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RELATION OF VATEIRSEIED TO CULTIVATZID LAND PLAWTING

By C. L. PForsling, Intermountain Forecst & Range BExperiment Station,
U. S. Forest Service, Ogden, Utah.

Paper delivered at Westorn Outlook Coafereace, Salt Lake City,
August 10 and 11, 1932.
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The major portion of the cultivated lands in the eleven western

States arc dependent for irrigation water upon the mountainous areas waere
the major share of thae precipitation of the region occurs either as rain
Or winter snow which feed the streams and underground storage basins. As
Tater supoly is essential to land cultivation in tlie West, so is the nroper
handling of tie watersihed lands esseatial to tae water supply and its use.

is coming to bo realized more and more tiat suitable conditions must be
Raintained on these watershed aress if maximum sustaized use of tie avail-
able water supply is to be mnintained. Plans for tae development and rain-
tenance of cultivated lands waich involves irrigation must talze into con-
Slderation the hinterland which serves as the catchment area for the water
Vhich later becones available as streamflovw or ground water. The destiny
°f vatershed lands, therefore, becomes a definite part of laand plaaning in
tae Test. Tho watershed values thenselves are intangidble, that is, they
are of little direct cormercial value.

Tie ability of watershed lands to yield water depends upon the amount,
Character and distribution of precipitation, tiae underlying geologic forma~
tions, the topography, the character of soil mantle, and the vegetation.
4¢ maximun yield of water for a given precipitation may be expected where
d¢ watersied has a maximum area of barren rock exposurc of steep topogravhy
S0 that precipitation runs quickly over the surface directly into the
Streams. Such watersheds have a mininum natural storage capacity so that
Man-off is sudden but of short duration. For such conditions a ma-imum of
drtificial storage is cossential to provide water for seasonal irrigation
U%eds. On the othor hand, the nazimum regularity of stresmflow for irriga~

lon and other uses nay be cxpected from wntorsieds 2-ving a deep, loose
%0il mantle, that absorbs wator readily, an impervious substrata that ore-
Ventg decp sccpage and a gentle topography. Such a watershed quickly ab-
%orbs the precivitation and feeds it gradu-~lly into the streoams.

The major portion of the watershed areas of tie Wost, however, lie
betwcen these two extremes. They heve more or less of a soil mantle that
Varies in ability quickly to absorb rain or snow wator and conduct it
tnrOugh underground channels into tic streans. The soil mantle usually
s}lpports norc or less of a plant cover which influences the ~bility of
tae watershed to absorb water and thus to influence sccpage and the por-
lon that runs off on the surfacc direct into thc strecams. HMan c=an have
1ttle influonce upon such factors as quantity of precipitation, or the
geolOsy, topography or main features of tie soil mantle of awaters..ed.
1¢ plant cover oa tac other hand may be subject to grazing, logging, .
ire damage and other influences so that man is in a position to exerciso
ontrol over the plant cover in relation to run-off and streamflow




Experiments and experience have shown that a plant cover influences
the discherge of precipitation from a watershed in a number of ways. The
Standing vegetation acts as a retardant to run-off and kecps 1t spread over
tie surface, thus aiding in the absorption of water by the soil. The litter
d hwmus which accunulates from the vegetation further obstructs run—off
and forms a filter thet removes soil particles from the water, thus per-
Bitting the water to remain reasonsbly clear so that it may percolate
Yirough tiie intersticos of the soil instead of clogging them. Plant roots
Orm openings in the soil through which water may pass to the impervious
SWbstraty:. On barren impervious soils the water quickly gathers into
Streonlots vhich rush dovn the slopus directly into the streams, thus
%celerating tue rate of surface run-off. Precipitation on slopes covered
"th veogetation and a surface layer of soil high in decaying vegetable
Yatorial hos a better opportunity to be absorbed and percolatc through the
S0il into the water table.

) Of equal or greater importance is the influencc of the plant cover
n reducing erosion with respect both to maint-ining the production of
lative plant crops on the watersh:d and lrecping streams, storage reservoirs,
fam 1onds and other places frece of obnoxious silt. Instead of kecping
Spread out and being slovwly disposed of as occurs on a well-vegetated
Tatersied, water falling on barc soil soon accumulates into stre~mlets
r"flich begin to erode and form gullies. The carth materials gathered from
thege gullies and the intervening surfaces further add to both the erosive
“?d carrying power of the water. The most productive soil is removed fronm
¢ surface vhere it is most nceded to support a plant cover and is carried
Omstrean along with heavier dislodged materinl to be deposited along the
Yreambed, in storage reservoirs and oven upon the cultivated land itsclf.
‘2 fact, the accumulation of soil on sloping lands is a product of the
Q°1ding power of vegetation and the destructive power of erosion. The
Mesent soil has been gradually built up in place because vegetation has
tld it in place against the erosive action of run-off. Usually the
ability of the vegetation and its products, - litter and humus, - to hold
%01l in place agninst tho crosive action of water represents a delicate
“dlance. Waere the balance is slightly in favor of the vegetation the soil
l§ gradually built up. When the balnaace is throwm the other way, tarough
d¢ reduction of tie plant cover, the destructive process of accelerated
Yosion sots in.

. Against this valuc of vegetation in reducing surface run-off and
1nCrcr\.sing absorption of moisurc by the watcershed and controlling erosion
Wst bo measured the anount of water utilized by the vegetation in excess
“ taat which would othorwise be lost through evaporation direct from the
211, Under certain conditions it iskvident that thc total yicld of water
'3 actually reduced in some neasurc by vegetation. This occurs partly
drough interception of moisture by ti:c exposed parts of the plant and the
Yaporation of this moisture into thc air before it reaches tao soil.
Cgetation also extracts a large quantity of water from the soil in its
Srom processes. However, the value of thie increased total yicld of
"ter which could be obtained by denudation of a watershed, in most cascs,
"uld be more than offset by the earlier and more dangerous flood crests




Yhich would result and the damage to streams, reservoirs and other values
that would result from the accelerated crosion that would be causcd.

The valuc of plant cover on watershed loads in relation to fa
lang development may best be shown by a number of exsmples of what has or
's happening vhere the plant cover has been impaired.

: A survey of the Rio Grande River watershed that foeds the Elephant
Butte reservoir in New lexico, discloscs rapid crosion to bec taking plnce
%2 35 per cent of the watershed, moderato crosion on U0 per cent and

ittle crosion on only 25 per cent. In 17 years, 15 per cent of the
Capacity of the reservoir has been filled with silt. A similar survey on
the Colorado River upon which tho Hoover Tam is now being built indicates
50 per cent of the arca to be oroding seriously, 27 per ceat moderately

3nd 23 por cent little at all. In southern Utah, on the Colorado River
drainnge, many valley bottoms have been cut out o a depth of 40 to A0

foet And a width of a fow to many scveral hundred feot in width, siace
Settloment of the region beginning shortly ~ftor 1850. In other places
Parts of valleys such as on the Virgin, Paria and Fremont rivers waich

"ere formerly cultivated, h~ve been caten away by nccelerated srosion nnd
dre now abandoncd. All of this croded naterinl is bheing slovly tr-nasported
lowa the Colorado river vhere it will find lodgment behind the Hoover Tam
"ien it is comploted.

A detailed survoy of 371,313 ncres of the Boisc river watershod in
}daho showed thnt the 38 per cont of the aren covered with dense brush,
8rass or timber was not croding. Tae romaining 62 per cent upon whaich
%hero is varying degrcos of plant depletion shows various stages of erosion.
10 per cent of thoe total has scrious gully crosion, 8 per cent light gully
‘rosion and 52 per cent saows accolerated sheot erosion. The silt, being
loved by tho nccolerated crosion, has already filled 8 to 9 per ceat of

he storage capacity of the arca +—it: reservoir and has destroyed an in-
Testuent of $100,000.

The Gibraltar reservoir, which supvlies water to the city of Santa
aarbara, California, depends upoa ~ watershed of 133,000 acres. TFifteen
Yer cont of this watershed was burned over in 1923 and by 1927 thc croded
“torinl from the burned arca had filled 5.7 per cent of the storage capa-
YUty of the reservoir. The first U heavy rains which followed a fire that
arned over all of thoe Fish Creclk droinsge — a small stromm which debauches
from the mountains near Monrovia, California - caused scvere floods caArry—
g a heavy load of debris which resulted in heavy dam~ge to orchard, farm
Md city property and to highways and railroads.

In southern California where wator is at a high preniun, the run-

UE f ron Ay of the canyon drainages witich occurs from the winter rain,
lows out upon the alluvial fans at thc canyon nouths vherce it sinlzs into
Y natural underground storage basin, later to te pumped and uscd for
rigation and other purnoses. Domudation by fire of parts of these ~nter-
Wads isg found to result in run-off so laden it silt that the water will
Wt ontor tic ground and pass into the natural drainagc basins. Instead it
s off on the surface and oescapes unusced into the ocean and thus is lost.
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This has necessitated the installation of settling d~.s ~nd svreading
grouads t o iasurc undergrouad storage of ti.e wator, thus adling to the
expease of irrigation.

, Utah floods. 1In 1923, 1927 nnd again in 19320 devestating floods
S7ept out of many Utah canyons cousing excessive d~age to fam lnnds,
irrigation works, lhomes, highways, railronds, power develoorients and vhaat
20t. The heaviest of these floods occurred in the Salt Lalte Valley just
horth of Salt Lake City. Taerc the toll consisted of 9 hunan lives, large
arcas of the most valunble fam land in Utah being covered with gravel and
boulders, in places filling irrigation canals with silt and in othoer vlaces
Wwasaing them out, blocking railroads and aighways for wecks at a time and
depreciating the value of farm lands because of the danger of future floods.

A1 of these disasters are attributable in great degrec to the par-
tial devegotation of the canyon watersieds by injudicious grazing of live-
stoclz.

It is somctimes coatended that the soil removed fronm the —atersiicd
lands serves a useful purpose in enriching the soil of the 1land upon whiich
it is deposited. This assumption is dangerous. One of the big erpcilses
incideat to the dovclopnent of the Imperial Valley “ns beca the instrlla-
tion of worlks to desilt the water taken from the Colorado River. Tais
811t is so incrt as to be 2 detriment rather than an nsset to the 1land.
5Evcn though the silt load of 2 stre~i consists only of the richer, bettur
180il from the waters:ed and may zave a volue on the land vhere it is do-
‘Posited, its reomoval is reduciﬁg thc nbility of the watershed to nnintnin
‘& olont cover and it will be only » natter of time uatil erosion will have
drogressed to a point vhere tiie naterinl being transported is of little
Y2lue for land improvement. Soils of velley lands were built up by the
drocess of natural or gcological crosion and deposition. This process
yill continue but it is likely to prove a fallncy if attempt is nade to
AMston this land building procoess by accelerating the rate of erosion.

Overgrazing and fire are the chicf causes of the destruction of the
Protective plant cover and the organic naterial in thc surface soil which
Yesults in rodificd streanflow, iacre~sed floods and accclerated zrosion.
dzricultural development on marginal loads vhich later arce abandoned, as
Jell ns unwise mcthods of culturc on the rore productive londs, inproper
location and carc of roads and trails and carclessness —itl: waste water
fron irrigated land-~, further contribute to this serious problem of stream-
low, floods and erosion. The control of agricultural devclopment on
Urginal lands is largely a natter of better land planning and use. Better
"ractices need to be developed for nethods of culture on the better fam
Mds, for the location and control of ninor roads and for the care of
"aste water. The disastrous effcctsof fire are fairly well reccognized, yet
tiere are largo are~s of watorshed land in the West thint are being buraed
Wor annmually owing to inadequnte protection. Overgrazing has receivad
?en less recognition than fire and yet it is taking place over a ruch .
Ader arca than is being burned over. liorcover, the effect of overgrazing
'S nccurulative fron year to year.
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In this connection it is umiccessary to hold tiint overgrazing is
responsible for all of the accclerated crosion from grazed watersied lands.
Variable climatce undoubtedly is an important factor. However, wherec tlie
balance is so delicate as it is on nany watershed or other lands tributary
to stroans used for irrigation, overgrazing nay be the factor which turns
the balance in the wrong dircction and gives full offcct to the natural
destructive forces.

i So muca of the continued welfarec of the West is dependent on armle

Protection of watcrs.ieds ~gninst conditions which lead to drnnge to t-c
Character of strewmflow, to floods and to accelerated erosion nnd thoir
attendnnt evils that any scheme for laad utilization which onits duc re-
gard for the sccutity of watcershed lazds will be crossly defective. We
2re living in an ngc of cxploitation of the available nntural resources
with too little regard for tiwe future. Tie most important of these n~tur-
al resources is that condition on watorshed lands which is conducive to deo—
Sirablo character of wator supply and the control of erosion. It is cx—
trenely falsc cconony to over-utilize the forage and tirber or neglect
watersiied lands for temporary saving or gains and thereby Jjeopardize tle
welfare of land or other values directly or indirectly dopendent upon tl:e
watershied areas. The ultimate aim should be to so manage and protect water-
saed lands that they will yield the naximum water supply, taking into nc-
Count the necessity for the desired character as well as quantity of
Streauflow, ~ill be free of excessive crosion of the soil and will pro-
duce the naxinun sustained yield of forage, tinber or other resources con-
Sistent with the requircnonts for coaserving the water supply and the soil.

The science and art of watershed protection and management is still

in its infancy. Far more research aad study to develop the necessary prac-
tices, than is now under way, is needed. Nevertheless, sufficient facts
are available upon vhich to lay a foundation for the development and pro-
tection of watershed areas. It may be considered as axiomatic tat the
basic principle in watershed protection is the maintenance of an adequate
Dlant cover upon all lands capable of supporting such a cover. Manipulation
of the plant cover best to meet the needs is a problem of futurc rescarch
but tae nocessity of a plant cover is no longer a matter of question.

Many factors eanter in to complicate the problem of maintaining a
‘|Plant cover. One of the most important of tliese factors is the policy or
lacl of policy for the utilization, development and distribution of land.
The situation applying on the open public domain is conducive to the des-
bruction rather than maintonance of a suitable plant cover. Although the
JTemaining open public domain is of reclatively little importance for tae
7ield of water the accelerated erosion which is occurring is materially
‘Contributing to the silt load of many important streams. The control of
taccelorated erosion is a dominant reason why a suitable system for hand-
‘1ing the remaining open public domain should be developed. '

; Several circumstances operate to cause tie neglect of adequate
‘Tatershed protection on many privately-ommed lands. Many privately-ovmed
zlands are marginal lands and cecononic circumstances, often beyond the

|
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control of the individual, operntc to force overutiliz~tion ~nd destruction
of the plant cover. Numerous iastances can be cited where purcinsers or
renters of watershed londs arc forced by excesnive purchnsc price, tnxes,
rent or other carrying charges, to overutilize the land in an attemnt to
brealz even on the investment. In other instances laclk of lmovledge of the
requirements of land management and protection, or of the consequences of
misuse have lead to secrious damage. Usually the ormer of private land is

hot in a position directly to benefit from special precautions necessary for
e protection of watershed values essential to some remote but dependent
development and consequently does not exercise the nccessary precautions with
his land. However, comuunity interest should not be left to the nercy of the
|limited ability of a few omers to adequately protect watersied values on
|¥aich the community and not the private owmer are depeandent. Some systea of
bublic aid, public control or public acquisition should be developed to in-
|Sure the management necessary in the public interest of imvortant watershed
lands now in private ownership.

The watershed protection problem is further comolicated by tae inter-
state character of most of the important streams. The Colorado and Columbia
riveor drainages, for example, oach involve seven states. The sixz states
+|Which adjoin Colorado are dependent on the watersheds of that state as aro
the six states which adjoin Wyoming. These cxariples indicate the inter-
State character of watershed protection in the West and point to the need
for interstate and Federal cooperation where the existing measures in

e state may not meet the nceds of another state.

The sub-marginal character of much of the watershed lands in the
Test for grazing, timbor production and other usos is unfavorable to pri-
vate ovmership, under present ecconomic conditions and taxation. In the
Bast rillions of acros of land that have been stripped of their vegetation
@nd soil, much of which was originally more or less nmarginal, have been
Abandoned and allowed to rovert to public ommersiip after beimx stripped of
~ {heir cover and top soil. Taus a now public domain is being created. The
«wiflest should profit by that capericnce and avoid the pitfalls of an impro-
"ident land policy which loads to devegetation that exposcs the lamd sur-
faces to the full forces of erosion, increasces surface run-off and inten-
Pifics tho peak and damage of floods and reduces the productivity of the
land. There is needed a coordinated land planning that will safeguard the
(aluc of related lands which must be worked out for the corrmnity welfare
‘(Cgardless of the sanctity of personal property rights in land and regard-
1858 of differences of opinion as to private, statc or Federal jurisdiction.
ltivated land plamming, especially hore in the Test where a sustained
ater supply for irrigation is a prercquisite, will not be on a firm founda-
lon unless the watersheds arc given duc regard in the picture.
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