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RANGE MANAGEMENT 

Influence of Pocket Gophers on Seeded ‘* 
Mountain Range in Utah 

ODELL JULANDER, JESSOP B. LOW, AND 
OWEN W. MORRIS 

Range Conservationist, Intermountain Forest and Range 
Experiment Station, Forest Service, U. S. Department of 
Agriculture, Ogden, Utah; Leader, Utah Cooperative 
Wildlife Research Unit, Logan Utah; and District Agent, 
Predator and Rodent Control, U. S. Fish and Wildlife 
Service, Salt Lake City, Utah. 

Large areas of high-mountain 
range in the Intermountain West 
are depleted and need seeding to 
forage species. Many of these 
areas, particularly the open 
parklands, are heavily populated 
with pocket gophers (Thomomys 
talpoides). Failures in seeding 
high-mountain parklands to 
grass and the failure of seeded 
stands to “hold” have been fre- 
quent. Since high populations of 
pocket gophers have often been 
associated with these failures, 
gophers were suspected as a pos- 
sible cause. 

The Monte Cristo area of the 
Cache National Forest in north- 
ern Utah is an example of such 
high-mountain, gopher-infested 
range. For several years stock- 
men and forest officers had been 
seeking a solution to problems re- 
lated to establishment and main- 
tenance of a successful stand of 
grass. The influence of pocket 
gophers on a grass seeding in 
this area was studied from 1952 
through 1957. The techniques of 
this study and the information 
gained from it are presented 
here. 

Cooperating in the study were: 
Nick Chournos, sheepman, who 
provided the land, constructed 
and maintained fences, and paid 
the cost of reseeding; U. S. Fish 
and Wildlife Service, Branch of 
Predator and Rodent Control, 
which controlled gophers on the 
study area throughout the ex- 
periment; Utah Wildlife Re- 
search Unit, which was respon- 
sible for studies of relative 
gopher populations; Intermoun- 
tain Forest and Range Experi- 
ment Station, U. S. Forest Serv- 
ice, which was responsible for 
vegetative studies; Cache Na- 
tional Forest, U. S. Forest Serv- 
ice, which assisted in the seed- 
ing and in collecting data. 

Previous Work 

Considerable study has been 
made of the life history, feeding 
habits, and control of pocket 
gophers. A few investigators 
have reported the effects of 
gophers on native range (Moore 
and Reid, 1951; Ellison and 
Aldous, 1952; and Branson and 
Payne, 1958). But to our knowl- 
edge the only reported study 
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dealing specifically with effects 
of pocket gophers on seeded 
range is by Garrison and Moore 
(1956). They found that “old- 
drill-row plants in 9- to ll-year- 
old plantings of crested wheat- 
grass were not greatly affected 
by current gopher burrowing 
and feeding. Establishment of 
natural reproduction between 
drill rows, however, was defi- 
nitely impaired.” In new plant- 
ings they found some differ- 
ences between species in sus- 
ceptibility to gopher damage, 
and they recommended using 
rhizomatous wheatgrasses, deep 
plowing to destroy broad-leaved 
herbs, and moderate gopher con- 
trol for the first few seasons. 

Study Areas 

Two areas, each approximate- 
ly 3 acres, separated by a %-mile 
strip of spruce-fir timber, were 
selected for study; one to be 
gopher-infested, the other go- 
pher-controlled. These areas 
were similar typical overgrazed 
flats covered by a dense stand of 
tarweed (Madia glomerata), col- 
lomia (Collomia Zineurifoliu), and 
other annuals. Interspersed with 
these annuals was an occasional 
perennial plant of geranium 
(Geranium richardsoni), butter- 
weed groundsel (Senecio serru), 
and others. Corm- or bulbous- 
rooted ephemeral forbs (Cluy- 
toniu Zunceolutu, Lithop hrugmu 
teneZZu, and Orogeniu Zineuri- 
foliu) were common and well 
distributed throughout both 
areas. Grasses were very scarce. 

Both areas were heavily in- 
fested with pocket gophers at 
the start of the study. Other 
small mammals, chiefly meadow 
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FIGURE 1. Differences in production of grass between gopher-controlled plots (left) and uncontrolled plots (right) one year after seeding. 

mice (Microtus montanus) and 
whitefooted mice (Peromyscus 
spp.), live in the same general 
area with the gophers. These 
mice may be closely associated 
with the gophers in that the go- 
phers’ tunnels may furnish pro- 
tection and possibly stored food 
for the mice. Although this study 
was aimed primarily at gophers, 
control of the gophers with 
“1080” poisoned grain undoubt- 
edly affected the population of 
other small rodents. However, 
since gophers were very abun- 
dant on the uncontrolled area 
and the different types of dam- 
age observed were clearly asso- 
ciated with gopher signs, the ef- 
fects reported herein are pri- 
marily related to gophers. 

Soils on the two areas are 
similar. They are deep, very fine 
sandy loams from red sandstone 
parent material. Two color 
phases (brown and gray) of the 
same soil type are represented 
on both areas. Each has a pH of 
about 7, and the productive ca- 
pacities of the two areas ap- 
peared to be about equal. Con- 
siderable topsoil has been lost 
and a noticeable characteristic of 
these soils is that their surfaces, 
when bared of cover, tend to 
crust over and become somewhat 
resistant to water infiltration. 
Gentle slopes characterized both 
areas. However, part of the go- 
pher-controlled area was steeper 

and erosion was more evident 
before seeding and a year or so 
afterward. 

Treatments and Methods 

Both areas were seeded to 
grass July 1, 1952, by duckfoot 
cultivation, followed by broad- 
cast seeding and harrowing. The 
duckfoot cultivator killed prac- 
tically all of the tarweed and 
other annuals, and by August 30 
an excellent stand of grass seed- 
lings occupied both areas. In- 
cluded in the grass mixture were 
timothy (Phleum pratense), or- 
chardgrass (Dactylis glomerata), 
tall oatgrass (Arrhenatherum 
elatius), and smooth brome 
(Bromus inermis). Abundance of 
species in the stand was approxi- 
mately in the order listed, with 
timothy the most abundant and 

Table 1. Stand and yields of grass 
gopher cxmfrol 

smooth brome very scarce. Both 
areas were protected from graz- 
ing. On one area gophers were 
closely controlled each year; on 
the other they were not con- 
trolled. 

Gopher control was accomp- 
lished by poisoning. Oats treated 
with “1080” were inserted in all 
active runways as early in the 
season as possible (July 1-15) ; 
retreatment and trapping were 
used as new mounds occurred 
during the summer. 

Stand index records were 
taken the fall after planting and 
in early summer each year 
thereafter on six lOO-ft. transects 
located at random within each 
area. The measure of stand in- 
dex was the presence of grasses 
on %-sq.-ft. plots. Square-foot 
plots, divided into quarters, were 

on seeded range with and without 

1952 1953 1954 1955 1956 1957 Average 

Stand index 
(plant occurrence on 
1/4-sq.-ft. plots) _ _ _ - - Percent - - - - - 

Gophers controlled 80 71 91 96 98 89 87.5 
Gophers uncontrolled 70 33 30 61 43 16 42.2 

Yield 
(per acre, air-dry) _ - _ _ - Pounds - - - - - 

Gray soil 
Gophers controlled __.. 1,495 572 1,309 1,686 1,290 1,270 
Gophers uncontrolled ___. 968 294 700 539 175 535 

Brown soil 
Gophers controlled ___. 1,193 329 1,100 1,685 1,292 1,120 
Gophers uncontrolled ___. 391 85 105 239 50 174 -- 
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taken at 2-ft. intervals along the 
transects. Presence of bulbous- 
or corm-rooted forbs, tarweed, 
and perennial forbs was recorded 
by 1-sq.-ft. plots. Forage yield 
was estimated on 9.6-sq.-ft. plots 
in the fall of 1953 and each fall 
thereafter. Samples consisted of 
three lo-plot transects randomly 
located within each of the two 
soil color phases on each area. 
Clipping and weighing of herb- 
age was used to train in esti- 
mating forage and to check and 
supplement the weight es t i- 
mates. In this way forage pro- 
duction from each soil phase 
could be compared for the two 
areas. 

Relative gopher populations 
and activities were measured by 
counting current mounds on fifty 
O.l-acre plots located mechanical- 
ly throughout each area; also by 
recording presence of winter 
casts on the square-foot vegeta- 
tion plots. 

Results 

Both gopher-infested and go- 
pher-controlled areas had excel- 
lent initial stands of seedlings in 
the fall of 1952 (Table 1). At that 
time, some damage to seedlings 
was noted on the uncontrolled 
area, and a slight difference in 
grass stands between gopher- 
controlled and uncontrolled 
areas was indicated. However, 
gophers were active on only part 
of the uncontrolled area the first 
year, and the differences be- 
tween areas were not statistical- 
ly signif icant. 

Some mortality of seedlings 
occurred late in the fall of 1952 
following a very severe drought 
-one of the driest autumns on 
record in Utah. This drought is 
believed to have been largely 
responsible for the drop in grass 
stand index the following sum- 
mer (1953) on the gopher-con- 
trolled area, and also for part of 
the reduction on the uncon- 
trolled area. A good cover of 
grass was regained on the go- 
pher-controlled area in 1954 and 
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continued through 1957. The 
slight drop in stand index in 
1957 probably reflects a slight 
decrease in plant numbers rather 
than in ground cover. The size 
of the grass clumps and the grass 
stand over the entire gopher- 
controlled area increased stead- 
ily from 1953 through 1956, and 
the stand appeared to be very 
good in 1957. 

Differences in grass stand in- 
dex between gopher-controlled 
and uncontrolled areas from 1953 
to 1957 (Table 1) were due pri- 
marily to gopher activity. Other 
small rodents may have de- 
stroyed some grass, but no such 
effects of their presence were 
noticeable. No indications of 
dense populations of small ro- 
dents were observable at any 
time during this study. Index 
values show that more than half 
of the grass seedlings on the un- 
controlled area were lost during 
the first year following seeding. 
The marked increase on this 
area in 1955 resulted from an ex- 
ceptionally good seedling crop in 
the fall of 1954. However, this 
crop of seedlings was short- 
lived, and by 1957 the grass 
cover over the uncontrolled area 

was generally very poor. Differ- 
ences in a stand index based on 
seeded species only would be 
even greater-82 percent for the 
controlled area and only 4 per- 
cent for the uncontrolled. Two 
native grasses, slender wheat- 
grass (Agropyron trachycaulum) 
and mountain brome (Bromus 
carinatus), made up the re- 
mainder. They are apparently 
less susceptible to pocket gopher 
damage than the seeded species. 

Tarweed began reinvasion of 
the uncontrolled area in 1953, 
and by 1957 it was found on 89 
percent of the 1-sq.-ft. plots. A 
small amount of tarweed ap- 
peared on plots in the controlled 
area in 1953, but disappeared by 
1957. 

Grass Production 

Striking differences in grass 
yields on gopher-controlled and 
uncontrolled areas from 1953 
through 1957 show the damage 
done by gophers (Table 1 and 
Figure 1). Yield differences be- 
tween years on the gopher-con- 
trolled areas are attributed large- 
ly to variation in growing condi- 
tions. Grass grew poorly in 1954 
because of a cold late spring and 

FIGURE 2. Winter casts (narrow, elongated, light-colored deposits) and summer mounds 
(fresh piles of darker loose dirt) indicate abundance of gophers on uncontrolled area. 
Winter casts harden and partially seal soil against water infiltration; they also interfere 
with emergence .of seedlings and small plants. 
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a severe frost on July 24. How- 
ever, this was a good year for 
seedling survival. Growing con- 
ditions were highly favorable in 
1956, and intermediate in other 
years. 

Volume of grass produced on 
the brown soil of the controlled 
area was somewhat less than 
that produced on the gray soil 
for the first 3 years because of 
slower establishment of the 
grass stand. By 1956 the grass 
stands had about the.same dens- 
ity and produced about equally, 
indicating that the gray and 
brown soil phases were similar 
in productive capacity. 

Gophers reduced forage yields 
more on areas of brown soil than 
of gray soil. They invaded the 
brown soil sooner after seeding 
and were more plentiful there 
for the first 2 years. Gophers in- 
vaded this soil heavily during 
the fall and winter of 1952, and 
their population remained high 
through 1957. Gophers were 
noticeably fewer on the gray 
soil in 1952 and 1953 but they 
increased thereafter until popu- 
lations on much of the gray soil 
appeared equal to those on the 
brown soil. A few spots on the 
gray soil were not invaded heav- 
ily until 1954, and grass injury 
on these spots trailed behind that 
in the heavily invaded portions 
throughout the study. For the 
5-year period grass yields on the 
gopher-controlled area were 2.4 
times as much on the gray soil, 
and 6.4 times as much on the 
brown soil as on the uncon- 
trolled area. 

Table 2. Effectiveness of pocket gopher control as indicated by mounds 
and winier casts. 

1952 1953 1954 1955 1956 Average 

Mounds per acre _ _ _ _ _ _ Number - - - - - - 
Gophers controlled 8 96 94 24 120 68 
Gophers uncontrolled 125 494 1,622 259 3,922 1,284 

Winter casts _ - _ _ - Percent - - - - - 
(occurrence on 
1-sq.-ft. plots) 

Gophers controlled -... 3 8 4 1 4 
Gophers uncontrolled ____ 71 79 87 96 83 - 

Gopher Mounds and Casts 

Mound numbers and winter 
casts were the best usable in- 
dexes we have of the relative 
sizes of gopher populations on 
gopher-controlled and uncon- 
trolled areas (Table 2 and Figure 
2). The mound counts do not ac- 
curately measure differences in 
populations between years be- 
cause the counts were made at 
different dates and under differ- 
ent weather conditions. The 1955 
mound count was made in early 
summer, while the other counts 
were made in September. How- 
ever, numbers of mounds and 
occurrence of winter casts be- 
tween gopher-controlled and un- 
controlled areas are believed to 
indicate relative gopher popula- 
tions reliably because they were 
made at the same time on all 
areas. 

There was an average of 19 
times as many mounds on the 
uncontrolled area as on the con- 
trolled area during the period 
of study (Table 2). Furthermore, 
mounds on the controlled area 
represent a shorter period of 
gopher activity than those on 

the uncontrolled area, because 
gophers on the controlled area 
were trapped or poisoned soon 
after activity was noticed. Few 
gophers wintered on this area, 
as indicated by the even greater 
difference in winter casts than 
in mounds between controlled 
and uncontrolled areas. Much of 
the damage to grass seems to 
occur when casts are formed, 
and casts are more destructive 
to seedlings than mounds are. 
Hence it appears that presence 
of casts is more closely corre- 
lated with damage to grass than 
with presence of mounds in the 
area studied. Thus the occur- 
rence of winter casts on only 1 
to 8 percent of the plots on the 
controlled area, as compared to 
71 to 96 percent on the uncon- 
trolled area, represents a great 
difference in gopher influence 
and reflects very successful go- 
pher control. 

Soil Moisture 

A deleterious effect of gopher 
activity on soil moisture is shown 
in Table 3. In 1953, while digging 
samples of gopher foods on the 
uncontrolled area, it was noted 
that there was more compaction 
of soil and less soil moisture on 
areas heavily covered with win- 
ter casts than on cast-free areas. 
That fall, after about 1 month of 
dry weather, soil-moisture sam- 
ples were taken at 2- to 6-inch 
depths on areas of heavy cast 
occurrence and on cast-free 
areas. Higher soil-moisture per- 
centages in cast-free areas were 
evident for both gray and brown 

Table 3. Percenfages of moisfurel affer drought and affer rain in relation 
to gopher acfivify. 

_~___~ ~~ ~_~ _~______. ._ 
After drought2 After rain3 --- 

Soil Gophers Gophers Gophers Gophers 
present absent uncontrolled controlled _~__-_--___.-- _~_ ~~ 

Gray 6.33 7.61 11.33 12.63 
Brown 5.49 6.45 7.80 14.43 _._ ~___ 
’ Based on oven-dry weight. 
2 Samples from 2- to g-inch depth in young grass stand after drought period, 

uncontrolled area, fall 1953. 
3 Samples from 0- to S-inch depth after general M-hour rain, summer 1954. 
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soils. The differences, though 
not great, are highly significant 
statistically. If the wilting coef- 
ficient of these soils is assumed 
to be 5 percent, which seems 
reasonable, the differences in 
available soil moisture are con- 
siderable. 

Soil-moisture samples were 
taken again on gopher-controlled 
and uncontrolled areas in the 
summer of 1954 after a general 
%-hour rain of moderate intens- 
ity. Since the rain was general 
and steady over the two adjacent 
areas, the rainfall was believed 
to be the same for both. Highly 
significant differences in per- 
centage of soil moisture were 
found between gopher-controlled 
and uncontrolled areas (Table 3). 
Soil on the gopher-controlled 
area-especially the brown soil 
-had retained much more of the 
rainfall. The chief reason for the 
different percentage of’ moisture 
on the two soils seemed to be 
that gopher casts were most 
plentiful on the brown soil. Also 
the brown soil is heavier than 
the gray; consequently, the go- 
pher casts from brown soil be- 
come harder and appear to seal 
off the exposed soil more tightly. 

The first spring rains tend to 
“melt down” the winter casts, 
and some of the soil spreads out. 
As the casts dry, they become 
very hard and relatively imper- 
vious to infiltration; this is true 
on both gray and brown soil. 
The soil that washes off the casts 
makes the soil near the casts 
somewhat impervious to water. 
This is in contrast to results re- 
ported by Ellison and Aldous 
(1952) on a distinctly different 
soil type on the Wasatch Plateau 
where gopher activity made the 
soil softer and looser. 

Exploratory tests using infil- 
tration cans indicated that water 
infiltration was inversely re- 
lated to the presence of gopher 
casts. Numerous gopher tunnels 
through the first foot of soil may 
also result in additional drying 

FIGURE 3. Pocket gophers eat root crowns 
by undermining. 

during periods of drought. Since 
available moisture often becomes 
a limiting factor in the growth 
of grass and survival of seedlings 
in the late summer and early fall 
in the area studied, this indirect 
effect of gophers is likely very 
important to the establishment 
and productivity of seeded grass 
stands. 

Discussion 

While replications in this 
study are lacking, additional 
studies being made with the 
same grass mixture on a nearby, 
similar area show trends very 
similar to those reported here. 

Pocket gopher population den- 
sities and their influences on 
range evidently vary greatly un- 
der different circumstances. Ef- 
fects differ between seeded and 
native range, and also between 
types of natural range. Ellison 
and Aldous (1952), working with 
native range in central Utah, 
found that “grasses and sedges 
tend to increase where gophers 
are present as compared with 
where they are absent.” But on 
native range in Montana, Bran- 
son and Payne (1958) conclude 
that grasses “detrimentally af- 
fected by gopher activity were: 

and stem bases, and damage other plants 

Idaho fescue, California oatgrass, 
timber oatgrass, prairie wedge- 
scale, and subalpine needle- 
grass.” Mountain bromegrass 
was favored by gophers in the 
latter study but did not occur in 
the former study. Both studies 
showed an increase in slender 
wheatgrass and a decrease in 
common dandelion and western 
yarrow as a result of gopher ac- 
tivity. Moore and Reid (1951) 
found that in Oregon pocket go- 
phers prevented improvement of 
poor-condition mountain mead- 
ows and delayed improvement of 
those in fair condition. 

Not only did soil differences 
influence results in the Monte 
Cristo study, but also the obser- 
vations at Monte Cristo of effects 
of gopher activity on soil condi- 
tions are at variance with those 
reported for central Utah. In 
our study area gopher activity 
made the soil surface harder and 
less pervious, and decreased 
available soil moisture. On the 
other hand, Ellison and Aldous 
(1952) observed the opposite ef- 
fect and postulated that “gophers 
perform a useful function in 
loosening the soil. . . .” 

Effects on seeded range may 
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also be influenced by the species 
used. Although the grasses 
seeded in our study were con- 
sidered the best available at the 
time, there is doubt that they 
will withstand gopher damage 
as well as some others. Garrison 
and Moore (1956) listed tall oat- 
grass as very susceptible to seri- 
ous gopher injury, and rhizom- 
atous wheatgrasses as the least 
damaged. Our observations indi- 
cate that orchardgrass and 
smooth brome are about as sus- 
ceptible to gopher damage as is 
tall oatgrass. 

Observations throughout the 
study have revealed several 
ways in which pocket gophers 
damage seeded stands. Many 
plants undermined by gopher 
tunnels died or were seriously 
weakened. Numerous grass seed- 
lings and other small plants were 
undermined and then pulled 
down into tunnels in the fall, 
presumably for food and nesting 
material. Being covered by 
mounds or casts killed or weak- 
ened additional seedlings and 
small plants. 

The most serious form of dam- 
age to grass by pocket gophers 
was destruction of root crowns 
and stem bases, where much of 
the plants’ food reserve is stored 
(Figure 3). The gophers fed on 
these plant parts under protec- 
tion of snow sometime in winter 
or early spring, for the damage 
was readily evident in early 
spring. Dead remains of large, 
well-established grass c 1 urn p s 
were frequent. They had been 
attacked from both underground 
and from the surface. Surface 
feeding was most noticeable 
when plants grew in rows. Sur- 
face runways about %-inch deep 
and 2 inches wide led from one 
grass clump to the next and usu- 
ally connected to underground 
gopher tunnels. Grass roots in 
the bottom of these runways and 
the detached seed stalks on 

either side revealed the destruc- 
tive process. Signs of this type 
of damage are largely obliterated 
by spring and early summer 
rains. 

The data reported here show 
results of a dense pocket gopher 
population. They indicate that 
for the grass species used and 
areas similar to those studded 
some degree of gopher control is 
essential to establishment and 
maintenance of good seeded 
stands when gopher populations 
are high. The degree of control 
or the density of gopher popula- 
tion that might be tolerated un- 
der various conditions is still not 
well known. Garrison and Moore 
(1956) suggest that a seedbed 
free of broad-leaved herbs and 
planted to rhizomatous wheat- 
grasses would probably need 
only moderate gopher control 
for the first three years, and that 
control costs would be justifiable 
considering the cost of reseeding. 

Summary 
Two typical overgrazed tar- 

weed flats heavily infested with 
pocket gophers were reseeded to 
a mixture of grasses. On one 
area the gophers were closely 
and effectively controlled; on 
the other they were left undis- 
turbed. An excellent stand of 
grass seedlings emerged on both 
areas. Studies from 1952 through 
1957 showed a downward trend 
of grass stands and yields on the 
uncontrolled area and establish- 
ment and maintenance of a full 
grass stand on the controlled 
area. Production of seeded 
grasses from 1953 to 1957 aver- 
aged 355 pounds per acre on the 
uncontrolled area, and 1,195 
pounds per acre on the controlled 
area. Occurrence of grass plants 
on 1/4-sq.-ft. plots remained high 
on the controlled area but 
showed a downward trend on 
the uncontrolled area. 

Pocket gophers damaged 
seeded grass stands on the areas 
studied in the following ways: 
(1) Their winter casts partially 
seal the soil against water infil- 
tration; their tunnels aerate the 
soil and thus aggravate summer 
drought. (2) They undermine 
plants and destroy or weaken 
their roots. (3) They often under- 
mine seedlings and small plants 
and pull them into their tunnels 
for food and nesting materials. 
(4) Their mounds and particu- 
larly their winter casts, cover 
and often kill young plants. (5) 
Under cover of snow in winter 
or early spring they eat or other- 
wise destroy root crowns and 
stem bases of well-established 
grass clumps. This last activity 
accounts for a large share of 
grass destruction on the areas 
studied. 

Some degree of gopher control 
appears necessary for establish- 
ment and maintenance of good 
seeded stands of timothy, or- 
chardgrass, tall oatgrass, and 
smooth bromegrass on depleted 
range having dense populations 
of pocket gophers, such as those 
studied. 
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The cooperative agricultural 
research program of The Rocke- 
feller Foundation and the Co- 
lombian Ministry of Agriculture 
was initiated in 1950. A division 
of forage and pasture crops, with 
responsibility for pasture man- 
agement and grass and legume 
improvement, was added in 1955. 

Prior to this time available in- 
formation was largely observa- 
tional and little was known con- 
cerning the distribution of 
grasses and legumes in Colombia, 
nor their adaptation, and poten- 
tial productivity. Two of the 
initial projects conducted by the 
forage division were a survey of 
the pasture crops in common use 
in Colombia and the establish- 
ment of introduction nurseries in 
a number of climatic regions. 
This report is a review of the 
relative adaptation and produc- 
tion of the material studied in 
the collection gardens. The data 
obtained served as the basis for 
selecting the better adapted spe- 
cies, which were then placed in 
more extensive management tri- 
als such as rate and method of 
seeding, height and frequency .of 
clipping, grass-legume mixtures, 
fertilization, and irrigation. 
These data were also used in the 
screening of material for the 
breeding program. 

Maferials and Methods 

Nurseries were established in 
a number of locations at eleva- 

- 

l Paper No. 94 of the AgricuZturaZ 
Journal Series of The Rockefeller 
Foundation. 

tions from 150 to 11,000 feet 
above sea level. Seeds of forage 
and pasture crops were planted 
in rows 20 feet long and spaced 3 
feet apart. Vegetative parts 
(stems, stolons, crowns) served 
to establish grasses such as ber- 
muda, pangola, elephant, and 
guinea. A distance of 6 feet was 
left between rows of the pasture 
crops, which are spread by sto- 
lons or rhizomes. Each entry was 
duplicated or placed in triplicate. 
Lime, nitrogen, phosphorus, and 
potassium were added when soil 
tests indicated that these ele- 
ments were low. 

Notes were recorded periodi- 
cally on habit of growth, height, 
spread, date of flowering, rela- 
tive seed set, relative forage 
yield, and recovery after cutting. 
When a growth cycle was com- 
pleted, the plants were cut and 
the procedure repeated. Data 
were collected from some nurs- 

eries for 2% years and from 
others for 1% years. 

The material in the introduc- 
tion gardens consisted of the 
most important pasture and for- 
age crops used in Colombia and 
also a large group of grass and 
legume species supplied by the 
United States Department of 
Agriculture. The genera included 
were: Agropyron, Agrostis, An- 
dropogon, Anthoxanthum, Ar- 
rhenatherum, Avena, Axonopus, 
Bouteloua, Brachiaria, Bromus, 
Chloris, Coix, Cynodon, DactyEis, 
Digitaria, Eragrostis, Eriochloa, 
Festuca, Heteropogon, Holcus, 
Hyparrhenia, Ixophorus, Lolium, 
Melinis, Panicum, Paspalum, 
Pennisetum, Phalaris, Phleum, 
Poa, Saccharum, Sorghum, Ste- 
notaphrum, Tripsacum, Cajanus, 
Calopogonium, Canavalia, Cent- 
rosema, Clitoris, Crotalaria, Des- 
mod&m, Dolichos, GZ ycine, In- 
digofera, Lathyrus, Lespedeza, 
Lotus, Lupinus, Medicago, MeZiZ- 
otus, Phaseolus, Pisum, Pueraria, 
Sesbania, Stizolobium, Vicia, and 
Vigna. 

The ratings (not adapted, poor, 
fair, good, and very good) shown 
in Tables 1 and 2 give the rela- 
tive adaptation as measured by 
persistence, desirable agronomic 
type of growth, relative forage 
yield (scored on a rating of 
height, spread, leafiness and 
stemminess) , seed production, 
and aftermath. 

FIGURE 1. Annual white sweet clover (left and background) is well adapted over a range 
of altitude from 2,500 to 9,000 feet and makes excellent growth as compared to the bien- 
nial (right and foreground), which seldom flowers, 
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Resulfs and Discussion 
Colombia may be divided into 

four major climatic zones which 
are designated as hot, warm, 
cool, and cold. The boundaries 
are arbitrarily delimited by alti- 
tude as follows: Hot-O to 2,500 
feet, Warm-2,500 to 6,500 feet, 
Cool-6,500 to 10,000 feet, Cold- 
above 10,000 feet. Although 
many of the forage and pasture 
crops extend from one climatic 
division into another, optimum 
to maximum growth and produc- 
tion are generally obtained in the 
specific region of adaptation. 

Hof Climate (0 fo 2.500 feet.) 

The area recognized as the hot 
climatic zone can be character- 
ized as generally flat with some 
rolling plains and low sloping 
mountains which are not too 
steep. In the most important 
agricultural areas the soil pH 
ranges from 6.0 to 6.82, and gen- 
erally phosphorus and potassium 
occur in sufficient amounts to 
sustain optimum growth of most 
crops. The mean annual tem- 
perature is 85” F. Rainfall varies 
with location; however, the usual 
pattern is 3 months of ample rain 
followed by 3 months of dry 
weather. 

A rather large number of 
grasses grow in the hot climatic 
zone, of which many are quite 
productive. However, available 
legumes are limited. Common 
bermuda grass (Cynodon dacty- 
Zen) and common bahia grass 
(Paspalum notatum) occur 
throughout the zone and are es- 
pecially prevalent in overgrazed 
pastures. Brownseed (Paspalum 
plicatulum) flourishes from 
about 800 - 1,500 feet, especially 
in the Eastern Plains, and P. con- 
jugatum thrives in the upper 
limits. Mixed with bahia .can be 
found carpet grass (Axonopus 
compressus). Para grass (Pani- 

2 Baird, G. B., Manuel Rodriguez J., 
Victor M. Vega J., and Aljonso 
Aristizabal G. 1957. The fertility 
status 0 j soils in important agricul- 
tural areas of Colombia. Soil Sci. 
Sot. o j Amer. Proc. 21: 405-408. 

FIGURE 2. Harding grass (left) is not recommended, but the ryegrasses are well adapted 
to the cool climate and are highly productive. Perennial (English) ryegrass is shown in 
the center, with annual (domestic) ryegrass on the right. 

cum purpurascens) abounds in 
the moist places, and guinea 
grass (Panicum maximum) and 
jaragua (Hyparrhenia rufa) are 
well adapted to the drier loca- 
tions. In the lower limits pitted 
bluestem (Andropogon pertusus) 
is seen, and other weedy AndTo- 
pogons are common. Among the 
introductions there are several 
guineas with fine leaves and 
stems which appear to be well 
adapted and of superior quality 
in contrast to the type commonly 
grown. Pangola grass (Digitaria 
decumbens) has recently become 
prominent as a pasture crop, and 
several other grasses appear 
promising: Dallisgrass (Paspal- 
urn dilatatum), buffel grass 
(Pennisetum ciliare), signalgrass 
(Brachiariu decumbens), Rhodes 
grass (Chloris gayana), and 
coastal, midland, and suwanee 
bermudas. 

Tickclovers (Desmodium spp.) 
generally flourish in all pastures 
and constitute a fair percentage 
of the sward; however, seeds are 
not commerc’ lly 

% 
available. 

Tropical kudzu ueraria phase- 
oloides) and jicama (Calopogoni- 
urn spp.) prosper in most of the 
regions but are not in common 
use. Yields of alfalfa have been 
outstanding in the upper boun- 
daries of the hot climatic zone 

and alfalfa may be cut every 5 
to 6 weeks with ample water. A 
prolonged dry season results in 
diminished yields, and a striking 
deficiency of boron has occurred 
in some areas. Other legumes 
which may be utilized are velvet- 
bean (Stizolobium deeringian- 
urn), hyacinth dolichos (Dolichos 
Zablab), pigeon pea (Cajanus 
spp.), pigeonwings (Clitoris 
spp.), and rice bean (Phaseolus 
calcaratus). 

Warm Climate (2,500 - 6,500 feet.) 

Several rather large valleys, 
undulating hills, and rather steep 
mountains occur in this region. 
In the important agricultural 
areas the soil pH ranges from 5.5 
to 6.5,:ind in some areas the soils 
are low in phosphorus and nitro- 
gen. The daily temperatures 
vary from 65” to 95” F. and rain- 
fall occurs in three-month cycles. 

Bahia grass, sour paspalum (P. 
conjugatum), bermuda grass, and 
carpet grass provide limited 
grazing throughout the region 
and are exceedingly beneficial in 
the conservation of soil on the 
steep mountain slopes. Para 
grass, guinea grass, and jaragua 
occur in the lower boundaries 
and molasses grass (Melinus . 
minutiflora) is encountered in 
the upper limits and extends 
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Table 1. The relative adaptation of grass species and selections af eight locations in Colombia, South America.* 

Species 

Andropogon pertusus 
Anthoxanthum odoratum 
Arrhenatherum elatius 
Avena sativa 
Axonopus compressus 
Axonopus Micay 
Axonopus scoparius 
Brachiaria decumbens 
Bromus catharticus 
Chloris gayana 
Cynodon dactylon 
C. dactylon (coastal) 
C. dactylon (midland) 
C. dactylon (Suwanee) 
Dactylis glomerata 
Digitaria decumbens 
Eriochloa polystachya 
Festuca arundinacea 
Feslwa elatior 
Holcus Zanatus 
Hyparrhenia ruja 
Ixophorus unisetus 
Lolium multijlorum 
Lolium perenne 
Melinus minutiflora . 
Panicum antidotale 
Panicum maximum 
Panicum purpurascens 
Paspalum conjugatum 
Paspalum dilatatum 
Paspalum notatum 
Paspalum plicatulum 
Paspalum virgatum 
Pennisetum ciliare 
Pennisetum clandestinum 
Pennketum purpureum 
Phalaris coerulescens 
Phalaris minor Retz. 
P. tuberosa var. stenoptera 
Saccharum o jjicinarum 
Sorghum sudanense 
Sorghum vulgare 
Tripsacum Zaxum 

Usme Bogota 
11,000 ft. 8,500 ft. 

N 
G 
F 

VG 
N 
N 
N 
N 
F 
N 
N 
N 
N 
N 
F 
N 
N 
F 
F 
G 
N 
N 
G 
F 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
P 
N 
F 
F 
F 
N 
N 
N 
N 

N 
F 
G 

VG 
N 
N 
N 
N 
G 
N 
N 
N 
N 
N 

VG 
N 
N 
G 
G 
F 
N 
N 

VG 
VG 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

VG 
N 

VG 
G 

VG 
N 
N 
N 
N 

Villa- 
Las Palmas Manizales IIIi;li: Palmira vicencio Monteria 

8.000 ft. 6.500 ft. . . 3.000 ft. 1.500 ft. 150 ft. z , I I 

N 
F 
G 

VG 
N 
N 
N 
N 
G 
N 
N 
N 
N 
N 

VG 
N 
N 
G 
G 
F 
N 
N 
G 
G 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

VG 
F 
G 
G 
G 
N 
N 
N 
N 

N 
P 
P 
P 
G 
G 

VG 
N 
F 
F 
N 
N 
N 
N 
F 
F 
N 
F 
F 
P 
P 
P 
P 
P 
F 
F 
G 
N 
F 
F 
G 
N 
F 
N 
F 
F 
F 
P 
P 
F 
P 
P 
P 

N 
N 
P 
P 
G 
F 

VG 
G 
P 
G 
G 

VG 
VG 
VG 
N 

VG 
F 
N 
N 
N 
G 
G 
N 
N 

VG 
G 

VG 
VG 
G 
G 
G 
F 
G 
F 
F 

VG 
P 
N 
P 
G 
G 
G 

VG 

F 
N 
N 
N 
F 
N 
N 

VG 
N 

VG 
G 

VG 
VG 
VG 
N 

VG 
G 
N 
N 
N 

VG 
VG 
N 
N 
F 
G 

VG 
VG 
G 

VG 
VG 
G 
G 
G 
P 

VG 
N 
N 
N 

VG 
VG 
VG 
VG 

F 
N 
N 
N 
N 
N 
N 
G 
N 
G 
G 

VG 
VG 
VG 
N 

VG 
G 
N 
N 
N 

VG 
VG 
N 
N 
G 
F 

VG 
VG 
G 

VG 
VG 
VG 
G 
G 
N 

VG 
N 
N 
N 

VG 
VG 
VG 
VG 

G 
N 
N 
N 
N 
N 
N 
G 
N 
F 
G 

VG 
VG 
VG 
N 

VG 
F 
N 
N 
N 

VG 
G 
N 
N 
F 
P 

VG 
VG 
G 
G 
G 
F 
G 
F 
N 

VG 
N 
N 
N 

VG 
VG 
VG 
VG 

* The classifications (N = Not adapted, P = Poor, F = Fair, G = Good, and VG = Very good) indicate adapta- 
tion and relative production under optimum growing conditions. 

downward. Axonopus Micay (Axonopus scoparius) is the best 
contributes a major portion of adapted soiling crop for the cen- 
the pasture sward in the central tral and upper areas and ele- 
area, which corresponds to the phant grass (Pennisetum pur- 
coffee growing region. Other pureum) and Guatemala grass 
grasses that appear outstanding (Tripsacum Zaxum) are best 
and might become worthwhile adapted to the lower areas. Su- 
pasture crops are pangola, coast- dangrass (Sorghum sudanense) 
al bermuda, and Dallis grass. and sorghum (S. vulgare) are 
Kikuyu (Pennisetum clandestin- also highly productive in the 
urn) and Rhodes grass sometimes lower limits but are not in gen- 
occur but are relatively unpro- era1 use. 
ductive. Imperial carpet grass Alfalfa is well adapted to cer- 

tain of the well drained soils of 
the warm climate but may re- 
quire lime, phosphorus, and bor- 
on for establishment and mainte- 
nance. Potash and boron defi- 
ciencies in alfalfa have been ob- 
served after one year. Tropical 
kudzu is very productive in the 
lower areas and mixes well with 
para’ or guinea grass or may be 
used alone. Desmodium spp. oc- 
cur in almost all pastures and ap- 
pear to contribute a noteworthy 
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FICURE 3. Sudangrass and sorghum are well adapted to the warm climate and act as 
perennials under these conditions. They may be cut 5 to 8 times a year and yield 10 to 
20 tons of green material per acre per cut. Tift sudangrass, left; common cattail millet, 
center; Starr millet, right; and forage sorghum in the background. 

amount of forage to the pasture 
mixture. Dolichos spp. make 
luxuriant growth and could be 
used as a supplemental grazing 
or soiling crop but would prob- 
ably be most useful as green ma- 
nure. Cajanus spp. and velvet- 
beans are well adapted but are 
not generally used. 

Cool Climate (6,500 - 10,000 feet) 

Except for the Savannah of 
Bogota, the cool region is moun- 
tainous with precipitous slopes 
and small intervening valleys. 
The soils are rather high in or- 
ganic matter (4-15 percent), have 
a low pH (4.5 - 5.5)) and are de- 
ficient in phosphorus. The mean 
temperature is 55” F. and rains 
occur in three-month cycles. 

The best adapted and most pro- 
ductive grasses are annual rye- 
grass (LoEium multiflorum), per- 
ennial ryegrass (L. perenne), 
orchardgrass (Dactylis glomer- 
ata), meadow fescue (Festuca 
elatior), tall fescue (F. arundi- 
nacea), rescue grass (Bromus 
catharticus), and kikuyu. The 
annual ryegrass produces the 
greatest quantity of forage in the 
early stages of growth but does 
not persist as well as the peren- 
nial form. Both are severely at- 

tacked by rust. Orchardgrass 
grows slowly for six months 
after establishment but later out- 
yields perennial ryegrass. Kiku- 
yu is the most widespread grass 
and occurs throughout the cool 
region. Velvet grass (Holcus 
Zanatus) and sweet vernalgrass 
(Anthoxanthum odoratum) oc- 
cur as weedy grasses in many 
pastures. Smooth brome (Bro- 

mus inermis), timothy (P hleum 
pratense), Kentucky bluegrass 
(Poa pratensis), redtop (Agros- 
tis alba), tall oatgrass (Arrhena- 
therum elatius), reed canary- 
grass (Phalaris arundinacea), 
and Harding grass (P. tuberosa 
var. stenoptera) grow in the cool 
climate but are relatively un- 
productive. Common oats (Av- 
ena sativa) is suitable for use as 
a soiling crop but does not readi- 
ly recover after cutting. 

White clover (Trifolium re- 
pens), red clover (T. pratense), 
and alfalfa (Medicago sativa) 
are the most productive legumes 
in the cooler regions. White 
clover can be found in native 
pastures but a tremendous dif- 
ference exists among types. In 
varietal trials certain ladino se- 
lections have yielded three and 
four times as much forage as the 
locally grown white clover va- 
rieties. Red clover and alfalfa 
have been more productive than 
white clover, but alfalfa is more 
exacting in its soil requirements. 
Other legumes that have been 
grown, although with less suc- 
cess, are Berseem clover (Tri- 
folium alexandrinum), alsike 
clover (7’. hybridum), hop clover 
(T. procumbens), bur clover 

FIGURE 4. Common elephant grass is shown on the left and Napier elephant grass on the 
right. Napier elephant grass grows well in the warm climate, and may be cut 4 to 6 
times a year, yielding from 20 to 40 tons of green material per acre per cut. At the 
extreme left is Guatemala grass, also a productive cutting crop. 
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Table 2. The relative adaptation of several species and selections of legumes in eight locations in Colombia, South 
America. * 

Species 
Usme 

11,000 ft. 
Bogota Las Palmas M8a;~k&es 
8,500 ft. 

~~&l~~ 
8,000 ft. , . , . 

Ca janus ca jan N 
Calopogonium coeruleum N 
Calopogonium mucunoides N 
Centrosema plumieri N 
Centrosema pubescens N 
Clitoris ternatea N 
Crotaluria intermedia N 
Crotalaria juncea N 
Crotalaria paulina N 
Crotialaria striata N 
Desmodium spp. N 
Dolichos lablab N 
Glycine max N 
Lathyrus tingitanus P 
Lupinus albus G 
Lupinus angustifolius G 
Lupinus luteus G 
Medicago hispida P 
Medicago sativa (Buffalo) N 
Medicago sativa (DuPuits) N 
Medicago sativa (Peruvian) N 
Melilotus alba P 
Melilotus officinalis P 
Phaseolus angularis . N 
Phaseolus calcaratus N 
Pueraria phaseoloides N 
Sesbania spp. N 
Stizolobium deeringianum N 
Trifolium alexandrinum P 
Trijolium pratense F 
Trijolium repens F 
Vicia spp. F 
Vigna sinensis N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

VG 
G 
G 
G 
G 
F 

VG 
VG 
VG 
G 
N 
N 
N 
N 
N 
G 

VG 
VG 
VG 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

VG 
G 
G 
G 
G 
F 
G 
G 

VG 
G 
N 
N 
N 
N 
N 
G 

VG 
VG 
G 
N 

F 
P 
P 
P 
P 
P 
P 
P 
P 
P 
F 
P 
P 
G 
F 
F 
F 
F 
F 

VG 
VG 
VG 
G 
P 
P 
P 
P 
P 
F 
G 
F 
F 
N 

VG 
VG 
VG 
G 
G 
G 
G 

VG 
VG 
G 
G 

VG 
VG 

P 
P 
P 
P 
N 
F 
G 
G 

VG 
G 
G 

VG 
VG 

F 
VG 

P 
F 
P 
F 

VG 

Villa- 
Palmira vicencio Monteria 
3,000 ft. 1,500 ft. 150 ft. 

VG 
VG 
VG 
G 
G 
G 
G 

VG 
VG 
G 

VG 
VG 
VG 
P 
P 
P 
P 
N 
G 
G 

VG 
G 
F 

VG 
VG 
VG 
G 

VG 
N 
N 
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* The classifications (N = Not adapted, P = Poor, F = Fair, G = Good, and VG = Very good) indicate adapta- 
tion and relative production under optimum growing conditions. 

(Medicago hispida), black medic 
(M. Zupulina), birdsf oot trefoil 
(Lotus corniculatus), lupines 
(Lupinus spp.) , and vetches 
(Vicia spp.). 

Cold Climate or Paramos 
(above 10,000 feet) 

The region above 10,000 feet is 
largely mountainous with very 
small valleys. Many of the 
mountains extend above the tim- 
ber line and several have snow- 
capped peaks. The soil is gen- 
erally high in organic matter 
(lo-20 percent), low in pH (4-5)) 
and extremely low in phospho- 
rus. The daily temperature 
ranges from 0” to 55” F. 

The two most important 
grasses in the cold region are 

sweet vernal and velvet grass 
which cover most mountain 
slopes. Other genera which oc- 
cur but are relatively unimpor- 
tant are Agrostis, Eragrostis, 
Calamagrostis, Stipa, and Sporo- 
bolus. 

Legumes are rarely found; 
however, native lupines and 
white and red clover grow in 
the lower fringes. 

In Tables 1 and 2 are listed the 
species and several varieties or 
selections which proved to be 
superior in their regions of 
adaptation. The species that 
were not rated as good or better 
were omitted. Most varieties re- 
acted in a similar manner to the 
species. The ratings given indi- 
cate adaptation as measured by 

persistence, desirable agronomic 
type, high forage yield (scored 
on a rating of leafiness, stemmi- 
ness, height and spread), good 
seed setting ability, and rapid re- 
covery after cutting. The scores 
show optimum yields as obtained 
under good management. 

Summary 
Grasses and legumes that oc- 

cur in Colombia and introduc- 
tions obtained from other sources 
were studied in observational 
nurseries located at elevations 
ranging from 150 to 11,000 feet 
above sea level. The nurseries 
contained 33 grass and 24 legume 
genera. 

Data were recorded on habit 
of growth, height, spread, date 
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of flowering, relative seed set, divided into four climatic zones: to adaptation within each zone. 
relative forage yield, and recov- hot (0 - 2,500 feet), warm (2,500 - 

6,500 feet), cool (6,500 - 10,000 
The ratings measured per- 

ery after cutting. Observations 
feet), and cold (above 10,000 

sistence 
, desirable agronomic 

were made for 1 $$a or 2Yz years. feet). The data compiled were type, relative forage yield, seed 
The country was arbitrarily used to rate the species according production, and aftermath. 
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Control burning of brush is 
now a common practice in range- 
improvement in California. Fre- 
quently, before burning, some or 
all of the brush is mashed down 
with mechanical equipment or 
killed by chemical sprays. To 
learn how destructive such fires 
are to wildlife, a study was made 
to measure the survival of ani- 
mals, either surrounded by fire 
or in various environments with- 
in such a fire. The study took 
place at the San Joaquin Experi- 
mental Range, O’Neals, Califor- 
nia. 

Information on wildlife sur- 
vival was obtained in three 
ways: (1) caged animals were 
placed in different habitats with- 
in the fire area, with tempera- 
ture-recording devices on the 
cages; (2) birds and animals 
drinking at a spring were 
counted on three mornings both 
before and after the area was 
burned; and (3) the behavior of 
individual animals during the 
fire was observed from within 
the burn and from points behind 
the advancing fire. 

This material has been gath- 
ered from two burns. The data 
on birds drinking at a spring 
came from a 200-acre reburn on 

July 26, 1952; it was first burned 
in 1950. The spring was on the 
John O’Neal property, adjacent 
to the Experimental Range. The 
rest of the information was ac- 
quired from a 200-acre burn on 
the Experimental Range on Sep- 
tember 6,1952. In both instances 
some brush had been knocked 
down by a bulldozer the previous 
year. The second-mentioned 
burn was accomplished by area 
ignition-the simultaneous igni- 
tion of all, sides and the middle. 
To that end, some of the periph- 
ery and the center of the area 
were wired with incendiary 
bombs so hazardous areas could 
be ignited electrically while men 
with torches ignited the re- 
mainder of the boundary. 

In both fires the principal veg- 
etation was annual grasses and 
forbs, wedge-leaf ceanothus (Ce- 
anothus cuneatus), Mariposa 
manzanita (Arctostaphysos mar- 
iposa), interior live oak (Quer- 
cus wislixenii), blue oak (Quer- 
cus douglasii), and Digger pine 
(Pinus sabiniana). Both brush 
and trees were sufficiently 
sparse to require grass for fuel 
between patches of woody vege- 
tation. Nevertheless, the heat 
was intense - at least 1200” F. 

near some. woody vegetation. 

Caged Animals 

To test the protection from 
fire that various environmental 
situations may offer, an experi- 
ment was conducted with 37 
caged animals: four rattlesnakes 
(Crotalus viridis) and two 
ground squirrels (Citellus beech- 
eyi) in Horn-Fitch hardware- 
cloth squirrel traps (6 by 6 by 
18 inches) ; 8 white-footed mice 
(Peromyscus maniculatus, P. 
boylei, and P. truei) and 23 lab- 
oratory rats in Sherman sheet- 
metal live traps (3 x 3 x 10 
inches). Thirteen of the Sher- 
man traps were buried with 
their tops 2 to 7 inches below the 
ground surface (Figure 1) . All 
other cages were placed in crev- 
ices of rock outcroppings or in 
depressions under rocks. Four 
additional traps, containing rats 
as controls, were buried in a 
sunny area of sparse grass out- 
side the burn, with the trap 
tops at depths of l%, 2%, 5, and 
7 inches. Cages and traps in the 
burn area were not exposed to 
the heat of the sun. 

Two temperature recorders 
were placed on each Sherman 
trap, one on the top and the 
other on the floor, under the 
trigger treadle, so the caged an- 
imals could reach neither re- 
corder. The two cages contain- 
ing squirrels each had a single 
recorder attached at one end. 
No temperatures were obtained 
on the rattlesnake cages. 

For determining maximum 
temperatures, narrow bands of 
various colors of Tempilaq Thin- 
ner (Tempil Corporation, New 
York City) were painted on a 
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man traps were buried with 
their tops 2 to 7 inches below the 
ground surface (Figure 1) . All 
other cages were placed in crev- 
ices of rock outcroppings or in 
depressions under rocks. Four 
additional traps, containing rats 
as controls, were buried in a 
sunny area of sparse grass out- 
side the burn, with the trap 
tops at depths of l%, 2%, 5, and 
7 inches. Cages and traps in the 
burn area were not exposed to 
the heat of the sun. 

Two temperature recorders 
were placed on each Sherman 
trap, one on the top and the 
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FIGURE 1. Thirteen caged rodents were buried 2 to 7 inches deep before 
burn. Only those that were under fallen logs succumbed during the fire. 

thin sheet of mica, each color 
with a different melting point. 
Narrow (G-inch) strips were 
cut from the sheet at right angles 
to the bands of paint so that each 
contained a small amount of 
each color. Temperature incre- 
ments were 12%” F., but after 
the fire, it was possible to esti- 
mate maximum temperature to 
about 5” F. by the extent of 
melting. 

Animal survival, temperature 
recordings, and fuel conditions 
are all closely correlated (Table 
1). Traps placed beneath logs 
or dead brush reached lethal 
temperatures even when buried 
6 inches deep. Two traps buried 
4 inches and 2 or 3 feet from a 
large six-foot blue oak stump 
consumed by fire also became a 
little too hot for the animals. 
Animals in rock outcrops sur- 
vived as long as shielded from 
radiant heat and as long as the 
crevice did not serve as a chim- 
ney to adjacent burning vegeta- 
tion. 

The lethal temperature for the 
caged rodents in the burn seems 
to have been between 138” and 
145” F. (Figure 2). Except for 
three rats (presumably suffo- 
cated), all animals, including 
controls exposed to the heat of 

the controlled 

the sun, survived when one of 
the two temperature recordings 
was 138” or less; whereas all 
animals succumbed when the 
minimum temperature was 145” 
or above. Two of the three that 
suffocated had been placed in a 
small depression in the ground 
that was open on the sides but 
covered with a flat rock to shield 
them from the sun (Cages 22 
and 23, Table 1). The fire that 
passed over them was only a 
grass fire but they were near 
extremely hot spots, and, pre- 
sumably, the oxygen supply 
near the ground was temporarily 
exhausted. The third rat (cage 
27) that presumably suffocated 
was in a trap that had all but the 
door buried. 

The lower cage temperature is 
believed to be the significant 
one. This is borne out by a sur- 
vival in cage 24, where the top 
surface reached 300” and the 
trigger only 140”. When the av- 
erage of all the double cage-tem- 
perature recordings are used, 
mortality and survival seem to 
overlap at 142” to 145” F. 

Count at Spring 

A second approach to the prob- 
lem was to count birds and mam- 
mals that drink at a spring be- 

fore and after burning. The area 
involved had been control 
burned for the first time in 1950. 
During a 3-hour count the morn- 
ing after that burn the senior 
author recorded the following 
animals drinking at the spring: 
321 valley quail; 31 cottontails 
(one singed by fire) ; 12 gray 
squirrels; 4 ground squirrels; 80- 
plus brown towhees; 27 scrub 
jays; and 18 acorn-storing wood- 
peckers (Howard, 1951). Other 
species were not recorded. This 
indicates that many animals sur- 
vived the fire. Counts both be- 
fore and after a fire were made 
in 1952. In both instances, an 
automobile was used as a blind. 

A total of 551 individual sight 
records of 22 species common to 
the area (Childs and Howard, 
1955) were made at the spring 
shortly after sun-up in two-hour 
watches on six different days 
(Table 2). All species were birds 
except for cottontails and gray 
squirrels. The number of ani- 
mals seen each day prior to the 
burn was 50 (July 16)) 67 (July 
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FIGURE 2. The percent of animals alive at 
different minimum cage temperatures. 
Numbers indicate how many individuals 
were involved at each temperature. The 
four controls were buried different depths, 
but away from the fire in an area exposed 
to the warm afternoon sun. The three ani- 
mals presumed to have died from suffoca- 
tion were not completely buried, but sur- 
rounded by fire, 
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Table 1. Description of the microhabitats, cage temperatures, and survival 
of animals subjected to a control burn. 

Cage Inches Degrees F. Dead or Habitat 
No. Buried Top Trigger Alive Species Description -- 

1 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
25 

26 
27 
28 
29 
30 
31 
32 

33 
34 
35 
36 
37 

1 
2 
3 
4 

6 200 

- 300 
- 140 
2 160 
- 135 
- 140 
2 138 
5 180 
6 138 

2 138 
- 140 
5 180 
2% 225 
4% 170 
- 225 
- 300 
2 600 
- 140 
- 140 
- 140 
4 170 
- 135 

- 138 

4 300 150 

- 150 

1 145 130 
- 180 
- 130 
- 140 
5 - 

- - 
- - 
- - 
- - 
- - 

1% 150 
2% 150 
5 145 
7 138 

160 D 

150 D 
150 A 
145 D 
135 A 
140 A 
138 A 
160 D 
138 A 

Peromyscus 
truei 

P. boylei 
P. maniculatus 
P. maniculatus 
P. boylei 
P truei 
P boylei 
P boylei 
Juv. rat 

138 A Juv. rat 
138 A Juv. rat 
170 D Juv. rat 
170 D Juv. rat 
140 D Juv. rat 
225 D Juv. rat 
225 D Juv. rat 
500 D Juv. rat 
130 A Juv. rat 
140 A Juv. rat 
140 A Juv. rat 
180 D Juv. rat 
120 D Juv. rat 

138 D Juv. rat 
140 A Rat 
150 D Rat 

145 
140 
140 
170 
140 
140 
.145* 

140 
- 
- 
- 
- 

150 
145 
192 

D Juv. rat 
D Juv. rat 
A Rat 
D Juv. rat 
A Juv. rat 
A Rat 
D Squirrel 

A Squirrel 
A Rattlesnake 
A Rattlesnake 
A Rattlesnake 
A Rattlesnake 

Buried controls 
D Rat 
D Rat 
D Rat 

Fallen log 

Rock crevice 
Rocks 
Open grass 
Rock crevice 
Rocks 
Living ceanothus 
Mashed ceanothus 
Edge of mashed live 

oak 
Near mashed live oak 
Rock crevice 
Mashed brush 
Fallen log 
Fallen log 
Rock crevice 
Rock crevice 
Fallen log 
Rocks 
Rocks 
Rocks 
Near large oak stump 
Nos. 22 and 23, open 

grass, partly cov- 
ered by a rock 

Rock crevice 
2% feet from large 

oak stump 
Rock crevice 
Door not buried 
Near live bush 
Rock crevice 
Rocks 
Rocks 
Mashed ceanothus. 

*Recorder 7 %” 
Rock crevice 
Rock crevice 
Rock crevice 
Rock crevice 
Rock crevice 

All four buried in 
afternoon outside 
fire area in an 

138 A Rat open, sunny site. 

24)) and 75 (July 26). The area larly before the burn, even 
was burned later in the day on though never more than two 
July 26. After the burn the fol- were recorded during the two- 
lowing numbers were recorded: hour watches prior to the fire. 
208 (July 27)) 106 (July 31)) and On the morning after the burn, 
45 (August 8). The jump from 107 quail were counted. On Aug- 
75 to 208 following the burn was ust 8 no quail were observed at 
probably caused by lack of op- the spring during the two-hour 
portunity to drink during the watch, though quail were known 
fire, with a consequent shift in to be still living in the area. 
the time of day of drinking. For Certainly, only a few adult birds 
example, we assumed that all of any kind were killed by the 
the quail used the spring regu- fire-if any at all. 

Direct Observation 

To observe the behavior of an- 
imals surrounded by fire, two 
of us took positions at 4: 50 p.m. 
(Pacific Standard time) among 
some large granite rock outcrops 
within the area to be burned. 
Birds in the vicinity were scrub 
jay, acorn-storing woodpecker, 
canyon wren, and valley quail. 
Several rufous-crowned s p a r - 
rows were in and about brush 
in the rocks. Birds were not 
flying from tree to tree. One 
chipmunk was seen. 

The fire was set off at 5: 10 by 
electrically-wired fire bombs to 
the east and south of us. Two 
minutes later a sapsucker flew 
out of the fired area. There was 
considerable fire by 5: 15, but 
smoke was not yet dense. Bush- 
tits and a titmouse were uncon- 
cernedly foraging in ceanothus 
close to us. The fire was now ap- 
proaching from the west. At 
5: 26 a bobcat trotted by and 
turned toward the approaching 
fire, but probably took refuge 
in rock outcroppings. The fire 
was not advancing very fast, 
and even a person might have 
been able to escape through it. 
An acorn-storing woodpecker 
flew into the smoke. A bewick 
wren came to our rock outcrop. 

At 5: 35 the center area to the 
east and below us was fired, 
which is where the caged ani- 
mals were located. A wood- 
pecker began fly-catching from 
a blue oak, in and out of the 
smoke from the nearby fire. A 
brown towhee flew to the top 
of a ceanothus close to the fire, 
then unhurriedly flew away. At 
5: 47 several quail flew from the 
east, which was now on fire, into 
the burn just to the south of us. 
At the same time a towhee, pre- 
sumably the one just mentioned, 
came into our rocky area. 

By 5: 53 the fire was close to 
us and a California thrasher 
came running into our rocky 
area with mouth open and pant- 
ing. It was followed by a wood- 
rat, gray squirrel, and several 
chipmunks. The squirrel saw us 
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Table 2. Comparison of animals before and affer a confrol burn, counted 
af a spring during a fwo-hour period (4:45 io 6:45 Pacific Standard 
rime). 

Number of Animals 
Kinds 

of July Aug. 
Animals Burn 

16 24 26 II 27 31 8 
Valley quail 0 2 
House finch 4 20 
Brown towhee 19 24 
Bluebird 21 7 
Scrub jay 0 6 
Cottontail 1 5 
Mourning dove 0 1 
16 other species 5 2 

Total 50 67 

and disappeared to the north. 
At 5: 58 another woodrat came 
into the rocks. 

The smoke was thick where 
the woodpecker was fly-catch- 
ing, and at 6: 00 it flew up and 
out of the area. A jay followed. 
Six quail then flew to the north 
across the fire. At 6: 04 a female 
quail ran toward us and hid in 
a rock crevice nearby. During 
the next fifteen minutes, visi- 
bility was very poor because of 
smoke, yet three chipmunks 
were venturing about on the 
rocks around us. 

At 6: 27 a jay flew into the oak 
tree where the woodpecker had 
been fly-catching. A towhee 
circled. the rocks, and soon there 
were at least four of them in the 
area. They seemed to ignore the 
smoke and fire, foraging nor- 
mally. By 6: 50 it was too dark 
to observe animals more than 
a few feet away. 

Shortly after 6: 00, one of us 
managed to leave the rock sanc- 
tuary to get through the fire and 
go down hill to the east, where 
it had been fired at 5: 35 and 
where the caged animals were 
located. Extreme care was nec- 
essary to avoid getting down- 
wind of flaming hot spots and 
suffocating; otherwise, it was 
possible to move about through 
the burned area. Attention was 
largely occupied with avoiding 
hot spots and falling Digger 
pines, rather than trying to ob- 

2 107 47 0 
35 41 16 24 
27 28 18 7 

2 3 3 5 
3 10 8 1 
2 10 1 0 
2 2 1 2 
2 7 12 6 -~ 

75 (I__ 208 106 45 

serve wildlife, but at 6: 20 two 
quail were seen on a rock, and 
at 6: 25 another, in a live oak 
missed by the fire. At 6: 37 a 
pocket mouse scampered by. Af- 
ter observing that at least some 
of the caged animals in rock 
crevices were still alive, the ob- 
servers worked their way out of 
the burn to avoid being caught 
by darkness. 

Sherwin F. Wood observed the 
fire from the northwest bound- 

ary. Between 4:35 and 4:59 he 
saw three coveys of quail (20, 
30, and 25 individuals), a cotton- 
tail, and a mourning dove move 
into the burn area. At 5: 10 a 
cottontail, an acorn-storing 
woodpecker, and a scrub jay 
moved out as the fire was 
started. Two bushtits and 55 
quail flew out of the burning 
area. 

Of five cottontails observed, 
three remained near a pile of 
dead brush. As the fire moved 
through the grass toward them, 
all three waited with ears down, 
as if hiding. The fire reached 
bare ground and went out just 
short of them. Later, when 
frightened by the observer, they 
moved into the fire area. Even 
though several of the cottontails 
could have gone into the previ- 
ously burned area, they kept 
moving from unburned site to 
unburned site just ahead of the 
fire. 

None of the three observers 
saw animals that had been 
singed or burned by fire. They 
mostly seemed to display an 

FIGURE 3. Examples of fire breaks constructed primarily by kangaroo rats, cottontails, 
crown sparrows, valley quail, and brown towhees. There is very little grass present, espe- 
cially near the ceanothus, even though this area has not been grazed by cattle for more 
than 20 years. Natural Area, San Joaquin Experimental Range, 
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amazing calmness, and all man- 
aged to avoid hot spots. 

Discussion 

Control burning of certain 
brushlands has proved to be a 
good range-improvement tool as 
far as forage, soil, and water is 
concerned. In this study, we were 
able to verify what our other 
observations had already indi- 
cated-that most range fires are 
not directly destructive to wild- 
life. The principal way such fires 
may adversely affect population 
densities of some animals is by 
altering the habitat-not by kill- 
ing. The habitat more than any- 
thing else determines the spe- 
cies and their densities in an 
area. Most vertebrate animals 
manage to escape the heat of 
fires by flying or running away, 
going below ground a few inches, 
hiding in rock outcrops, or seek- 
ing islands missed by the fire. 
Once an area has been burned, 
however, population densities 
may markedly change because 
of alterations in habitat condi- 
tions. 

In general, the opening up of 
dense stands of brush benefits 
game animals and most other 
species of vertebrates. In most 

instances, brush control consists 
more of opening up, rather than 
converting completely to grass- 
lands. When dense stands of 
brush are burned, an occasional 
mammal or bird may become en- 
circled by fire. On the other 
hand, solid stands of brush sel- 
dom support many vertebrates. 

In trying to burn stands of 
brush that require grass as fuel 
between clumps of woody vege- 
tation, the effects of wildlife 
may present quite an obstacle to 
successful burnings. Birds, ro- 
dents, and cottontail rabbits fre- 
quently make trails and remove 
the forage from around woody 
vegetation, such as ceanothus 
(Figure 3). This effect also often 
occurs around piles of brush that 
have been bulldozed the previ- 
ous year. The reason is that 
these animals do much of their 
feeding and loafing in the imme- 
diate proximity of good cover. 
In the control burn we observed 
several instances of such wild- 
life-constructed “fire breaks” 
protecting stands of woody vege- 
tation from fire. 

Summary 
Information on wildlife survi- 

val of prescribed (controlled) 

brushland fires was obtained by 
three methods: (1) 37 rodents and 
snakes in cages with tempera- 
ture recording devices were 
placed in different habitat situa- 
tions, and the area was control 
burned; (2) the number of birds 
and mammals drinking from a 
spring was counted both before 
and after the area was burned; 
and (3) the behavior of wild ani- 
mals was observed from an ob- 
servation point within the fire. 

The cage temperature lethal to 
rodents was somewhere between 
138” and 145” F. Results indicate 
that there was little chance of 
wild vertebrate animals getting 
caught in a situation that would 
lead to their death during such 
fires. Most species of vertebrates 
benefit from control burns, be- 
cause the habitat then becomes 
more favorable. 
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Implementing a Year-Round Forage 
Program in California 

A. T. SPENCER 

Raneher, Wilton, 

In 1937 there was established 
with the University of California 
at Davis and the livestock men 
of California a range improve- 
ment program. During my nine 
years on the State Board of For- 
estry I became quite familiar 
with this work. By the end of 
1955 this program had covered 
a million acres throughout the 
State, with many fine results in 
improving brush grazing lands. 

The Departments of Agronomy 
and Animal Husbandry were in- 
volved in the State Division of 
Forestry’s Range Improvement 
program. The Agronomy De- 
partment developed and im- 
proved many grasses and clovers. 
They planted them in test plots 
in various types of mixed forage 
of grasses and clovers. The Ani- 
mal Husbandry Department put 
livestock on the plots after they 
had invoiced the different types 
of forage to determine the selec- 
tive feeding of the livestock as to 
their forage preference. After 
this the forage was again in- 
voiced as to performance which 
represented feed value. 

Sheep are more selective 
feeders than cattle and no doubt 
can identify the protein content 
in the feed. Protein in grasses 
and clovers is what we are after 
to make fast growth and finish 
on our livestock. All ranchers in 
range improvement should fol-- 
low this plan. 

In the past three years I have 
converted all of my irrigated 
land to birdsfoot trefoil (Lotus 
corniculatus), all of my dryland 
to rose clover (Trifolium hir- 
turn), and the lowland to Mt. 
Barker subclover (T. subterran- 
cum). The trefoil furnishes the 
highest percentage of protein 
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feed, is a heavy producer from 
February to November but due 
to low temperatures produces a 
reduced amount of feed from 
November to February. The rose 
clover sprouts with the rain and 
soon makes feed to offset the 
decrease in trefoil feed until 
April, when all the livestock are 
taken off, and the rose clover 
allowed to make full growth and 
a seed crop. When the seed is 
mature and the clover dry, about 
June 1, the rose clover fields are 
ready to put the livestock on 
until it rains. The trefoil in- 
creases in volume during this 
period and relieves the rose 
clover fields. 

If you have the trefoil and rose 
clover fields in balance as to 
forage production, you will have 
year-round feed providing the 
rains are normal in the fall. 

We have some ten million 
acres of brushlands to develop 
into forage and water produc- 
tion. There are about three mil- 
lion acres of this land on the 
west slope of the Sierra Moun- 
tains, starting at the foot of the 
mountains, that will produce 
some good grazing forage from 
the native annual grasses and 
clovers up to the 1,200-foot level, 
which is the frost belt level. 

Above this 1,200-foot level we 
have about three million acres up 
to the timber line which has 
good soil and additional rainfall. 
This area is now growing only 
a small feed crop of annuals in 
the spring on account of lower 
temperatures. If the lower levels 
were improved by seeding rose, 
crimson (Trifolium incarnatum) 
and subclovers and the higher 
levels were seeded to valuable, 
perennial, deep rooted grasses 

such as hardinggrass (Phukzris 
tuberosa var. stenopteru) these 
areas would produce spring and 
summer feed until the rains 
bring on the annual grasses and 
clovers on the lower levels. 

This combination of lands on 
the two levels would set up a 
year-round grazing program. 
Again this program requires a 
land balance in the production 
of forage. It is important that 
seed from high value forage be 
used. 

There are many acres of graz- 
ing land in California that have 
medium to heavy stands of resi- 
due grasses which have little 
feed value. Most of these grasses 
and soils are deficient in phos- 
phate, and, if nitrogen fertilizer 
is used, it will increase the 
growth of these resident grasses 
which in turn will cause a real 
handicap in establishing a good 
stand of valuable grasses and 
clovers. There is no doubt that 
it is basic to utilize phosphate or 
sulfur to promote the growth of 
the annual reseeding clovers 
which in turn produces the valu- 
able grasses you have seeded. 
Time and intensity of grazing is 
the answer to the establishment 
of a good stand of forage, but 
there is more leeway in livestock 
use after the first three years, 
because of the reservoir of hard 
seed in the ground. 

I have suggested ways of de- 
veloping our areas of land by 
combining the lower and higher 
levels for year-round grazing. 
On land that is irrigated and 
with about the same amount of 
dryland it is much easier to 
to produce a variety of forage 
for year-round feed. 

During the period of several 
years in the development of a 
year-round production of forage 
you will have time to work out 
the balance of forage production 
as it develops on the different 
lands, so as to give a balance in 
forage for your year-round 
needs. 



The Interrelation of Three Environmental Factors 
Affecting Germination of Sagebrush Seed’ 
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Research Agronomist, Crops Research Division, Agricul- 
tural Research Service, U. S. Department of Agriculture; 
Head Division of Plant Science, and Assistant Professor, 
Division of Plant Science, University of Wyoming, Lara- 
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New and improved range man- 
agement practices for sagebrush 
infested rangeland have devel- 
oped rapidly during the past de- 
cade. The use of chemicals to 
control sagebrush is becoming 
widely accepted. In order to 
understand better what range 
management practices should 
follow a sagebrush eradication 
program, the factors affecting 
sagebrush seed germination and 
establishment must be known. 

A review of the literature 
shows that little has been pub- 
lished about germination of sage- 
brush seed. Pechanec et al. 
(1954) state that young sage- 
brush seedlings are found early 
in the spring. Van Dersal (1938) 
and Stoddart and Smith (1943) 
published germination percent- 
ages of 35 and 52 percent, respec- 
tively, but neither ” article de- 
scribed the conditions under 
which these percentages were 
obtained. 

Shepherd (1937) conducted 
single experiments on many dif- 
ferent factors affecting germina- 
tion of sagebrush seed. He found 
that seed treated with dilute’hy- 
drochloric acid (0.001 N) gave 
about 10 percent higher germi- 
nation than nontreated seed. In 
light, sagebrush seed gave ap- 

1 Cooperative investigations of the 
Wyoming Agricultural Experiment 
Station and the Crops Research Di- 
vision, ARS, U. S. Dept. of Agricul- 
ture. Paper published with the ap- 
proval of the Acting Director, Wyo- 
ming Agr. Exp. Station, as Journal 
Paper No. 115. 

proximately twice as much ger- 
mination as in the dark. Tem- 
perature was not found to affect 
the final germination, but slowed 
down the rate. Shepherd con- 
cluded that a supply of viable 
seed is probably never a limiting 
factor to the aggression of sage- 
brush. 

Goodwin (1956) also intensive- 
ly studied the effect of single 
factors such as scarification, 
light, temperature, and free 
water upon the germination of 
sagebrush seed. Scarification of 
sagebrush seed with concen- 
trated sulfuric acid was detri- 
mental to germination. Goodwin 
agreed with Shepherd that light 
increased germination. The high- 
est germination was obtained 
when seed was exposed continu- 
ously to light. Goodwin reported 
that sagebrush seed did not ger- 
minate at 7’ C. (45” F.) but did 
at 14” C. (57” F.). The optimum 
temperature for germination was 
a constant 20” C. (68” F.). Free 
water was necessary for maxi- 
mum germination. Goodwin 
found further that sagebrush 
seed taken from a shattering 
seed head and placed in optimum 
environmental conditions would 
germinate immediately. 

Although Shepherd and Good- 
win contributed much to the 
understanding of sagebrush seed 
germination, nothing was done 
to measure the interrelation of 
various environmental f a c t 0 r s . 
The purpose of the present in- 
vestigations was to test the role 
of light, temperature, and avail- 
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able moisture in the germination 
of sagebrush seed and to deter- 
mine their interrelation. 

Experimental Procedure 
A site predominantly covered 

with big sagebrush (Artemisia 
tridentata) was selected in the 
Sheep Mountain region of Al- 
bany County, Wyoming, for the 
collection of sagebrush seed. The 
seed heads were clipped Octo- 
ber 28, 1955, from mature plants 
and threshed. The seeds were 
screened to remove coarse chaff 
and recleaned with an Iowa air 
blast seed separator. The seeds 
were then stored at 70” F. until 
used in this experiment. 

As defined by Lawrence et al. 
(1947), germination is, “The de- 
velopment of plantlet from the 
seed.” For a seed to be classified 
as germinated, its root and epi- 
cotyl had to have emerged 
from the seed coat. The seeds 
were germinated at 38” F. and 
70’ F. under both full light as 
supplied by daylight germinators 
and total darkness. The germina- 
tion boxes were placed in double 
thickness No. 10 brown kraft 
paper bags for the duration of 
the experiment as a total dark- 
ness treatment. 

The available moisture was 
limited by osmotic solutions of 
0, 4, and 8 atmospheres tension. 
The osmotic solutions were made 
by using d-mannitol and distilled 
water. The amounts of d-man- 
nitol and water to provide differ- 
ent atmospheric tensions were 
calculated by the following for- 
mulae (Helmrick and Pfeifer, 
1954): 

Osmotic pressure (P) = 2: 
grams of d-mannitol (G) = ‘$7 
where: 

V = volume in liters 
R = 0.08205 liter atmos- 

pheres per degree per 
mole 

m = molecular weight of d- 
mannitol 

T = absolute temperature. 
The solutions were used to 



FACTORS AFFECTING GERMINATION OF SAGEBRUSH SEED 237 

Table 1. Average germination of sagebrush seeds af two light intensities 
and two temperatures. 

__~ __~~ 
Light intensity 

Temperature 
(“F) 

Full 
Dark light Average ____. ~~ _~~ 

Percent Percent Percent 
38 3.5” 16.0 9.8 
70 13.3 35.2 24.2 
Average 8.4 25.6 

Light and temperature LSD .05 2.6 
.Ol 3.6 

Light x temperature LSD .05 3.6 
.Ol 5.1 

- 
* Each value is an average of six observations, two for each of the three 

atmospheric tensions. - 

saturate ‘/2 inch of quartz sand 
in a germination box, and 100 
seeds were placed on a blotter 
on top of the sand for each treat- 
ment replicate. All treatments 
were duplicated. An air-tight lid 
was placed on the germination 
box to hold moisture conditions 
constant for a three-week period, 
after which the total ’ germina- 
tion percentages were recorded. 
The data obtained were sub- 
jected to analysis of variance. 

Resulfs and Discussion 

Light intensity proved to be a 
very important factor in the ger- 
mination of sagebrush seed. 
When compared with total dark- 
ness, full sunlight resulted in sig- 
nificantly higher germination 
percentages (Table 1). Three 
times as many seeds germinated 
in the light as germinated in the 
dark. 

Even though sagebrush seeds 
germinate to some extent over 
a wide range of temperatures 
(Goodwin, 1956), temperature 
still plays a vital role in the ger- 
mination process. Also even 
though it was previously thought 
that 7” C. (45” F.) was too low 
for any germination to occur, an 
average of 9.8 percent of the 
sagebrush seeds in this experi-- 
ment germinated at 38” F. At 
70” F. the germination percent- 
age was more than double that 
obtained at 38” F. The average 
germination percentage was 24.2 

for 70” F. and only 9.8 for 38” F. 
The difference between the two 
values was highly significant 
(Table 1). 

The interaction of light x tem- 
perature was found to be highly 
signif icant. Sagebrush seed ex- 
posed to full light at 70” F. had 
the highest germination. Sage- 
brush seed germinated in the 
dark at 38” F. gave lower germi- 
nation percentages than other 
treatments. However, a signifi- 
cant difference was not found be- 
tween samples germinated in full 
light at 38” F. and those germi- 
nated in dark at 70” F. Exposure 
to light increased germination of 
sagebrush seed at a low tem- 
perature. It was found that in 
darkness at 70” F. germination of 
sagebrush seed was more than 
triple that in the dark at 38” F. 

The amount of available mois- 
ture also influenced the germina- 
tion of sagebrush seed. Osmotic 

solutions of 0, 4, and 8 atmos- 
pheres tension were used to limit 
the moisture available to the ger- 
minating seed. An increase in 
atmospheric tension resulted in 
a corresponding decrease in ger- 
mination percentage. Lower ger- 
mination of sagebrush seed was 
obtained as atmospheric tension 
was increased from 0 to 4 atmos- 
pheres and from 4 to 8. These 
decreases were significant at the 
1 percent level of probability 
(Table 2). 

The combined effect of tem- 
perature at 0, 4, and 8 atmos- 
pheres tension upon sagebrush 
seed germination was measured. 
At 38” F. the decrease in per- 
centage germination brought 
about by increasing atmospheric 
tension from 0 to 4 atmospheres 
was signif icant, but increasing 
the atmospheric tension from 4 
to 8 did not give a significantly 
lower germination percentage. 
The decrease in percentage ger- 
mination as atmosoheric tension 
was increased frcm 0 to 4 atmos- 
pheres and from 4 to 8 was found 
to be highly significant for the 
samples exposed at 70” F. As 
availability of water was de- 
creased, seed germinated rela- 
tively better at 70” F. than they 
did at 38” F. It was found that 
samples germinated at 4 atmos- 
pheres and 70” F. were signifi- 
cantly higher than those germi- 
nated at 0 atmosphere and 38” F. 
The same was true of seed ger- 
minated at 8 atmospheres and 
70” F. and of those germinated 

Table 2. Average germination of sagebrush seed at three afmospherk 
tensions and two iemperafures. 

__________ _ _ 
Temperature Atmospheric tension 

(“F) 0 4 8 
Percent Percent Percent 

38 14.2* 9.2 5.8 
70 38.5 20.5 13 8 
Average 26.4 14.8 9.8 

Atmospheric tension LSD .05 3.2 
.Ol 4.4 

Atmospheric tension x .05 4.5 
temperature LSD .Ol 6.3 

* Each value is an average of four observations, two for each of the light 
condit:ons. 



238 L. W. WELDON, D. W. BOHMONT, AND H. P. ALLEY 

Table 3. Germination of sagebrush seed at fwo light intensities and three 
atmospheric tensions. 

Light Intensity 
Atmospheric tension 

0 4 8 

percent percent percent 
Dark 12.8* 8.5 4.0 
Full light 40.6 21.2 15.5 

Light x atmospheric tension LSD .05 4.5 
.Ol 6.3 

* Each value is an average of four observations, two for each of the 
temperatures. 

at 4 atmospheres and 38” F. 
(Table 2). 

Dark and full light had ap- 
proximately the same effect as 
low or high temperature upon 
germination of sagebrush seed 
when moisture was limited to 0, 
4, and 8 atmospheres tension. 
Germination in the dark was not 
significantly increased from 0 to 
4 atmospheres, but increasing the 
atmospheric tension to 8 did give 
significantly lower germination 
percentages. When the seeds 
were germinated in full sunlight, 
each increase in atmospheric ten- 
sion resulted in lower germina- 
tion percentages (Table 3). As 
was true at 70” F., full light in- 
tensity partially alleviated a de- 
crease in availability of mois- 
ture. 

Grass and forb undercover are 
important when a sagebrush 
eradication program is initiated 
and then in maintaining a good 
under-story of vegetation to pre- 
vent sagebrush re-establishment. 
An overgrazed range relin- 
quishes both moisture and sun- 
light to the sagebrush seed. Sun- 

light will result in higher tem- 
perature and a more suitable 
microclimate for sagebrush es- 
tablishment. 

Summary 

Effects of light, temperature, 
and available moisture upon the 
germination of sagebrush seed 
were studied. The three environ- 
mental factors were combined at 
two levels each for light and 
temperature and three levels of 
available moisture giving a total 
of 12 different conditions tested. 
The following conclusions can be 
drawn: 

1. 

2. 

3. 

Sagebrush seed exposed to 
light gave germination per- 
centages three times as high 
as sagebrush seed germi- 
nated in the dark. 
Sagebrush seed subjected to 
70” F. ,resulted in a germi- 
nation percentage double 
that obtained when sage- 
brush seed were subjected 
to a temperature of 38” F. 
A reduction in available 
moisture substantially re- 
duced the germination of 

sagebrush seed. 
A temperature of 70” F. 
lessened the effect of dark- 
ness and low available 
moisture in reducing the 
germination of sagebrush 
seed. 
Germination was highest at 
70” F., with free moisture 
and full light. 
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Pacific Southwest Forest and Range Experiment Station 

Dedication ceremonies were held 
June 3 in Berkeley, California, for 
the Pacific Southwest Forest and 
Range Experiment Station. The new 
station was formerly known as the 
California Forest and Range Exper- 
iment Station and was housed in 
Mulford Hall at the University of 

California. The renamed research 
center is now in a new building at 
1960 Addison Street. 

KEITH ARNOLD, director of the sta- 
tion, presided at the ceremonies. 
Among the speakers were V. L. 
HARPER of Washington, D. C., assist- 
ant Chief of the Forest Service 

Branch of Research; DE WITT NEL- 
SON, director of the California De- 
partment of Natural Resources, Sac- 
ramento; T. R. YOCUM of the Simp- 
son Timber Company, Seattle, 
Wash.; and DANIEL E. ALDRICH, dean 
of agriculture at the University of 
California. 
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Production of palatable herb- 
age by native vegetation on the 
central Great Plains is low. For 
example, average production by 
palatable grasses from 1940 to 
1956 on the Central Plains Ex- 
perimental Range2, Nunn,-Colo- 
rado, was less than 600 pounds 
air dry per acre. Preliminary 
trials conducted on the Northern 
Great Plains have indicated that 
yields could be increased by the 
application of corral manure and 
commercial fertilizer to the na- 
tive range vegetation.’ The re- 
sponse of the vegetation on the 
Central Great Plains to such 
treatments is reported herein. 

In southern Saskatchewan, 
Canada, y i e 1 d s of short-grass 
vegetation were more than 
doubled for a 6-year period by a 
single application of corral ma- 
nure at the rate of 12 tons per 
acre (Clark et al., 1943). Annual 
rainfall on the study area aver- 
aged 12 inches, an amount com- 
parable with that at the Central 
Plains Experimental Range. Re- 

1 Formerly with the Rocky Mountain 
Forest and Range Experiment Sta- 
tion, Forest Service, Fort Collins, 
Colorado. 

2 Operated by Crops Research Divi- 
sion, AgricuZturaZ Research Service, 
in cooperation with the Forest 
Service, U. S. Department of Agri- 
culture. Formerly operated by the 
Rocky Mount,ain Forest and Range 
Experiment Station, Forest Service, 
in cooperation with the Soil Con- 
servation Service, U. S. Department 
of Agriculture. 

peated applications of corral ma- 
nure at 2-, 3-, and 4-year inter- 
vals increased yields of blue 
grama (Bouteloua gracilis) by 
250 to 300 percent, while western 
wheatgrass (Agropyron smithii) 
yields averaged 150 percent of 
the yields from untreated vege- 
tation. 

Applications of nitrate and 
phosphate to native vegetation 
on the Great Plains region-of 
southern Canada were discussed 
by Clark and Tisdale (1945). 
Nitrates increased yields 32 to 
36 percent but did not increase 
the protein content significantly. 
Phosphates did not increase 
yields but did increase the phos- 
phorus content of the herbage. 

Significant increases in yields 
of dry herbage, chiefly western 
wheatgrass, were obtained from 
annual topdressings of nitrogen 
on native range at 2 rates during 
a 6-year study in central North 
Dakota (Rogler and Lorenz, 
1957). Average annual precipi- 
tation at this location was near 
18 inches for the period of study. 

Materials and Methods 

Fertility studies were estab- 
lished in northeastern Colorado 
in 1951, 1952, and 1953 on the 
Central Plains Experimental 
Range operated by the Agricul- 
tural Research Service in coop- 
eration with the U. S. Forest 
Service. The study area of ap- 
proximately 40 acres had a uni- 
form stand of native vegetation. 
It was located in a 600-acre pas- 
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ture that had been used for sev- 
eral years as a holding pasture 
for cattle. This pasture had been 
grazed for about a week each 
spring and fall. Stocking rates 
were relatively high, and the 
utilization had averaged nearly 
40 percent by weight of the an- 
nual production of blue grama 
and buffalograss (Buchloe dacty- 
Zoides) each year. 

The density and composition 
of the native vegetation on Aug- 
ust 1, 1952, are given in Table 1. 
Blue grama made up more than 
88 percent of the total vegeta- 
tion cover. Buffalograss, second 
among the grasses, furnished 
only 1.74 percent of the total 
cover. Two browse species, four- 
wing saltbush (Atriplex cune- 
scens) and plains pricklypear 
(Opuntiu polyucunthu) each pro- 
vided more of the ground cover 
than did buffalograss. Scarlet 
globemallow (Sphuerulceu coc- 
cineu), a palatabl e perennial 
forb, was the only other species 
that furnished 1 percent more of 
the total cover. 

The soils on this experimental 
area belong to the Ascalon series, 
although they are not fully typi- 
cal of that series. They differ 
by having too dark a color in 
the surface soils and by having 
too much clay in the subsoil. The 
gross characteristics of the soils 
on the experimental area are as 
follows: The surface soils are 
about 12 inches thick, with a 
dark grayish-brown color, sandy- 
loam texture, and a weak fine- 
granular structure. They have a 
very firm consistence when dry 
and a pH of about 7.5. The upper 
subsoil is 15 inches thick, with 
a dark grayish-brown color, light 
clay texture, and a coarse to 
moderate blocky structure. The 
dry subsoil is hard, and the pH 
is about 7.8. The lower subsoil 
is a light-gray, fine sandy loam 
with little structure and a firm 
consistence. It is a zone of high 
lime accumulation. The sub- 
stratum is a loose, pale-brown 
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Table 1. Average density and percentage composition of vegetation on 
range fertility study area, Augusi 1, 1952. 

-_______ 
Botanical group and species 

___-- -______ ..__ 
Density 
Percent 

Composition 
Percent -- ___~- --~ 

Grasses and -grasslike plants: 
Blue grama 
Buffalograss 
Needle-and-thread 
Red three-awn 
Sand dropseed 
Threadleaf sedge 
Western wheatgrass 

Total 

Forbs: 
Goosefoots 
Pale evening-primrose 
Russian thistle 
Scarlet globemallow 
Slenderbush eriogonum 
Tansyleaf aster 

Total 

Browse: 
Broom snakeweed 
Fourwing saltbush 
Plains pricklypear 

Total 

All vegetation 

fine sandy loam or loamy fine 
sand that is highly calcareous. 
These Ascalon soils are sandy 
and absorb water readily. They 
also release a large percentage 
of water to growing plants. They 
are well suited to growing grass 
in this dry climate, where much 
of the rain falls in high-intensity 
small storms of less than 0.75 
inch. 

Climatic conditions during 
these fertility trials were nor- 
mal except for the acute drought 
of 1954. The 6-year (1951-56) av- 
erage annual precipitation was 
11.13 inches (Table 2). The 18- 
year (1939-56) average for the 
same area was 11.67 inches. 

Well-rotted cattle manure was 
topdressed on a 6-acre area at 
the rate of 10 tons to the acre in 
the summer of 1951. As deter- 
mined by standard laboratory 
analyses the manure contained 
85 pounds of total nitrogen, 92 
pounds of available phosphoric 
acid, and 84 pounds of water- 
soluble potash per acre. 

8.10 88.23 
0.16 1.74 
0.04 0.44 
0.08 0.87 
0.02 0.22 
0.01 0.11 
0.03 0.33 ___~ 
8.44 91.94 _ 

0.02 0.22 
0.06 0.65 
0.03 0.33 
0.10 1.09 
0.03 0.33 
0.05 0.54 -______ 
0.29 3.16 

0.04 0.43 
0.20 2.18 
0.21 2.29 

0.45 4.90 

9.18 100.09 

On April 27, 1952, seven com- 
mercial fertilizers were top- 
dressed without replication on 
plots 8 by 50 feet. They were 
nitrogen (N) , potassium (K) , 
phosphorus (P) , and the com- 
binations NPK, NK, NP, and PK. 
A 12-foot border strip separated 
the plots. The rates per acre 
were 67 pounds of nitrogen in 
ammonium nitrate (NH~NO:I) , 
100 pounds of phosphorus in 
phosphoric oxide (PROS), and 150 
pounds of potassium in potas- 
sium chloride (KCl). These 
plots were not grazed until 1957. 

On April 15, 1953, five ferti- 
lizer treatments (N, NP, NPK, 
P, and K), and two check treat- 
ments were established in two 
replications each on plots 10 feet 
wide by 300 feet long. The ferti- 
lizers were drilled into the na- 
tive soil to a depth of 3 inches. 
The empty drill was run through 
the sod on one set of check plots, 
while the other set was un- 
treated. The application rates 
in pounds per acre were N, 80; P, 

100; and K, 200. These plots 
were protected from grazing 
through 1956. 

Yield measurements were ob- 
tained from the manured and the 
untreated native range areas in 
1952, 1953, and 1956. The drilled 
fertilizer and check plots were 
sampled for yields in 1953 and 
again in 1956. The vegetation on 
each of the treated and check 
plots was examined by the 
square-foot-density method in 
early September 1956; 20 sample 
plots of 25-square feet area were 
used for each of the 10 fertility 
and grazing management treat- 
ments. 

Observations and Resulfs 
Vegetation Growfh 

Growth of vegetatior varied 
widely from vear to year during 
these trials. The manure was ap- 
plied too late in 1951 to influence 
vegetation growth that year, but 
in 1952 the growth of the short 
grasses was more luxuriant on 
the manured area than on the 
untreated native range. The mid- 
grass species did not respond to 
the manure treatment. 

The plots topdressed with 
commercial fertilizer in 1952 
showed no observable differ- 
ences in volume of growth that 
year. The vegetation on plots re- 
ceiving nitrogen retained a green 
color about 10 days longer than 

Table 2. 

Year 

Growing- 
season 

(May l- 
Total annual Sept. 30) 
precipitation precipitation 

Inches Inches 
13.10 9.10 
14.01 11.57 
11.96 8.72 
4.89 3.48 

13.08 9.68 
9.72 7.21 

1951 
1952 
1953 
1954 
1955 
1956 
g-Year 
average 11.13 8.29 ._____ ~__ 

Annual and growing-season 
precipitation. 1951-56, Cen- 
tral P 1 a i n s Experimental 
Range. 
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FIGURE 1. Left: Plot with nitrogen drilled into native sod in 1953. Right: Plot drilled only in 1953. Photographed in 1956. 

that on other plots. The short 
grasses on the manured area 
stayed green approximately a 
week longer than they did on the 
nitrogen-treated plots. 

The vegetation on the ma- 
nured land began growth about 
2 weeks earlier in 1953 than that 
on the untreated range. The 
cattle held in the pasture dur- 
ing the first week of May con- 
gregated on the manured area 
and made heavy use of the old 
and new growth of forage 
grasses; whereas, the” adjoining 
untreated range was only lightly 
grazed during the same period. 
Part of both the manured and 
the untreated range were fenced 
during the summer of 1953 to ex- 
clude grazing. 

Vegetation on the plots top- 
dressed with nitrogen in 1952 
and on those drilled with nitro- 
gen in 1953 had a decided burned 
appearance by the last week of 
July 1953. One-half inch of rain 
fell on July 30, and 2% inches 
were received in a high-intensity 
storm on August 21. Blue grams 
and buffalograss greened up 
promptly after the August storm 
and produced some new leaf 
growth on all plots. New growth 
was more luxuriant on the nitro- 
gen plots than on other plots. A 
fair crop of blue grama seed- 
stalks also developed on the nit- 

rogen plots but not on other 
plots. Western wheatgrass and 
needle-and-thread (Stipa com- 
ata) had matured before the 
August storm and made no ap- 
preciable new growth that fall 
under any treatment. 

The spring of 1954 was very 
dry. Cool-season species such as 
western wheatgrass and needle- 
and-thread did not produce new 
shoots. Old-growth vegetation 
was grazed from the unfenced 
study area. Blue grama and 
buffalograss root crowns pro- 
duced a few new shoots on the 
manured range, but new growth 
was not found on any other part 
of the study area in 1954. Old 
vegetation remaining from the 
1953 crop stood on the protected 
areas all summer and fall with- 
out apparent disintegration. 
Much of this old growth disap- 
peared during the high-velocity 
windstorms early in 1955. 

There was no grazing on the 
plots in the spring of 1955, and 
new growth was late. Live 
plants of western wheatgrass and 
needle-and-thread were found 
only occasionally. Many of the 
root crowns of blue grama and 
buffalograss appeared to be dead. 
The areas of apparently dead 
vegetation were more extensive 
on the manured than on the un- 
treated area. The plots treated 

with commercial nitrogen in 
1953 appeared to have less dead 
vegetation than the check plots. 
The nitrogen plots produced a 
crop of blue grama seedstalks in 
the fall of 1955, following heavy 
rains in late August and mid- 
September, but yield samples 
were not obtained. 

Abundant growth of annual 
forbs, especially Russian thistle 
(SaZsoZa kali var. tenuifolia) and 
s u m m e r-cypress (Kochia scop- 
aria) developed in 1955 on all the 
plots. This forb growth was 
much heavier on the manured 
area than on the untreated na- 
tive range. The growth of an- 
nuals was taller on the nitrogen 
plots but somewhat less dense 
than that on some of the other 
plots among the fertilizer treat- 
ments. 

Observation in 1956 showed 
changes from 1955. The mortal- 
ity of short grasses from 1955 to 
1956 on all the nitrogen plots ap- 
peared to be more severe than it 
had been from 1953 to 1955. The 
grasses on the check plots and 
potassium plots had little if any 
new mortality, and those on the 
phosphorus plots appeared to 
have made some recovery. 

The manured plot produced 
more annual forbs, chiefly Rus- 
sian thistle, in 1956 than did the 
untreated range, but the density 
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dropseed (Sporobolus cryptandms) 

of the grasses was not materi- 
ally greater than that on the 
untreated plots (Table 3) . Den- 
sity and growth of annual forbs 
on the nitrogen plots were 
greater than on the phosphorous, 
potassium, or check ‘plots (Fig- 
ure 1). Competition from grasses 
on the phosphorus and check 
plots may have reduced the 
growth of annual forbs. This 
does not hold, however, for com- 
parison between the potassium 
and the nitrogen plots. The 1956 
vegetation cover on the plots 
treated with nitrogen in 1953 was 
definitely poorer than it was on 
all other plots except the grazed 
untreated range. Protection from 
grazing 1953 to 1956 helped the 
grasses to maintain their stand 
on both the manured and the un- 
treated native range. 

Drought Effects 

The acute drought of 1954 
caused a heavy mortality of some 
grasses and perennial forbs, and 
increases in the density of an- 
nual forbs, (Tables 1 and 3). 
These drought reactions varied 
among the different fertility 
treatments. Application of nitro- 
gen and potassium increased the 
mortality of grasses over that 
suffered from applications of 
manure and phosphorus unac- 
companied by nitrogen. Nitro- 

Table 3. Densiiies of palatable grasses1 and annual forbs in 1956 following 
manuring in 1951 and drilled-in fertilizer in 1953. 

Density of Density of 
Grazing palatable annual 

Fertility treatment management grasses forbs 
Percent Percent 

Manuring 1951 Grazing 1951-56 4.07 1.81 
Manuring 1951 Protection 1954-56 4.83 1.08 
No treatment Grazing 1951-56 3.14 0.88 
No treatment (check) Protection 1953-56 4.55 0.34 
Drilled-in N 1953 Protection 1953-56 3.90 1.43 
Drilled-in P 1953 Protection 1953-56 5.29 0.35 
Drilled-in NP 1953 Protection 1953-56 3.52 0.97 
Drilling only 1953 (check) Protection 1953-56 4.48 0.38 
Drilled-in K 1953 Protection 1953-56 3.85 0.55 
Drilled-in NPK Protection 1953-56 3.45 1.14 

Least significant difference-5% level 0.43 0.57 

IBlue grama plus very small amounts of needle-and-thread and sand 

gen and manure stimulated the 
production of annual forbs sev- 
eral years after the applications 
were made. 

Individual species also reacted 
differently to the fertility treat- 
ments during the drought period. 
Buffalograss and western wheat- 
grass practically disappeared 
from all the plots. Blue grama 
suffered an average loss of one- 
half its density 1952 to 1956, but 
the density losses varied signifi- 
cantly among the fertility and 
grazing treatments. Needle-and- 
thread lost density on the grazed, 
untreated range; on manured 
plots, both, grazed and protected 
1954-56; and on protected plots 
with drilled-in N and NP. It in- 
creased in density on untreated 
range protected 1953-56 and on 
plots that received drilled-in 
P,K and NPK in 1953. Scarlet 
globemallow lost density on all 
plots but it was much less severe 
on the protected plots treated 
with NP and NPK in 1953. 

Herbage Yields 

The 1952 yields from the short 
grasses were 1,235 pounds of air- 
dry herbage per acre on the ma- 
nured range and 805 pounds on 
the untreated range. This 430- 
pound difference was highly sig- 
nificant. The midgrasses did 
not respond to the manure treat- 
ment. Their combined yield was 

only 28 pounds per acre on the 
manured range and 38 pounds on 
the untreated range. 

Yield samples were clipped 
August 31 and September 1, 1953 
and in mid-September 1956 from 
all of the fertility and check 
plots. Short-grass yields and 
midgrass yields were sampled 
separately in 1953, but they were 
not separated in 1956 owing to 
the very small yields from mid- 
grasses. Significant increases in 
short-grass yields over those of 
the drilled check plots were ob- 
tained in 1953 from all drilled-in 
fertilizer applications containing 
nitrogen (Table 4). The short- 
grass yield from untreated plots 
also was significantly larger than 
the yield from the drilled check 
plots, indicating that the drilling 
was unfavorable. The fertilized 
plots did not outyield the un- 
treated check plots, but the yield 
of short-grass herbage from the 
grazed manured plots was sig- 
nificantly larger than the yield 
from the grazed untreated plots. 
Midgrass yields were erratic and 
showed no specific effects from 
fertilization. 

Yields from the palatable 
grasses were smaller in 1956 
than in 1953. Differences among 
yields from the several treat- 
ments, however, were significant 
again in 1956. The yields per unit 
area of grass density were not 
widely dispersed and they indi- 
cate little carryover of fertility 
effects from 1953 to 1956. Differ- 
ences in density of palatable 
grasses influenced the variation 
in yields. 

Effecfs on Nufrienf Confenf 
of Herbage 

Protein and phosphorus defi- 
ciencies are critical nutritional 
factors in mature blue grama 
forage. Composite samples of 
mature blue grama herbage were 
clipped during mid-October 1956 
from plots that had received four 
of the fertility treatments, and 
from untreated check plots, for 
fodder analyses and determina- 
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Table 4. 1953 and 1956 yields of air-dry herbage per acre from palatable grasses by feriilify and grazing freaf- 
menfs, and yields per acre per 1 percent of densify of palatable grasses in 1956. 

1953 yields 1956 yields 
Fertility Grazing Total Total Yields per 

treatment management Short Mid- palatable palatable acre per 1% 
grasses grasses grasses grasses of density 

Pounds Pounds Pounds Pounds Pounds 
Manuring 1951 Grazing 1951-56 757 6 763 427 105 
Manuring 1951 Protection 1954-56 ______ _.__ ___._. 512 106 
No treatment Grazing 1951-56 628 7 635 368 117 
No treatment (check) Protection 1953-56 637 14 651 411 90 
Drilled-in N 1953 Protection 1953-56 629 42 671 393 101 
Drilled-in P 1953 Protection 1953-56 554 13 567 514 97 
Drilled-in NP 1953 Protection 1953-56 646 14 660 356 101 
Drilling only 1953 (check) Protection 1953-56 464 14 478 425 95 
Drilled-in K 1953 Protection 1953-56 499 32 531 375 97 
Drilled-in NPK 1953 Protection 1953-56 699 4 703 333 97 

Least significant difference-5% level 126 45 

tions of phosphorus and calcium 
content. The protein content of 
herbage from the nitrogen plots 
(7.9 percent, dry basis) was only 
slightly higher than that of herb- 
age from the untreated range 
(7.1 percent). This indicated no 
effect from nitrogen fertilization 
on the protein content of the ma- 
ture herbage after 3 years from 
treatment. The protein content 
of herbage from the manured 
range (10.7 percent) and that 
from phosphorus-treated plots 
(10.9 percent), however, were 
definitely greater than that of 
the herbage from the. untreated 
range. The protein content of 
herbage from the nitrogen-phos- 
phorus plots (9.4 percent) was 
intermediate between that of 
herbage from the nitrogen plots 
and the phosphorus plots. 

Herbage from the manured 
plots was lowest in phosphorus 
content (0.13 percent) and that 
from the nitrogen-treated plots 
(0.16 percent) was next to the 
lowest. Herbage from the phos- 
phorus-treated plots had no 
higher phosphorus content (0.18 
percent) than that from the un- 
treated range (0.19 percent). 
The phosphorus-calcium ratios 
for these five samples were in 
the narrow range of 1: 2.2 to 
1: 3.2. 

Discussion and Conclusions 

These fertility trials indicate 

that in the central Great Plains 
region ranch-produced manure 
can be applied to short-grass 
ranges with favorable results. 
Heavy applications of commer- 
cial fertilizer increased yields 
less than 100 pounds of air-dry 
herbage per acre under the con- 
ditions of this study. Fertilizer 
applications are not economically 
feasible with such small in- 
creases in herbage production. 
Applications of commercial fer- 
tilizers to native ranges, there- 
fore, are not recommended for 
areas of the Central Plains that 
receive low precipitation such 
as that received by the study 
area. 

Summary 

Manure and several commer- 
cial fertilizer treatments were 
applied to a good stand of native 
short-grass vegetation on the 
Central Plains Experimental 
Range in northeastern Colorado 
during 1951, 1952, and 1953. The 
longtime average annual rain- 
fall for the study area is about, 
12 inches. The rainfall during 
the study period was comparable 
to the longtime average, except 
for an acute drought, in 1954. 
General observations were made 
each year from 1952 to 1956, and 
plot records of density and herb- 
age production were taken in 
1952, 1953, and 1956. Fodder 

______ 178 _---__ 

analyses of the mature blue 
grama herbage from plots that 
had received four of the fertility 
treatments and from the un- 
treated plots were made in 1956. 

Manuring was the most effec- 
tive treatment. It increased herb- 
age yields 15 to 50 percent. Yields 
from plots treated with commer- 
cial fertilizers seldom exceeded 
those from the untreated native 
range. Commercial nitrogen ap- 
plied in 1953 had little, if any, ef- 
fect upon the protein content of 
blue grama herbage produced in 
1956. Manure and phosphorus 
treatments improved the protein 
content of blue grama herbage. 
Manure and nitrogen reduced 
the phosphorus content, but phos- 
phorus fertilization gave little 
increase in the phosphorus con- 
tent of the herbage. 
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Within the past decade inter- 
est in the control of undesirable 
woody plants on grazing lands of 
southwestern United States, and 
Central and South America has 
grown by leaps and bounds. De- 
velopment of new herbicides, 
adaptations of mechanical equip- 
ment, and improved techniques 
of establishing more productive 
strains and species of grasses all 
have stimulated grassland im- 
provement. The driving force 
back of these new developments 
has been three pronged: (1) the 
demand for more efficient and 
economical production of meat, 
milk and wool; (2) the realization 
that early methods of coping 
with brush were inadequate and 
too costly, and (3) the gradual 
shift from the production of sur- 
plus crops to grassland farming. 

This paper reports on methods 
that have been developed for 
the control of three major unde- 
sirable woody shrubs on range- 
lands in the southwestern part 
of United States, in Cuba, and in 
Brazil. These species include 
mesquite (Prosopis juliflora) in 
the United States, marabu (DG 
chstachys nutans) in Cuba, and 
leiteiro (Taberae montanu fu- 
chsiuefoliu) in Brazil. 

The Problem 

The chief problem facing the 
ranchman and livestock pro- 
ducer is the selection of control 

1 The senior author has served as 
consultant to the King Ranch in 
the United States and Cuba, and to 
the Ibec Research Institute in 
Brazil. 

measures that will provide the 
greatest sustained benefits for 
the money expended. In the 
early stages of infestation costly 
measures may be used to advant- 
age to eliminate a few isolated 
plants and sparse stands. On the 
other hand, after extensive areas 
become heavily infested by well 
established stands of brush, large 
numbers of seedlings, and seed 
in the soil, no one practice is 
known that will completely elim- 
inate these major brush species. 
It is usually desirable to select 
control measures that can be eco- 
nomically justified from the 
standpoint of the potential pro- 
ductivity of the land to treat the 
existing infestation, and simular- 
ly justifiable measures for re- 
treatment at intervals of 5 to 10 
years to control reinfestation by 
sprout growth, seedlings, seed in 
the soil, and those brought in by 
grazing animals, rodents, and 
birds. For control of dense stands 
complete renovation treatments 
often are required. 

Ecological Relationships 

The key to effective and eco- 
nomic control of mesquite, 
maribu, leiteiro, and similar un- 
desirable invaders of grassland 
is the full realization that dis- 
turbance by man’s activities has 
released these specialized plants 
from their natural biological con- 
trols. The introduction of large 
numbers of grazing animals, 
fencing, watering, and the move- 
ment of these animals over long 
distances has greatly accelerated 
the spread of mesquite. 
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In the tropics of Cuba and 
Brazil, marabu and leiteiro have 
become serious pests on seeded 
pastures that once supported a 
true forest, and these shrubs rep- 
resent early stages of a gradual 
return to forest flora by natural 
succession. Under true forest 
conditions these species and 
other invading plants were ef- 
fectively controlled by severe 
competition for light, space, 
water, and nutrients offered by 
the taller and more highly de- 
veloped forest trees. However, 
once the natural forest cover was 
removed or disturbed these 
shrubs were released and rapid- 
ly encroached on formed pas- 
tures due to their well developed 
root systems, prolific production 
of hard seed, lateral root propa- 
gation, and freedom from utili- 
zation by livestock. 

Under these conditions it be- 
comes readily evident that these 
shrubs will always remain a po- 
tential hazard on formed pas- 
tures, and that control of few 
scattered invading plants before 
heavy seed production occurs 
will result in maximum control 
at low cost. Once an area be- 
comes heavily infested with old 
seed-bearing plants, with an 
abundant supply of seed present 
in the soil, a control program 
must be developed not only to 
kill the existing plants but also 
one that will prevent rapid re- 
infestation by seedlings. Under 
the favorable growing conditions 
of the tropics failure to control 
seedlings within a year after 
treatment of well established 
plants will result in almost com- 
plete failure of the program. 

Methods of Control 
Control of Invading Stands 

For the control of widely scat- 
tering plants of mesquite, 
marabu, and leiteiro basal trunk 
applications of 1 percent acid of 
2,4;5-T ester in diesel fuel have 
given highly effective kills at 
relatively low costs (Figure 1). 
The percentage kill obtained is 
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FIGURE 1. In the foreground basal application of 1 percent 2,4,5-T ester in diesel oil has 
has given good control of leiteiro in Rrazil. This method of control is most effective and 
economical for control of thin open stands of brush. In the background the topwood was 
removed, but no chemical treatment was applied. 

largely governed by the applica- 
tion of sufficient amount of 
spray solution around the base 
of the plant to insure physical 
contact with tissues capable of 
producing sprout growth as 
shown by Meadors and Fisher 
(1953), Hay (1956), and Quinn, et 
al. (1956). Mesquite also may be 
controlled by basal applications 
of diesel fuel or kerosene; how- 
ever, larger amounts are re- 
quired. 

Under conditions where low- 
cost labor is plentiful, and 2,4,5-T 
and diesel fuel are relatively 
costly, cut surf ace applications 
have been used successfully. 
Concentrated solutions of 2,4-D 
amine and 2,4,5-T ester, 1 to 2 
pounds acid per gallon of water 
or oil are applied to freshly cut 
stems with a paint brush or mop. 
This method has been used quite 
extensively to control invading 
stands of marabu and leiteiro. 
Painting the lower 2 feet of the 
trunk with concentrated solu- 
tions of 2,4,5-T ester in oil also 
has been used. Observations 
strongly suggest that the effec- 
tiveness of the treatment is 

largely due to the amount of 
chemical that runs off or is 
washed down the stem to the 
basal plant parts. 

New chemicals which show 
promise for the control of in- 
dividual woody plants include 
Karmex formulations of monu- 
ron and fenuron, Meadors and 
Fisher (1953) and Quinn et al. 
(1956). Water suspensions con- 
taining l/s to 1/2 pound active in- 
gredient per gallon have given 
highly effective kills of mesquite 
when applied to a 6-inch band of 
soil around the plant base. For 
control of marabu and leiteiro 
rates of l/2 up to 2 pounds per 
gallon are usually required. 

Control of Open to Moderate Stands 

The most economical control 
of woody plant infestations that 
occur in more or less uniform 
open stands with occasional 
thickets is usually obtained by 
large scale equipment that per- 
mits overall treatment and re- 
treatment of the grazing area. 

Mesquite has been controlled 
at low cost by aerial application 
of l/3 pound acid of a low volatile 

ester of 2,4,5-T in the spring soon 
after leaves reach full develop- 
ment. The chemical should be 
applied in an emulsion contain- 
ing 1/2 gallon diesel fuel and ap- 
proximately 2% gallons of water 
per acre in 60-foot swaths when 
growing conditions are favor- 
able. If the mesquite had been 
previously chained, bulldozed, or 
sprayed to destroy old stands, 
the resultant sprout growth 
should be allowed to reach a 
height of at least 4 feet before 
treating with 2,4,5-T. For sprout 
control 1/2 pound acid of 2,4,5-T 
ester in an emulsion of 1 gallon 
of diesel fuel and 3 gallons of 
water per acre should be applied 
in aerial swaths of 42 feet. The 
effectiveness and lasting bene- 
fits derived from aerial applica- 
tion of 2,4,5-T are largely gov- 
erned by the stage of growth 
when treated, plant condition, 
soil type, and other factors as re- 
ported by Fisher, Meadors and 
Behrens (1956). Extensive field 
trials show that in most in- 
stances, retreatment at intervals 
of 5 years has destroyed from 40 
to 70 percent of the original 
stands and a very high percent- 
age of seedling plants. 

For areas where aerial appli- 
cation of 2,4,5-T is not feasible 
due to close proximity of sus- 
ceptible crops more costly con- 
trol measures must be used. On 
land with only average potential 
productivity the brush may be 
chained and power grubbed. If 
the land has high potential pro- 
ductivity, or where the land has 
many species resistant to 2,4,5-T, 
the use of a root plow followed 
by seeding to more productive 
grasses usually is the most ef- 
fective and desirable means of 
control. 

Chaining alone is effective for 
destroying the above ground 
growth of large trees at low 
cost, but it must be combined 
with other control methods to 
give lasting benefits except 
where sprout regrowth is ex- 
tremely slow. 
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Control of marabu in open to 
moderate stands has been at- 
tempted by aerial application of 
2,4-D, 2,4,5-T and mixtures of 
these two chemicals. From the 
results obtained it appears that 
annual applications of 1 to 2 
pounds of 2,4,5-T will be re- 
quired to gradually exhaust the 
root reserves of well established 
plants (Hays, 1956). 

More promising control in 
Cuba has been obtained by the 
removal of the topwood by 
chaining or chopping and then 
treating the sprout growth with 
wetting sprays containing 4 
pounds acid of 2,4,5-T ester in 
100 gallons of water. In most in- 
stances, however, the high po- 
tential productivity of the land 
merits the use of root plows and 
seeding to highly productive 
grasses such as colonial guinea, 
(Panicum maximum), jaragua 
(Hyparrhenia ruffa), and pan- 
gola (Digitaria decumbens) . 

Control of leiteiro in open to 
moderate stands on grazing lands 
in Brazil is largely a matter of 
using individual plant treat - 
ments. Basal trunk applications 
of 1 percent acid of 2,4,5-T in 
diesel fuel show the most 
promise. Foliage applications of 
growth regulator chemicals have 
not been effective. Other meth- 

ods of control that have been 
used with some success include 
spot treatment with root plows 
followed by individual p 1 ant 
treatment. In some instances a 
combination of basal trunk treat- 
ment and hand grubbing of seed- 
lings has given good control. 

Control of Dense Stands 

Once the infestation of these 
undesirable sprouting shrubs be- 
comes dense the grazing land is 
almost devoid of all palatable 
forage and impenetrable to live- 
stock. Under these conditions it 
usually is necessary to use me- 
chanical measures to destroy the 
dense woody growth. Then 
chemicals, or a combination of 
chemical and mechanical meas- 
ures may be used to control re- 
growth and seedlings. 

For dense stands of mesquite 
on highly productive sites, 
chaining, followed by root plow- 
ing and seeding to highly pro- 
ductive grasses, offers an excel- 
lent opportunity to greatly in- 
crease the carrying capacity of 
the land. On land that has only 
average potential productivity 
mesquite may be controlled ef- 
f ectively and economically by 
first chaining to destroy the 
above ground growth. Somewhat 
later, usually 2 to 4 years, the 

sprout growth should be con- 
trolled by aerial application of 
2,4,5-T. Repeated treatments at 
intervals of 4 to 6 years will con- 
trol sprout growth and greatly 
increase the carrying capacity of 
the land. Where 2,4,5-T cannot 
be used safely the land will need 
to be either power grubbed or 
root plowed and seeded to adapt- 
ed grasses. 

The control of dense stands of 
marabu and leiteiro is closely 
similar to that of mesquite. In 
most instances, the original in- 
festation of shrubs must be de- 
stroyed by a combination of 
burning, chaining and root plow- 
ing, and then the land is seeded 
to highly productive grasses such 
as colonial guinea and jaragua 
(Figures 2 and 3). In Brazil, 
where farm labor is often plenti- 
ful, the land after root plowing or 
girdling and burning is planted 
to clean tilled crops such as cot- 
ton, rice, corn, and others for a 
period of 3 to 5 years. During this 
period the stumps, roots and sup- 
ply of seed in the soil are grad- 
ually destroyed, and then pas- 
ture grasses are established. 
Thereafter control of undesir- 
able woody plant species may be 
obtained effectively and eco- 
nomically by the timely use of 
chemicals and other practices 
that will maintain a dense vigor- 
ous cover of grass. 

Control of Mixed Brush 

The control of mixed brush on 
soils of relatively low productiv- 
ity is rapidly becoming an im- 
portant problem to livestock 
raisers in Brazil. The method 
used in clearing highly produc- 
tive land by cutting, burning, 
and growing intensively culti- 
vated crops such as cotton, rice, 
and corn, is seldom justified be- 
cause of low yield of crops. 
Moreover, without fertilization, 
the two highly prized fattening 
grasses, colonial guinea and jar- 
agua, seldom develop sufficient 
growth and vegetative cover un- 
der grazing to retard rapid re- 
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infestation by brush plants. Gor- 
dura, or molasses grass (Melinis 
minutiflora), thrives on these 
poorer soils; however, it seldom 
provides sufficient cover to offer 
serious competition to the estab- 
lishment and development of 
brush plants. In addition, it does 
not withstand burning. There is 
some indication that sempre 
Verde (Panicurn maximum var. 
gongyloides) might be used to 
advantage under these condi- 
tions. 

Since the mixed brush com- 
plex generally occupies less pro- 
ductive land, the control meas- 
ures selected must be either less 
intensive and more economical, 
or the productivity of the land 
must be improved through the 
use of fertilizers and other soil 
amendments to justify the heavy 
investment of major clearing op- 
erations. Low cost control meas- 
ures such as chaining followed 
by seeding to Gordura and an- 
nual rolling with a heavy-duty 
rolling cutter offer some promise 
of increasing grass production 
and gains of livestock. The pro- 
duction of grass could be in- 
creased materially at r e du c e d 
cost if the sprout growth follow- 
ing the use of the chain or the 
cutter could be effectively con- 
trolled with aerial application of 
chemicals. 

Early results of aerial applica- 
tion of 1 pound acid of 2,4,5-T 
ester in 4 to 5 gallons of a 1: 3 oil- 
water emulsion per acre on re- 
growth following the use of’ a 
heavy duty brush cutter has in- 
creased the production of grass 
from 1,200 to over 18,000 pounds 
of grass per acre (Figure 4). In 
these tests it was estimated that 
the cost of controlling mixed 
brush in this manner was ap- 
proximately one-half that of re- 
peat e d mechanical treatments. 
The aerial treatments were most 
effective when applied from No- 
vember to January after the 
heavy flush growth occurred fol- 
lowing the onset of rains in Oc- 

FIGURE 3. Grazing land previously infested with marabu that was chained, root plowed, 
and seeded to pangola grass. Annual application of 2,4-D -- 2,4,5-T brush killer has given 
good control of marabu seedlings and broad leaf weeds at Companie Ganaderia Becerra 
in Cuba. 

tober. Applications made before 
the woody species developed 
heavy foliage following fall rains 
or after January, when the 
plants ceased to make visible 
growth, were much less effective 
from the standpoint of lasting 
benefits and increased grass pro- 
duction. Repeated treatments 
likely will be necessary to main- 
tain effective control of the 
brush; however, a vigorous stand 
of properly managed grass will 
aid in the over-all program. 

Attempts to clear mixed brush 
with mechanical equipment and 
hand labor followed by cropping 
to rice and corn with use of fer- 
tilizers and other soil amend- 
ments offers some hope. More- 
over, the use of fertilizers on 
newly planted colonial guinea, 
jaragua, and sempre Verde of- 
fers some promise of clearing 
mixed brush and forming pas- 
tures at costs that may be eco- 
nomically justified. 

Clearing Forest Land and Forming 
of Pastures 

This problem consists primar- 
ily of controlling woody plants 
growing more or less under nat- 
ural conditions in the state of 
Matto Gross0 and to a lesser ex- 

tent in Sao Paulo. With present 
known chemicals and mechnical 
control methods there is little 
hope of clearing land as effec- 
tively and economically as by 
the farm colony system. It would 
appear that chemical control of 
brush will play its greatest role 
in controlling invading plants on 
formed pastures after the heavy 
growth of woody plants has been 
removed. Admittedly, repeated 
application of chemicals might 
control the forest growth; how- 
ever, the land would still need 
seeding, chaining, or rolling to 
permit production of grass. Some 
limited trials might be under- 
taken, but at present prices of 
chemicals, mechnical equipment, 
and low cost of common labor 
there is little hope of reducing 
the cost of clearing over the 
farm colony system. 

Control of Reinfestation 

The benefits of brush control 
on grazing lands will soon be 
lost, regardless of methods used, 
unless steps are taken to prevent 
reinfestation. Experience has 
shown that land cleared of mes- 
quite by hand grubbing, one of 
the most effective methods 
known, will develop light to 
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moderate stands of mesquite 
within a period of 10 to 15 years. 
On land that is root plowed and 
seeded to grasses the lasting ben- 
efits will largely depend on man- 
agement of the grassland and 
control of reinfestation. Thus, 
constant vigil must be main- 
tained to prevent reinfestation. 
Aerial application of 2,4,5-T at 
intervals of 5 years will not only 
give control of seedling mesquite 
but also will control other unde- 
sirable broadleaf plants and 
further increase the productivity 
of grasslands. 

In the case of marabu, follow- 
ing the establishment of grasses, 
immedate steps must be taken 
to destroy the rapid growth of 
seedlings and sprouts from re- 
maining roots. Annual applica- 
tion of 1 pound acid of a mixture 
of 2,4-D and 2,4,5-T has pre- 
vented rapid reinfestation of the 
grazing lands. For light infesta- 
tions individual plant treatment 
may be used to advantage. 

Since foliage treatment of le- 
iteiro is not effective, individual 
plant treatment must be used to 
control reinfestation by widely- 
scattered plants. On land previ- 
ously infested with heavy stands 
of leiteiro the most effective con- 
trol consists of growing clean- 
tilled crops for a period of 3 to 
5 years to control sprout growth 
and destroy seed present in the 
soil prior to the establishment of 
grass. 

Benefits of Control 

The value of brush control on 
grazing lands depends largely on 
the potential productivity of the 
land and the kind and amount of 
brush. For instance, under con- 
ditions where rainfall is limited, 
grazing trials by the Texas Ag- 
ricultural Experiment Station at 
Spur show that control of open 
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FIGURE 4. Experimental application of 2,4-D and 2,4,5-T for control of mixed brush on 
Fazenda Cambuhy, Matao, State of Sao Paulo, Brazil. This area previously had been 
chained and seeded to molasses grass. 

to moderate stands of mesquite to use more efficient pasture and 
increased steer gains an average livestock management practices. 
of 34 pounds per head during 
the summer months. Moreover, 
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On certain allotments of the 
Mariposa District of the Sierra 
National Forest, death losses of 
cattle have been abnormal over 
a considerable period. Reported 
losses were of two general types: 
(1) cattle that died on the forest 
range (Chowchilla and Soquel 
Allotments) and (2) cattle that 
died after removal to their foot- 
hill ranges (Iron Creek Allot- 
ment). Deaths on the first two 
allotments were attributed to 
poisoning from braken f e r n 
(Pteris aquilina), horsetails 
(Equisetum spp.), or laurel 
(Leucothoe davisiae) . Deaths on 
the Iron Creek Allotment were 
attributed to hemorrhagie sep- 
ticema, rabies, or unknown 
causes. 

The author was introduced to 
the problem on October 5, 1939, 
when he was asked to help in- 
vestigate the death of a yearling 
steer near the old Sugar Pine 
Mill on the Soquel Allotment. 
The animal had been dead about 
three days and no positive con- 
clusion was reached on the cause 
of death. Bracken fern, which 
grew abundantly in the area, 
was found in the rumen con- 
tents, and was suspected of be- 
ing the cause. 

On August 3, 1943, in the same 
area, Dr. A. S. Robertson, County 
Veterinarian, and the author in- 
vestigated the death of a grade 
cow that was in fair flesh and 
had just died. Autopsy findings 
were similar to those in bracken 
poisoning and the diagnosis was 
“death from a poisonous plant 
with bracken fern strongly sus- 
pected”. On September 27, 1944, 
after investigating the deaths of 

6 more cows, all in good flesh, it 
was decided to investigate the 
causes of cattle deaths in the 
area of the old Sugar Pine Mill 
in the Soquel Allotment. Laurel 
is not known there, and horse- 
tail is so scattered and thin that 
it is not considered a danger. 
Bracken fern is the only other 
toxic plant known in the area. 

Related Studies 

The possibility that bracken 
contains substances poisonous to 
cattle was first reported by Pen- 
berthy (1893) and Storrar 
(1893). Stockman (1917) was ap- 
parently the first to prove that 
feeding bracken to cattle could 
be fatal, when an 8-month-old 
heifer died 30 days after the start 
of a 26-day period of being fed 
10 pounds of fresh fern every 
other day. Hadwen (1917) 
proved that hay containing about 
about 30 percent fern was re- 
sponsible for staggers in horses 
and even death. Bracken poison- 
ing of cattle and horses is known 
to occur naturally, and Moon and 
Raafat (1951) have shown that 
sheep may be killed by feeding 
them bracken experimentally. 
Fletcher (1944) and Foggie 
(1951) presented evidence that 
sheep may be naturally poisoned 
by bracken. 

The toxic factor to livestock in 
bracken has long been of inter- 
est. Storrar (1893) thought it 
was merely the ingestion of a 
highly indigestible food. 
M’Gowan (1915) concluded that 
it was actually an invasion of the 
animal by a common type of bac- 
illus, and he isolated such an 
organism from an animal that 

had died of the disease. Seddon 
and McGrath (1929) also con- 
sidered the deaths to result from 
a microbic disease, hemorrhagic 
septicaemia, which sometimes 
occurred in cattle weakened 
from eating bracken. Langley 
(1944) thought the death of 
cattle, that developed laryngitic 
symptoms, was due to a second- 
ary cause. The animals had 
eaten bracken roots, and the 
coarse fibers had excoriated the 
lining of the pharynx, allowing 
the entrance of Bacillus oede- 
matis maligni organisms from 
the soil on the roots. 

Stockman (1917) discounted 
M’Gowan’s (1915) theory of a 
bacterial disease asserting that 
it is normal for bacteria of the 
type described to invade the 
blood from the intestines soon 
after death. Besides describing 
the symptoms of afflicted ani- 
mals and post-mortem findings, 
he expressed his view that the 
“toxic principle” was present 
only in comparatively small 
amounts and is cumulative in 
effect. A certain time-even 
weeks after the poison had been 
withheld-was required to esta- 
blish its full effects before severe 
illness might begin. Shearer 
(1945) isolated only bacteria that 
are common post-mortem in- 
vaders of bovine carcasses that 
had lain for some hours after 
death. He thought the poisonous 
principle was a decomposition 
product of eatechol tannin, and 
that a low plane of nutrition 
would tend to lower an animal’s 
resistance to it. Carpenter, Phil- 
lipson, and Thomson (1950) 
failed to isolate any pathogenic 
organism from the carcass of a 
heifer that had died of a condi- 
tion similar to bracken poisoning 
after being fed dried bracken 
hay. 

Weswig, Freed, and Hagg 
(1946) were evidently the first 
to show that bracken fed to rats 
had an antithiamine activity. 
The application of these findings 
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to fern poisoning in cattle was 
obscure, for the symptoms noted 
in rats were more suggestive of 
those reported in horses than 
those observed in ruminants. 
Vaughan (1949) and O’Moore 
(1949) found that Vitamin B1 
was ineffective in treating 
bracken poisoning in cattle. Car- 
penter, Phillipson, and Thomson 
(1950) found that ponies suf- 
fered incoordination and brady- 
cardia from eating bracken and 
were cured by subcutaneous in- 
jections of vitamin BI. Similar 
treatment of a heifer failed to 
prevent her death. Moon and 
Raafat (1951) found vitamin B1 
injections ineffective in treating 
sheep and cattle suffering from 
bracken poisoning . McLauchlan 
(1951) noted that cattle suffer- 
ing from bracken poisoning did 
not display the nervous sym- 
ptoms shown by the rat and 
horse, which are usually associ- 
ated with avitaminosis Bl. Nico- 
tinic acid deficiency in the cattle 
was suspected and recovery was 
rapid upon oral administration 
of 600 mg. of nicotinamide for 
two or three days. 

A perplexity of the “toxic 
principle” of bracken with cattle 
is the great variability of its ef- 
fects. Bracken is widespread 
over the world, and Stockman 
(1917) pointed out that the num- 
ber of animals visibly affected, 
although considerable, is small 
in proportion to the plant’s dis- 
tribution. Some areas apparent- 
ly have a long history of cattle 
poisoning from bracken; how- 
ever, other areas have been 
grazed for decades without re- 
ports of ill-effects (Carpenter, 
Phillipson, and Thomson, 1950). 
In one area, cattle grazed for 
generations on a primeval forest 
without ill effects until a portion 
of the area was ploughed and 
seeded to a pasture mixture 
(Wells, 1949). A review of litera- 
ture on experimental production 
of the disease shows extremely 
variable results, with little re- 
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lationship between the quantity 
of bracken fed and the degree of 
bracken poisoning (Stockman, 
1917; Hagen and Zeissig, 1927; 
Shearer, 1945; Moon and Pal, 
1949; Perkins, 1950; and Car- 
penter, Phillipson, and Thomson, 
1950). 

Opinion is quite variable as to 
why some cattle incur bracken 
poisoning while others in the 
same herd show no apparent ill 
effects. Stockman (1917) thought 
there might be a variation in 
susceptibility, through natural 
development of immunization, 
but that cattle feeding too 
brusquely and continuously upon 
the fern are fatally stricken be- 
fore acquiring resistance. The 
poison does not develop its ex- 
plosive potentiality without 
some weeks of continuous feed- 
ing on the fern. Carr (1948) 
made the only report of cattle 
being poisoned by fewer than 
30 days of continued ingestion of 
fern: 36 deaths in a herd of 100 
Herefords that had eaten bracken 
for only about a week in mid- 
May. 

Seddon and McGrath (1929)) 
expounding the theory that cat- 
tle losses were due to hemor- 
rhagic septicaemia rather than a 
plant poison, claimed that the 
fern produces harmful effects 

only if the microbe gets into the 
bracken-weakened animal. Glee- 
son (1944) said that ploughed-up 
bracken roots were a common 
cause of poisoning and that with- 
ered, frosted tops of new fern 
growth were also poisonous to 
cattle. Fletcher (1944) said that 
old or withered bracken was 
most toxic but that young, 
tender shoots browned and with- 
ered by late frosts were also defi- 
nitely toxic, especially growth in 
certain natural contours more 
affected by frost than others. 
Cattle may also be poisoned by 
withered fronds left from eradi- 
cation attempts. 

Experimenial Area 

The area around the old Sugar 
Pine Mill was logged from 1901 
through 1924. The area east of 
the mill to the Nelder Grove of 
Big Trees was burned over in 
1921. Thus, there is considerable 
variation in the regrowth of 
brush and trees. Growth of 
bracken is rank in thick patches 
along some of the branches of 
Lewis Creek, which drains the 
area, and in some of the more 
moist glades on the mountain 
slopes. Some open mountain 
slopes, being dryer also main- 
tain a thin stand of short-growth 
fern, and scattered fronds oc- 

FIGURE 1. Animal No. 253, Test 1, on the third and final day of illness, showing swelling 
of the jowls and depressed condition. 
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cur beneath the brush and trees. 
The rapid regrowth of brush and 
trees is discouraging bracken 
over the area. 

Elevations vary from about 
4,300 to 6,100 feet. Seasonal graz- 
ing of cattle occurs from mid- 
May to October. Cattle losses 
from year to year have been 
quite variable; the highest 
known losses occurred in 1944 
when this study was started. 

Procedure 
Because of the wide-spread 

distribution of the fern, the 
thickness of brush and tree 
cover, and the variability in 
losses, it was apparent that the 
stock could not be prevented 
from eating the fern. Since the 
area is principally a browse area, 
the cattle possibly sought out 
herbaceous plants, consequently 
eating more fern than if herbace- 
ous plants had furnished the 
bulk of their feed. If the factors 
responsible for the fern being 
more toxic at certain times than 
at others were discovered, it 
might be possible to prevent 
losses by proper range manage- 
ment. For this reason it was de- 
cided to compare in feeding tests 
fern growing in moist situations, 
fern from drier mountain slopes, 
first and second growth from 
these areas, early and mid-season 
growth from these areas, and 
frosted and unfrosted fronds col- 
lected late in the season. The 
feeding tests were conducted at 
the San Joaquin Experimental 
Range, O’Neals, California. 

In the first feeding test the 
fern was cut and dried in the 
sun before feeding. Later the 
fern was harvested by stripping 
off the fronds, leaving the coarse 
stems the animals would not eat. 
The fern used in tests 2 through 
9 was fed green. It was collected 
weekly and kept in an ice box 
until fed. The fern fed in tests 
10 and 11 was dried in the sun 
before feeding. The results of 

the 11 feeding tests are sum- 
marized in Table 1. 

Results 
1944 Test 

As a first step toward adding 
to information on the symptoms 
of bracken poisoning, and verify- 
ing diagnoses on animals that 
died on the range, an attempt 
was made to produce fern poi- 
soning by feeding fern cut from 
the study area. Rank fern 
growth from moist areas along 
a creek was collected by cutting 
the main stem below the frond 
-71.5 pounds on September 14, 
150.5 pounds on September 18, 
and 167 pounds on October 3. 
The last collection was slightly 
frosted, and drier and more ma- 
ture than the two earlier collec- 
tions. 

The test animal was a two- 
year-old Hereford heifer weigh- 
ing 727 pounds. Three pounds of 
dry fern were mixed daily with 
alfalfa hay. Throughout the test 
the heifer refused to eat the 
coarser stems. She also refused 
one feeding that had been wet 
by rain. The heifer became ill 
on the 36th day, after the first 
feeding, and ate little further 
food before her death three days 
later. During the first 35 days 
a total of 101.5 pounds of dry 
fern was fed (298.5 pounds, green 
basis), but actual consumption 
was reduced about 10 percent by 
refusal of the coarser stems. 
Until illness developed, the heif- 
er ate well and appeared normal 
in every respect. 

During the first day of illness 
the heifer had a temperature 
above 107” F. and spent most of 
her time lying near water. Dur- 
ing the second day she com- 
menced drooling rather profuse- 
ly. She was depressed and often 
stood with lowered head. Later 
in the day she began discharg- 
ing small, continuous streams of 
mucus from both nostrils and 
breathing with a rasping sound. 
There were no indications of 

hemorrhages in mouth, nose 
or anal discharges. Body tem- 
perature continued about 107” F. 
The morning of the third day her 
temperature dropped to 105.8’ ; 
she continued to drool and dis- 
charge mucus from both nostrils, 
and her respiration was still 
rasping. It was noted that her 
underjaw had commenced to 
swell (Figure 1). By early after- 
noon her tongue protruded, and 
she showed increasing distress. 
A small, bright clot of blood was 
noted in the oral discharge. By 
6:00 p.m. respiration was quite 
raspy and labored, the throat 
and jowls were swollen tight 
with tongue protruding about 4 
inches, and distress was great. 
Most of the time was spent lying 
with her head outstretched. She 
died shortly before 10:00 p.m., 
and an autopsy was performed 
the following morning. 

The findings were as follows: 
The heifer had pleurisy, with the 
pleura markedly hemorr h a g i c , 
especially on the right side; 
lungs congested with consoli- 
dated blood but no evidence of 
pneumonia; heart normal ex- 
cept for several petechial hemor- 
rhages; blood very dark; perito- 
neum hemorrhagic in interior 
dorsal region; spleen normal ex- 
cept for several large hemor- 
rhages; liver friable, slightly 
swollen, and icteric; omasum 
normal except contents very dry 
and caked; abomasum congested; 
small and large intestines dy- 
senteric; trachea and esophagus 
markedly reddened interiorly 
throughout; large blood vessels 
in thoracic region markedly red- 
dened throughout; and severe 
suggillation involving base of 
tongue (which was markedly 
swollen at base, with tissue 
pulpy), with larynx, surrounding 
tissues, and all tissues immedi- 
ately posterior to thoracic region 
edematous and congested. The 
above findings were in accord 
with some of the observations 
made on the range. 
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1945 Test 
A 600-pound pregnant grade 

heifer about two years old was 
used. The fern was rank growth 
collected from flats along a 
creek. The daily feeding rate 
was maintained at over 5 pounds 
of green fern daily with alfalfa 
hay limited to keep her hungry. 

The fern was of vigorous, lux- 
uriant growth, dark green at the 
start of the test on July 6, with 
many plants still growing. The 
increasing maturity of the fern 
was noted at each weekly collec- 
tion by the gradual lighter green 
color and by its increased bulki- 
ness. In early August much of 
the fern growing in the area be- 
gan turning yellow, and by the 
end of the month some fronds 
were drying. This was thought 
to be resulting from a shortage 
in soil moisture. Only the 
greener fronds were collected, 
but by September 7 even these 
were yellowish, and collecting 
the following week’s feeding was 
difficult. 

From July 7 to September 15 
-72 days-472.5 pounds of green 
fern were fed, averaging 6.56 
pounds daily. Although 6 cows 
died in the area during this pe- 
riod, none were found in time 
to conduct a post-mortem exami- 
nation. A person who saw the 
last cow dying, reported that the 
droppings were black and con- 
tained fresh blood. The experi- 
mental heifer remained normal 
throughout the 72-day feeding 
period except on the 13th, 14th, 
and 15th days, when she had a 
mild diarrhea and the feces were 
blackish. 

Near the close of the 72-day 
feeding period, a patch of brack- 
en maturing s?ores was found in 
a cultivated a-pple orchard on the 
mountainside north of the creek 
area where the previous fern 
collections had been made. Since 
these were the only fronds seen 
actually producing spores, and 
since the last cow died in this 
area. this second feeding test was 
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Table 1. Summafion of bracken fern feeding tesfs wifh young cattle. 

Animal 
Test No. Age Weight Source of Fern Feeding Test Results 

1. H-253 2 yr. 725 Rank initial growth 
from moist areas 
along creek. Cut 
and dried in sun. 

10/2-11/6/44, 35 days. 
3 lb. dry fern fed daily 
mixed with alfalfa 
hay. 101.5 lb. fed (298.5 
lb. green basis), 10% 
refused. Mostly stems. 
7/6-g/30/45, 86 days. 
Av. daily feeding 6.6 
lbs green fern mixed 
with alfalfa hay. 573 
lbs. fed. 

Died 

3 A. H-2 2 yr. 600 Rank initial growth 
from moist areas 
along creek and 
from old apple or- 
chard. Stripped 
from stems weekly. 

3. H-477 17 mo. 533 Rank initial growth 
f r 0 m moist areas 
along creek. Strip- 
ped from stems 
weekly. 

4. S-481 17 mo. 585 Initial growth 
dry mountainside. 
stripped from stems 
weekly. 

5. H-475 19 mo. 585 Second-growth 
from moist moun- 
t ainside glade. 
Stripped from stems 
weekly. 

6. H-4,.9 20 mo. 658 Rank initial growth 
from moist areas 
along creek. Strip- 
ped from stems 
weekly. 

7. S-408 21 mo. 728 Short initial growth 
from dry mountain- 
side. Stripped from 
stems weekly. 

8. S-467 20 mo. 485 Second growth, 143 
lb;. from dry moun- 
tainside and 72 lbs. 
from moist moun- 
t a i n s i d e glade. 
Stripped from 
stems weekly. 

9. S-478 20 mo. 702 Short third growth 
from moist moun- 
t a i n s i d e glade. 
Stripped from 
stems weekly. 

10. S-481 21 mo. 710 Initial and second 
growth from moist 
mountainside glade. 
Stripped from 
stems and dried in 
sun. Not frosted. 

Neg. 

6/23-8/4/46, 42 days. 
Av. daily feeding 5.4 
lb. green fern with al- 
falfa hay. 230 lb. fed. 

Neg. 

6/23-8/4/46, 42 days. 
Av. daily feeding 5.4 
lb. green fern with al- 
falfa hay. 230 lb. fed. 
7/2-8/7/46, 36 days. 
Av. daily feeding 5.6 
lb. green fern mixed 
with alfalfa hay 203 
lb. fed. 

Neg. 

Neg. 

8/17-g/29/46, 42 days 
Av. daily feeding 5.7 
lb. green fern with al- 
falfa hay. 240 lb. fed. 

Neg. 

8/17-g/29/46, 42 days 
Av. daily feeding 5.7 
lb. green fern with al- 
falfa hay. 240 lb. fed. 
8/17-g/29/46, 42 days. 
Av. daily feeding 5.6 
lb. green fern with al- 
falfa hay. 235 lb. fed. 

Neg. 

Neg. 

8/17-g/29/46, 42 days. 
Av. daily feeding 5.7 
lb. green fern with al- 
falfa hay. 240 lb. fed. 

Neg. 

11. H-475 23 mo. 590 Initial and second 
growth from moist 
mountainside glade. 
Stripped from 
stems and dried in 
sun. Frosted. 

10/17-12/6/46, 50 days. 
Av. daily feeding 2.07 
lb. dry fern mixed 
with alfalfa hay. 100 
lb. dry fern fed (288 
lb. green basis). 
10/17-12/6/46, 50 days. 
Av. daily feeding 2.06 
lb. dry fern mixed 
with alfalfa hay. 109 
lb. dry fern fed (291 
lb. green basis). 

Neg. 

continued with this fern. The fronds 
fern was nearing maturity, 
growth was moderate, and the 

still had a good green 
color. A total of 100.5 pounds of 
the green fern was collected and 
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fed over the following 14-day pe- 
riod, averaging 7.18 pounds per 
day. There were no apparent 
ill-effects. 

On September 3 the remains 
of 5 dead cows were found in the 
brush on the mountainside below 
and west of the Nelder Grove 
of Big Trees. Though the re- 
mains had been considerably 
worked over by bear, the deaths 
had evidently occurred the pre- 
vious month. There were several 
seep or bog areas on this moun- 
tainside, and some of these areas 
contained considerable growth 
of red mimulus (Mimulus cardi- 
nabs). During this investigation 
a sick cow was observed eating 
some of the flowering tips of 
these plants. The animal had a 
severe watery-gaseous diarrhea 
with feces abnormally light- 
colored and without evidence of 
blood. The following day the 
cow was found near-by, brows- 
ing upon sweet birch (Ceanothus 
integerrimus), and appeared well 
on the road to recovery, with al- 
most normal-looking droppings. 

Some stockmen suspected the 
red mimulus of being toxic to 
cattle. For this reason 9 pounds 
of the green plant material con- 
sisting mostly of the * stem tips 
with buds, flowers, and imma- 
ture seed capsules, was collected 
on September 8 and spread in 
the sun to dry. This dried mi- 
mulus was fed over a 4-day pe- 
riod to an eight-month-old steer 
weighing 285 pounds. No ill ef- 
fects were observed. 

1946 Tests 

This year nine feeding tests 
were conducted (Nos. 3 to 11). 
Areas selected for fern collection 
were those where the fern grew 
fairly thick in patches. Man- 
power was not available for col- 
lecting the scattered growth 
among the brush and thickets of 
growing trees. The experimental 
animals were grade Hereford 
steers and heifers, varying in age 
from 17 to 23 months. Two of 
the animals were used in two 

different feeding tests. In each 
test the animals also received a 
good-quality alfalfa hay. 

Tests 3, 4, and 5 were con- 
cerned with feeding green fern 
in early summer before the pe- 
riod when cattle usually died in 
the area. In test 3 the fern fed 
was tall, initial growth from a 
moist site (same as in tests 1 and 
2) along a creek. In test 4 the 
fern fed was short initial growth 
from a dry site on the adjacent 
mountainside. In both tests there 
was a 42-day feeding period 
(June 23 to August 4), with a 
total of 230 pounds, 5.4 pounds 
daily, of green fern fed in each 
test. At the start of these tests, 
most of the fronds on both sites 
were growing and were quite 
succulent. By the end of the pe- 
riod they had reached full size 
and maturity. The fern used in 
test 5 was second growth from a 
moist mountainside glade that 
was fenced. The moderate to tall 
initial growth had been mowed 
on June 11. This test was con- 
ducted over a 36-day period 
(July 2 to August 7), with 203 
pounds of fern fed, averaging 5.6 
pounds daily. Throughout the 
feeding period the fern fed was 
quite succulent. At the start all 
the fronds were in a rapid stage 
of growth, very tender, and only 
partly unfurled. 

Throughout test 3 it was diffi- 
cult to get heifer No. 477 to eat 
her daily ration of fern. Conse- 
quently she did not receive much 
alfalfa hay. This heifer remained 
in normal condition until the 
36th day, when it was thought 
she was quieter and spent more 
time lying down than usual. On 
the 39th day she again appeared 
quieter than normal and display- 
ed little relish for her small al- 
lotment of alfalfa hay. The 
morning of the 40th day her nose 
was dry, she appeared depressed, 
and often worked her jaws as if 
something bothered her throat. 
At noon she had a temperature 
of 101.8” F., and her condition 
remined unchanged into the 

evening. The morning of the 41st 
day her condition was almost 
normal again. However, she con- 
tinued to work her jaws some- 
what in the morning. The test 
was terminated after the 42nd 
day, and there were no further 
developments. The animals used 
in tests 4 and 5 ate their fern 
well, and attempts were made 
to feed them alfalfa hay in 
amounts just short of their 
wants. Both animals remained 
normal. 

Tests 6, 7, 8, and 9 were con- 
ducted over a 42-day period, from 
August 17 to September 29. A 
total of 240 pounds (5.7 pounds 
daily) of green fern was fed in 
each case except test 7, in which 
a total of 235 pounds (5.6 pounds 
daily) was fed. No frost damage 
occurred during the period, for 
there were only a few extremely 
light frosts in the colder spots. 
At the start of these tests the 
ferns on our supposedly moist 
site along the creek were show- 
ing the effects of drought, and 
about 15 percent were yellow. In 
the spring the area contains suf- 
ficient moisture to promote rank 
fern growth, but the soil is ap- 
parently rapidly depleted of 
moisture available to the fern. It 
has been noted that the fern 
growing on this area becomes 
more drought-stricken each year. 
This may be due to the rapid 
regrowth of forest trees on the 
site. These effects were not 
noted in the other areas where 
fern was collected. 

In test 6 initial tall fern 
growth from the moist area 
along the creek was fed until 
the supply was exhausted on the 
35th day. As the trial progressed 
increasing amounts of this fern 
turned yellow, but only the 
greener fronds were fed. The 
fern fed the final week was tall, 
initial growth from the most 
moist portion of the mountain- 
side glade. The fern fed in test 
7 was short, initial growth from 
the dry mountainside. The 
fronds from this site retained a 
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fair green until the final days It is interesting to note that date (1957), even though the cat- 
when they were turning yellow- in 1946 there were no reported tle have continued to eat large 
ish. In test 8 second-growth fern cattle deaths in the study area 
from the dry hillsides was fed. or areas surrounding it. The year 
This fern however. was exhaust- was droughtv, and cattle on this 

quantities of the fern. 
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growth was fed on the last day. 

All four animals in tests 6, 7, 
8, and 9 ate their fern fairly 
well and received substantial 
feedings of alfalfa hay in addi- 
tion. They remained in normal 
condition throughout the test 
and afterwards. 

Tests 10 and 11 were respec- 
tively concerned with unfrosted 
and frosted fern that was sun- 
dried before feeding. In each 
case the fern consisted of initial 
and second growth from the 
mountainside glade. This fern 
was of average growth and of 
good color. The unfrosted fern 
was collected on September 17 
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7. In the latter collection some 
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followed by limited feeding of 
alfalfa hay. The steer in test 
10 received 100 pounds of dry 
fern (288 pounds green basis), 
and the heifer in test 11 received 
109 pounds (291 pounds green 
basis). Both animals remained 
normal throughout the tests and 
afterwards. 

deaths on the range have been 
attributed to bracken poisoning, 
although in every year the cattle 
have consumed large quantities 
of the fern. 

Summary 

Bracken fern was suspected of 
being responsible for cattle 
deaths over a several-year pe- 
riod in an area where bracken 
fern was abundant. Consider- 
able bracken was eaten each 
year, but the losses were quite 
variable. 

Following several deaths in 
1944, bracken was harvested 
from a moist site and sun-dried 
before feeding to a two-year-old 
heifer. She died with symptoms 
typical of those observed on the 
forest range. The following year 
green fern fed to a two-year-old 
heifer gave negative results. Cat- 
tle deaths on the forest range 
that year were attributed to 
bracken poisoning. 

The third year, bracken col- 
lected from moist and dry sites, 
initial and second growth from 
these sites, early and mid-season 
growth from these sites, and un- 
frosted and frosted fronds col- 
lected late in the season all gave 
negative results when fed to 
short two-year-old cattle. 

No deaths were attributed to 
bracken poisoning on the forest 
range that year, nor have there 
been further such deaths to this 
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BOOK REVIEWS 
Edited by Lowell K. Halls, Forest Service, U. S. Department of Agriculture, New Orleans, Louisiana 

The Living Forest. By Jack Mc- 
Cormick. Harper Brothers in 
cooperation with the American 
Museum of Natural History, 
New York, N. Y. 127 pages. 
1959. IZZUS. $3.95. 
In this short book Dr. McCormick 

has formulated an intelligible story 
of forests based in part on the out- 
standing exhibits in the Hall of For- 
ests recently opened at the Museum. 
The Living Forest, written as a semi- 
popular treatment of the ecology of 
forest communities, is designed for 
the layman or high school student. 
It is not a book for specialists nor 
will it serve as a college text. 

Likening the forest to a great 
city, the first chapter lays the neces- 
sary groundwork on interrelation- 
ships, food chains, and energy flow 
so essential to ecological understand- 
ing. Next is a brief but revealing 
chapter on life of the forest floor 
emphasizing the tremendous diver- 
sity, complexity and abundance of 
life, both plant and animal. 

A chapter on forest insects and 
another on forest diseases follow. 
Forest insects are grouped func- 
tionally by feeding types as leaf 
chewers, leaf miners, twig borers, 
cambium eaters, wood eaters, sap 
suckers, seed eaters, and gall makers. 
The author is commended for his 
inclusion of this chapter because 
forest insects deserve but rarely get 
their rightful share of attention. 

The pathogens causing tree dis- 
eases are discussed as representa- 
tives of major botanical groups. 
They might better have been 
grouped functionally, as were the 
insects, into wood rotters, vascular 
wilts, canker formers, leaf blights, 
etc. The story of tree disease is a 

fascinating one essential to com- 
munity dynamics, and could have 
been treated more fully. 

Weather in the forest is more 
often taken for granted than under- 
stoud. In this chapter consideration 
of the influence of the forest on rain, 
wind, light, temperature, humidity 
and evaporation provides the reader 
with many new insights. 

The chapter. titled “A story a 
stump can tell” delves into the mys- 
terious borderland where physiol- 
ogy, anatomy and environment 
meet. Cross sections of typical 
stumps are used to illustrate the ef- 
fect of competition, fire, drought, 
and defoliation on tree growth. 

Next the reader is introduced to 
the trees, climate, and soils of major 
forest regions of North America. 
This chapter is illustrated chiefly 
with photographs of the superb di- 
oramas in the Hall of Forests. 

The chapter describing nature’s 
harvest will be a most revealing one 
for the lay reader; it points up the 
large part that natural catastrophe 
inevitably plays in the economy of 
the forest. A final chapter on man’s 
use of the forest is concerned pri- 
marily with harvest of timber, for- 
est protection, uses of wood, and the 
vital implications of multiple use. 

Complementing the text are many 
excellent photographs and line 
drawings, the latter the work of 
Matthew Kalmenoff of the Ameri- 
can Museum. 

In this book, as in any brief sur- 
vey intended for the general reader, 
the author must traverse a wide 
span of knowledge and in so doing 
immediately opens himself to critic- 
ism on accuracy of detail and choice 
of emphasis. In this case room for 
criticism exists but it is not suffi- 

ciently serious to warrant extended 
discussion. This reviewer is con- 
vinced that The Living Forest will 
be very useful in fostering general 
understanding of forest ecology and 
in telling the story behind the ex- 
hibits in the American Museum. 

The omission of rangeland and 
only brief mention of grazing as a 
use for forest land may lead the 
reader to wonder why the book is 
reviewed here. The Living Forest is 
a fine example of the combined use 
of abundant pictures and brief text 
to tell a complicated story in such 
a fashion that it can be approached 
by the uninitiated. Certainly a sim- 
ilar book on grassland and the range 
would be well worthwhile and 
might, in considerable measure, be 
modeled after this one. -Forest 
Stearns, Southern Forest Experi- 
ment Station, Vicksburg, Mississippi. 

Fieldbook of Natural History. By 
E. Laurence Palmer. McGraw 
Hill Book Company, Inc., New 
York, N. Y. 664 pages. 1958. 
$10.00. 
This book contains a remarkable 

array of information about the sev- 
eral fields of natural history. It is 
divided into four principal parts: 
Pages one through 20 deal with the 
universe, the sun, planets, earth and 
moon. They include an ingenious 
series of maps which enable the user 
to identify the constellations and 
stars visible with the unaided eye 
from the temperate zone of the 
northern hemisphere. Associated 
charts give interesting facts concern- 
ing the earth, planets, and stars. 
Pages 21 through 39 are devoted to 
the Mineral Kingdom. These pages 
are packed with concise descriptions 
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use of the forest is concerned pri- 
marily with harvest of timber, for- 
est protection, uses of wood, and the 
vital implications of multiple use. 

Complementing the text are many 
excellent photographs and line 
drawings, the latter the work of 
Matthew Kalmenoff of the Ameri- 
can Museum. 

In this book, as in any brief sur- 
vey intended for the general reader, 
the author must traverse a wide 
span of knowledge and in so doing 
immediately opens himself to critic- 
ism on accuracy of detail and choice 
of emphasis. In this case room for 
criticism exists but it is not suffi- 

ciently serious to warrant extended 
discussion. This reviewer is con- 
vinced that The Living Forest will 
be very useful in fostering general 
understanding of forest ecology and 
in telling the story behind the ex- 
hibits in the American Museum. 

The omission of rangeland and 
only brief mention of grazing as a 
use for forest land may lead the 
reader to wonder why the book is 
reviewed here. The Living Forest is 
a fine example of the combined use 
of abundant pictures and brief text 
to tell a complicated story in such 
a fashion that it can be approached 
by the uninitiated. Certainly a sim- 
ilar book on grassland and the range 
would be well worthwhile and 
might, in considerable measure, be 
modeled after this one. -Forest 
Stearns, Southern Forest Experi- 
ment Station, Vicksburg, Mississippi. 

Fieldbook of Natural History. By 
E. Laurence Palmer. McGraw 
Hill Book Company, Inc., New 
York, N. Y. 664 pages. 1958. 
$10.00. 
This book contains a remarkable 

array of information about the sev- 
eral fields of natural history. It is 
divided into four principal parts: 
Pages one through 20 deal with the 
universe, the sun, planets, earth and 
moon. They include an ingenious 
series of maps which enable the user 
to identify the constellations and 
stars visible with the unaided eye 
from the temperate zone of the 
northern hemisphere. Associated 
charts give interesting facts concern- 
ing the earth, planets, and stars. 
Pages 21 through 39 are devoted to 
the Mineral Kingdom. These pages 
are packed with concise descriptions 
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of the atmosphere, hydrosphere, 
loose mantle materials, unconsoli- 
dated materials, sedimentary rocks, 
igneous rocks, and metamorphic 
rocks. The principal rocks are illus- 
trated by photographs. Pages 40 
through 342 relate to the Plant 
Kingdom, and pages 343 through 
641 cover the Animal Kingdom. 

A section at the beginning of each 
of these latter major divisions out- 
lines the accepted classification sys- 
tem for the life forms included 
therein. Also, there is a brief sum- 
mary of the species that have been 
described in each category. Ap- 
parently the choice of species was 
based on general interest as de- 
termined by the author in over one- 
third of a century of study and 
t caching. 

The manner of treatment of both 
plant and animal forms is uniform 
throughout the book. It consists of 
a picture and five paragraphs cover- 
ing a description in non-technical 
terms, the range of the species and 
related forms, a generalized discus- 
sion of life history to give informa- 
tion typical of the particular group 
concerned, ecology, and economic 
importance. The complete classifi- 
cation, phylum, class, order, family, 
genus and species is given for each 
plant or animal described. The line 
drawings, of which there are about 
2,000, are of excellent quality. 

In my opinion, this book should 
prove highly valuable to technicians 
trained in either botany or zoology 
who feel the need for a good general 
reference to the related field in 
which their training is less com- 
plete. It should also be of great 
value to teachers as a reference 
book, particularly in high schools 
and in survey courses in colleges 
and universities. Moreover, Field- 
book of Natural History is reborn- 
mended to the layman, young or old, 
who is interested in a guide to 
greater knowledge of the wonderful 
world of nature.-Laurence E. Rior- 
clan, Colorado Game and Fish De- 
partment, Denver, Colorado. 

- 

Plant Classif icafion. By Lyman 
Benson. D. C. Heath and Co., 
Boston, Mass. 688 pages. 1957. 
$9.75. 
Somebody was bound to do it, 

and it’s gratifying that Dr. Benson 
did. He has developed a new scheme 
of plant classification which should 

prove to be a very practical and 
useful tool for field workers and 
students of plant science. It is one 
of the most complete works on this 
subject that has come to my atten- 
tion. The contents cannot be di- 
gested by a casual reading but I 
will point out the existence of the 
work and briefly outline its scope 
and manner of presentation. 

This book was designed to provide 
(1) an elementary textbook in- 
tended to open un a new world of 
living plants to college students and 
the educated public. and (2) an ad- 
vanced textbook with primarv em- 
nhasis upon the principles underlv- 
ing classification, naming. and de- 
scription of botanical taxa. Recog- 
nition is given that plant classifica- 
tion has been modified bv data from 
many sources with the result that 
the entire field of taxonomv requires 
redescription and re-evaluation. 

The book consists of four major 
parts - (1) flowering plants 
gymnosperms, (3) pterrdophy iti 

. 
9 

and (4) associations of species in 
natural vegetation. In addition there 
is an appendix which describes the 
favorable seasons for collecting 
plants in various parts of North 
America and a glossary of some 
common technical terms. 

The characteristics of flowering 
plant organs are described and illus- 
trated. The processes for identifying 
the dicotyledons and monocotyledons 
are outlined and keys are provided 
for distinguishing the plants down 
to the families. Since his classifica- 
tion goes only to the plant families 
he has provided a reference list of 
regional and local manuals for iden- 
tifying genera, species, and varieties 
in the United States and Canada. 

The process of identification is 
facilitated by a “What’s your plant” 
elimination technique. By giving the 
negative answers first, the plants 
with exceptional combinations of 
characters are eliminated at the out- 
set. Thereafter one can systemati- 
cally identify the plants with the aid 
of the keys which have been pro- 
vided. One section gives up-to-date 
information on methods for prepar- 
ing and preserving plant specimens. 

The last section of flowering plants 
deals with the fundamental concepts 
for plant identification based upon 
evolution and how the systems are 
historically related. Some of the 
recent classification systems have 

been compared and evaluated. The 
various features of the more impor- 
tant ones which include the Bessey 
and Engler and Prantl systems are 
discussed in considerable de t a i 1. 
Brief mention is made to a few 
other systems. Because the study of 
vascular and floral anatomy, embry- 
01 WY 7 and plant geography has 
added precise knowledge about 
flowering plants, Dr. Benson has 
now developed a new system of 
plant classification which recognizes 
that plant taxa arise through evolu- 
tion. The system is not the ultimate, 
but it is a temporary device to fa- 
cilitate teaching. 

The parts on gymnosperms and 
pteridophytes are not quite as com- 
prehensive as the part on flowering 
plants; however, they are adequate 
for the intended purpose. The vo- 
cabulary needed to distinguish be- 
tween the different types of plant 
organs and the process of identifying 
the major taxa of living plants is 
well described. 

The last part of this book associ- 
ates species in natural vegetation 
units. The characteristic and dis- 
tinctive flora making up the nine 
natural vegetation regions of the 
United States (including Alaska) 
and Canada are a fitting conclusion 
to the comprehensive classification 
system. Although brief, it is supple- 
mented with classic photographs and 
illustrations. 

The book is interestingly written, 
well organized, and has a good in- 
dex. Difficult taxonomic terms have 
been reduced to simple and under- 
standable every-day language with- 
out compromising the important fea- 
tures, A trichome becomes a plant 
hair and a thalamus or torus be- 
comes a receptacle. The printing is 
clear and distinct and the material 
can be read without the usual eye- 
strain incident to many similar pub- 
lications. 

The large number of very detailed 
black and white drawings by the 
late Jerome D. Laudermilk as well 
as those by Lucretia Breazeale Ham- 
ilton and the author himself are an 
outstanding feature of the publica- 
tion. They are exceptionally well 
done and accurate. I suggest you 
look and study this book. It is a 
tool which will be used by choice 
rather than by necessity alone.- 
Eamor C. Nord, Pacific Southwest 
Forest and Range Experiment Sta- 
tion, Berkeley, California. 
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’ SOCIETY BUSINESS 

SUMMER FIELD MEETING 
Gunnison, Colorado 

July 30-31, August 1, 1959 

The 3rd National Summer Meet- 
ing of the American Society of 
Range Management was held at 
Gunnison, Colorado, July 30-31, 
August 1, 1959. Over 130 members 
and visitors attended the meeting, 
according to R. J. GREFFENIUS, Chair- 
man of the Colorado Section, which 
was host for the meeting. Program- 
ming and arrangements for the 
meeting were handled by ED STEIN, 
Forest Supervisor at Gunnison. 

A business meeting of the na- 
tional Board of Directors was held 
on Thursday, July 30, in the confer- 
ence room at the bank in Gunnison. 
Society President DON HERVEY pre- 

sided at the meeting with JOHN 
CLOUSTON, JIM ANDERSON, MILTON 
SECHRIST, FRED KENNEDY, M E L VI N 
MORRIS, and KENNETH CONRAD pres- 
ent, as well as several visitors. 
Among the items considered by the 
Directors were the program for the 
13th Annual Meeting of the Society 
at Portland, financing the printing 
of a proceedings of the 13th Annual 
Meeting, required form for credit 
to the Society on all publications 
prepared from material supplied by 
the Society, and the question of the 
revision of the by-laws to permit 
the incoming vice president to suc- 
ceed to the presidency without the 
formality of an election. It was de- 
cided to put this proposal on the 
ballot in the fall of 1959. 

A banquet was held Thursday 

evening at the Elks Lodge hall 
with HAL WATSON, staff officer on 
the Gunnison Forest as master of 
ceremonies. Illustrated slide lec- 
tures by JOHN RILEY, BLM, Mont- 
rose, and FRED WIRTH, Forest Serv- 
ice, Crested Butte, previewed the 
field trips to be taken on Friday 
and Saturday by the group. 

Friday’s tour to Black Mesa ex- 
perimental area was by way of the 
valley of the Gunnison River. En 
route to Black Mesa, J. A. OLSON 
of the Bureau of Reclamation ex- 
plained and pointed out the vari- 
ous features of the Curecanti Proj- 
ect on the Gunnison River. 

Following lunch at the X Lazy F 
guest ranch on Black Mesa, a tour 
was made of the range research 
project conducted by the Rocky 
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Mountain Forest and Range Experi- 
ment Station in cooperation with 
the Colorado Agricultural Experi- 
ment Station, Colorado State Uni- 
versity, Fish and Wildlife Service, 
and the Black Mesa Cattleman’s As- 
sociation. The project is threefold 
in nature: 

(1) 

(2) 

(3) 

Grazing management -a 
study of the Thurber fescue 
grasslands to determine how 
to get the range in full pro- 
duction and keep it there. 
Watershed management - to 
determine the relation of 
plant and ground cover to 
runoff and sediment produc- 
tion. 
Range rodents-to determine 
the effect of pocket gophers 
on forage production, plant 
composition, soil porosity, and 
soil moisture under different 
intensities of grazing by cattle. 

One interesting development 
which was shown and explained to 
the group was a “Gopher Getter” 
It is an attachment on the back of 
a wheel tractor that digs burrows 
and spreads poison to kill pocket 
gophers on grazing lands. Prelim- 
inary tests indicate that the imple- 
ment works well and that effective 
control can be obtained. The bur- 
rows are spaced 30 feet apart, and 
the cost of treatment is less than $2 
per acre. 

GEORGE TURNER, leader of the 
Black Mesa project, headed up the 
tour and program and was assisted 
by personnel from the various co- 
operating agencies. 

Friday evening, TOM EAMAN of 
the Soil Conservation Service, gave 
a slide talk on ranch planning in 
northwestern Colorado. The lecture 
featured the Hill ranch near the 
state line west of Rangely, Colorado. 

Saturday a tour was made of the 
Woods Gulch project, where several 
agencies are cooperating in rehabil- 
itating this sagebrush range east of 
Gunnison. Treatments include re- 
vegetation, s p r a y in g with herbi- 
cides, and construction of contour 
ditches, check dams, gully plugs? 
and water spreading devices. The 
tour was conducted by JOHN W. 
RILEY, BLM, Montrose. He was as- 
sisted by personnel from cooperat- 
ing agencies. 

The meeting was concluded at 
noon on Saturday. Members and 
visitors from 16 states and 2 foreign 

SOCIETY BUSINESS 

countries attended the session. Two 
employees of the Agriculture De- 
partment of Turkey and 6 from the 
Forestry Department of Spain were 
among those attending the meeting. 
W. R. CHAPLINE, retired Forest Serv- 
ice Range Research Director, ac- 
companied the group from Spain. 

PHOTO CONTEST RULES 
Thirteenth Annual Meeting 

Portland, Oregon 
Feblruary 2-5, 1960 

ELIGIBILITY 
Any member of the American So- 

ciety of Range Management may 
participate. A member may partici- 
pate in absentia, but it is his respon- 
sibility to have his entries delivered 
to the Contest and Displays Com- 
mittee and returned. All photo- 
graphs entered must have been 
taken by the contestant. 

ENTRIES 
1. An individual may enter a 

maximum of five exhibits but not 
more than one in each sub-category. 

2. Black and white photographs 
should be 5 x 7- or 8 x lo-inch prints 
of glossy or mat finish. They should 
be mounted in such a manner that 
the photo will be held flat. 

3. Color slides must be in 2 x 2- 
inch mounts. It is recommended 
that duplicates, rather than the orig- 
inal slides, be exhibited. 

4. A typed description of 50 words 
or less on a 3 x 5-inch card should 
accompany each exhibit. The de- 
scription should include at least the 
title, location, and date of the photo- 
graph. 

5. The contestant’s name and ad- 
dress should be on the back of each 
photograph and on the mounting 
of each slide. 

CATEGORIES 
1. Black and white 

2 

a. Individual range plant 
b. Range condition 
c. Range management 
d. Range or ranch scene 
e. Individual range animal 
f. Range vegetation trend (a 

sequence of three or four 
photos) 

Color slides 
Sub -categories a. to f., the 
same as black and white. 

AWARDS 
One award will be presented to 

each sub-category. One grand cham- 
pion award will be presented for 
the photograph judged to be the 
best of all entries. 

The Contest and Displays Com- 
mittee will make a pre-contest de- 
cision as to whether the photographs 
and slides are assigned to the proper 
category. 

The deadline for placing exhibits 
on display will be 9: 00 a.m., Wed- 
nesday, February 3, 1960. 

Each person who registers for the 
meeting will receive a ballot. The 
hours for voting will be stated on 
the ballot. 

MESSAGE FROM THE 
PRESIDENT 

How well is 
the American 
Society of Range 
M a nagement 
fulfilling its ob- 
jectives? It 
would be well 
for each of us to 
review occasion- 
ally the objec- 
tives of the So- 
ciety (see inside 
front cover of the Journal). Then 
we might ask, “How well am I, as 
an individual, helping the Society 
to meet these objectives?” 

The recent appearance of a lo- 
year index to the Journal-a Soci- 
ety sponsored project done by Dr. 
Robert Darrow-indicates that the 
objective of disseminating range 
management knowledge is being ef- 
fectively fulfilled. However, for the 
Journal to remain effective, the edi- 
tor must receive high-quality articles 
covering subject-matter and geo- 
graphical areas that are of interest 
to each of you. This means that 
each member must be on the lookout 
for potential articles and encourage 
their preparation and submission. 

Section field meetings, news let- 
ters, and projects have become in- 
creasingly effective in helping the 
Society to meet its objectives. In 
fact, the Officers and Directors real- 
ize full well that the “lifeblood” of 
the Society stems from activities of 
Sections and National Committees. 
I wish to commend the Sections and 
National Committees for the fine job 
they are doing. It is through Sec- 
tion activities, especially, that each 
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of us can help the Society to fulfill 
its objectives. 

The Colorado Section is to be com- 
plimented on the excellent job of 
planning and putting on the Third 
National S u m m er Field Meeting. 
There appears a full report of the 
meeting elsewhere in this issue of 
the Journal. 

The idea of having such a Field 
Meeting is appealing to a wider 
cross -section of our membership 
each year. Perhaps those of you 
who have not yet attended such a 
meeting can plan a family vacation 

next year to take in the National 
Field Meeting. These meetings are 
purposely scheduled in locations that 
will provide opportunity to combine 
recreational opportunities with the 
field tour. 

The Board of Directors spent a 
long day in session at Gunnison on 
July 30. Many items of business 
considered were in conjunction with 
the next annual meeting of the So- 
ciety in Portland. Committees work- 
ing on the program, displays, con- 
tests, and general arrangements have 

made rapid progress in planning 
what promises to be an outstanding 
meeting. You are urged to make 
plans now to attend. Your expression 
of opinion is needed at the annual 
business meeting to be held Tuesday 
evening, February 2, 1960, on such 
items as affiliate membership with 
the American Institute of Biological 
Sciences, need for a profession code 
of ethics, and on various other items 
of Society business. 

Donald F. Hervey 
President 

WITH THE SECTIONS 

COLORADO 
The Colorado Section sponsored 

the Third National Summer Meeting 
of the Society at Gunnison, July 30- 
August 1, 1959. Over 130 members 
and guests from 16 states and 2 for- 
eign countries attended the meeting. 
A complete account of the meeting 
is given in the Society Business sec- 
tion of this issue of the Journal. 

The next meeting of the Section 
will be held in the San Luis Valley, 
September 11-12. The committee in 
charge of this meeting ‘consists of 
MELVIN COLEMAN, HARRY SWANK, 
FRED COOK, and BOB SEARWAY. The 
annual meeting of the Section will 
be held in Denver November 13-14. 

A history of the Colorado Section 
is in preparation. CARL FONTE is 
chairman of the committee prepar- 
ing the history. 

Membership in the Colorado Sec- 
tion shows a healthy growth from 
187 in June 1958 to 237 members in 
June 1959. Colorado is in fifth place 
in membership among the sections. 
-R. J. Greffenius. 

MEXlCO 
The Mexico Section held its Sum- 

mer Demonstration Day at the La 
Campana Experimental Ranch, July 
7, 1959. Cooperating with the Sec- 
tion in sponsoring the program were 
the General Machinery Co. of Chi- 
huahua, S.A.; the 45 Ranch; and the 
La Campana Experimental Ranch. 

The morning program included a 

talk on the “Inauguration of the Ex- 
perimental Ranch,” by the Secre- 
tary of Agriculture, ING. J. RODRI- 
GUEZ ADAME; and a discussion of the 
“Objectives and functions of the Ex- 
perimental Ranch,” by R. W. RICH- 
ARDSON of the Rockefeller Founda- 
tion, Mexico. ING. MARTIN H. GON- 
ZALEZ discussed “Results of experi- 
ments on chemical control of alfom- 
brilla.” DRS. THOMAS, BULLER, NOR- 
RIS, and ING. GONZALEZ discussed the 
classification of pastures. ING. GON- 
ZALEZ, ING. RIOS, ING. VELASCO, and 
ING. MARTINEZ discussed the results 
of studies on the alkaline pastures of 
the Experimental Ranch. A special 
feature of the morning program was 
a talk by GILBERTO VALDEZ, chairman 
of the Mexico Section, on the objec- 
tives and developments of the Amer- 
ican Society of Range Management. 

On the afternoon program DR. 
GERALD W. THOMAS, Texas Tech, 
outlined “Systems of pastures for 
semidesert regions”; DR. LEANDRO 
LUJAN of the Chihuahua Packing 
Co. spoke on “Castration of cattle.” 
ING. J. OCHOA G. discussed “Chemi- 
cal substances to reduce evapora- 
tion on waterholes.” The program 
was concluded with a demonstra- 
tion of subsoil plowing and pasture 
reseeding supervised by ING. G. FAL- 
OMIR of General Machinery Co.- 
Martin H. Gonzalez. 

NEBRASKA 

The Nebraska Section is holding 

area Section meetings this year. 
BILL STUART of Rushville reports 
that 25 members and 5 guests at- 
tended the area meeting at Alli- 
ance. 

The morning program at Alli- 

JOE ROBERTSON, University of Nevada, 
points out the continuous recorder on the 
Parshall flume at Knoll Creek Experiment 
Station during the spring field tour of the 
Nevada Section. This measuring and 
recording device is part of the studies of 
water yield 
Station. 

from big sagebrush lands at the 
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stand of Sherman big bluegrass is grazed 
spring and summer native range. 

ante included a discussion on “Ecol- 
ogy and range management,” by 
LORENZ BREDEMEIER; “Pasture groov- 
ing on hardland pastures,” by 
CHARLES S c o T T ; and “Production 
testing in the cattle ,industry,” by 
DON Cox. In the afternoon a tour 
of the CARL PETERSEN ranch south of 
Antioch was held. DEAN HIGGINS 
and LORENZ BREDEMEIER conducted 
a discussion of range sites and man- 
agement practices on the ranch. 

An important project of the Ne- 
braska Section this year is the high- 
way sign that is being planned to 
bring attention to Nebraska’s grass- 
lands. This sign, to be erected near 
the Thomas County Fair Grounds, 
will emphasize the importance of 
the range industry and the conserva- 
tion of grasslands. Near the sign 
will be labelled plots of the impor- 
tant native grasses of Nebraska. The 
sign is being paid for by contribu- 
tions from Section members. and 
will cost $2.00 per member.-Don 
Burzlaff. 

NEVADA 

The Section’s spring field tour 
was held in the vicinity of Wells 
on May 28 and 29. Thirty-eight 
members and guests attended the 
meeting. 

The program featured the many 
research activities of the University 
of Nevada and the Agricultural Re- 
search Service; also, practical range 
management in the Northeast Elko 
Soil Conservation District. 

DEAN SACKS, BLM, Elko, ex- 

during winter months in conjunction with 

plained the B ur e a u’s cooperative 
ranch seeding program with the 
Winecup Ranch, Wilkins, Nevada. 
DEAN also pinch-hit for State BLM 
Supervisor ERNEST PALMER, in ex- 
plaining the Bureau’s cooperative 
ranch range allotment program. 
Northeast Elko S CD Supervisors 
EYER H. BOIES, Contact; VANCE AGEE, 
Wells; and HARVEY HALE, Jackpot, 
told of the progress of the Pilot 
Program, rancher contributions to 
develop Federal range allotments, 
and ranch allotment conservation 
management plans. 

JOE ROBERTSON and FLOYD KIN- 
SINGER, Reno, and CLARK TORRELL, 
Contact, showed research projects 
including cultivated grass adapta- 
bility tests and studies of water yield 

from big sagebrush lands at the 
Knoll Creek Experiment Station; 
white sage and halogeton studies at 
Tobar; and range grass seeding tests 
at the Ruby Mountain experimental 
area near Wells. 

RUBEN PELLEY, member of the Is- 
rael Soil Conservation Service on a 
training mission in the western 
states, presented a highly interesting 
colored slide talk on soil conserva- 
tion in Israel. 

The highlight of the one-and-a- 
half-day meeting was a question 
and answer discussion period, led by 
ARCHIE BOWMAN, on the history and 
activities of the former fabulous 
U.C. Ranch. Archie was manager 
of this 3 million-acre ranch from 
about 1920 through the 193O’s.- 
Lenard Smith. 

PACIFIC NORTHWEST 

The annual summer field tour was 
held in the Yakima, Washington 
area June 12 and 13. There were 75 
members registered for the excel- 
lently planned and organized tour. 
They were shown the complete 
ranch operation of LYLE WANDLING, 
whose place is in the Horse Heaven 
Hills. They also saw the rangelands 
of the Yakima Indian Reservation, 
where the response of native grasses 
to control of sagebrush was well 
illustrated. 

The Oak Creek game range west 
of Yakima was visited the second 
day and the group heard a discus- 
sion of a well-balanced game man- 
agement program. Lunch was served 
on the filming location of the re- 
cent movie, “The Hanging Tree.” 

the 
Part of the group that attended the South Dakota Section summer meeting inspecting 
results of water spreading on the GEORGE ERK ranch, Butte County, South Dakota. 
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The tour ended with a hike to the 
Meeks Table Natural Area, a 68- 
acre mesa of virgin-forested range 
of the pine-pinegrass community. 

Our British Columbia colleagues 
will play host to the Annual Section 
Meeting in Kamloops, November 30 
and 31. According to BILL CURRIER, 
vice chairman and program commit- 
tee head, it is a meeting which 
shouldn’t be missed. The program 
and entertainment will be interest- 
ing and the Canadians are noted 
for their hospitality. 

The planning committee for the 
1960 national meeting met with So- 
ciety vice president FRED KENNEDY 
to formulate final plans for the con- 
vention, which will be held at the 
Multnomah Hotel in Portland, Ore- 
gon, February 2-5. DON HEDRICK is 
program chairman and GEORGE Ros- 
KIE is in charge of local arrange- 
merits.--Jon Skovlin. 

SOUTH DAKOTA 

The first field meeting of the sea- 
son of the South Dakota Section was 
held on June 23. The meeting, 
jointly sponsored by the Section and 
the Butte Soil Conservation District, 
was held on the ALFRED BURKE and 
GEORGE ERK ranches in Butte County. 

Forty-four members and guests 
attended the one-day field meeting, 
inspecting the range improvement 
programs on both ranches. Particu- 
lar attention was given to water- 
spreading developments and range 
seedings on the ranches. Of special 
interest were the interseedings of 
western wheatgrass in stands of 

the 
Utah Section members hear an account of range management and use history on 

Payson Cattle Allotment from M. J. ROBERTS and A. L. TAYLOR on the summer tour 

of the Section in the Uinta National Forest. 

smooth brome and crested wheat- 
grass.-Ralph S. Cole. 

UTAH 

On July 10 about 50 members of 
the Utah section had a highly suc- 
cessful field trip over the Mt. Nebo 
Loop road, which lies chiefly in the 
Uinta National Forest. The tour had 
been planned and was supervised 
by KENT GILES of the Bureau of 
Land Management and MAX REES of 
the Uinta National Forest staff. 

The touring party, which included 
members from all over northern 
Utah, met at the fairgrounds at Pay- 
son at 9:30 and proceeded immedi- 
ately to a deferred area on the Pay- 
son Cattle Allotment. Ranger M. J. 
ROBERTS of the Nephi district told 

the history of management of this 
area and the changes in range con- 
ditions that had resulted. A. L. TAY- 
LOR, former supervisor of the Uinta 
Forest, also discussed range prob- 
lems of the area and some of the 
solutions that had been tried. 

Other stops were made at Holman 
Flat, Santaquin Overlook, North 
Canyon Overlook, and Bear Canyon. 
At each stop the party discussed 
range suitability, livestock use pat- 
terns, and necessary range-water- 
shed rehabilitation measures. Speak- 
ers and discussion leaders besides 
those already named included MAX 
REES, ED HORTON, and JAMES L. JAC- 
OBS of the Range Management Di- 
vision, Region 4, U.S. Forest Serv- 
ice.-Wendell M. Keck. 

Ten-Year lndex of Journal Now Available 

A complete index for Volumes l-10, 1948-1957, of the Journal of Range Management is now 
available from the office of the Executive Secretary of the Society. The index is a complete author- 
subject matter index to all articles, editorials, notes, abstracts, book reviews, and Society business 
published in the first 10 volumes of the Journal. 

The 46-page index was prepared by DR. ROBERT A. DARROW, Texas A. and M. College. DR. 
DARROW was editor of the Journal of Range Mandgement, 1954-1956. The size of the index is the 
same as that of the Journal, and the format and type sizes have been specially selected to aid the user 
in rapid, easy location of items. 

Send $1.00, or an official purchase order for that amount, to the Executive Secretary to obtain 
your copy of the TEN-YEAR INDEX. The index will be mailed to you postpaid. Send today to: 

Executive Secretary 
American Society of Range Management 
P. 0. Box 5041 
Portland 13, Oregon 
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University of Arizona 

Student Activities 

Twenty-one members of the Uni- 
versity of Arizona Chapter of the 
Arizona Section of the Range Society 
attended the winter meeting of the 
Arizona Section at Nogales, Arizona, 
on December 5th and 6th. The 
papers presented at the meeting, 
plus the field trip and the range 
judging contest, made the trip inter- 
esting a n d worthwhile. VINCENT 
OGUREK, a junior in Range Manage- 
ment, was awarded the $100.00 
Arizona Section Range Management 
scholarship at the banquet. 

A generous gift of $175.00 from 
the Arizona Section made it possible 
for the Chapter to send four students 
TACK SMALLHOUSE, LESLIE OLVER, 
ANDREW KEMMERER and RAYMOND 
MAPSTON-t0 the annual meeting of 
the American Society of Range 
Management in Tulsa where they 
placed fourth in the intercollegiate 
range plant judging contest. 

The department sponsored a range 
plant judging contest at the College 
of Agriculture’s annual “Aggie Day” 
celebration on May 7th. The prize, 
a ten-dollar gift certificate, was won 
by LARRY ANKLAM, a junior major- 
ing in Wildlife Management. 

The University of Arizona Chapter 
of the Range Society ended an ac- 
tive year with a steak-fry at DR. R. 
R. HUMPHREY’S rancher o. Our 
monthly meetings during the school 
year were dinner meetings held at 
a local Mexican restaurant and ‘fea- 
tured speakers from the fields of 
ranching, teaching and range man- 
agement research. 

Four Range Management majors 
received Bachelor of Science degrees 
at Commencement on May 27th. 
They were CHARLES LAWRENCE, JACK 
SMALLHOUSE, JERRY VANDERMARK, 
and ROBERT YOUNT. 

Summer Field Trip 

PAT DALTON, VINCE OGUREK, BRUCE 
POWERS, MALCOLM S c H N I T K E R , 

HOWARD CLONTS, DAVID GRIFFITH, 
CARL JOHNSON, RAY MAPSTON, and 
HAROLD DOKA left June 1st with In- 
structor ERV~N SCHMUTZ on a three- 
week tour to study range manage- 
ment practices and problems in 
several range types in Arizona and 
parts of Nevada, Utah and New 
Mexico. They visited management 
and research projects under the 
auspices of ranchers, the Soil Con- 
servation Service, U. S. Forest Serv- 
ice, Bureau of Land Management, 
National Park Service, Bureau of 
Indian Affairs, and the Museum of 
Natural History. The projects in- 
cluded g r a s s breeding, chaparral 
burning, reseeding, ranch planning, 
grazing management practices on 
public lands and privately-owned 
ranches, range surveys, range con- 
dition analysis, prescribed burning 
in p o n d e r o s a pine, mechanical, 
chemical and fire control of juniper 
a n d sagebrush, wildlife manage- 
ment, watershed management, water 
spreading and flood control, stock- 
water development and range ferti- 
lization. 

Graduate Student Activities 

Master of Science degrees in 
Range Management were granted to 
DWIGHT CABLE, GARY HOLT, DAVID 
KINCAID and STANLEY T I x IER at 
Spring Commencement. CABLE will 
continue work at the Rocky Moun- 
tain Forest and Range Experiment 
Station at Tucson; HOLT will be em- 
ployed by the Soil Conservation 
Service at Safford, Arizona; KIN- 
CAID is continuing study toward a 
PhD.; and TIXIER will be employed 
by the U. S. Forest Service at Flag- 
staff, Arizona. Fourteen graduate 
students will be working toward 
MS or PhD degrees in Range Man- 
agement during the coming school 
year. Eight of these will be work- 
ing on their doctorates; three others 
are s c h e d u 1 e d to receive their 
doctor’s degrees this summer. Seven 
of the graduate students will be 
working under a scholarship or as- 
sistantship grant. Two grants have 
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been received from the National 
Science Foundation for a study of 
growth rings in desert shrubs. The 
Charles Lathrop Pack Foundation 
have been made available, one for 
research on the roots of desert 
plants; the other for a study of tran- 
spiration in watershed species. Two 
half-time research assistantships 
have been made available, one for 
study on the ecology of creosote 
bush (Larrea tridentata), the other 
for an ecological analysis of tobosa 
grass (Hilaria mutica). One student 
w i 11 receive a graduate teaching 
assistantship. 

Watershed Management Department 

The Range Management Section 
was made part of a new Watershed 
Management Department on March 
1st. The new department was made 
possible through a grant to the Uni- 
v er s i t y of $100,000.00 from the 
Charles Lathrop Pack Foundation. 
A curriculum of nine courses in 
forestry and watershed management 
are being added to the range man- 
agement courses now being taught. 
New faculty members are: 

Head of the Department, ANDREW 
L. MCCOMB from Iowa State Col- 
lege. 
PHILIP KNORR, Associate Professor 
of Watershed Management from 
the University of Minnesota. 
DR. ROBERT WAGLE, currently on 
the staff, will continue teaching 
courses in the forestry curriculum. 
-David R. Kincaid and Gary A. 
Halt. 

Colorado State University 

Forestry Club 

Forestry Club activities got off to 
a good start in the fall of 1958 with 
the annual steak fry and the initia- 
tion of 250 freshmen. Outstanding 
speakers talked before the Club dur- 
ing the year. Among the speakers 
were Regional Forester D 0 N A L D 
CLARK, Research Center L e a d e r 
DUDLEY LOVE, Director of the Colo- 
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Colorado State University’s PROFESSOR HERVEY with seniors and visitors from Greece 
who took the annual senior field tour. Front row, left to right: D. F. HERVEY, NORMAN 
THONHOFF, JOHN HAHN, GEORGE ANAGNOSTOU, GEORGE TZIOUMAKIS, and FLOYD OSBORN. 
Back Row: DICK GREFFENIUS, DAVID PATCH, CLARENCE BOLANDER, and CONRAD BANBURY. 
LYNN HYLTON was not available for the photo. 

rado Game and Fish Department 
THOMAS KIMBALL, Assistant Regional 
Forester BASIL CRANE, and ARTHUR 
CARHART, free-lance lecturer a n d 
writer. 

Foresters’ Days 

DR. RICHARD E. MCARDLE, Chief of 
the U. S. Forest Service, struck the 
keynote for the two-day affair with 
his speech on “Educational and 
Resource-Management Trends and 
Needs”. The February 20-21 ac- 
tivities celebrated the 50th year that 
a four-year curriculum in Forestry 
had been offered at Colorado State 
University. General chairman of ail 
events was LEE EDDLEMAN, a junior 
in forest-range management. 

Range-Plant Identification Team 
The College of Forestry and Range 

Management was represented at the 
national plant identification contest 
held in conjunction with the annual 
meeting of the American Society of 
Range Management at Tulsa, Okla- 
homa, in January by KENNETH 
WEYERS, VIC WEYERS, FRED HARRING- 
TON, and LYNN HYLTON. The team, 
which placed fourth among nine 
schools, was sponsored by the For- 
estry Club, and the Colorado Section 

of the American Society of Range 
Management. 

Student Achievements 
RICHARD GREFFENIUS, a senior in 

forest-range management, was presi- 
dent of the Foresty Club during the 
spring quarter of 1958. CLARENCE 
BOHLANDER, also a senior in forest- 
range management was president 
during the fall quarter. 

LYNN HYLTON, senior in range 
conservation, was chairman of the 
Range Section during the fall and 
winter quarters. The current chair- 
man is KEN GENZ. 

MARK REIMERS, a junior in forest- 
r a n g e management, is currently 
president of Xi Sigma Pi. 

The all-around forester award 
this year went to FRED STILLMAN, a 
junior in forest-range management. 

Senior Field Quarter 
As a transition from the classroom 

to the field, the senior range stu- 
dents ventured on scheduled field 
trips and practical exercises during 
the spring quarter. After comple- 
tion of a ranch management plan 
for a ranch near Fort Collins, the 
class began an extended tour of 
Colorado and Oklahoma r a n g e s . 
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Stops were made at ranches owned 
by KENNETH CONRAD, MARVIN KNELSE, 
and STUB K E R s T in northeastern 
Colorado, and at the Mesa de Mayo 
Ranch in southern Colorado. 

Information on range research 
was obtained f r o m the Eastern 
Colorado Range Station near Akron, 
Colorado and from the Southern 
Great Plains Field Station, at Wood- 
ward, 0 kl a ho m a. The trip to 
western Colorado took the seniors to 
ranches, experimental forests, and a 
demonstration watershed area, with 
stops at Salida, Paonia, Fraser, and 
the Manitou Experimental Forest. 

Range Management Graduate 
Students 

Graduates who completed their 
work for the M.S. degree during the 
school year were TED HADDAN, Coun- 
ty Agent at Holyoke, Colorado; and 
HENRY BOND, who is now employed 
by the U. S. Forest Service at 
Douglas, Wyoming. 

JOE SCHUSTER is completing his 
M.S. in June and expects to return 
to Texas A & M to begin work on 
the Ph.D. degree. REED SANDERSON 
plans to complete his work toward 
the M.S. degree during the summer. 

Other graduate students who will 
be continuing their studies next year 
are ROY MILLER, WARREN C L A R Y , 
DEANE HARRISON, and RALPH 
GIERISCH. 

Range Management Staff 
DR. D. F. HERVEY was installed as 

the president of the American 
Society of Range Management for 
the 1959 year at the Tulsa meeting. 

PROFESSOR A. C. EVERSON, who was 
coach of this year’s Plant Identifica- 
tion Team, also served as Chairman 
of the Colorado Section of the 
American Society of Range Manage- 
ment during 1958. 

PROFESSOR CHARLES TERWILLIGER, 
JR., who accompanied the P 1 ant 
Identification Team to Tulsa, has 
also been steadily working away at 
his Ph.D. degree at the University of 
Wyoming, and recently completed 
his preliminary exams. PROFESSOR 
TERWILLIGER attended the N o r t h 
American forest Soils Conference at 
East Lansing, Michigan last fall. He 
is also a part of the Range Soils 
Research Work Group of the West- 
ern Soil and Water Research Com- 
mittee .-Senior Students in Range 
Management. 
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Montana State College 

Senior Field Trip 

Senior range management 
dents at Montana State began 

stu- 
their 

, 

two-week fall range inspection tour 
on September 16, 1958. In charge of 
the students were range instructors 
DON E. RYERSON and GEORGE VAN- 
DYNE. RYERSON started the caravan 
on its way with his command, “Load 
‘em up and let’s roll!” 

After many brief stops for range 
inspection, the group found them- 
selves on the banks of the Two Medi- 
cine River near Browning, Montana. 
Here they set up camp on the EARL 
SHOOP ranch. MR. SHOOP met with 
the group on the next day and ex- 
plained the facilities and operation 
of the ranch. The ranch consisted 
of a total usable acreage of 5,372 
acres, which maintained a herd of 
300 registered Galloway cattle. Little 
supplemental feed was used during 
the winter, although cold weather 
frequently occurred. Winter winds 
blew the ridges free of snow, thus 
leaving a good deal of range open 
for winter grazing. ’ 

The next ranch visited was the 
DAN FULTON ranch near Ismay, Mon- 
tana. This ranch is located in the 
sedimentary plains area of south- 
eastern Montana and consists of 60 
sections. One of the unusual fea- 
tures of the ranch was that none of 
the land was cultivated except as 
a method of securing a good stand 
of crested wheatgrass. The livestock 
of the ranch consisted of 500 to 600 
head of Hereford cattle and 1,000 to 
1,200 head of sheep. 

Stock water is a major problem on 
the FULTON ranch, and it has been 
solved by constructing reservoirs 
and drilling wells. 

On completion of the FULTON 
ranch survey, the group headed west 
to the KEATING ranch located north 
of Columbus, Montana. This ranch 
is a combination wheat farm-sheep 
ranch of 20,000 acres in the foothill 
area of central Montana. One of the 
unique features of the ranch was 
the manner in which natural gas 
was used for pumping stock water. 
Principal range problems here in- 
cluded coyotes, noxious weeds, and 
grasshoppers. 

The last stop of the trip was at 
the ANDY GRANDE ranch at Lennup, 
Montana. Rangeland of this ranch 
was of the foothills type. GRANDE 
had a herd of 450 Herefords, 70 of 
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these being purebred cows. The stu- 
dents spent a day on the GRANDE 
ranch and another day inspecting 
the adjoining range of the Jefferson 
National Forest. The trip ended on 
September 27, when the weary range 
managers pulled up behind the Ag 
building, unloaded their gear, and 
dispersed. 

Junior Field Trip 

The Junior field trip began on 
May 16, 1959 with instructor DON E. 
RYERSON and DR. G. F. PAYNE in 
charge. The first portion of the 
spring trip, with RYERSON conduct- 
ing, included a study of range man- 
agement problems in the vicinity 
of Dillon, Montana, a visit to the 
U. S. Sheep Experiment Station at 
Dubois, Idaho, and a slide showing 
of renovation work on the Sheep 
Creek area of the Beaverhead drain- 
age, by BEN SLANGER of Lima. 

On the second portion of the trip 
DR. PAYNE took the group to the elk 
range on the Gallatin drainage. One 
factor noted on the Gallatin elk 
range was the critical condition of 
the aspen stands. Elk overpopula- 
tion allows no aspen saplings to be- 
come established, and the older 
trees have a highline as far up as 
the elk can reach. Experiments on 
methods to improve the elk range 
were explained by DR. PAYNE. The 
group returned to Bozeman on May 
25.-David W. Whitham. 

Oregon State College 

A dinner get-together of all 
Oregon State College Range Man- 
agement faculty and students held 
at the home of DR. D. W. HEDRICK 
started another successful year. 

DR. C. E. POULTON is on sabbatical 
leave, during which he is assisting 
and advising in the development of 
ecological studies at the Southern 
Forest Experiment Station at Brew- 
ton, Alabama. 

RICHARD DRISCOLL, who is on edu- 
cational leave from the Pacific 
Northwest Forest and Range Experi- 
ment Station, is handling DR. POUL- 
TON’S classes. 

Two field trips to central Oregon 
highlighted the class work this year. 
The first, winter term, was in con- 
nection with DR. HEDRICK’S Range 
Management Planning class. As a 
term project, the members of the 
class were to develop a range man- 
agement plan for the 500,000 acres 
of the Warm Springs Indian Reser- 
vation. The field trip was so de- 
signed as to give the students a 
chance for personal observation of 
the land and contact with the local 
people to supplement the class’ 
knowledge of the reservation ob- 
tained through surveys and printed 
material concerning the reservation. 
The Land Use project near Madras, 
which is used to demonstrate graz- 
ing management, was also visited. 

This spring term DICK DRISCOLL’S 

Oregon State College range methods class on field trip to Warm Springs Indian 
Reservation in central Oregon. Members of the class are establishing a Parker transect. 
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Range Methods class went to the 
same area of central Oregon. This 
trip was planned to demonstrate 
methods of collecting various data 
on the range as well as to point out 
areas of interest to range manage- 
ment along with some problem areas. 
Considerable time was spent with 
the Parker 3-step method. Six per- 
manent PARKER transects were estab- 
lished on the Warm Springs Indian 
Reservation. Each year the Oregon 
State range program plans to estab- 
lish more PARKER transects in this 
area to be used by the range man- 
agement classes. 

One day was spent on “The 
Island,” a 1200-acre area west of 
Madras which is inaccessible to do- 
mestic livestock, observing the ecol- 
ogy of the area which is thought to 
be in near pristine condition. The 
method of ecological study of the 
area was carefully studied by the 
class. 

To supplement class work and 
widen the students’ outlook of range 
management, the program has a 
weekly seminar in which portions of 
graduate theses in range ‘or related 
fields as well as other interesting 
topics are presented and discussed. 

The three graduates in range this 
year are in the upper 10 percent of 
their graduating class. Along with 
the high grades maintained by the 
range students, they also take an 
active part in all-school activities 
as well as the activities of .the School 
of Agriculture. As an example, this 
past month during Ag Weekend, JAY 
WHEELHOUSE was champion OSC 
beef showman, while VERNON COOK 
placed first in his showmanship class. 

CAROL EUGENE CONRAD recently 
completed his master’s thesis which 
is entitled “A comparison of selected 
methods for measuring range vege- 
tation.” 

WALTER V. JOHNSON finished his 
master’s thesis this spring. The title 
of his thesis is “Forage utilization 
estimates in relation to ecological 
units in the Wallowa Mountains of 
northeastern Oregon.” 

RICHARD DRISCOLL is working on 
his Ph.D. His thesis is on “Char- 
acteristics of some vegetation-soil 
units in the juniper-sagebrush zone 
of central Oregon.” 

DONALD N. HYDER, on educational 
leave from the Agricultural Research 
Service, is also working on a Ph.D. 
degree. His thesis title is “Carbo- 
hydrate reserves, root growth, and 

herbage production in crested wheat- 
grass as related to herbage removal.” 

The three fellows graduating with 
Bachelor of Science degrees this year 
are ALLEN H. BANTA, VERNON E. 
COOK II, and JAY L. WHEELHOUSE. 

This summer will find the three 
graduates preparing for service with 
the U. S. Armed Forces. Almost 
every undergraduate student has a 
summer job with the Forest Service, 
Bureau of Land Management, or Soil 
Conservation Service. 

The Oregon State College Range 
Management Program is looking for- 
ward to another successful year.- 
Jay Wheelhouse. 

South Dakota State 
A range management curriculum 

administered by the Animal Hus- 
bandry Department was started at 
South Dakota State College last fall. 
Seven students are now enrolled in 
this curriculum. Three of these ex- 
pect to graduate in June, 1960. An 
interesting feature of the new cur- 
riculum is a five-week session of 
intensive field training which will 
be conducted in western South Da- 
kota and which will involve eight 
hours of class work each day for 
the five-week session. 

We are now forming a range man- 
agement club whose purpose will 
be to stimulate interest and activity 
in the field of range management. 
We plan to maintain our own her- 
barium and to sponsor a range plant 
identification team at the annual 
meeting of the range society each 
year. This spring two of the range 
students are conducting a 2 x 2 x 3 
factorial experiment to test the ef- 
fectiveness of the repellant ZAC in 
reducing the palatability of grass 
when fed to guinea pigs and to 
sheep. 

Although our enrollment is still 
small, we anticipate growth in our 
new range management program.- 
Lyle G. Chase. 

Texas A. and M. College 

Student Activities 

Fall activities of the Range and 
Forestry Club began with a wiener 
roast and general “bull session.” 
KIRRY TURNER was elected President 
for the fall semester and PHIL PHIL- 
LIPS for the spring semester. The 
Fourth Annual Turkey Shoot netted 
enough funds to send the Range 
Plant Identification Team to Tulsa, 

Oklahoma and to furnish coffee and 
donuts at the regular club meetings. 

The Range Plant Team composed 
of PHIL PHILLIPS, JACK BOWMER, 
KIRBY TURNER and EARL WILLARD 
placed second at Tulsa. The Club 
conducted a “Show Me” tour of 
range management practices during 
the Texas A. and M. Mothers’ Day 
Open House. The spring Bar-B-Que 
was, as usual, a success. The first 
Range Olympics was held in which 
the freshmen and sophomores teamed 
against the juniors and seniors in 
tug of war, sack races, etc. 

The Club has taken an interest in 
the low enrollment in the School of 
Agriculture. A publicity campaign 
has been initiated which includes 
publications in popular agriculture 
magazines, news releases to small 
town newspapers and personal con- 
tacts with high school students. The 
Club published its first former stu- 
dent newsletter, termed the “Water 
Hole.” All former students were 
urged to seek good high school stu- 
dents and point out the adventages 
of range management as a career. 

Field Tours 

Several field tours were conducted 
during the year by DON Huss. The 
R & F 304 class had a three-day 
tour into the Edwards Plateau to the 
HENRY ROMPEL and ADAM WILSON 
Ranches. Another one-day tour was 
conducted to study brush control 
and reseeding practices in the East 
Cross Timbers and Blackland 
Prairie. 

A three-day trip was conducted for 
senior advanced students. Range 
management practices and principles 
were studied on ranches within the 
Edwards Plateau, Rio Grande Plains 
and Gulf Coastal Prairie resource 
areas. 

MR. BOB RHODES conducted several 
trips into the East Texas Pinelands 
with his forestry classes. Forest man- 
agement, multiple land use and 
dendrology were stressed. The fresh- 
men 102 class toured a paper mill 
and lumber mill near Lufkin, Texas. 
DR. F. W. GOULD conducted a grad- 
uate student tour of the Welder 
Wildlife Refuge near Sinton, Texas. 

Departmental Matters 

DR. JUDD MORROW has resigned to 
head the Southwestern Agricultural 
Institute in San Antonio. His re- 
placement has not been announced 
at the time of this writing. DR. V. A. 
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YOUNG is due to retire in the near 
future. His plans after retirement 
have not been announced and his 
replacement is not known at this 
time.-Don Huss. 

Utah State University 

The highlight of the year for the 
Student Chapter of the Utah Sec- 
tion was the winning of the much 
desired Range Plant Judging Team 
Trophy. The team, coached by DR. 
DUWAYNE L. GOODWIN and consist- 
ing of JOHN HOUGAARD, DELMER 
STOTT, AND JIM MAYO, was received 
with great enthusiasm by the entire 
Utah State College of Forestry. Not 
only did the team place first but 
JOHN HOUGAARD was the outstanding 
individual in the contest, with a 
score of 100 percent. DELMER STOTT 
tied for second place, and JIM MAYO 
cinched the title with a third score 
near the 100 mark. We’re anticipat- 
ing a larger turnout for the contest 
this year and we’ll be out to get our 
second straight win. 

A real milestone was passed at 
USU this year when ground was 
broken for the new forestry build- 
ing. At USU we recognize the range 
management program as a vital part 
of all wildland resource manage- 
ment. The new building, with its 
added facilities for teaching and re- 
search, will go a long way in in- 
creasing the effectiveness of our 
unit. Our hats are off to DEAN 
LEWIS M. TURNER of. the College of 
Forestry for his untiring efforts. 

We throw out the welcome mat 
this fall to DR. THADIS W. Box, who 
we feel is a valuable addition to our 
range staff. DR. Box comes to us from 
Texas A. & M. 

Among the more outstanding meet- 
ings of the year for the Utah Chapter 
was a program sponsored by the 
Forest Service concerning stock re- 
ductions on the Hobble Creek allot- 
ment of the Uintah National Forest. 
The proposed cut has received much 
publicity throughout the Intermoun- 
tain West. It was of great interest 
to us to hear a firsthand account of 
the reasons behind the proposal. In 
addition, during the year we have 
invited stockmen to present their 
views on grazing reductions and 
other vital problems. 

The senior field trip last fall con- 
sisted of a 2,000-mile trip through 
the states of Idaho, Montana, Oregon, 
and Washington. Some of the points 
visited were the U. S. Sheep Experi- 
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ment Station at Dubois, Idaho; the 
National Bison Range at Moise, Mon- 
tana; and tours with Forest Service 
and Bureau of Land Management 
personnel. A good job as crew boss 
was turned in by Ross BUTLER, and 
the finest chief cook and bottle 
washer on the range last fall was 
RALPH CISCO. A lot of range was 
covered and a good time was had 
by all. 

Our “Rancher of the Year” award 
for the 1958-59 school year went to 
BERKLEY ANDERSON of Glenwood, 
Utah. MR. ANDERSON received the 
award “for outstanding contributions 
and leadership in the development 
and management of rangeland.” He 
was selected from a large group of 
ranchers nominated by officers of 
the several government land-admin- 
istering agencies active in the state 
of Utah. 

This year two Ph.D. degrees were 
granted. They were awarded to 
A. C. HULL and RUSSELL DUANE 
LLOYD. Bachelor of science degrees 
were awarded to GARTH BAXTER, 
LOUIS E. BEARDALL, ERVIN C. BUR- 
ROWS, Ross E. BUTLER, RALPH C. 
CISCO, TED E. Cox, ROBERT W. DAHLEN, 
ROBERT R. DAVIES, WILLIAM F. DAVIS, 
MERRILL L. DESPAIN, KENNETH R. 
DITTMER, JOHN L. HOUGAARD, D. 
ARL~N JENSEN, JAMES M. MAYO, 
RO:IN N. MCKINLEY, EARL L. PETTIN- 
GILL, WILLIAM E. PINT, DON C. 
RITCHIE, GEORGE W. SCOTTER, and 
DELMER C. STOTT. We are proud of 

the record these fellows have made. 
We anticipate great things from 
them in the future. 

The newly elected officers for the 
Utah Student Chapter for the 1959- 
60 school year are A. K. MAJOROWICZ, 
chairman; CLIFFORD LEWIS, vice- 
chairman; FRED JOHNSON, secretary- 
treasurer; BOB BOBEK and J. D. CARL- 
SON, councilmen. 

Our thanks go out to the retiring 
officers BILL DAVIS, GEORGE SCOTTER, 
and MERRILL DESPAIN for the splen- 
did job they have done during the 
past school year.-John D. Carlso~. 

Washington State University 

The Palouse Chapter of the Pacific 
Northwest Section, A.S.R.M., was of- 
ficially installed at Washington 
State this past year. Fourteen stu- 
dents received charter memberships. 
Several meetings were held during 
the year, featuring guest speakers. 
Among those appearing before the 
Chapter were DR. ORHAN YAMANLAR, 
Professor of Soil Conservation of the 
University of Istanbul, Turkey, and 
DR. DILLARD H. GATES, Agricultural 
Research Service. 

The Palouse Chapter visited the 
North Idaho Chapter for a joint 
meeting at Moscow in October. The 
North Idaho Chapter returned the 
compliment, and visited our meeting 
in November. 

The Chapter won fifth place in a 
field of seventeen entries with their 
display in the Washington State 

Washington State students take notes on a soil profile in Range Analysis laboratory. 
Left to right: CHARLES CHAMBERS, MICHAEL HOVDE, RALPH WHEELER, VERNON ERICKSON, 
and THOMAS BRANNON. 
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Agricultural Science Fair. The dis- 
play was composed of several units, 
including a 10 x 20 foot piece of na- 
tive Agropyron-Poa range moved in- 
tact into the field house, with all 
species labeled; a watershed run-off 
demonstration, with excellent and 
poor conditions compared; a relief 
model of a range allotment, with 
cattle distribution practices demon- 
strated; a display of important poi- 
sonous plants of Washington ranges, 
plus others of interest to high school 
students who were the honored 
guests. The entire display was built 
in the form of a rustic sheep camp, 
having a sheepherder’s tepee and 
dutch oven in the center, surrounded 
by pole fences, sheep and other ap- 
propriate paraphernalia. Several 
Chapter members were on hand to 
demonstrate the equipment in the 
display. 

MR. NIHAT ULUOCAK became the 
first foreign member of the Palouse 
Chapter, when he arrived for a 
year’s study of range management 
under the sponsorship of I.C.A. He 
will become Professor .of Range 
Management on the Faculty of For- 
estry, University of Istanbul, upon 
completion of his PhD Degree pro- 
gram in Turkey. 

Officers of the Palouse Chapter for 
the school year 1958-59 were: Chair- 
man, LAWRANCE HOWELL, Hood River, 
Oregon; Vice Chairman, MIKE HOVDE, 
Aberdeen, Washington; Secretary, 
ROBERT BOOTH, Tiger, Washington. 
Officers elected for the year 1959-60 
are: Chairman, THOMAS BRANNON, 
Zanesville, Ohio; Vice Chairman, 
MICHAEL MAYNARD, Dayton, Wash- 
ington; Secretary, BOYD HILL, Shel- 
ton, Washington. MR. GRANT A. HAR- 
RIS served as Chapter Advisor. 

Range students also took an ac- 
tive part in the activities of the Fey- 
estry Club which is the principal 
center for social and competitive ac- 
tivities in the Department of For- 
estry and Range Management. High 
point of the year’s activities came 
when the Club acted as host to the 
annual conclave of the Western As- 
sociation of Forestry Clubs. Other 
major activities included the Fall 
Round-up, the Senior Recognition 
Banquet, and “Bunyan’s Ball.” Club 
members also published one issue 
of the “Agriculturist,” a student- 
sponsored publication covering im- 
portant agricultural research con- 
ducted at Washington State, and in- 
itiated a departmental publication 

University of Wyoming range management students visiting the Holt Machinery 
Company, San Antonio, Texas, April 1959, on their annual range field trip. JACK 
FLETCHER, range specialist for Halt, arranged a program on root plowing and range- 
improvement machinery for the group. 

appropriately named “Forest Con- 
servation” to which students con- 
tributed the articles. 

Sad adieus were said to the fol- 
lowing seniors who left us through 
graduation this year: EMERY SWAN, 
ROBERT BOOTH, LAURENCE HOWELL, 
and MICHAEL HOVDE.--Emory Clapp. 

University of Wyoming 

The 1958-59 year was a busy one 
for the Wyoming Student Chapter. 
The first activity of the year was 
in September when a “get-acquain- 
ted” party was he,ld for range man- 
agement students, faculty, and 
friends. The program included talks, 
movies, and refreshments. 

On December 11, the annual Ini- 
tiation Banquet and Party was held 
at the Connor Hotel. DR. D. R. 
SMITH and DR. ALAN A. BEETLE were 
initiated as faculty advisors of the 
Wyoming Student Chapter. 

LYLE ROLSTON, ALROY LOGOSZ, 
BRENT HARRISON, and JIM YORCASON 
were the members of the Range 
Plant Judging Team which jour- 
neyed to the national meeting of the 
American Society of Range Manage- 
ment in January. The group was 
accompanied to Tulsa by their coach, 
DIXIE SMITH. 

On March 26, a group of twenty- 
two Wyoming range students and 
DR. ALAN A. BEETLE left on their an- 
nual range field trip. This year’s 
tour covered a 3,400-mile circle from 
Laramie, Wyoming to southeastern 
Texas and adjacent Mexico. 

The first major stop of the trip 
was the Texas Agricultural Experi- 

ment Station located near Sonora, 
Texas. LEO MERRILL, Range Special- 
ist at the station, led the group on a 
tour of grazing studies which are be- 
ing carried on at Sonora. The group 
also saw examples of root plowing 
and rock ripping at the station. 

E. B. KENG, Range Specialist of 
the Edwards Plateau Soil Conser- 
vation District at Sonora, took the 
group to rootplowing, reseeding, and 
grazing studies on ranches near the 
experiment station. 

The next stop of the trip was San 
Antonio, where the group was the 
guest of the Wm. K. Holt Machinery 
Company. A very interesting pro- 
gram was arranged by JACK FLETCH- 
ER, Range Specialist and Sales Pro- 
motion Manager for Holt. The group 
was welcomed to the Wm. K. Holt 
Company by its president, MR. H. R. 
MURPHY. Each member of the group 
was presented with a bolo tie, and 
DR. BEETLE received a sterling silver 
belt buckle. MR. MURPHY gave a talk 
on the history of root plowing and 
phases of range management. Movies 
were also shown. JACK FLETCHER 
then took the group on a tour of the 
Holt plant and showed them various 
types of machinery manufactured by 
Holt for use in range improvement. 
Later, the group visited the HOLT- 
MURPHY Farm and the Texas Agri- 
cultural Research and Soil Conser- 
vation Service plant materials cen- 
ter which is located at Holt Co. 

JACK FLETCHER arranged our next 
stop of the tour at Premont, Texas. 
At Premont, the Wyoming group 
stayed at the Los Jaboncillos Ranch. 
NAR PLAIDO, manager of the ranch, 
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showed us root stacking, plowing, 
and raking machinery in operation. 
The group also inspected reseeded 
areas. 

From Premont, the group went to 
Kingsville where a tour of the King 
Ranch was taken and range manage- 
ment practices were studied. 

Padre Island, off of Port Isabel, 
Texas, was the next stop. The group 
camped there for the night and col- 
lected seashore-type grasses. In ad- 
dition, the group enjoyed a swim in 
the Gulf of Mexico. 

After leaving Padre Island, the 
group headed for Monterrey, Mex- 
ico, where they were the guests of 
the Monterrey Institute of Technol- 
ogy. LEONEL ROBLES, Director of the 
Institute, and his staff, arranged a 
very educational and interesting 
program for us. In the morning, we 
listened to talks and toured the In- 
stitute. After lunch, at which the 
Wyoming group was the guest of 
the Institute, the tour went to the 
Agricultural Experimental F a r m s 
outside Monterrey. Later the group 
went to Cola de Caballo, Horse Tail 
Falls. 

After leaving Mexico, the group 
drove to Fort Stockton, Texas, where 
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they stayed at the JERRY PUCKETT 
Ranch. Here a tour was led by A. T. 
WILHITE, SCS Range Conservation- 
ist, showing water spreading devices 
and mesquite and juniper control. 

After Fort Stockton and the PUCK- 
ETT Ranch, the group of future range 
managers headed back for Laramie 
and the University of Wyoming. 
They arrived in Wyoming on April 
5th. The students who took the trip 
and DR. BEETLE, their advisor, wish 
to take this opportunity to thank 
all of the persons and agencies who 
aided in making the trip such a suc- 
cess. 

After the return of the range stu- 
dents from their field trip it was 
again time for the election of offi- 
cers for the Wyoming Student Chap- 
ter. The newly elected officers are: 
Chairman - SCOTT FISHER, Vice- 
Chairman-JIM YORGASON, and Sec- 
retary-Treasurer-ALAN WIMER. The 
out -going officers - LYLE ROLSTON, 
WES SEAMONDS, and GENE EGGLESTON 
-are to be commended for the fine 
job which they have done during the 
past year. Under their direction, the 
Wyoming Student Chapter has 
grown to twenty-seven paid mem- 
bers. 

The Wyoming Range Management 
Scholarship Fund, which started in 
1953 over a cup of coffee, has grown 
from its original eleven cents to 
$1303.21. 

The Wyoming Student Chapter al- 
so cooperated with the Forest Serv- 
ice and the Bureau of Land Manage- 
ment in sponsoring a booth at the 
1959 University of Wyoming “Little 
International” Stock Show. 

Following is a list of the 1959 
graduates and their proposed loca- 
tion of work: 

M.S. degree: JOHN BAKER, Bureau 
of Land Management, Casper, Wyo- 
ming; GEORGE DAVIS, Soil Conserva- 
tion Service, Lingle, WyOming;.FRED 
FICHTNER, Forest Service, Laramie, 
Wyoming; ALBERT DOBRENZ, Instruc- 
tor in Junior College at Torrington, 
Wyoming; EUGENE ECGLETON, Wyo- 
ming game and Fish Commission. 

B. S. degree: LYLE ROLSTON, 
Bureau of Land Management, Pine- 
dale, Wyoming; BRENT HARRISON, 
Soil Conservation Service, Gillette, 
Wyoming; ALROY LOGOSZ, Bureau of 
Land Management, Vale, Oregon; 
FRANK NEAL, Soil Conservation 
Service, Wheatland, Wyoming; JIM 
YORGASON, Graduate work; and B~L 
MENTOCK.-Alon Wimer. 

University of California range management graduate students who are candidates 
for the Ph.D. degree. Left to right: LYNN RADER, Range Economics; ROBERT GIBB’ENS. 
Range Ecology; ROGER LANDERS, Range Ecology; JAMES KLEMMEDSON, Range Soils; 

LEONARD DEBANO, Range Soils; REXFORD PIEPER, Range Botany. 
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