0.0 1.8 

However, all planting dates ex- 
cept April 1 produced at least 

limited and incomplete precipi- 
tation records obtained from a 

one failure or poor stand during 
the test period. Late-fall plant- 

rain gage near the plots. No 
correlation between stand estab- 

ings were frequently successful. lishment and precipitation at the 
In this test, all failures from time of seeding, the period fol- 
October and November plantings lowing seeding or time of emer- 
resulted from late-fall germina- gence could be found. No cor- 
tion; in the successful late-fall relation w a s found between 
plantings, the seedlings did not stand establishment and soil 
emerge until the following April. moisture at time of planting. 

The effects of planting date on 
establishment of smooth brome 
are not as clear cut as with 
crested wheatgrass. Stands of 
smooth brome were generally 
poorer than those of crested 
wheatgrass, probably because 
some of the smooth brome died 
out. Comparisons with earlier 
incomplete plot ratings indicate 
that some of the stands died out 
prior to 1956. Even so, smooth 
brome became established at 
some planting dates when 
crested wheatgrass did not pro- 
duce a satisfactory stand. This 
indicates that smooth brome can 
become established under a 
wider range of temperature and 
moisture conditions t h a n can 
crested wheatgrass even though 
it may be less able to persist 
a f t e r establishment. Current 
studies tend to bear this out. 

Rate-of-Seeding and Row-Spacing 

Because of a heavy invasion of 
cheatgrass, stand establishment 
in the rate-of-seeding and row- 

Table 2. Air dry herbage produced during three years by crested wheaf- 
grass and intermediate wheafgrass planted October 1949 af three row 
spacings 

Attempts were made to corre- 
late stand establishment with 

Species and row spacing 
Crested wheatgrass 

7 inches 
14 inches 
21 inches 

Least significant difference 
.05 

Least significant difference 
.Ol 

Intermediate Wheatgrass 
7 inches 

14 inches 
21 inches 

Least significant difference 
.05 

Least significant difference 
.Ol 

spacing study was somewhat er- 
ratic, and the yield data were 
variable. The cheatgrass re- 
tarded growth of the seeded 
grasses in 1950 and 1951. How- 
ever, by 1952, the successful 
grass stands were well estab- 
lished and growing vigorously. 

Rate-of-seeding was found to 
have no significant influence on 
herbage yields of either species 
at any row spacing. Because of 
this, the seeding-rate data were 
combined with the row-spacing 
data and are not presented sep- 
arately. 

In 1952, the 7-inch row spacing 
produced higher herbage yields 
of both species than the 14-and 
al-inch spacings, but analysis of 
variance showed these differ- 
ences to be not significant (Table 
2). In 1956, a dry year, and in 
1957, a year of average precipita- 
tion, the highest herbage yields 
were produced by the al-inch 
row spacing while the ‘I-inch 
spacing produced the least herb- 
age. The 12-inch spacing pro- 
duced slightly m o r e herbage 
than the 7-inch spacing but pro- 
duced significantly less than the 
21-inch spacing. Size of the in- 
dividual plants appeared to be 
the reason for the differences in 
yield in 1956 and 1957. In both 
years plants at the 21-inch spac- 
ing were much taller, coarser, 

1952 

1033 
902 
910 

NS 

NS 

798 
607 
497 

NS 

NS 

1956 1957 

(Pounds per acre) 
508 1015 
635 1144 
718 1515 

NS 202 

NS 307 

546 934 
608 1029 
702 1203 

63 165 

75 NS 



and generally more robust than 
the plants in the narrower row 
spacings. 

In 1951 there was much less 
cheatgrass in the 7-inch row 
spacing plots than in those with 
the 21-inch spacing. Crested 
wheatgrass seemed much more 
e f f e c t i v e than intermediate 
wheatgrass in r e d u c i n g the 
cheatgrass. 

Discussion 
Although reports on the effect 

of date of seeding on stand estab- 
lishment are limited and in some 
cases conflicting, from this study 
it appears that the most reliable 
seeding date for obtaining satis- 
factory stands in Western Colo- 
rado is April 1. April 1 is usually 
the earliest date that it wouid be 
possible to seed this locality be- 
cause of snow cover or wet soil. 
At slightly lower elevations, it 
might be possible to seed some- 
what earlier in the spring, and 
earlier seeding would probably 
be advantageous. Because of the 
short time available for seeding 
in the spring, it may be neces- 
sary to do the plowing or other 
land preparation the preceding 
fall. Late fall appears to be the 
next best date for seeding, but it 
is not as dependable as early 
spring. 

In general, the results of the 
row-spacing study agree with re- 
ports from other locations. The 
trend from highest yields with 
narrow row spacings immedi- 
ately a f t e r establishment to 

EFFECTS OF PLANTING DATES 

highest yields with the widest 
row spacings in later years is in 
close agreement with results 
from Arizona. The ability of 
closer row spacings to control 
cheatgrass agrees with the re- 
sults from Idaho. It should be 
noted that all of these studies are 
based on a hay harvest. If the 
herbage had been removed by 
grazing earlier in the season, the 
results might well have been 
different. Also, the closer row 
spacings produced leafier plants 
with finer stems. Although there 
was no erosion hazard on this 
study area, on other sites better 
soil stabilization has been ob- 
served with the closer row spac- 
ing. On steeper land or where- 
ever erosion is a problem, the 
narrower row spacings should 
probably be used. 

Summary 
Although satisfactory stands of 

crested wheatgrass and smooth 
brome were obtained by plant- 
ing during any month from April 
to November in some years, dur- 
ing 1948-52, April 1 was the only 
planting dates that gave consis- 
tently acceptable stands. All 
other planting dates resulted in 
failure or a poor stand in at least 
one year of the period. 

There was no significant dif- 
ference in yields of crested or 
intermediate wheatgrasses re- 
sulting from the different seed- 
ing rates used. 

Intermediate and c r e s t e d 
wheatgrasses were planted in 
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rows 7, 14 and 21 inches apart in 
1949. In 1956 and 1957, herbage 
yields were highest for the 21- 
inch spacing. No significant dif- 
ferences in yields resulting from 
row spacings were observed in 
1952. 
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TECHNICAL NOTES 

A PLOT MARKER THAT 
TELLS A STORY 

LYLE L. BROWN 

Range Aid (Research), Susanville 
Research Center, Pacific Southwest 
Forest and Range Experiment Sta- 
tion, Forest Service, U.S. Depart- 
ment of Agriculture, Susanville, 
California. 

The history and purpose of 
field study plots are frequently 
of interest to visitors. Even the 
observer sometimes has need for 
plot information when perma- 
nent records are not immediately 
available. Markers which carry 
such information, therefore, 
serve a useful purpose and en- 
hance the value of plots. 

Aluminum foil wrapped 
around and stapled to a 4 x 4 

FIGURE 1. Aluminum foil plot marker at- 
tached to a steel post. 

inch piece of board well serves 
this purpose, Figure 1. Informa- 
tion such as rate and date of 
planting, seedlings per acre, etc. 
can be impressed into the foil 
with a pencil or ball-point pen. 
The wood backing provides easy 
attachment to posts or trees. 

One hundred of these markers 
were made at a cost of $1.90 for 
material. Three-fourths of the 
cost was for the wood backs. 
Even this nominal cost could be 
reduced by using scrap wood. 

Markers of this type are showy 
and easy to find and they remain 
legible. In our experience they 
have lasted well and otherwise 
been entirely satisfactory. 

- 

RANGE UTILIZATION 
EXCLOSURE 

ROBERT M. MYERS 

Range Conservationist, Bureau o j 
Indian Affairs, Gordon, Nebraska. 

The range survey crew at Gor- 
don, Nebraska has designed and 
built a cage for use as a range ex- 
closure particularly in connec- 
tion with the study of range 
utilization on the Pine Ridge In- 
dian Reservation (Figure 1). 

The cage has a base five feet 
square. It is pyramid shaped, 
and rises to a height of three feet 
at the top of the pyramid. The 
frame is of %-inch steel reinforc- 
ing rod. It is covered with a-inch 
by 4-inch woven wire welded to 
the steel rods. The cage should 
be fastened to the ground by 
hooked, %-inch steel stakes to 
hold the frame in place. 

The pyramid shape of the cage 
permits nesting for transit. Sev- 
eral of them can be carried on a 
pickup at one time. 

The cage protects a quadrat 
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FIGURE 1. Range utilization cage. 

37.2 inches square and containing 
9.6 square feet which can be 
clipped to determine the amount 
of vegetation produced per unit 
area with protection from graz- 
ing. By clipping a similar quad- 
rat outside and comparing the 
two amounts of vegetation har- 
vested, an estimate of utilization 
can be obtained. 

A MECHANICAL DEVICE FOR 
REPEATABLE RANGE 

MEASUREMENTS 

H. G. FISSER AND 
GEORGE M. VAN DYNE 

Respectively, Graduate student and 
Instructor of Range Nutrition and 
Measurements, Animal Industry and 
Range Management Depart,ment, 
Montana State College, Bozeman, 
Montana 

A device (figure 1) has been 
constructed which will mechan- 
ically locate short line intercept 
transects. If used with reason- 
able care, this device permits the 
accurate reading and rereading 
of transects with a minimum of 
human decisions in line place- 
ment. This device has been 
tested on foothill grasslands of 
southwestern Montana during 
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FIGURE 1. The mechanical measurement 
device assembled for use. 

the 1958 field season; 375 perm- 
anent line intercepts were lo- 
cated, read, and recorded. 

Construction and Field Use 

The device consists of a hor- 
izontal, supported, l-inch alum- 
inum rod approximately six feet 
long, in which a 5-foot segment 
of steel tape is imbedded. The 
steel tape is calibrated in tenths 
and hundredths of feet. The l- 
inch rod is adjustable for height 
and is supported on each end by 
a tripod base system. A movable 
sleeve fits over the l-inch rod. 
This sleeve can slide along the 
rod and can also be turned 
around the rod. An extension 
arm is attached to the movable 
sleeve. This arm holds a pointer 
to inscribe the imaginary line at 
ground level. 

Location of the measurement 
device is accomplished by the 
use of holes in each of the tripod 
legs through which steel marker 
stakes are driven. The stakes 
protrude approximately 1/2 inch 
above ground level and are 
spray painted to aid in reloca- 
tion. Stake protrusion of only 
l/,$-inch above ground level in- 
sures a minimum of stake move- 
ment due to livestock trampling, 
compression by vehicles, or 
other causes. In the past field 
season, four pins were used to 
mark the location of each tran- 
sect line. Therefore, the position 
displacement of a given pin will 
not interfere in accurate reloca- 
tion of the line. The location of 
each transect is permanently re- 
corded by noting the distance 

and direction of each transect to 
a permanent marker post. 

After driving the transect 
marker stakes through the holes 
in the tripod bases, the device 
may be lifted from the stakes 
at will and may be replaced over 
the stakes at any given time in- 
terval desired. To allow the de- 
vice to be easily lifted from the 
marker stakes, the tips of the 
marker stakes are rounded and 
a special driving head is used to 
prevent expansion of stake tips. 

The measurement device is 
constructed to allow for adjust- 
ment in the height to which the 
cross-bar may be raised; adjust- 
ment of the length of the exten- 
sion arm; and adjustment of the 
angle and the length of the 
pointer pin. The minimum 
height of the center support is 
8 inches above ground level and 
the minimum arm length is 15 
inches. Maximum heights ap- 
proach 36 inches above ground 
level, allowing the use of this 
device over low-growing shrubs. 
Standard adjustments of the 
measurement de v i c e generally 
can be used when working in a 
given area. Standard height, arm 
length, pointer angle, and 
pointer length were used in all 
but a few of the 375 transects 
which were installed with this 
device during the past field sea- 
son. 

A specially designed form (fig- 
ure 2) is used to record the 
height of the cross-bar, length 

FIGURE 2. Portions of the special form 
used for recording and summarizing line 
intercept data, site factors, pin locations, 
and device measurements. 

FIGURE 3. The device completely disas- 
sembled showing the various parts. 

of the arm, angle and length of 
the pointer pin and basal inter- 
cepts, as well as pertinent site 
data. 

This device withstands rough 
field use and yet is light enough 
for easy transportation. For 
transporting it is easily dismant- 
led (figure 3) and packed in a 
specially designed sturdy 
wooden box (figure 4). The fol- 
lowing table lists the parts of 
the device and accessories as 
shown in figure 3. 

FIGURE 4. The device packed for trans- 
portation or storage in a special com- 
partmented box. 

The accuracy of the prescribed 
line and correct alignment of the 
measurement device were peri- 
odically checked throughout the 
past field season. This was ac- 
complished by placing the de- 
vice on a large sheet of paper 
upon which the locations of the 
holes of the tripod legs and the 
line were marked. The position 
of the line was checked by slid- 
ing the sleeve and arm appara- 
tus along the crossbar and noting 
whether or not the path of the 
tip of the pointer pin coincided 
with the check line marked on 
the sheet. The check sheet was 
carried in a cardboard tube in 
the box for the measurement de- 
vice. The pointer was also peri- 
odically checked by rolling the 
pin on a flat surface to make cer- 
tain it was true. Damaged point- 
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Photo No. Description 

4 

5 

6 
7 

8 
9 

10 
11 

12 

13 

14 

15 

16 

17 

Pulley holder, 1/a” steel rod, 6’3” long, threaded on 
each end. 
Main rod, 1” aluminum rod with groove cut for steel 
tape, 6’2” long. 
Steel tape, 5’ long, calibrated in tenths and hundredths 
of feet and inches and 64ths, imbedded in the alumi- 
num rod and secured with sheet metal screws. 
End bases, 1” angle iron welded to 2%” projections to 
which legs are attached (projection 3/s” by 2” iron bar). 
Legs 14” long of 3/s” x 2” iron bar with 2” ends, bent 
at 45” -7/16” holes drilled in portions resting on the 
ground. 
One-inch set dies, welded to the iron pipe. 
Eleven-inch segment of iron pipe with “window” for 
viewing the tape. 
Wire crosshair fastened with 4 screws in iron pipe. 
One-inch x %” iron bar welded to pipe-for attaching 
extension arm and braces. 
Extension arm braces, 1” x l/s” x 11” iron. 
Extension arm 1” x l/s” x 14” angle with 1” x %” 
3” cross-piece welded for attaching extension arm 
braces. 
One-inch diameter x 2” aluminum rod with hole 
drilled for pointer and set screw for pointer height 
control-attached to rounded y4” aluminum plate with 
appropriate bolt positions for adjusting the angle of 
the pointer. 
Spring and 1/4” pulley used to hold pointer tip just 
above ground level. 
Wire hook which attaches to the pulley rod holding 
the extension arm up during transportation. 
One-fourth inch high carbon steel rod-sharpened to 
a fine point and notched at inch intervals. 
Driving head for marker pins-6” x 11/z” diameter 
iron rod, with 7/16” hole 2” deep in one end. 
Iron marker stakes-7/16” diameter-variable lengths 
8”-20”. 
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ers were replaced rather than 
straightened. 

Adaptations 

This measurement device can 
be easily adapted for use under 
special conditions or modif ica- 
tions of the type of measurement 
to be taken. 

It can be used to locate points 
or loops as well as to locate a 
line. Intercepts above ground 
level as well as at ground level 
can be recorded. With appropri- 
ate adaptations, this device can 
be used to measure height of 
vegetation. A series of several 
parallel lines, points, or loops 
can be installed at one setting by 
merely shortening or lengthen- 
ing the extension arm and/or by 
adjusting the pointer angle. 

For transporting on pack ani- 
mals the six-foot rod may be bi- 
sected and threaded in the 
center for quick and secure re- 
attachment. The pulley holder 
rod may be treated similarly. 
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A LAY-DOWN FENCE FOR 
SNOW COUNTRY 

GEORGE T. TURNER 

Forester, Rocky Mountain Forest 
and Range Experiment Station, 
Forest Service, U. S. Department of 
Agrii2ulture.l 

Wire fences pose a problem in 
snow country. Wherever the 
snowpack reaches a depth of 4 
feet or more, wires are loosened 
or broken and posts frequently 
need to be straightened or reset. 
Consequently, maintenance be- 
comes a major chore and ex- 
pense. 

The type of fence described 
here (Figure 1) has reduced 
maintenance costs by two-thirds 
on Black Mesa in western Colo- 
rado. It was first observed on the 
Grand Mesa National Forest, but 
the originator is unknown. This 
fence is highly recommended for 
relatively uniform terrain where 
livestock need not be controlled 
during winter. Basically, it is a 
standard 4-wire fence that can be 
laid down as a unit. It remains 
under tension at all times. One 
man can let the fence down or 
put it up almost as fast as he can 
walk. Since the wires rest on or 
near the ground and thus escape 
the strain of the settling snow- 
pack, they are seldom broken. 

Construction of a lay-down 
fence is simple. Right-of-way 
should be relatively free of large 
stumps and rocks and wide 
enough to accommodate the 
fence when laid down. Posts and 
braces are used as in an ordinary 
fence and wires are stretched be- 
tween braces. However, instead 
of being anchored directly to 
brace posts, the wires are 
fastened to a stub post set on the 
ground next to each brace (Fig- 
ure 2). The top of the stub post 
is guyed to the bottom of the 

IMaintained in cooperation with 
Colorado State University, Fort 
Collins, Colorado. 

FIGURE 1. A lay-down fence practically eliminates damage from snow. When let down, 
fence remains under tension (note guy wires fastened to stub post). 

second brace post on the side 
from which the fence will fall. 
The bottom of the stub may be 
guyed to the bottom of the sec- 
ond brace post or bolted loosely 
to the first brace post so as to 
swivel near the ground. A half- 
inch bolt is recommended for 
this purpose. Both methods have 
proved satisfactory. A wire loop 
near the top holds the stub post 
upright. 

Fenceline wires are stapled to 
3-inch stays slightly offset from 

line posts. Stays are held upright 
by a wire loop stapled loosely to 
the opposite side of the post near 
the top. In addition, a bottom 
loop is recommended where live- 
stock are on both sides of the 
fence. Offsetting the stays pre- 
vents binding in the lower loop 
when the fence is lowered. For 
best results stays should be the 
same height as the posts. One or 
two additional stays may be 
placed between posts if a tighter 
fence is desired. 

FIGURE 2. Detail of fence construction showing: (1) stay slightly offset from line post: 
(2) stub post; (3) first brace post; (4) guy wires; (5) second brace post. 
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To let the fence down, a person 
usually needs a stretcher to gain 
some slack while he lifts the top 
loop from the stub post. There- 
after the going is easy. As the 
loops are lifted off the top of the 
stays, the fence falls gently-still 
under tension and all wires held 
in place. 

EFFECT OF AERIAL 2,4,5-T 
SPRAYS ON FORAGE 

PRODUCTION IN 
WEST-CENTRAL ARKANSAS 

HEWLETTE S. CRAWFORD 
Southern Forest Experiment Sta- 

tion, Forest Service, U. S. Depart- 
ment of Agriculture. 

The job of erecting the fence is 
nearly as fast and easy. First 
raise a few rods of fence near the 
brace to reduce side pressure. 
Use a stretcher to place the wire 
loop over the stub post then erect 
the remainder of the fence a rod 
at a time. Broken wires may be 
repaired as encountered. 

Where the terrain is fairly uni- 
form, sections of lay-down fence 
may be as long as a quarter mile. 
Shorter sections must be used 
where the topography is rough 
and broken or where the fence 
turns abruptly. 

In May 1957, several hardwood 
tracts in the Ozark mountains 
near Paris, Arkansas, were aeri- 
ally sprayed with 2,4,5-T in 
order to convert them to range. 
A fixed-wing aircraft applied to 
each acre 2 pounds of iso-octyl 
ester of 2,4,5-T mixed with one 
gallon of diesel oil and 3.5 gallons 
of water. The mixture was in- 
tended to rid the tracts of trees 
like post oak (Quercus stellata), 
blackjack oak (Q. marilandica), 
and hickories (Carya spp.) . 

A lay-down fence . does have 
the following limitations and dis- 
advantages: 

1. It provides no protection 
against stray livestock or tres- 
pass after it is lowered. 
2. It requires attention both in 
spring and fall. 
3. Wires rust more quickly where 
in contact with the ground for 
several months. 

Production of grass, forbs, and 
browse under five feet in height 
was measured in September 1957 
and 1958 on adjacent sprayed 
and unsprayed areas. Major 
grasses were little bluestem (An- 
dropogon scoparius), broomsedge 
(A. virginicus), panicums (Pani- 
cum spp.), and poverty oatgrass 
(Danthonia spicata). The most 

Per-acre yields of air-dry forage on sprayed and unsprayed areas were: 

4. Initial cost of construction is 
somewhat higher than for a 
standard fence. 

Chief argument in favor of a 
lay-down fence is the substantial 
saving in maintenance cost. 
Where damage from snow is se- 
vere, the cost of converting a 
standard fence to a lay-down 
fence may be recovered in 2 or 3 
years. It is especially recom- 
mended for snow country where 
a fence is needed only during the 
summer and where the terrain is 
relatively uniform. It might be 
feasible for division fences and 
drift fences where the cost of 
building and maintaining other 
types of fence is prohibitive. It’s 
worth considering. 

Sprayed 

1957 

Grass __________.__ . ..__ ____ ___________ ____________.__ 564 

Forbs ____ ______ ___ ____ ____ ______ __________ ____.___ __ 102 

Browse ____________________._.. ____ _____ __ ______ ___ 101 

Total __ ____ ________ _.__ ________________ ____ ___.______ 767 

important forbs were asters by defoliation and killing of the 
(Aster spp.) , various legumes, oaks-species of low browsing 
horseweed (Erigeron canaden- value. In 1958, browse yields in- 
sis), fireweed (Erechtites spp.), creased to 279 pounds per acre- 
and pokeweed (Phytolacca amer- an amount equal in weight to 
icana). Various species of oak, that on unsprayed areas. The 
hickory, blueberry (Vaccinium sprayed areas, however, pro- 
spp.), grape (Vitis spp.), and su- duced more browse plants of the 
mat (Rhus spy>.) composed the species preferred by deer, such 
bulk of woody growth. as blueberry and grape. 

At the end of the 1957 growing 
season, air-dry grass production 
per acre was 564 pounds on the 
sprayed area and 433 pounds on 
the unsprayed area. During 1958, 
grass yields increased to 873 
pounds per acre on the sprayed 
area but declined to 321 pounds 
on the unsprayed. 

The increase in grass yield re- 
flected lessened competition by 
overstory trees for light and 
moisture. Because cattle are 
mainly grass eaters, the immedi- 
ate outcome of spraying was fav- 
orable to this class of livestock. 
It is not yet known whether the 
potential grazing returns would 
justify the cost of treatment and 
maintenance. 

The yield of forbs was sharply 
reduced the first year. It in- 
creased greatly the second year, 
but the new growth consisted 
largely of horseweed, fireweed, 
and other undesirable species. 
Therefore the increased yield of 
forbs did little to enhance graz- 
ing values for either cattle or 
deer, but probably had value in 
reducing runoff during this pe- 
riod of land conversion. 

The large decrease in browse 
plants in 1957 was caused mainly 

areas 

1958 

873 

716 
279 

1,868 

Unsprayed areas 
-_ 

1957 1958 

433 321 

275 119 

375 277 
-- 
1,083 717 
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The Ecology of Invasion by An- 
imals and Plants. By Charles 
S. Elton. John Wiley and Sons, 
New York, N. Y. 159 pages. 
1958. $5.25. 

This book is a scholarly presenta- 
tion of the problem of plants and 
animals as invaders. In Chapter 1 
entitled “The Invaders,” the writer 
startles the reader by stating that 
we live in an explosive world, not 
just of atoms and atomic bombs but 
other kinds of explosions such as bu- 
bon!c plague or influenza that result 
in great discomfort to the hosts. He 
illustrates, with seven case histories, 
how certain species are brought from 
one country to another and there 
exploded into tremendous numbers. 
He states that if we are to under- 
stand what is likely to happen to 
the ecological balance in the world, 
we need to examine the past as well 
as the future. 

The world existed for many years 
before man was a factor in the dis- 
tribution of plants and animals. 
Some plants were able to move from 
one place to another, others could 
not; the difference being mainly in 
the means of dispersal. As man 
spread over the earth, he effected 
dispersal of plants and animals, more 
recently these effects have increased 
tremendously. 

The author points out that through 
the efforts of Mr. Fairchild who was 
head of the United States Office of 
Plant Introduction nearly two hund- 
red thousand named species and var- 
ieties of plants were introduced from 
all over the world. Just as trade fol- 
lows the flag, so animals have fol- 
lowed the plants. As an example, in 
the summer of 1916 about a dozen 
Japanese beetles, probably imported 
on some azaleas or irises, were not- 
iced in a plant nursery in New Jer- 
sey. In Japan this beetle is harmless 
but in America the population grew 
rapidly outward and soon became 
formidable. He continues his point 
by referring to the C 01 or ado 
potato beetle in the United States, 
where it fed chiefly on the horse 

nettle (Solanum rostratum). From 
the horse nettle it spread to the 
ordinary Irish potato. By 1874 it had 
migrated eastward from the Rocky 
Mountains to the Atlantic shore. In 
1876 it reached Germany but there 
it was destroyed. About 1920 it ar- 
rived at Bordeaux, France, from 
where it spread over much of Eur- 
ope. During later years it has been 
kept largely under control. He cites 
many other plants and animals that 
have spread from one country or 
continent to another and in so doing 
became extremely destructive. Even 
the remote islands were favored with 
the invasion of certain plants. 

In addition to plant and animal 
changes on islands and continents, 
there have been changes in the sea. 
These are not as great as on land 
but more recently, because of human 
action, many species have been dis- 
tributed. One can look forward to 
the sea being changed gradually, es- 
pecially if the flora prove to be val- 
uable for the production of food. 

Reference is given to successful 
invasions of plants and animals; 
however, in the chapter dealing with 
the balance between populations, the 
author points out that many in- 
vasions have failed. In order to keep 
a balance among species of plants or 
animals, it is necessary to have a 
fundamental knowledge about each 
of them. Some species need to be 
encouraged, others to be resisted. If 
plants and animals are kept in 
balance, “food chains” are preserved. 
These “food chains” have been called 
“energy transformers” because each 
species is using up in maintainance, 
movement, and increase, some of the 
energy originally captured by plants 
from sunlight. It is in connection 
with “food chains” and the possi- 
bility of breaking the “chains” at 
some place, that it becomes im- 
portant to know how many of the 
organisms, that are often destroyed, 
enter into this whole pattern of in- 
terrelationships of living. 

Preservation of balance calls at- 
tention to the importance of con- 
servation. The writer states that 
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some of the profound changes in 
“food chains” are the result of the 
introduction and spread of domestic 
animals. For example, prairie flora 
is vastly changed by overgrazing by 
domestic animals, and in doing this, 
the whole balance of nature is 
altered. He says that the western 
rangeland of North America, com- 
prising nearly 800 million acres, sup- 
ports almost 75 per cent of the na- 
tions sheep and more than 50 per 
cent of the beef cattle. Originally 
the grazing capacity of the western 
land was able to carry about 25 
million head, but by 1935 the capaci- 
ty had fallen by half. With heavy 
grazing and decreased growth of 
natural vegetation, water and wind 
erosion are greatly increased and 
millions of acres are eroding more 
or less seriously. The author strong- 
ly advocates the need for a program 
of conservation because man is not 
only becoming more numerous but 
he wants more and, consequently, 
is pressing harder than ever on what 
used to be unexploited or slightly 
exploited habitats. 

There are numerous maps and 
photographs to illustrate the various 
points in the text. 

This is a good book to read.-F. W. 
AZbertson, Fort Hays Kansas State 
College, Hays, Kansas. 

Planks and Environment. By R. 
F. Daubenmire (second edi- 
tion). John Wiley and Sons, 
Inc., New York, N. Y. 422 
pages. 1959. $6.95. 

Most ecologists arbitrarily separate 
the study of plant ecology into two 
phases, autecology (study of the in- 
dividual plant) and synecology 
(study of plant groups). Plants and 
Environment is offered as a basic 
text in autecology on the premise 
that an understanding of the ecology 
of the individual plant is necessary 
for anyone undertaking a study of 
plant communities. 

The organization of this revised 
edition duplicates that found in the 
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original text. The greater part of the 
book is devoted to each of seven 
components of the physical environ- 
ment: (1) soil, (2) water, (3) tem- 
perature, (4) light, (5) atmospheric, 
(6) biotic and (7) fire. These are 
followed by a chapter on the en- 
vironmental complex and one on 
ecologic adaptation repetition. The 
chapters on water, temperature and 
light are an excellent review of plant 
physiological processes. The chapter 
on soils contains a very effective dis- 
cussion of various soil-forming 
processes, but soil physicists may 
feel that energy relationships of soil 
moisture are given inadequate treat- 
ment. 

The discussion of the environ- 
mental complex is a projection of 
the holistic concept. Here the author 
stresses the heterogeneity of the en- 

vironment, the variability of plant 
requirements and the interactions 
encountered among the various fac- 
tors. 

The final chapter, ecologic adapta- 
tion and evolution, is concerned with 
some of the individual plant changes 
in relation to the environment. The 
older viewpoint of ant hr op o - 
morphism and teleology is discarded 
in favor of genetic variation and 
natural selection. Turesson’s gene- 
cologic classification is interpreted 
and applied to autecology. 

In general, the book is well 
written, and the material is pre- 
sented in a concise and scholarly 
manner. However, some discussions 
may tend toward over-simplification. 
The printing style used in the re- 
vised edition is an improvement 
over the original, and stud en t s 

should welcome the presentation of 
ecologic terms in italics rather than 
in a glossary. 

Additional sections have b e e n 
added to several chapters in revision, 
and a few were deleted. A very few 
changes were made in the original 
illustrative material w h i c h was 
tastefully chosen. The number of 
literature citations in the revised 
edition is approximately 26 percent 
greater than found in the original 
text. Range managers will be disap- 
pointed to find that many examples 
are drawn from other plant disci- 
plines such as horticulture, reflecting 
the scarcity of similar data for range 
plants. This book would be a credit 
to the library of any range manager. 
-Wayne G. McCully. Texas A & M 
College and Agricultural Experiment 
Station, College Station, Texas. 

CURRENT LITERATURE 
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meier. Pollen shedding in Russian 
wildrye grass. Agronomy Jour. 
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rado Agric. Expt. Sta., Fort Col- 
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Variation in domestic collections 
of switchgrass, Panicum virgatum 
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a new Cordylanthus from Nevada. 
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barium, U.S. National Arboretum, 
Washington, 25, D. C.) 

Grimsfone, A. V. Cytology, homology 
and phylogeny-a note on “organic 
design.” American Naturalist 
XCIII(872) :273 - 283. Sept. - Oct. 
1959. (Biological Lab., Harvard 
Univ., Cambridge, Mass.) 

Lodge, Ft. W. Biological flora of the 
British Isles. Cynosurus cristatus 
L. Jour. EcoZ. 47:51 l-518. July 

1959. (Dept. Botany, University 
College of North Wales, Bangor) 

Morrison, J. W., A. E. Hannah, R. 
Loiselle and S. Symko. Cytogentic 
studies in the genus Hordeum. II. 
Interspecific and intergeneric 
crosses. Canadian Jour. Plant Sci. 
39 (3) :375-384. July 1959. (Canada 
Dept. Agric., Ottawa, Ontario) 

Nord. E. C. Bitterbrush ecology- 
some recent f i n d i n g s . Pacific 
Southwest For. & Range Expt. Sta. 
Research Note No. 148, July 1959. 
8 pp. (Berkeley, California) 

Olson, D. S. Identification of conifer- 
ous seedlings in the northern 
Rocky Mountains. Forest, Wildlife 
& Range Expt. Sta., Univ. of 
Idaho, Research Note #15. 1959. 
4 pp. (College of Forestry, Mos- 
cow) 

Reed, C. F. Contributions toward a 
flora of Nevada. No. 46. Amaran- 
thaceae of Nevada. National Ar- 
boretum and Agricultural Re- 
search Service. Oct. 1959. 16 pp. 
(Herbarium, U. S. National Ar- 
boretum, Washington 25, D. C.) 
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original text. The greater part of the 
book is devoted to each of seven 
components of the physical environ- 
ment: (1) soil, (2) water, (3) tem- 
perature, (4) light, (5) atmospheric, 
(6) biotic and (7) fire. These are 
followed by a chapter on the en- 
vironmental complex and one on 
ecologic adaptation repetition. The 
chapters on water, temperature and 
light are an excellent review of plant 
physiological processes. The chapter 
on soils contains a very effective dis- 
cussion of various soil-forming 
processes, but soil physicists may 
feel that energy relationships of soil 
moisture are given inadequate treat- 
ment. 

The discussion of the environ- 
mental complex is a projection of 
the holistic concept. Here the author 
stresses the heterogeneity of the en- 

vironment, the variability of plant 
requirements and the interactions 
encountered among the various fac- 
tors. 

The final chapter, ecologic adapta- 
tion and evolution, is concerned with 
some of the individual plant changes 
in relation to the environment. The 
older viewpoint of ant hr op o - 
morphism and teleology is discarded 
in favor of genetic variation and 
natural selection. Turesson’s gene- 
cologic classification is interpreted 
and applied to autecology. 

In general, the book is well 
written, and the material is pre- 
sented in a concise and scholarly 
manner. However, some discussions 
may tend toward over-simplification. 
The printing style used in the re- 
vised edition is an improvement 
over the original, and stud en t s 

should welcome the presentation of 
ecologic terms in italics rather than 
in a glossary. 

Additional sections have b e e n 
added to several chapters in revision, 
and a few were deleted. A very few 
changes were made in the original 
illustrative material w h i c h was 
tastefully chosen. The number of 
literature citations in the revised 
edition is approximately 26 percent 
greater than found in the original 
text. Range managers will be disap- 
pointed to find that many examples 
are drawn from other plant disci- 
plines such as horticulture, reflecting 
the scarcity of similar data for range 
plants. This book would be a credit 
to the library of any range manager. 
-Wayne G. McCully. Texas A & M 
College and Agricultural Experiment 
Station, College Station, Texas. 
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ARIZONA 
The Arizona Section of the Ameri- 

can Society of Range Management 
held its annual meeting on Decem- 
ber 17, 18, and 19 in Tucson. This 
was ‘Ihe tenth anniversary, as the 
Section was organized in Tucson in 
April 1950. 

Program chairman EDWIN 
SCHMUTZ arranged an extremely 
interesting and informative meeting. 
Three panels on research relations 
and range management took all of 
the second day following the Council 
meeting on December 17th. A tour 
of Water Street, U. S. A. at the 
Arizona-Sonoran Desert Museum 
concluded the program. 

-Robert C. Boice 

CALIFORNIA Africa. The talk was illustrated with 
The annual meeting was held at outstanding colored pictures of Afri- 

the Shattuck Hotel in Berkeley on can wildlife. 

November 9 and 10, 1959. One hun- Officers elected for 1960 were: 
dred three members and guests Chairman, LISLE R. GREEN. 
registered. Vice Chairman, E. J. WOOLFOLK. 

Twenty-three papers on a variety 
Secretary-Treasurer, BURGESS L. 

KAY. 
of subjects were presented in three 
half-day sessions. Tuesday afternoon New Council Members, DON 

was taken with trips through the TORRELL AND A. B. EVANKO. LESTER 

Stauffer Chemical Co. plant and the BERRY AND ARNOLD SCHULTZ were 

California Spray Chemical Corpora- held over on the council. 

tion plant in Richmond. The produc- -Burgess L. Kay 

tion of phosphate and nitrogen was 
seen at these plants. PACIFIC NORTH WEST 

A highlight of the meeting was The annual section meeting held 
HAROLD HEADY’S dinner speech con- in Kamloops, B. C., was well at- 
cerning his recent experiences in tended, with 93 registered members 



48 CURRENT LITERATURE 

Methods and Techniques 

Bruns, V. F., W. W. Heinemann and 
D. L. Oldemeyer. Control of downy 
brome in alfalfa and r e 1 a t e d 
studies. USDA Tech. Bull. No. 
1197, April 1959. 29 pp. (U.S. Govt. 
Printing Office, Washington 25, D. 
C.) 

Cornelius, D. R., et al. Handbook 
chemical control of range weeds. 
Range Seeding Equipment Com- 
mittee, USDA and Dept. Interior. 
Rev. March 1959. 42 pp. (U.S. 
Govt. Printing Office, Washington 
25, D. C.) 

Day, B. E., E. Johnson and J. L. 
Dewlen. Volatility of herbicides 
under field conditions. Hilgardia 
28(11):255-268. Feb. 1959. (U. of 
Cal. Citrus Expt. Sta., Riverside) 

Ives, J. D. and H. L. Thomlas. The 
randomness of pollination in a 
polycross nursery of s m o o t h 
bromegrass, B r o m u s inermis 
Leyss. Agronomy Jour. 51(10) : 
623-625. Oct. 1959. (Dept. Agron- 

Dewey, D. R. and K. H. Lu. A cor- 
relation and path-coefficient anal- 
ysis of components of crested 
wheatgrass seed p r o d u c t i o n. 
Agronomy Jour. 51(9) :515-518. 
Sept. 1959. (Crops Research Div., 
ARS, USDA, Logan, Utah) 

Gordon, C. H., 0. J. Hunt. G. R. 
Mowry and W. R. Harvey. A com- 
parison of the relative efficiency 
of three pasture utilization sys- 
tems. Jour. Dairy Sci. 42(10) :1686- 
1698. Oct. 1959. (Agric. Research 
Service, USDA, Beltsville, Mary- 

Miscellaneous 

omy, U. Minnesota, St. Paul) 
Love, L. D. The Manitou Experi- 

mental Forest-its work and aims. 
Rocky Mt. For. & Range Expt. Sta. 
Paper No. 7(rev.), June 1958. 19 
pp. (Fort Collins, Colorado) 

Mafelski, R. P. Great soil groups of 
Nevada. Soil Sci. 88(4) :228-240. 
Oct. 1959. (U. Nebraska, Lincoln) 

Vaux, H. J. Advantages and func- 
tions of a professional society. 

land) 
Sayer, H. J. An ultra-low-volume 

spraying technique for the con- 
trol of the desert locust, Schisto- 
cerca gergaria (Forsk.) Bull. En- 
tomological Res. 50(2) :371-387. 
Aug. 1959. (Desert Locust Survey, 
East Africa High Commission.) 

Springfield, H. W. Estimating the 
utilization of crested wheatgrass 
from counts of grazed plants. 
Rocky Mt. For. & Range Expt. Sta. 
Research Note No. 38, June 1959. 
6 pp. (Fort Collins, Colorado) 

Jour. For. 57(10):718-720. Oct. 1959 
(Dean, School of Forestry, U. Cal- 
ifornia, Berkeley) 

Voisin, Andre. Grazing is an art. 
Agriculture LXV1(4/5):163-166. 
JuZy/Aug. 1959. (1’Academie 
d’Agriculture d France) 

Wannop, A. R. Science and the hill 
farmer. Agriculture LXVI (1) :1-5. 
April 1959. (Dir., Hill Farming 
Research Organization, England) 

WITH THE SECTIONS 

ARIZONA 
The Arizona Section of the Ameri- 

can Society of Range Management 
held its annual meeting on Decem- 
ber 17, 18, and 19 in Tucson. This 
was ‘Ihe tenth anniversary, as the 
Section was organized in Tucson in 
April 1950. 

Program chairman EDWIN 
SCHMUTZ arranged an extremely 
interesting and informative meeting. 
Three panels on research relations 
and range management took all of 
the second day following the Council 
meeting on December 17th. A tour 
of Water Street, U. S. A. at the 
Arizona-Sonoran Desert Museum 
concluded the program. 

-Robert C. Boice 

CALIFORNIA Africa. The talk was illustrated with 
The annual meeting was held at outstanding colored pictures of Afri- 

the Shattuck Hotel in Berkeley on can wildlife. 

November 9 and 10, 1959. One hun- Officers elected for 1960 were: 
dred three members and guests Chairman, LISLE R. GREEN. 
registered. Vice Chairman, E. J. WOOLFOLK. 

Twenty-three papers on a variety 
Secretary-Treasurer, BURGESS L. 

KAY. 
of subjects were presented in three 
half-day sessions. Tuesday afternoon New Council Members, DON 

was taken with trips through the TORRELL AND A. B. EVANKO. LESTER 

Stauffer Chemical Co. plant and the BERRY AND ARNOLD SCHULTZ were 

California Spray Chemical Corpora- held over on the council. 

tion plant in Richmond. The produc- -Burgess L. Kay 

tion of phosphate and nitrogen was 
seen at these plants. PACIFIC NORTH WEST 

A highlight of the meeting was The annual section meeting held 
HAROLD HEADY’S dinner speech con- in Kamloops, B. C., was well at- 
cerning his recent experiences in tended, with 93 registered members 



WITH THE SECTIONS 49 

A. DR. A. W. (SAMMY) SAMPSON enjoyed the social hour. B. CHAIRMAN LISLE GREEN (right) and dinner speaker HAROLD 
HEADY. 

and many others participating as 
guests. 

The program, organized by Chair- 
man-elect BILL CURRIER, considered 
all aspects of obtaining maximum 
production from Pacific Northwest 
rangelands. The array .of subjects 
presented by panels ranged from 
ecological site classification to the 
use of rangeland in diversified 
ranching. The Canadian hosts pre- 
sented several fine papers on their 
management problems and ap- 

proaches to top off the well-bal- 
anced program. The ladies were 
entertained with socials, lectures, 
and some excellent shopping oppor- 
tunities. 

Canadian hospitality was high- 
lighted at the Smorgasbord banquet. 
Entertainment was provided by 
comedian master of ceremonies TOM 
WALLACE, a unique troupe of singing 
and dancing Indian girls, and an 
orchestra which furnished ballroom 
music for the dance that followed. 

At the close of the meeting, Chair- 
man, READE BROWN installed incom- 
ing Chairman BILL CURRIER, Vice- 
chairman TOM WALLACE, and the 
new council members, WILLIAM Mc- 
GREGOR and ALASTAIR MCLEAN. 

The 1960 annual meeting will be 
held in the central Oregon city of 
Prineville, November 28 and 29. 
Tentative plans are for the summer 
meeting and field tour to be held in 
John Day during late June of 1960. 

-Jon M. Skovlin 

NEWS AND NOTES 

New Course Offered 

A new course of study called 
“range management” has been added 
to the University of Arkansas’ Col- 
lege of Agriculture curricula, Dean 
Gerald T. Hudson announced Friday 
(Nov. 20). 

Purpose of the program is two- 
fold; to train students for work in 
federal and state agencies and to 
give those who plan a livestock en- 
terprize livelihood training in the 
utilization and maintenance of range 
areas. 

Emphasis in the new program has 
been placed on botany, animal sci- 
ence, and agronomy. Courses include 

taxonomy, ecology, physiology, ani- 
mal breeding, nutrition, weed identi- 
fication and control, soil fertility and 
range management. 

Eighteen students are enrolled in 
the program, which leads to a major 
in range management. The curricu- 
lum comes under the supervision of 
Dr. Dale A. Hinkle, professor and 
head of the University’s agronomy 
department. Teaching responsibility, 
for those areas in agronomy, is under 
Dr. Albert M. Davis, associate pro- 
fessor of agronomy. 

According to Davis, students en- 
rolled in the range management pro- 
gram will be taught to manage ranch 
units and trained to work with fed- 

eral and state agencies such as the 
Agricultural Research Service, Soil 
Conservation Service, Bureau of 
Land Management, U. S. Forest 
Service, the Arkansas Division of 
Forestry and Parks, and the Arkan- 
sas Fish and Wildlife Service. 

Davis said the curriculum ha; been 
approved by the Civil Service Com- 
mission, which means that students 
who major in range management are 
eligible for federal employment. 

Two 40-acre tracts and an adjoin- 
ing 30-acre tract on the University’s 
beef farm are being used for pilot 
plant studies and as a laboratory for 
students enrolled in the new pro- 
gram. 
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Regional Forester Elected President 
Society Of American Foresters 

CHARLES A. CONNAUGHTON, Re- 
gional Forester of the California 
Region of the United States Forest 
Service, has been elected president 
of the Society of American Forest- 

ers. This Society is composed of a 
membership of 13,000 professional 
foresters from private industry and 
public agencies throughout the 
United S t a t es . Mr. CONNAUGHTON, 
who has been with the U. S. Forest 
Service and a member of the Society 
for 30 years, will serve for the two- 
year term 1960-61. 

CONNAUGHTON is a graduate of the 
University of Idaho and obtained a 
Master’s degree in forestry at Yale. 
He has served in numerous positions 
with the U. S. Forest Service includ- 
ing directorship of two Forest and 
Range Experiment Stations. Mr. 
CONNAUGHTON was Regional Forester 
for the Southern Region of the For- 
est Service at Atlanta, Georgia be- 
fore coming to California as Re- 
gional Forester in 1955. 

Forester CONNAUGHTON was also 
honored by being elected to the Fel- 
low grade of the Society of Ameri- 
can Foresters. A “FELLOW” in the 
Society is defined “as a forester who 
has been generally recognized 
throughout the profession as a per- 
son who has rendered outstanding 
service to professional forestry and 
to the Society.” 

Mr. CONNAUGHTON was a keynote 
speaker at the 1959 national meeting 
of the Society held in San Francisco. 

CONNAUGHTON says that this pro- 
fessional organization of foresters is 
devoted to strengthening forestry 
work nationwide. In summary, as 
president he will have responsibili- 
ties to the entire Nation for leader- 
ship of an organization vital to the 
Nation in that the Society members 
are engaged in management of those 
natural forest resources essential to 
the economy and well-being of the 
Nation as a whole. 

Harris Promoted 

Appointment of ROBERT W. HARRIS 
as Chief of the Division of Station 
Management at the Pacific North- 
west Forest and Range Experiment 
Station has been announced by R. 
W. COWLIN, Director of the U. S. 
Forest Service research unit in Port- 
land. 

In his new position, HARRIS will 
serve as the Director’s principal ad- 
viser on coordination and admin- 
istration of regional research pro- 
grams for improving management, 
protection, and use of forest and 
range resources. He is transferring 
from the Washington, D. C. office 
of the Forest Service, where he has 
been working in administration of 
national-forest range resources. 

HARRIS is not a newcomer to re- 
search or the Pacific Northwest. Be- 
fore his promotion to Washington 
early in 1957, he was in charge of 
range, forest, and watershed re- 
search at the Station’s La Grande 
(Oreg.) Research Center. 

He began his Forest Service ca- 
reer with seasonal employment on 
the Coeur d’Alene National Forest 
in Idaho in 1939 and 1940. In 1941 
and 1942 he was an agricultural aide 
at the Rocky Mountain Forest and 
Range Experiment Station at Fort 
Collins, Colo. He next spent 4 years 
in the U. S. Marine Corps, returning 
to the Rocky Mountain Station in 
1946. The following year he trans- 
ferred to La Grande to do cattle 
grazing research on the Starkey Ex- 
perimental Forest and Range, and in 
1955 he was placed in charge of the 
research center. 

HARRIS was graduated from the 
University of Idaho in 1941 with a 
degree in forestry. He did postgrad- 
uate study at New York State Col- 
lege of Forestry in 1941-42, and at- 

Institute of Technology while in the 
Service. 

He is the author of numerous pub- 
lications on range inventories and 
cattle management on western 
ranges, and is affiliated with the 
Society of American Foresters and 
the American Society of Range Man- 
agement. 

5th International Course In 
Pastures In Brazil 

The 5th International Course in 
Pastures of the Inter-American In- 
stitute of Agricultural Sciences 
(Southern Zone) under Project 39 of 
the Organization of Amercian States 
was held in the State of Sao Paulo, 
Brazil, between June 15 and August 
7. The Department of Animal Pro- 
duction of the Secretary of Agricul- 
ture of Sao Paulo sponsored the 
Course for the Brazilian Govern- 
ment. 

Thirty-eight technicians partici- 
pated in the Course. Twenty were 
from Brazil, 6 from Argentina, and 
4 each from Chile, Paraguay and 
Uruguay. All except 2 were Univer- 
sity graduates-29 agronomists, 6 
veterinarians and 1 biologist. Sixteen 
work in research, 7 in extension or 
related activity and the rest in other 
technical or administrative services. 

Dr. Roald A. Peterson, Pasture 
Specialist, I.I.A.S. (Southern Zone), 
was Director and Professor of the 
Course. Other professors were: Dr. 

Theme of this meeting was “Forestry tended Navy radar schools at Har- Jorge de Alba, Head of the Depart- 
and People.” vard University and Massachusetts ment of Animal Production, I.I.A.S. 
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(Turrialba, Costa Rica), Mr. Arthur 
Semple, Pasture Specialist, I.I.A.S. & 
I.C.A. (Turrialba, Costa Rica) and 
Ing. Agr. Eduardo S. Bello, Pasture 
Specialist, I.I.A.S. (Southern Zone). 
Ing. Agr. Gerald0 Leme da Rocha, 
Head of the Nutrition Section of the 
Department of Animal Production 
of Sao Paulo, was Coordinator of the 
Course. 

Subject matter of the lectures was 
grouped in three broad divisions: (1) 
Relationships Between Pasture 
Plants and Their Environment; (2) 
Relationships Between Anmials and 
Pasture Plants; and (3) Special Prob- 
lems. While stress was put on funda- 
mentals, their significance to man- 
agement was developed in both class 
and field. 

Topics included under the first 
division were: Physiology and struc- 
ture of forage plants; Influence of 
grazing and cutting on plants; The 
light factor; The temperature factor; 
The moisture factor; Processes of 
vegetational change; and Grasslands 
around the world. Under the second 
division were included: Forage re- 
quirements of domestic animals; In- 
fluence and climate on forage con- 
sumption; Mineral and vitamin re- 
quirements and deficiencies; Man- 
agement to improve pasture utiliza- 
tion; Behavior of the grazing ani- 
mal; Methods of measuring con- 
sumption and digestion; and Carry- 
ing capacity and grazing intensity. 
Finally, under the last division were 
included the topics: Soil fertility 
and tropical pastures; Legumes and 
grasses for tropical pastures ; Trees 
and shrubs for forage; Brush con- 
trol; The use of fire; Conservation 
of soil and water; and Improving 
seasonal distribution of the forage 
SUPPlY. 

Special lectures were given on: 
The livestock industry of Sao Paulo; 
The plant geography of Brazil and 
The Influence of water-mineral re- 
lationships upon the external mor- 
phology of plants; The climate in re- 
lation to agriculture in Sao Paulo; 
and Soils of Sao Paulo. These were 
given, respectively, by Dr. Joao Bar- 
isson Villares, Director, Department 
of Animal Production; Prof. Mario 
Ferri, Ecologist and Head of the De- 
partment of Botany, University of 
Sao Paulo; and Ing. Agr. Angelo 
Camargo, Climatologist, and Ing. 
Agr. Francisco Verdade, In Charge 
of Soil Fertility and Mapping, both 

FIGURE 1. Participants of the 5th International Pasture Course 
experiment on Melinis minutiflora at Pindamonhangaba, Brazil. 

examining a clipping 

from the Agronomic Institute of 
Campinas. 

Field work included training in 
various methods of Botanical analy- 
sis of pastures and observation of 
experimental work an d ranching 
practices in various parts of the 
state. Observations were made of 
grazing experiments comparing: 
Melinis minutiflora, Paspalum nota- 
turn, Axonopus compresses, Hyparr- 
henia hirta, P an i c urn maximum, 
Digitaria decumbens, Cynoden dac- 
tylon (Swanee and coastal hybrids) 
and mixtures of grasses with the 
legumes-tropical Kudzu and Gly- 
tine javonica. 

Experimental work in the State of 
Sao Paulo is expanding rapidly so 

it was also possible for the Course 
participants to observe feeding and 
digestion trials, numerous adaptation 
trials of introduced species; season 
of growth studies (clipping and graz- 
ing), cross-breeding and other work 
with animals, etc. Practices of ero- 
sion control, use of fire, animal im- 
provement and management, plant- 
ing methods and other advanced 
practices were observed on progres- 
sive farms. 

This was the first of the 5 Inter- 
national Courses to be given in the 
tropics. Previous courses have been 
held in Argentina, Chili, Uruguay, 
and Southern Brazil. In all, some 
150 technicians have received this 
training. 

IN MEMORIAM 
WILLlAM R. RA WLINGS 

WILLIAM R. RAWLINGS died 
July 9 in Durango, Colorado as the 
result of head injuries suffered when 
his horse was hit by a logging truck. 
Mr. Rawlings was employed by the 
U. S. Forest Service as range and 
wildlife technician on the San Juan 
National Forest. 

Mr. Rawlings served 2% years 
with the Seabees during World War 
II. He received his B. A. degree in 
history from the University of New 
Hampshire in 1950. He did graduate 
work at American International Col- 
lege and later received his B. S. in 
wildlife management from Iowa 

State College. He then returned to 
the University of New Hampshire 
where he earned his master’s degree 
in forestry in 1956. 

Mr. Rawlings was a member of 
the American Society of Range Man- 
agement, the Wildlife Society, and 
the North American Society of Mam- 
malogists. 

Mr. Rawlings is survived by his 
wife, Mary Ann, and four children; 
William Ames, 6; Jean Elizabeth, 5; 
Forrest Lyman, 4 ; and Lawrence Ed- 
mund, 2. His family is currently re- 
siding in Plymouth, New Hampshire. 
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EDWARD N. WENTWORTH LIBRARY PRESENTED TO THE 

UNIVERSITY OF WYOMING LIBRARY 

The Edward N. Wentworth 
Library of twelve hundred vol- 
umes has been given the Uni- 
versity of Wyoming by the 
Wentworth family. This gift is 
one of the largest private collec- 
tions ever to be received by the 
University Library. 

Colonel Wentworth began his 
book collecting when as a small 
boy in Dover, New Hampshire 
he purchased Brehem’s Life of 
Animals. As Director of 
Armour’s Livestock Bureau from 
1923, until his retirement in 1955, 
Colonel Wentworth travelled all 
over the United States speaking 
to organizations and consulting 
with various individuals in the 
livestock industry, thereby be- 
coming one of the most widely 
known and respected men in the 
industry. Historians have re- 
garded him as one of the fore- 
most authorities on the history 
of the livestock industry, a repu- 
tation that was founded in part 
on his authorship or co-author- 
ship of the following ten vol- 
umes: Portrait Gallery of Saddle 
and Sirloin Club, America’s 
Sheep Trails, Progressive Beef 
Cattle Raising, Progressive Hog 

Raising, Marketing Live Stock 
and Meats, Progressive Sheep 
Raising, Cattle Breeding, Shep- 
herdJs Empire, Pigs, From Cave 
to Cornbelt, and Cattle and Men. 

While the entire Wentworth 
library is a well selected one, 
several items are of unusual 
interest. Two series, the Quivira 
Society Publications of 13 vol- 
umes and the Coronado His- 
torical set of 12 volumes pertain 
to the American Southwest 
under Spanish rule. The Calafia 
set of 5 books includes explora- 
tion narratives of the California 
area in the 1840’s. Rueben Gold 
Thwaites’, 33 volume, Early 
Western Travels, is classed by 
most historians as one of the 
prized research tools in Western 
History. This monumental work 
incorporates the diaries of such 
early explorers as John Brad- 
bury, James 0. Pattie, and 
Stephen H. Long, Another sig- 
nificant set is the Southwest His- 
torical Series of 13 volumes, 
which accent the journals of 
soldiers and overland diaries. 

Frank Hastings’, A Ranch- 
man’s Recollection is one of the 

more valuable Western Range 
Cattle Industry books. Some 
Recollections of a Western 
Ranchman by the English-born 
William French is a rare western 
history book. French came West 
in search of high profits in the 
cattle industry. Even though his 
vision of riches disappeared in 
the dust of the New Mexico 
wind, he salvaged some concepts 
of the American West, which he 
set down delightfully in this vol- 
ume. 

The Wentworth collection con- 
tains an extremely rare auto- 
graphed copy of Joseph McCoy’s, 
Historic Sketches of the Cattle 
Trade in the West and South- 
west. This is especially valuable 
as source material on the early 
cattle drives and the feeder in- 
dustry in Illinois. 

In addition, 23 etchings, prints, 
and water colors of western 
scenes were in the Wentworth 
collection. Eleven etchings by 
Edward Borein have attracted 
attention and are now on exhibit 
in the Western History reading 
room of the William Robertson 
Coe Memorial Library. 
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