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RELATION OF VATERSEED TO CULTIVATED LAND PLANTING 

By C. L. Forsling, Intermountain Forest & Range Experiment Station, 
U. &. Forest Service, Ogden, Utah. 

Paper delivered at Western Outlook Conference, Salt Lake City, 
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Tne major portion of the cultivated lands in the eleven western 
States are dependent for irrigation water upon the mountainous areas where 
the major share of tne precipitation of the region occurs either as rain 
or winter snow which feed the streams and underground storage basins. As 
Vater supoly is essential to land cultivation in the West, so is the proper 
handling of tre watersned lands essential to the vater supply and its use. 
It is coming to bo realized more and more that suitable conditions must be 
Aaintained on these watershed areas if maximum sustained use of tre avail- 
able water supply is to be mrintained. Plans for the development and miain- 
Venance of cultivated lands waiicn involves irrigation must tale into con- 
Sideration the hinterland which serves as the catchment area for the vater 
Vhich Later becomes available as streamflov or ground water. The destiny 
of watershed lands, therefore, becomes a definite part of land planning in 
the West. Tae watershed values themselves are intangible, that is, they 
are of little direct commercial value. : | 

Tne ability of watersned lands to yield water depends upon the amount, 
Character and distribution of precipitation, tne underlying geologic forma 
“ions, ne topography, the character of soil mantle, and the vegetation. 
‘le Maxinun yield of water for a given precipitation may be expected vhrere 
4e watersied has a maximum area of barren rock exposure of steep topogravhy 

SO that precipitation runs quickly over the surface directly into the 
Streams. Such watersheds have & Minimum natural storage capacity so tnrat 
‘un-off is sudden but of short duration. For such conditions a ma-cimun of 
artificial storage is ossential to provide water for seasonal irrigation 
4eds. On the othor hand, the maximum regularity of streemflow for irriga- 
tion and other usos may be expected from watersneds arving a deep, loose 
Soil mantle, that absorbs wator readily, an impervious substrata that pre- 
Vents deep seccpage and a gentle topography. Such a watersned quickly ab- 
Sorbs the precioitation and feeds it gradu-lly into tne streans. 

The major portion of tne watersned areas of the West, however, lie 
between these two extremes. They h:ve more or less of a soil mantle that 
Varies ln ability quickly to absorb rain or snow vator and conduct it 
through underground channels into the streams. The soil mantle usually 

“SUpports more or less of a plant cover which influences tre »bility of 
the watorshed to absorb water and thus to influence sccpage and tue por- 
tion tnat runs off on the surfaco direct into the streams. Mancan have 

little influcnace upon such factors as quantity of precipitation, or the 
SCology, topography or main features of tue soil mantle of awaters.:ed. 

'¢ plant cover on the other mand may be subject to grazing, logging, 

lrg damage and other influences so that man is in a position to exercise 

“ontrol over tne plant cover in relation to run-off and streantlow  



  

Experiments and experience hnive shorm that a plant cover influences 
the discharge of precipitation from a vatershod in a number of ways. The 
Standing vegetation acts as a retardant to run-off and keops it spread over 
tae surface, thus aiding in the absorption of vater by the soil. The litter 
‘nd humus which accumulates from the vegetation further obstructs run-off 
{nd forms a filter that removes soil particles from the water, thus per- 
Ytting the water to remain reasonnbly clear so that it may percolate 
arough the intersticos of the soil instead of clogging tnem. Plant roots 
Crm openings in the soil through vhich water may pass to the impervious 
Substratuz., On barren impervious soils the water quickly gathers into 
Streamlots which rush down the slopes directly into the streams, thus 
*celorating tne rate of surface run-off. Precipitation on slopes covered 
"ith vegetation and a surface layer of soil high in decaying vegetable 
Yaterial hos a better opportunity to be absorbed and percolate through the 
Soul into the water table. 

Of equal or greater importance is the influence of the plant cover 
in reducing erosion with respect botn to maintrining the production of 
lative plant crops on tne vatersizd and kecping streams, storage reservoirs, 
fama lands and other places free of obnoxious silt. Instead of keeping 
‘Spread out and being slowly disposed of as occurs on a vell-vegetated 
Tatersued, water falling on bare soil soon accumulates into streamlets 
"aich begin to erode and form gullies. The earth materials gathered from 
those gullies and the intervening surfaces further add to both the erosive 
tad carrying power of the water. The most productive soil is removed fron 
“e surface where it is most necded to support a plant cover and is carried 
Cwnstreaa along with heavicr dislodged materinl to be deposited along theo 
Streanbed, in stornge reservoirs and even upon the cultivated land itself. 
‘2 fact, the accumulation of soil on sloping lands is a product of the 
‘olding power of vegetation and tho destructive pover of erosion. The 
resent soil has been gradually built up in place becauso vegetation has 
Cld it in place against the erosive action of run-off. Usually the 
bility of the vegetation and its products, - litter and humus, —- to hold 
‘oil in place agninst the erosive action of water represents a delicate 
"lance. Where the balance is Sligitly in favor of the vegetation tne soil 
vs gradually built up. When the balence is throm the othor way, through 
“e reduction of the plant cover, the destructive process of accelerated 
Tosion sots in. 

. Against this value of vegetation in reducing surface run-off and 
‘Nerersing absorption of mois*ure by tne watersned and controlling erosion 

“st be measured the anount of water utilized by the vegetation in excess 
{ that which would othervise be lost tnrough evaporation direct from the 
Soil, Under certain conditions it isbvident that the total yicld of water 
s actually reduced in some measure by vegetation. This occurs partly 

“Tough interception of moisture by the exposed parts of the plant and tne 
Vaporation of this moisture into tac air before it renacnes taco soil. 
°Setation also extracts a large quantity of water from the soil in its 

| Sorts processes. Hovever, the value of tie increased total yield of 
be e e 

"Oter which could be obtained by denudation of a watershed, in most cases, 
“|"oulg be more than offset by the earlier and more dangerous flood crests 

 



Vhich vould result and the dainge to streams, reservoirs and other valuos 
that would result from the accelorated crosion that vould be caused. 

The value of plant cover on watershed lands in relation to fa 
land development may best be shown by a number of examples of what nas or 
ts happening where the plant cover has been impaired. 

A survey of the Rio Grande River watershed that foods the Elephant 
Butte reservoir in New Mexico, disclosag rapid erosion to be taking place 
on 35 per cent of the watershed, moderate crosion on LO per cent and 
ittle erosion on only 25 per cent. In 17 years, 15 por cent of the 
Capacity of the reservoir has beon filled with silt. A similar survcy on 
the Colorado River upon which the Hoover Dam is now being built indicates 
50 per cent of the area to be oroding seriously, ef per cent moderately 
nd 23 per cent little at all. In southern Utah, on the Colorado River 
Irainaga, many valley bottoms have been cut out to a depth of HO to 40 
fect and a width of a fow to many several hundred foot in width, since 
Scttloment of the region beginning shortly aftor 1850. In other places 
(Darts of valleys such as on the Virgin, Paria and Fremont rivers which 
"ore formerly cultivated, hove been caten avay by accelerated erosion and 
‘re nov abandoned. All of this croded material is being slovly tr-nsported 
lowa the Colorado river where it will find lodgment behind the Hoover Lam then it is comploted. 

A detailed survoy of 371,313 ncres of the Boise river watershed in 
{daho shored that the 38 per cont of the aren covered with dense brush, 
‘8fass or timber was not eroding. Tne remaining 62 per cent woon which 
ere is varying dcgrcos of plant depletion shows various stages of erosion. 
‘Jo per cent of the total has scrious gully crosion, & per cent light gully 
"fosion and 52 per cont snows accclerated sheet erosion. The silt, boing 
Xoved by tho nccoloratod erosion, nas already filled 8 to 9 vor cent of tho storage capacity of the area vith rosorvoir and has destroyed an in- 
restment of $100,000. 

  
The Gibraltar reservoir, which supolies water to the city of Santa 

Jarbara, California, depends upon - watershed of 133,000 acres. Fifteen 
er cent of this vatershed was burned over in 1923 and by 1927 tho croded 
‘aterinl from the burned area had filled 5.7 per cent of the storage capa~ 
‘ity of the reservoir. he first 4 heavy rains which folloved a fire that 
‘wrned over nll of tho Fish Creck drainage ~ a small strona which debauches 
‘ror the mountains near Monrovia, California — caused severe floods carry— 
Ne a heavy load of debris which resulted inh avy damrge to orcrzard, farm 
‘ad city property and to highways and railroads. 

In southern California vhere vater is at a high premium, the run- 
TP fron many of the canyon drainages which occurs from the winter rain, 
lors out upon the alluvial fans at tic canyon mouths where it sintcs into 
‘natural underground storage basin, later to be pumped and used for 
Trigation and other purscoses. Donudation by fire of. parts of these ~ater- 
Meds is found to result in run-off so laden vith silt that the vater vill 
Ot enter t-.c ground and pass into the natural drainage basins. Instead it 

Qs orf on the surface and escxypes unused into tne ocean and thus is lost. 
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This has necessitated the installation of scttling d~v.s snd svorending Srounds to insure underground storage of the witor, thus adsing to the 
Cxpeise of irrigation. 

| Utah floods. In 1923, 1927 and again in 1230 cevastating floods 
Sent out of many Utah canyons causing excessive d-uaage to farm innds, 
irrigation Works, nomes, highvays, railronds, pover doveloonents and vat 
not. The heaviest of these floods occurred in the Salt Latte Valloy just 
North of Salt Lake City. There the toll consisted of 9 hunnn lives, large 
areas of the most valuablo far land in Utah being covered with gravel and 
boulders, in places filling irrigation canals with silt and in other olaces 
Was.ing them out, blocking railroads and nighvays for weeks at a time and 
depreciating the value of farm lands because of the danger of future floods. 

  

All of these disasters are attributable in great degree to the par- 
tial devegetation of the canyon waters:.eds by injudicious Grazing of live~ 
Stock. 

It is sometimes contended that the soil removed fron tie ~aters ied 
Innds serves a useful purpose in enriching the soil of the land uwoon which 
it is deposited. ‘This assumption is dangerous. One of tno big expenses incideat to the development of the Imperial Valley has beon the instellae 
tion of works to desilt the water taken from the Colorado River. Tris 
Silt is so inert rs to be 2 detriment ratner than en asset to the land. 

‘Sven though the silt load of 2 strei consists only of the richer, better 
Soil fron the watersed and may nave a volue on the land where it is doe 
‘Posited, its removal is reducing the ability of the vatorstied to rnvintnin 
»& olont cover and it will be only a matter of time until crosion will have 
Srogressed to a point where the natorinl veing transported is of little 
Value for land lmprovenent. Soils of valley lands were built up by: the 
Process of natural or gcologicnl crosion and deposition. This process 
"ild continue but it is likely to prove a fallacy if attempt is rade to 
“aston this land building procoss by accelerating the rate of erosion. 

  
Overgrazing and fire are tho chicf causes of the destruction of the 

Protective plant cover and the organic material in tic surface soil which 
'esults in nodificd streanflow, incrersed floods and accclerated srosion. 
Aericultural development on marginal lands vhich later are abandoned, as 
“ell as unwise methods of culture on the more productive lands, improper 
CcAtion and care of roads and tratls and carclessness with waste water 

Yron irrigated Innd-, further contribute to this serious problem of strean- 
flow, floods and erosion. The control of agricultural devolopment on 
targinal lands is largely a matter of better land planning and use. Better 
bractices neod to be developed for nethods of culture on the better far 
“ads, for the location and control of minor rords and for the care of 
"aste water. The disastrous effectsof fire are fnrirly well recognized, yet 
hero are largo arers of watershed land in the West that are being burned 
Vor anually oving to inadequate protection. Overgrazing has receivad 
ven less recognition than fire and yet it is taking place over © much 
der area than is being burned over. Moreover, the effect of overgrazing 
Lg sccunulative from year to year. 

~Yye 

 



  
  

In this connection it is unnecessary to hold that overgrazing is 
responsible for all of the acceclcrated crosion from grazed watersned lands. 
Variable climate undoubtedly is an important factor. However, wrere trie 
balance is so delicate as it is on many watershed or other lands tributary 
to stress used for irrigation, overgrazing may be the factor which turns 
the balance in the wrong direction and gives full effect to the natural 
destructive forces. 

. So mucin of tre continued welfare of the West is dependent on armle 
protection of wators.:eds ~gninst conditions which lead to demage to t-a 
Character of stre-mflow, to floods and to accelerated erosion and thoir 
attendant evils that any scheme for land utilization ~wuich omits due ree 
Sard for the gsecutity of watershod lands will bo crossly GAefective. We 
are living in an go of exploitation of the available naturcl resources 
vith too little regard for tne future. The most important of these n-tur- 
al resources is that condition on watorshed lands which is conducive to dc- 
Sirablo character of water supply and the control of erosion. It is ox- 
tremely false cconomy to over-utilize the forage and tinber or neglect 
vaters:.ed lands for temporary saving or gains and thereby jeopardize tis 
velfare of land or other values directly or indirectly dependent upon th 
Watershed areas. The ultimate aim should be to so manage and vrotect vater- 
Sicd lands that they will yield the naxinun water supply, taking into ac- 
Count the necessity for the desired character 1s well xs quantity of 
Streamflow, vill be free of excessive erosion of tie soil and will pro- 

{Suce the naxinun sustained yield of forage, tinber or other resources con- 
Sistent with the requircnonts for conserving the water supply and the soil. 

Tne science and art of watersied protection and management is still 
in its infancy. Far more research and study to develop the necessary prac-— 
tices, than is now under way, is needed. Nevertheless, sufficient facts 
are available upon which to lay a foundation for the development and pro- 
tection of watershed areas. It may be considered as axiomatic tt:at the 
basic principle in watershed protection is the maintenance of an adequate 

jPlant cover upon all lands capable of supporting such a cover. Manipulation 
of the plant cover best to meet the needs is a problem of future rescarch 
but the nocessity of a plant cover is no longer a matter of question. 

Many factors enter in to complicate the problem of maintaining a 

‘(Plant cover. One of the most important of tuiese factors is the policy or 
lack of policy for the utilization, development and distribution of land. 

The situation applying on the open public domain is conducive to the des- 
truction rather than maintenance of a suitadle plant cover. Although the 

|Temaining open public domain is of relatively little importance for tre 

iVield of water the accelerated erosion which is occurring is matcrially 

‘Contributing to the silt load of many important streams. The control of 

-8ecelerated erosion is a dominant reason why a suitable system for hand 

ing the remaining open public domain should be developed. : 

several circumstances operate to cause tue neglect of adequate 
Tatershed protection on many privately—o-med lands. Many privately-ormed 
ands are marginal lands and economic circumstances, often beyond the 
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Control of the individusl, operrts to force overutilizxtion rnd destruction 

of tne plant cover. MWunecrous instances can be cited mere purcansers or 
renters of watersned Innds are forced by excessive purchrse prica, taxes, 
ront or other carrying charges, to overutilize the land in an attempt to 
brealt even on the investment. In other instances laclz of Imorledge of the 
requirements of land management and protection, or of the consequences of 
misuse have lead to serious damage. Usually the ormer of private land is 
not in a position directly to benefit from special precautions necessary for 
he protection of watershed values essential to some remote but dependent 
development and conseqiently does not exercise the necessary precautions with 

{his land. However, community interest should not be left to the mercy of the 
|limited ability of a few o-mers to adequately protect vatersned velues on 
“{Waich the community and not the private omner are dependent. Some systen of 
public aid, public control or public acquisition should be developed to in- 

|Sure tae management necessary in the public interest of imvoortant vatershed 
lands now in private ownership. 

Tne watershed protection problem is further comolicated by the inter- 
State character of most of the important streams. The Colorado and Columbia 
Tiver drainages, for example, each involve seven states. The six states 
Which adjoin Colorado are dependent on the watersseds of that state as aro 
tae six states which adjoin Wyoming. These examples 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 
®ne state may not meet the needs of another state. 

The sub-marginal character of much of the watershed lands in the 
- West for grazing, timbor production and other uses is unfavorable to pri- 
(Wate ownership, under present economic conditions and taxation. In the 
fast millions of acros of land that have boen stripped of their vegetation 
and soil, much of which was originally more or less marginal, have beon 

' Abandoned and alloved to revert to public ovmership after beim stripped of 
‘heir cover and top soil. Thus a now public domain is being created. ‘The 

Mest should profit by that oxperience and avoid the pitfalls of an impro- | 
"ident land policy which loads to devegetation that exposcs the lami sur- 
faces to the full forces of erosion, increases surface run-off and inten- 
‘ifies the peak and damage of floods and reduces the productivity of the 
and. There is needed a coordinated land planning that will safeguard the 

-falue of related lands which must be worked out for the community welfare 
¢gardless of the sanctity of personal property rights in land and regard- 

°ss of differences of opinion as to private, state or Federal jurisdiction. 
ultivated land planning, especially here in tho Vest where a sustained 
ator supply for irrigation is a prerequisite, will not be on a firm founda- 

‘on unless the watersheds are given duc regard in tne picture. 
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