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-~ a The Rocky Mountain Forest .and Range Experlment Station is maintained at

¥ Fort Collins,. Colorado, in cooperation with Colorado A&l College., The

i research nrogram of the Station is under the gene“al directien of"

.-+ W. G. HeGinnies, Director; D, F, Cdstello, in charge of Range Management
) Research; L. D. Love, in charge of -a+ershed Yanagement Research; and
2 B. R. Lexen in charge of Forest Management Peoearch..

The range and watershed management studies at the Manitou Experlmental

. . Forest are conducted by W, M. Johnson, Range Management Research and Act1nb
_Research'Center Leader; E. G, Dunford, Waterghed Management Research; and

T. W, Hansen, Research Assistant. o ‘ L
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THE M.ANITOU E}ZPERIMEI\ITAL FCREST

The Manltou Exper:une‘ntal Foreet is a b*‘anch of the Rocky Mountain Forest
ond Runge Experiment Station. It is in the Pike Ivat:r.o 1wl Forest, 28 miles
north and west of Colorado Springs. ’

This exparl'nental area of 26 square miles was established in 1536 to s udy
problems of watershed managenent, grazing, and other kinds of land use in
the Front Range of the Colorado Rockies, Studies weré started in 1936 to .
find cqut what factors of land use are most important in controlling streeam--
- flew and soil erosion. Range management studies were begun in 1941 end
range reseeding tests in 1943,

The ‘Experimental Forest is typical of most of the -Front Range and results
obtained are directly appliceable to similar areas in Colorado and neigh-
" boring states. : -

snnual precipitetion is about 17 inches. Three-fourths of this comes as
light stoms during the summer months. ’ ' ' '
The soils are derived prineipally from granite, are. low in fertility, ard
very susceptible to erosion. There are two distinct types of topography:
broad gently rolling valleys and platf.aus end rugged mauntains with
‘narrow steep-walled canyons. o _
The native vegetation is' typical of that found in Ponderosa pine forests
“of the southern Rocky Mountains. Ponderosa pine, Douglas fir, lodgepole
pine, and aspen are the predominent tree species. The herbaceous vege-
tation consists mostly of bunchgrass——ﬂrlzon4 fescue and mountain muhly
being the most abundent. - .
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THE FRONT RANGE

The Front Renge is a physiographic unit of the Southern Rocky Mountains
-ranging in elevation from 5,000 to over 14, 000 feets It borders the

plains on the ‘east and 1ncludes the hillwy and mounitainous area cast of

the Continentel Divide in Colorado. Some of the mountains are high and
rugged, while others are scarcely more then broad rolling hills. The
eastern portlon is made up of sedimentary rocks tilted by the Rocky Moun-
tain uplift. The sedimentary rocks have been westhered away throughout the
. central and western part of the Front Range 1eav1ng metamorrhic and igneous
rocks exposad.

The climate is cool temperate with short warm summers and cold winters. .
Precipitation varies from about 15 inches at the lower elevations to 30°

inches or morc at the highest elevations. At the higher elevations snow
accumulates during the winter and supplles water for streamflow far 1nto
the summer.

‘The lower foothills of the Front Range are grass covered, but above 7,000
feet the ‘area is largely forested to timberline. However, there are many
open grassy parks and valleys throughout the Front Range. Ponderosa pine,
Douglas' fir, and leodgepole pine .are the rrincipal coniferous trees and
aspen is -the most abundant broad leaf tree.

Water productlon, grezing, recreatlon, timber grOW1ng, and farmlng are
the most impor tant 1and USES ‘

Water is by all odds the most important item in the Front Range Watershed,
All awailabdle water is being used at the present time and cities and
irrigation districts are reaching across the bontlxcntal Divide to get

" more water for their needs.

\

The water yield varies from about one=fourth acre foot per ‘sere of water-
.shed up to 1-1/2 or 2 scre feet ot the highest elevations. The average
yield for the entire Front Range is about 1/2 acre foot for euch sore _
of watershed, This water is valued at $2.00 to $3400 an acre foot on the
watershed, and it is estimated that each aore foot of water used in irri-
gation inecreases farm production about twenty dollars. The principel
watershed problem is to develop & system of mansgement that will provide

a maximum of clear water with 2 minimum of sedlment over the longest possi-
ble season. '

In additien to irrigation uses, municipai demonds for water are greote
‘The entire water supply of* Denver, Colorado Springs, Groeley, Boulder,
Fort Collins, and other cities is obtained from mountein streamse.

Grazing of range 11vestock is also an outstanding land uwse in the Front
Ronges More than 300,000 head of cattle are grezed here; some yearlong
and some only for.a fcw monthse. Not all of the area is sultablo for
grazing use but on those ereas that are, forage in torms of beef pro~
duced has an cstimated veluc of more than & dollar per cere per yeors



Much of the area has a high recreatlonal velue, end this recreational use
is worth many millions of dollars to the region. Timber production and
farming, - although of less importance than other uses, furnish a2 living

for many locall residents, and are importent in the economy of* the reglon.

The unw1se use of land for one purpose may ‘and often does seriously impair
‘its value for other equally important usecs. For exomple, in these easily
eroded soils, too heavy grazing of the naturally thin vegetative cover
inercascs surfdce runoff and erosion, causes clogged stream channels,
silted=-up reservoirs, and muddy unusable water. Similarly, unwise timber
cutting often followed by fire, destroys valuable forage, injures the
watershed, and appreciably lessens its value for recreational’ purposess
Unwise farming has 2lso robbed soils of productivity and sllowed soil
erosion so that these lands are no longer suitable for farming. In addl—
tion they produce less forage and timber and have contrlbuted silt to
rescrv01rs canals and farm lands,

In our area,like the Front Range wherc the pressure for all kinds.of land
use is so great, it is obvious that the wise and efficient coordination
of all uses is of utmost importance. Such coordination must be based on .
factse The Manitou Experimental Forest was established to help obtain
these chts. : . - y



SUMMARY OF RESEARCH RESULTS

“Grazing Studies

Over a period of 6 years yearllng Hereford heifers have been grazed for
" @ Semonth season, June 1 to October 21, on 6 pastures of approximately

300 acres eaches Three rates of stopklng representing heavy, moderste,

- and _light use of the vegetation have been studied. 'Loecal.ranchers are
cooperating by furnishihg cattle. IHere dre some-of the resultse.

The amount of herbege grazed is the kev to efficient range use.’

If more than 40 percent of the annual growth of vegetation is. removed by
grozing, the vigor of the plants is seriously reduceds Subsequently, the
plants produce less and less foliage and. the weight gains. of 'livestock also
decline. In the experimental pestures the averoge ra ate of herbape utiliza-
" tion beginning in 1942 1s shan: belowae - & S e

. Percent of Herbage Grazed

“STocking 1 T E LR

e N TS T LT A N T A
Hea vy s e e 65‘_ o 65 "_ és
Moderat e ~ 23 37 35 _ 38 _ 55. : . 33
Light . 15 0 10 a7 13 .;5

&t the heavj rate of stocklng therc is less and less herboge produced from
year to year and that remsdining has to be grazed more closely to support
"~ the animals.

Heavg_grazlng use retards helght growth of forage plants

On the heavily stocked.;astures ‘the prlnclpal forage species not only begln
growth later, but grow more 'slowly then on 11ght1y stocked pastures. We

_ measure the helght at the beginning of the seascn when the cattle are turned
into the pastures. As the following table shows the height of Arizona fescue
and mountain muhly, the two most important forage plants, bn the heav11y‘-

_ stocked pastures averaged less than half -the height of the same grasses on -
the lightly and moderately stocked pastures.



Stocking

; f - Arizona Fescue _ : Moﬁntain Muhly
Bate _ ° .
s Helght g;owth in 1nches ‘at start of;grQW1ngfseason '
. _ 1947 1948 1947 1948 -
Heavy S . '6.8" 3.9 149 . 1.8
Moderate - 106 103 . 4.2 4.8
Light . . 1e 1z.7 4.5 4.9

Herbage production is greatly reduced by too heavy grazing -

ZA

. Herbage production on the heavily stocked pestures has decreased from 350
pounds per acre in 1942 'to 195 pounds in 1947, a decrease -of 47 percent.
On" the moderately and lightly stocked pastures herbage production during
1947 was' slightly less than 1942 but this decrease was caused by weather
condltlons end not by graz1ng use of the forage.

Stocking Rate | P e P o7
‘ ‘ Pounds of herbege prodooodlggf acre ;
Heavy o 350 195 |
ﬁoderaﬁe ) - ‘ 383 - “ ’ 334
: : ;

Light - S 318 - . 303

R L

' Yearlxng heifers require 10 to 12 pounds (alr-dry weight) of forage per day.
- On these heavily stocked pasturecs an average of only 15 pounds of usable
'herbage (air=dry weight) was available. 4As a result, the plants were grazed
§0° heaV11y that they were no longer able to grow v1vorously. In the moder-
-ately stocked pasturos there was 30 pounds of herbage available per day and
in the llghtly stocked pastures 44 pounds. The removal of 10 to 12 pounds
T of forage in. these pastures left.ample margin for vigorous vegetatlve growth
'fand for 5011 protoctlon.‘ . .

Cattle on heavily‘stookedA;astures meke poor gains -
.;ul- : # ,|. '

Durlng the Sqnonth grazlng season the average galn of cattle on the heav11y
stooked pastures has been 40 to 55 pounds less than similar cattle on more-
llghtly stooked areass

.  LUIBRARY COPY
‘aDw AOCKY MT, FOREST & PA\&:
- ‘ EXPEB&MENI &mm



Stocking ” ' S EASORN

Rete ~ s 1042 ;1945 7 1084 ; 1645 1040 ¢ L1047 4 Lvorage
_ Cb Weight gain in pounds per animal L :
Heavy 185 . 1153 223 181 ., 110 182 181
Moderate 215 206 . 253 235 200 . 220 222
Light 230 236 255 - 230 218 ° 243 - - 235

. _ .o rL
The greatest gains are made during Junc and July when the forage is ‘growing
most rapidly. During September ond Cetober, cattle moke very small goins
and if snowstorms occur, losses in welght amountlng to 20 .pounds per head
may be expected

.Too heavy stocklng 1s_poor llvestock econony

From 1942 to 1947 the estimated average roturn from a. sectlon (640 acres)
of bunchgrass range properly stocked omounted to $735.42 per year: .In
comperison, a similer area too heavily stocked rcturned only $484.48,
Factors responsible for thé increased income under moderate rates of
stocking are greater livestock gains, smaller initial investments, and.
higher market values, Cattle from moderately stocked psturcs sell for
$1.00 to $2.00 more per hundred pounds than animals from heavily stocked
pasture. Details of the cconomic returns from different degrees of grozing
are shown in the following tablce

=1 0w



Comparison of average returns per section from different -

stocking rates, ponderosa pine-bunchgrass range, 1942-1947

'

Heavy

= Toderate s Light

Item : .stocking : stocking stocking -
Mumber of animals per section 54 ' ‘ 39 26
Average initial weight (pounds) 375 375 375
Average final weight'(pounds) 555 597 600
- Average gain, 5 mo. season (pounds) 180 222 234
Total gain per section (?odnds) 9,720 8,658 6,084
Average initial value per head at .§ 42,86 § 42,86 § -42.86
$11.43 per cwt, _ T
.Total initial value, all animals =~ 2,314.44 1,671.54 '1,11%.36‘
Average final value per cwt, 10,00 11,00 11.00 .
Average final value per head 55,80 . 65,67 70.04 -
fTotal final value all animals $3,007.00 %g;661.13. $1,821.04
' . ' s S .
Gross return per section ' 692,56 4. 889,59 T § T0B.68
Costs: Death loss 1% final value & 'SD.OT L& 25,61 § 18.21
Interest on investment, 57.86 41,79 27.86
5% -~ 6 months : !
Salt & miscellaneous at 27,00 19,50 13.00
50 cents per head .
Grazing fees, N.F. Range 92,15 67427 - 44,85
Total $ 208,08 $ 154,17 § -103,92
Net return per section .$' 484 .48 3 735.42 $. 602.76
Ratio: 686% 100% B2%
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Range Reseeding

i The rcvegetat:.on of sbandoned  farm lands and depleted ranges is one of the

- most  important problems in the Front Renges Thousends: of acres are idle
because past farming has lowered the fertility and 211lowed the topsoil to

erode so that these lands are no longer productive as farm lands. They are

now producmg weeds end grasses of low forage value. Through reseeding,
however, they can be made to produce good forage. Nepleted range lands can _
likewise be improved by seed:mg to grass. Successful seed:mg of these lands
accomplishes two purposes'f (1) stablllzes the scil, and (2) increases forage
produc'clon. '

|

'Nursery trials.show 60 species will grow under Front Rangz conditions.

More than 80 different kinds of range plents have been tested under nursery
conditions. Sixty of these have shown.climatic adaptation and have produced
good to excellent stands of . forage in the nursery where they do not compete
with weeds.

.t

Seven grasses. have proved successful under renge conditions

Plants that grow well in the nursery. are tested under actudl field condit ions
to find those which are not only adapted %o the climate but which can compete
with native plants. Results of these field tests:show that the following -
seven grasses are well suited for secding abandoned .farms end depleted ranges
- of the Front Ranges ecrested wheatgrass, intermediate wheatgrass, slender
wheatgrass, russien wildrye, smooth brome, meadow brome, and meadow fescue. . .

N
L

| . ' '
High forage yields'are obtained from reseccded fields .
1/ N " ,ov
The most productive lands in the valleys of the Front Range were farmed at
‘one time or another. When these lands were abandoned, low value weeds and
grasses came in and even .after many years these lands have little value for
grazing. However, 'if they can be seeded to good grasses and logumcs they
~not only produce 10 to 20 'times.more foragc then they are now producing,
but usually dutyield good native ranges under similar conditions. For
exemple, sixty acres of abandoned farm lend were reseeded in the fall of
1945 and the spring of 1946, to crested whe atgrass, smooth brome, and to a |
mixture of. these two grasses and yellcw sweet clover, Forage yields durmg
* the second growing scason are shown below.
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Smooth - Crested:

Locati ' M — 3 3 Fative :
ccation , Mixture . pope s Wheatgrass : Bunchgreass
. : 3 ' ‘3 o :

. L ‘Pounds per acre _
Sinclair field 2,891 1,489 2,497 S -
Nursery field - 3,313 - 1,090 1,181 S

Average - 3,102 1,290 © 1,839 . .523

Cattle gains cxceed 2 pounds per dav on_ reseeded fields

An average galn of 55 pounds per head was recorded for yearling helfers
during a 25 day grazlng season in May of this year. These gains were

. obtained from a study to determine the best method of managing reseeded
stands of crested wgeatgrass, smooth brome, and a mixture of these grasses
with sweet.clover, - ' '

Watershed Management Studies

Heavy grazing reduces absorption of water by soil:

One of the most important effects of grazing is the change in the water—
absorbing capacity of the soile This has been tested by applying artifi-
cial rainfall to small plots scattered throughout the six experimental

+ pastures. Estimates of absorption rates were obtained for light, moderate,
and heavy grezing which were, in turn, checked against similar measurements
in areas entirely free from grazing since 1941s Grazing has caused an
average decrease in rates of water absorption and the deflclencles gre in
_proportion to the intensity of grazung use. : i

Deflclency in absorptlon rates i/

Intensity of grozi use
1SILY of grazing us Inches of "rainfell" per hour

as Jer  we

| Light - " 0476
) Moderate S - }‘lnli
Heavy .- ~ 1.70

Y - : -
Average differences between ungrazed check ploté and grazed plots.

-

The above figures indicate that increased graéing‘pnessure;has progressively/
‘reduced the chance for rainfall to enter the soils Under the best of condi=
tions found at Manitou Experimental Forest, thc rate of absorption is about -

-13- . ' AU



~ 3 inches of rainfall per hour. Heavy grazing has reduced_this by more tha.n~
"half, Many of our summer showers: equal or exceed a rate of B inches per hour
for short intervals, ‘and more than half of the water from these storms must;
therefore mumn off the surface of heavily, grazed areas, Water lost in this "\&
fasion is not utilized efflczently, either in forsge production on areas '
from which.it flows, or in downstream irrigation projects.

Heavy grazi% causes excessive runcff and erosion'

" Decreased absorptlon of rainfall is always accompanxed by increased runoff and
often by demaging erosion. How this is affected by grazing use has been studi
‘on 6 permanent plots, each 1/100 acre in size, . Two of these have been grazed
heavily, two moderately, and two left ungrazed. Runoff and erosion results
from natural precipitation and is measured fa individial plots after each
storms The following tabulation shows the total runoff in inches. 'of equiva-
lent precipitation and erosion in pound per acre for the last 5 yeurs of .
grazing treatment. : :

Surface Runoff 3 . S50il Loss

freatment ; Inches s Ratlo s Lbs/apre t__Ratio
No,graziné : | ‘4.5' 1.6 o © 734 | 1.0
Moderate . | 6.9 1.5 . 777 © 1.l
-Heavy grazing T 6e9 1B ]I.',3A74 S -

]

'Moderate grazing does not increase erosion

A definite increase in runoff has resulted from grazing 1ndicat1ng; a reductlon
in the rate at which water enters the soil, Both moderzte and heavy grazing
cause about 50 percent more water to flow off the plot surfaces Soil loss,
howagver, is not substant:.ally increased until grozing hes reached the st&ge
of heavy use. Apparently, somewhere beyond moderate :Lntens:.ty of grazing a
eritical point is reached where the forces of land-deterioration begin to
take effects Our ‘observotiors indicate that this stage is characterized by
two conditions associated with overgrazings (1) mechanicsl .compaotion from
excessive trampling, and (2) a reduction in’ amount of orga.nlc matter normally
prov:.ded by grass litter.

. Organic material keeps soil porous

All soils are porous to some degree. If this were not true we wouldn't have
springs and permanently flgwing streoms.. The mddition of grass litter each
year helps maintnin this porosity. Continual heavy rcmoval of grass by
grazing reduces this nomal return of orgnnic metter to a denger point.

| -14-



Ann'bher exampio Oi‘ the met‘tance oi‘ organic materjal has been shown in %
a series of tredsiovered. platas In 1941, we ranoved -all the needles- and Y
other litter which had acdurulated Tor several yeai‘Ss .The: imhediate- result
wad excessive-etosion, In two months, soil had been e:roded ‘of £ the plots
2t the rete of 4 tons per adre Whlch exceeded nomal amounts by 70 t:unss. \

A

Experlmental Waﬁar‘sheds suppiement plot studies

.In addition to ’che studles juat descr1bed & series of experlmentul wetershed
have been 6stablished to study the influence of soil and vegetatne changes
on-runoffs.and erosion. THese are natural drainage units in which precipis
tation streamficw groundwater* movement end erosion are all c.arofully mee sure
The e ffects of vegeta’clve changes such as those due to tree outting and grazi
can thus be evalusted in terfis. of the effect upon water movement and. soil los
for the entire watershed. - : N
At the present time there.are a total of ten such Vratersheds ih "c‘he Mani tod
Experimental Forest., They: vary in size from 1 acté to 4, 700 abres§ .9ix
ere now ready for treatment to br1ng abart. vcgc.tatzve changes after having
gone through a period in which the influence of p:t‘cscnt covef condltlons has
thoroughly measured.
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