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a llocation of resources can be solved. An input is used efficiently 

if the marginal cost of the input is equal with the marginal value 

product of the input. At this point, another unit of water would 

cost more than the additional income. If a resource such as water 

is limit ed, however, a farmer cannot maximize profits for each use. 

His problem, then, is to allocate the available water among alterna

tive uses so as to maximize total profits. He must al locate this 

inadequate supply of water among al ternative crops. An alternative 

is to l eave some land idle and water a smaller acreage more heavily. 

The efficient allocation of water for several crops can be deter

mined by equating the marginal value product of water on all crops. 

Many production processes do not conform to the smooth curves 

shown in Figure l. In production of livestock and livestock 

products, for instance, production is actually not achieved at all 

until a substantial amount of resource is utilized. Some feed is 

necessary for body maintenance before production occurs. In crop 

production, also, a substantial amount of irrigation water may be 

necessary before any production occurs. 

Most of the forage crops have a linear relationship between 

water input and yield in the relevant portion of their production 

function (18) where harvest is periodic or continuous, since a l fa lfa 

growth continues as long as soil moisture is available to the plant 

in sufficient amounts. When water is no longer available or is 

avail able in less than biological optimum amounts, production is 

stopped or retarded. Thus, even though the rate of growth is influ

enced by many factors, the production function of forage crops tends 
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to approach a Linear relationship. Other crops which are usually 

harvested only at maturity do not have a Linear production function . 

Regardless of water applied during the ear l y part of the growing 

season, discontinuance l ater results in little or no production . 

This means t he Last one or two irrigations may add more production 

to the total product than a ll previous irrigations, because withou t 

the Late irrigation water, the crop would not mature . 

We assume, therefore, in this study that whenever late season 

i.rrigation ,.ater shortages exist, ava ilab le water supplies wil l be 

allocated to mature the row crops where the marginal value product 

of water is higher. Forage crops with lower marginal value product s 

will be the first to be shorted unless there is some minimal l eve l 

of forage crop production necessary to support a Lives t ock enter

prise. 

Crop rotations 

Three representative farms have been studied: range beef 

farms, feeder farms and small dairy farms. It is assumed that these 

farms are located such that their irrigation water is obtained from 

the Sevier River. In addition to crops wh ich sup po rt the main enter

prise, some cas h crops are grown to supplement farm income. A normal 

rotation is usually followed but can be a ltered by varying the 

acreage planted to small grains , cash crops and alfalfa . 

Cro pping pattern and farm types 

Two significant adjustments that farmers may make within a 

given water year are changes in cropping pattern and Livestock 
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numbers. For example, farmers with a poor water supply cannot s ue-

ces s fully grow corn for silage. Restrictions of range l a nd and 

markets for grade A milk and feed crops limit the adjustments tha t 

can be made to more livestock enterprises and cash crop farms . Only 

cropping pattern has been studied in this thesis . The following 

rotations, as shown in Tab l es 3, 4 and 5, are considered as be ing 

feasible under differing circumstances and are in general practice 

for each type of farm where applied in Sevier County area. When a 

greater amount of late s eason water is expected, a farmer could plow 

up more acreage of alfalfa than usual and grow more corn silage be -

cause corn silage produces more feed nutrients per acre than alfalfa; 

or he could reduce acreage of alfalfa and increase acreage of sugar 

beets if he expects higher level of water. On the contrary, the 

farmer will retain more acreage of alfalfa in the field and grow 

Table 3. Percentage of rotation in range beef farms in Sev ier 
County, Utah, 1968 

Percentage of cro2land 

Rotation 

Cro ABl AB2 AB3 AB4 

Alfalfa (short rotation) 58 52 

Alfalfa (long rotation) 66 61 

Permanent pasture 18 18 18 18 

Barley 12 8 10 

Barley (nurse crop) 12 8 10 

Corn silage 10 

Total 100 100 100 100 
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Tab l e 4 . Percentage of ro t at ion in f eeder farm in Sevier County, 
Utah , 1968 

Cro AF l 

Alfa l fa (short rotation) 52 

Alfalfa (long rotation) 

Permanent pas ture 18 

Bar l ey 10 

Bar l ey (nurse crop) lO 

Corn silage lO 

Sugar beets 

Tota l 100 

Tab le 5. Pe rcentage of rotation 
County , Utah, 1968 

Cro '\1 

Alfalfa (short rotation) 58 

Alfa lfa (long rotation) 

Permanent pasture 18 

Bar l ey 12 

Bar l ey (nurse crop) 12 

Corn s ilage 

Sugar beets 

Total lOO 

Percen tage of cropland 

Rota tio n 

AF2 AF3 

46 

61 

18 18 

9 

9 

9 

lOO 100 

in small dairy farms in Sev i e r 

Percent age of cropla nd 

Rotation 

AD2 '\3 

52 

66 

18 18 

8 10 

8 10 

10 

100 100 

54 

18 

100 

'\4 

46 

18 

9 

9 

9 

lOO 



27 

sma ll gra ins rather than row crops if he expects to have lowe r water 

supp ly. 

Range beef farm 

Alternative crop rotations for the range beef farm a r e as fol

lows: ABl represents a rotation where forage crops are grown to 

maintain the main livestoc k enterprise. Small grain is includ ed but 

no row crops . Alfalfa fields are plowed up after 5 years and fol 

lowed by l year barley and l year barley (nurs e crop). A82 has a 

pattern similar to ABl' but a lfalfa is retained in the field 8 years 

and followed by l year barley, then barley (nurse crop). There are 

no row crops in these two crop rotations. A83 retains a lfa lfa for a 

5-year period and is then plowed up. Barley follows for l year. 

After barley the crop following is corn silage. This is followed by 

barley (nurse crop). Alfa l fa is retained in the field for 8 years 

for crop rotation A84 and followed by barley, corn silage a nd bar l ey 

(nurse crop). In this crop rotation small grain and corn si l age are 

retained in the fi e ld for l year but have smaller proportional 

acreage than crop rotation A83 . 

Feeder farm 

Crop rotation AFl of feeder farm retains a lfalfa for a short 

rotation (5 years) and the n it i s plowed up . The following crops 

are barley, corn silage and barley (nurse crop) which are r eta ined 

l year in the fi e ld (about lO percent of cropland). Crop patte rn in 

~2 is similar to AFl but a lfa lfa is retained for a longe r rotation 

(8 years and about 6l percent of cropland) and i ncludes a sma ller 
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acreage of small grain and row crops (l year and about 7 pe rcent 

each of cropland for barley, corn silage and barley (nurs e crop)) . 

AF) and AF4 are more intensive crop rotations and have the same 

c rop pattern. But AF) retains alfa l fa shorter period (5 years) and 

higher percent of cropland for small grai n and row crops than ~4 
(8 years a l fa lfa, l year barley, l year corn silage and sugar bee ts 

and l year barley (nurse crop)). 

Small dairy farm 

Crop rotations (action) A
0 1 

and A
0 2 

a r e similar. Crop pattern 

A01 retains alfalfa for short rotation (5 years) and includes a 

larger acreage of small grain than A02 (8 years alfalfa and l year 

in small grains). There are no row crops following small grain in 

these crop patterns. Crop rotations (action) A
03 

and A
04 

r epre s ent 

the smal l dairy farms where forage crops are grown to maintain the 

dai r y enterprise. Al fa lfa is retained only 5 years in A
03 

and 8 

years in A04 . After plowing up a lfa lfa in action A
03

, ther e is a 

l a r ge r acreage of small grains and corn silage than in action ~4 . 

Sugar beets are grown to supplement farm income and follow small 

grains. 

Water requirements of crop rotations 

Figure 2 shows the potential consumptive use of water for the 

major crops in Sevier County, Utah. Each crop requires different 

amounts of water in the different periods of time. Usually the l e ss 

wate r that is required by a crop during the shortage period of wate r 

supply, the smaller is the net income per acre . This is simi l ar to 
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Figure 2 . Potentia l consumptive use of water for maj or crops in Sevier County, Utah . 

Source : U.S. Department of Agriculture. Unpub lished data compiled by U.S.D.A . Sevier 
Basin Field Party, 1966 . 
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