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fed together, the mean level of 
consumption of these two spe- 
cies was equal to the sum of the 
amounts consumed when they 
were fed singly. No entirely 
satisfactory explanation can be 
found for the lower consumption 
of sagebrush and juniper in these 
as compared to earlier data. 

Oak was eaten in quantity 
whether fed alone or together 
with sagebrush or juniper. How- 
ever, it was not eaten well in 
comparison with the more pre- 
ferred species making up the 
varied diets Some animals on 
varied diets ate more sagebrush 
or juniper than they did oak. 

The duration of feeding trials 
wds least for sagebrush, second 
for juniper, and third for sage- 
brbsh and juniper together. 

None of the diets appeared to 
be adequate in digestible nutri- 

ents when compared to recom- 
mended allowances for domestic 
sheep. It may be improper, how- 
ever, to expect to attain the lev- 
els of nutrition desired for do- 
mestic animals with game ani- 
mals in the wild. 

Neither chemical content nor 
digestible nutrients is an ade- 
quate measure of a plant’s value 
as forage. Only when the reac- 
tion of an animal toward the 
plant is observed in comparison 
to other forages can its impor- 
tance be assessed. Plants may 
have high value in a mixed diet, 
but may be inadequate as the 
sole source of forage. 
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Snow Management Research in 
High Sierra Range’ 

RAYMOND M. RICE 

Forest Hydrology Project Leader, California Fwcsc ana 
Range Experiment Station, Forest Service, U. S. Depart- 
ment of Agriculture, Berkeley, California 

Californians have become in- 
creasingly aware of the impor- 
tance of the water needed for ag- 
riculture and the industries of 
their state. They have prepared 
a thorough, forward looking plan 
(Calif., 1957) to develop and 
transport water to the far 
reaches of the state. Included in 
the plan is the intensive manage- 
ment of California’s mountain 
watersheds. The State of Cali- 
fornia, Department of Water Re- 
sources, and the U. S. Forest 
Service, California Forest and 
Range Experiment Station, have 
joined hands in a program to 

1Papcr presented at the December 
1957 meeting of the California Sec- 
tion, American Society of Range 
Management. 

conduct research into methods of 
improving water yield from the 
snow zone of the state. The pro- 
gram is called the California Co- 
operative Snow Management Re- 
search (Anderson, 1956). 

Management of the snow zone 
for water production may signi- 
ficantly influence the available 
summer range and hence range 
management in the Sierras and 
Cascades. 

The present emphasis on snow 
zone research results from the 
importance of this zone to the 
water yield of the state. Accord- 
ing to Colman (1956)) 95 percent 
of California’s water comes from 
the forested and brush covered 
lands-42 percent of the State’s 
area: 

1. Forty-four percent of the 
State’s water comes from 
the commercial forests be- 
low the snow pack and the 
foothill brushlands. 

2. Thirty-eight percent comes 
from the commercial forests 
within the snow zone. 

3. Thirteen percent comes 
from the alpine part of the 
snow zone above the com- 
mercial timber belt. 

The snow zone occupies only 
12 percent of the land area yet 
yields 51 percent of the State’s 
water. This high yield and the 
fact that it produces water later 
in the year than the other zones 
makes the snow zone the most 
valuable and most important 
water producing area in the 
State. 

The snow research program 
aims to develop ways of manag- 
ing land for improved water pro- 
duction. Improvement can take 
the form of: 

1. Increasing the total stream- 
flow. 

2. Changing the timing of 
streamflow. 
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Woodland-brush-grass-cultivated 
Forest belt below snow zone 
Forest belt in snow-pack zone 

(Acres) (Acre feet) 
I7,850,000 8,930,OOO 
I2 ) 530,000 22,550,ooo 
9 ) 070,000 27,200,OOO 

Alpine snow zone 
Total 

3,000,000 9,000,000 
42,450,OOO 67,680,OOO 

Entire state 101,300,000 7 I ) 000,000 

FIGURE 1. Major water-yield areas of California showing the location of the study areas 
for the cooperative snow management research program. 

3. Improving or maintaining 
water quality. 

4. Reducing local flood and 
sedimentation damages. 

Experimental Areas 
Three locations are being used 

in the Snow Management Re- 
search Program. One study area 
is the Teakettle Creek Experi- 
mental Forest, in the headwaters 
of the Kings River about 75 miles 
east of Fresno. Here we are cali- 
brating the performance of five 
matched experimental water- 
sheds. Typical of Sierra high 

country forests, Teakettle Creek 
is dominated by virgin stands of 
true fir (Abies magnifica and A. 
concolor) and has patches of 
mixed conifers scattered 
throughout the area on the drier 
sites. Wet meadows cover about 
8 percent of the Teakettle basin, 
mostly along the streams in the 
upper reaches of the watersheds. 
These meadows account for most 
of the carrying capacity of the 
summer cattle range on the ex- 
perimental area. 

Second of the three is the 
Swain Mountain Experimental 

Forest in the headwaters of the 
Feather River. Here forest man- 
agement studies will cut forests 
of red fir (Abies magnifica) 
in strips of several widths and 
in blocks of various sizes. We 
are measuring the effects of this 
logging on snow accumulation 
and melt. 

Red fir is one of the dominant 
species in the snow zone. It 
typically grows in very dense 
stands which intercept a sizable 
proportion of the snow falling on 
the forest. Some of this is lost to 
the atmosphere by evaporation 
without ever reaching the 
ground. More moisture is lost by 
evapo-transpiration. W e would 
like to know how to cut the for- 
ests in a way that causes the 
maximum amount of snow to 
reach the forest floor and a mini- 
mum amount to be lost through 
evapo-transpiration. The studies 
at Swain Mountain are aimed at 
finding out what patterns of cut- 
ting are best and how snow can 
be deposited in shade of the sur- 
rounding timber to delay melt. 

Most of our field staff is at the 
third area, near Donner Pass- 
the Central Sierra Snow Labora- 
tory. Four reservoirs and gaging 
stations were constructed in the 
summer of 1957 on the branches 
of Onion Creek in the head- 
waters of the American River. 
They will be used to measure 
streamflow and sediment pro- 
duction and thus evaluate the 
performance of the experimental 
watersheds. 

The Onion Creek Experi- 
mental Forest is not so heavily 
forested as Teakettle and Swain 
Mountain. About half the area 
supports timber. This stand is a 
mixed-conifer type containing a 
good deal of Jeffrey pine (Pinus 
jeffreyi) and sugar pine (P. Zam- 
bertiana). The higher elevations 
in most of the drainages contain 
wet and dry meadows grazed by 
sheep. 

The experimental watersheds 
at both Onion Creek and Tea- 
kettle Creek will require at least 
5 years of undisturbed operation 
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FIGURE 2. Because of the large amount of open land in the High Sierra, range managers 
as well as foresters are interested in snow management research. 

before we can start timber cut- 
ting and test land management 
measures. It will take this long 
for us to learn the characteristics 
of the flow of each of the streams. 
Then we can evaluate the 
changes in water yield caused by 
logging and other land manage- 
ment measures. 

Basic Studies 

In the meantime, at the Cen- 
tral Sierra Snow Laboratory, 
basic studies are underway to 
help select the most promising 
management techniques for 
water production. Here we will 
attempt to correlate forest en- 
vironment with the accumula- 
tion and melt of snow. Studies 
are underway to evaluate the 
effect of solar radiation, wind, 
topography and vegetative cover. 
Summer and winter evapo- 
transpiration losses are also be- 
ing investigated to increase our 
knowledge of soil-moisture stor- 
age and losses for various soils 
and on different sites in the snow 
zone. Taken together, these 
studies will tell us how much 
snow falls in various locations, 
what happens to it after it falls, 
and what effect the different 
parts of the environment have on 
the accumulation and melt of 
snow. The most promising meth- 
ods of delaying snow melt and 
increasing water yield suggested 

by these studies will be tested by 
cutting small plots. Finally from 
these plot studies, techniques 
will be selected for application to 
entire experimental watersheds. 

Inventories 
Another part of the snow re- 

search is inventorying the pres- 
ent water yields and land condi- 
tions in the Sierra Nevada. These 
studies will insure that no impor- 
tant management segment of the 
Sierra is overlooked in our re- 
search program. They will also 
indicate the extent of the area 
to which any particular treat- 
ment could be applied and show 
what would be the impact of 
such treatment upon the hydrol- 
ogy of a particular watershed. 

The first inventory analyzes 
the hydrologic characteristics of 
about 130 Sierra Nevada river 
basins. It describes the topo- 
graphy, water yield, and timing 
of water yield of each basin and 
its component watersheds. We 
have reasoned that water pro- 
duced by different watersheds 
and by the same watersheds at 
different times of the year has 
different values. Because of the 
lack of summer rain in Cali- 
fornia, water gets more valuable 
as the season progresses. We are 
trying to discover on which 
watersheds the delay of snow 
melt will produce usable water 

latest in the spring and summer. 
Another inventory, using 

aerial photographs and topo- 
graphic maps, describes the 
slope, aspect, elevation, and ve- 
getative cover of about a thou- 
sand 40-acre plots on the west 
side of the Sierra. The plots are 
located at the intersection of 
every 5 minutes of latitude and 
longitude from Lassen Peak to 
the Tehatchapi Mountains. A 
preliminary analysis of the first 
124 plots above 5,000 feet in ele- 
vation (Richards, 1957) has yield- 
ed some interesting and unex- 
pected results. For instance it 
appears that the Sierra Nevada 
is not nearly as heavily forested 
as we once thought. On the con- 
trary, tree crowns cover only 23 
percent of the area. The re- 
mainder is open land, either be- 
tween the tree crowns or in 
larger open areas. Forty-six per- 
cent of the openings were greater 
than 1,000 feet in diameter. An- 
other fact uncovered that might 
not be so startling to the range 
manager as to the forester: 29 
percent of the openings were 
brush covered, 29 percent were 
bare, and only 16 percent sup- 
ported grass or forbs. 

Questions for Range Workers 
Californians look to the snow 

zone for most of their water. 
Range managers as well as for- 
esters will help solve its hy- 
drologic problems. Because of 
the large amount of non-forested 
area within the snow zone, the 
range man will help answer sev- 
eral important questions. For in- 
stance: Will the water produced 
from a mountain meadow be- 
come more valuable than the 
livestock it can support? If water 
were more valuable, would the 
draining of a meadow to increase 
water yield result in the invasion 
of shrubs or trees, and how much 
water would they use? Or is the 
water used by meadow plants 
outweighed by the meadow’s 
value in retarding streamflow? 
How will openings logged to 
trap snow affect the availability 
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Brush Control in the Georgia Piedmont1 

LAURENCE C. WALKER 

Associate Professor, School 
Georgia, Athens, Georgia 

The only consistency in the 
use of chemicals for brush con- 
trol in the Piedmont of Georgia 
is inconsistency. This fact, to the 
practical man, may make vain a 
discussion of practical applica- 
tions of herbicides. But it is a 
fact which bears careful scrutiny 
in this part of the country, if the 
practicing range manager is to 
get the best results from plant 
control treatments. The work of 
Woods (1955) and Halls and Bur- 
ton (1951) in the Coastal Plain, 
and Ray (1957) and Hiatt (1956) 
in the Interior Highlands, and of 
many other researchers is evi- 
dence that, in their respective 
provinces, inconsistent results 
need not be the case. 

The rolling terrain north of the 
fall line in Georgia is character- 
ized by criteria which, theoreti- 
cally at least, may be responsible 
for erratic results from chemical 
applications. Since it is believed 
that plants must be physiologi- 
cally active to absorb and trans- 

IContribution of the Forest Physiol- 
ogy Laboratory, University of 
Georgia, cooperatively supported by 
the Georgia Forest Research Coun- 
cil and the Georgia Forestry Com- 
mission. This paper was presented 
to the Southern Section Meeting, 
American Society of Range Man- 
agement, October 1957. 
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locate these chemicals, it follows 
that factors which inhibit active 
growth will serve to decrease le- 
thal chances. Probably the chief 
factor.is the sporadic rainfall pat- 
tern resulting in an average of 
more tha.n four two-week 
droughts per year over the past 
65 years of record keeping. In 
other areas, two weeks without 
rain would hardly be cause for 
a drought label; but the original 
subsoils of compact clay now ex- 
posed at the surface are rela- 
tively ineffective in rain water 
infiltration and storage for sub- 
sequent plant growth. This is 
especially the case since much of 
the rainfall occurs as short 
storms of considerable intensity. 

Aspect, because of its influence 
on soil moisture, is particularly 
important in the growth of hard- 
woods. This has been pointed up 
by foresters in noting the en- 
croachment and survival of de- 
ciduous trees on the more moist 
northern and eastern slopes, in 
contrast to their absence on drier 
south- and west-facing slopes. 
Aside from soil moisture, the low 
fertility and aeration levels of 
these soils are not conducive to 
plant growth. 

The integrated factors of site- 
micro-climatic, physiographic, 
edaphic, and biotic-also lend 

their influence to the resistance 
or susceptibility of woody plants 
to brush control chemicals. It is 
the combination of these factors 
which bring about selection of 
the climax species. While oaks 
and hickories are climactic 
throughout most of the Georgia 
Piedmont, some areas, such as 
those chracterized by deep sands 
in old river beds, possibly carry 
these species only as temporary 
components. There, brush con- 
trol applications are expected to 
be more satisfactory than where 
oaks and hickories are firmly 
and perpetually established. 
Other factors, such as size of 
trees, the time of day (Read, 
1950)) and the month of treat- 
ment, even within a particular 
season, may attribute to variance 
in results. 

One major reason for apparent 
inconsistencies is the host of 
species which commercial formu- 
lations are expected to affect. At 
least 75 species of deciduous trees 
occur as brush in the lower Pied- 
mont along with another 50 spe- 
cies of shrubs. All of these occur 
on abandoned lands which range 
men may wish to maintain in 
pasture. Naturally, metabolic 
rates and reaction to plant “hor- 
mones” will vary among them, 
resulting in wide differences in 
percentages of treated plants 
killed. 

Of particular interest to us has 
been the inverse relationship of 
response to treatment with dos- 
age rate. Some examples of 
such inconsistencies, when 
higher concentrations gave in- 
inferior results to lower concen- 
trations, include the following: 


