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The study reported in this bulletin 
is an extension of work initiated in 1977 
through a Master's thesis (Everson, 1979) 
in the SDSU Economics Department. That 
part of the thesis research focusing di
rectly on the economic value of irrigation 
water in the Big Sioux and Vermillion 
drainage basins was reported in an SD 
Agricultural Experiment Station bulletin 
by Shane and Everson (1980). With the 
data collected through the initial 
study as a starting point, Shane (1980) 
projected through 1990 the likely produc
tion costs for eastern South Dakota crops. 

In this study, the initial 1977 data 
are updated to 1981, and revised projec
tions from 1981 to 1990 are made. The 
impact of rising energy prices on crop 
production is the principal focus of this 
bulletin. 

Published in accordance with an Act passed in 1881 by the 14th Legislative Assembly, 
Dakota Territory, establishing the Dakota Agricultural College and with the Act of 
re-organization passed in 1887 by the 17th Legislative Assembly, which established 
the Agricultural Experiment Station at South Dakota State University. 
File: 5.2-2.l--500--6-83mbcc. 
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Brookings and Turner counties : 

The impact of rising energy prices 
on crop production 

Donald C. Taylor and Richard C. Shane* 

SUMMARY 

The economics of dryland versus 
irrigated crop production in two of South 
Dakota's fast irrigation-growth counties 
-- Brookings and Turner -- are examined 
in this bulletin. Special attention is 
given to the economic impacts of rising 
energy prices through 1 9 90 . 

The main findings from the study are 
as follows. 

1. The yields of corn, alfalfa, and 
soybeans grown by farmers under irriga
tion are 1 . 7  to 2 . 3  times more than when 
the crops are grown under dryland condi
tions. 

2 .  The total costs for producing most 
dryland crops in 1981 in Brookings County 
were commonly $140  to $15 0 / A ,  but they 
ranged from $ 1 1 9 / A  for alfalfa to $ 1 9 2 / A  
for corn. The total costs of producing 
most dryland crops in Turner County were 
about 15% higher than those in Brookings 
County. The per-acre costs of irrigated 
crops in both counties were about twice 
those for the respective dryland crops. 

3 .  The single largest cost item in all 
the crop budgets is the charge for land, 
which most commonly accounts for 3 5  to 
40% of the total costs of dryland and 25 
to 35% of the total costs of irrigated 
production. 

4 .  The "direct" energy embodied in the 
fuel and lubrication for crop production 
and grain drying, plus the "indirect" 
energy embodied in fertilizer and plant 

production chemicals, comprise about two 
fifths of the variable costs for dryland 
production and about one half for irriga
ted production. The energy expenditure 
per acre ·for corn, soybeans, and alfalfa 
is from 2 . 0  to 2 . 8  times higher for 
irrigated than dryland production. The 
total energy bill (direct and indirect) 
for a quarter section of corn raised in 
1 981 under irrigation was about $ 7 , 50 0  
greater than if the corn were raised 
under dryland conditions. 

5 .  Of the eight crops studied, corn is 
most energy-intensive and alfalfa and 
soybeans are least energy-intensive. 
The energy bill for a 3 5 0  A dryland farm 
under corn production in 1981 , for exam
ple, was over $ 1 0 , 000 more than the ener
gy bill for that same farm with alfalfa 
and soybeans. 

6. With the prices prevailing in 19 81 ,  
alfalfa was clearly the most profitable 
crop in both Brookings and Turner coun
ties. If the price of alfalfa were to 
return to its average for 19 7 7  to 19 79 
and the price of corn were to return to 
its 1980 level, corn would be more than 
twice as profitable as alfalfa. 

7 .  The short-run break-even price 
defined as the variable production cost 
per unit of output produced -- was about 
15% less for corn raised under irrigation 
than under dryland conditions in 19 81 in 
Brookings C�unty. For the other crop 
situations studied, however, the break-even 
price for irrigated production is roughly 
the same as or more than that for dryland 
production. Thus, the use of irrigation 
does not necessarily lead to the produc
tion of lower-cost farm commodities. 

*The authors are professor and associate professor of economics, respectively 
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8 .  The s ho rt- term p ro f i tabil i ty o f  i rri
gated produc t ion is clear ly sup erior t o  
that o f  dryland produc t ion . 

9 .  The longer t e rm pro f i tab ility o f  ag
ricul tural produc t ion may b e  que s t ionabl e, 
howeve r . Fo r all crops excep t alfal fa ,  
unde r b o th dryland and irrigated cond i t ions , 
the ne t r eturns over t o t al produc t io n  co s t s  
in 1 9 8 1  wer e  negative . Ne t returns over 
the to tal p roduc t ion cos t s  in 1 9 81 were 
lower with t han without irriga tion . 

1 0 . Ass uming curren t  trends in input 
p r ices , the ne t returns over variab le 
co s ts proje ct ed t o  1 9 90 are cons iderab ly 
mo re for corn and soyb eans ( from 1 5  to 
80% ) than fo r alfal fa .  

11 . With a r apidly rising energy price 
alternative (doub ling of 1 981 prices by 
1 9 8 6 ) , the p rojec ted net re turns from 
dryland c rop p roduc tion in 1990 are mos t  
commo nly $ 35 t o  $ 4 5 /A less  than the 
p ro je c t ed net  ret urns if inp ut prices 
were t o  rise according to current trends . 
The r educ tion in ne t returns f o r  co rn , 
howeve r , exceeds $ 80 / A .  For a 3 5 0  A 
dryland farm p lant ed t o  mo s t  crop s , the 
p ro ject ed net returns are $ 12 , 000 to 
$ 1 6 , 000 per year les s  wi th the rap idly 
ris ing energy price al t ernat ive . I f  the 
f arm were under c o rn product io n ,  however ,  
the r educ t i on in ne t re turns with high 
energy p r ic es would be roughly $ 3 0 , 000 
per year . 

1 2 . With the rap idly ris ing energy 
p rice alt erna t ive , the p ro jected net r e turns 
f rom irrigated c o rn product ion in 1 9 90 
are roughly $190/A les s than wi th the 
current trend input price assump t ion . 
The corresponding r educ tions in ne t re
turns f o r  irrigated s oybeans and alfalfa 
are less than o ne hal f  tho s e  fo r c orn . 

The projec ted net return for an irri
gat ed quar t e r  s ec t ion under co rn produc
t ion is about $ 2 5 , 00 0  p e r  year less under 
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t he rapidly rising energy p rice assump t ion . 
I f  the quarter s ec t ion were in al falfa , 
the reduc t ion in net r e t urns with higher 
energy pr i ces wo uld b e  about $ 1 0 , 000 p er 
year . Never the les s , under the higher 
energy price , irrigated corn i s  s t il l  
cons iderably mor e  pro f i t able than irr i
gated alfalf a .  

1 3 . With rap idly rising ener gy prices and 
dryland condit ions , corn -- the mos t  
energy- int ens ive c rop -- l o s es c onsi der
ab ly in i t s  c ompara tive advan tage r ela t ive 
t o  al f al f a  and s oybeans which are the leas t 
energy- intens ive c rops . With rap idly 
rising energy prices and irrigat ed condi
tions , corn ' s comparative advan tage rela
t ive t o  alfalfa is reduced , but no t t o  the 
point wher e i t  c ea s e s  t o  mainta in a cons id
erable pro fi t mar g in over al fal f a . Wit h  
rap idly ris ing energy p r ices and under 
b o th dryland and i rr i ga ted c ondi t ions , the 
1 9 90 p roje c t i ons s how s oyb eans t o  b e  
cl early the mos t  pro f i t ab l e  o f  the vari
ous crops c ons idered . 

1 4 . With rapidly ris ing energy prices , 
the p roje c ted net re turns p er acre t o  
farmers f rom producing the var ious c ro p s  
i n  1 9 9 0  would b e  about 1 5  t o  4 0% less 
than with the current trends in input 
p ri ces . Nevert heles s ,  t he returns f rom 
p roduc t io n  exceed the variable produc t ion 
cos ts f o r  all the crop-energy p r i ce s i t
uations c ons idered . Fur ther , the amounts 
of  net returns from crop s rais ed under 
irrigation are larger than tho s e  f rom the 
crops rai s ed under dryland cond i t io ns . 
Thus , even i f  energy prices were t o  es ca
late rapidly dur ing the 1 9 80 ' s ,  farmers 
already having irr igat ion facil i t i es would 
app ear t o  be well advis ed to con t inue to 
us e them . 

Each o f  thes e  finding s is influenced 
by the as sump t ions whi ch underlie the 
ana lys is in the s tudy . Thes e assump tions 
-- out lined in the main b ody of the re
port  -- s hould be carefully cons idered 
in in terp r e t ing the s tudy ' s r esul ts . 



Introduction 

The 1 0  Great Plains states 
account for half of the U.S. irrigated 
cropland. South Dakota has less than 
1% of that acreage (USDA, 1980 , 4 20- 4 21 ) . 

Nevertheless, expansion in South 
Dakota irrigation during the past decade 
has been considerable. The S.D. Depart
ment of Water and Natural Resources 
reports an over fourfold increase, from 
7 7 , 1 9 7  acres in 1 9 6 9  to 3 1 6 , 04 3  acres 
in 1 9 7 7 .  Informed opinion indicates 
as many as 4 5 0 , 00 0  acres under irriga
tion in 1981 . 

Over 1 0 , 0 00 acres were irrigated 
in each of four South Dakota counties 
west of the Missouri River and seven 
counties east of the Missouri in 19 78 
(Table 1 ) . From 19 6 9  to 1 9 78 ,  irriga
ted area increased in these major West 
River counties by 1 . 1  times and in the 
major East River counties by as much as 
4 . 3  times. 

Two East River counties -- Turner 
and Brookings -- rank fourth and fifth 
in the state in irrigation expansion 
into new land during the past decade. 
In terms of relative increase, Brookings 
and Turner rank second and fourth among 
major irrigated counties. Thus, both 
have relatively large and rapidly 
increasing irrigated areas. 

From an economic standpoint, will 
(or should) this rapid development con
tinue during the 1980 ' s ?  Of particular 
concern is the cost of energy. The over
all objective of this report is to 
examine the impacts of high (and rising) 
energy prices on the current and pro
spective economics of dryland versus 
irrigated crop production in Brookings 
and Turner counties. 

Brookings and Turner counties are 
in the Big Sioux and Vermillion drain
age basins that rest adjacent to one 
another in the far eastern part of 
South Dakota (Fig 1 ) . The annual 
precipitation in the Big Sioux and 
Vermillion basins ranges from an average 
of 20 inches in the north to 24 inches 

in the south. Irrigators usually add 
1 0  to 1 5  inches a year. The number of 
frost-free days ranges from 1 30 in the 
north to 1 5 0  in the south. The soils 
in the two counties are mainly loamy 
and silty, although alluvial and clayey
loam soils are also found in low lying 

·areas in the south. 

Fig 1 .  The Big Sioux and Vermillion 
drainage basins in eastern South 
Dakota. 

:-:·:-:.:-:-:-:·:-:.:·:-· 
.·.·.·.·.·.·.· .. ·.·.·.·.·. Vermillion Drainage Basin 

Ground water from wells is the 
primary source of irrigation water in 
the study areaf and is distributed 

1. The average well depths of the farmers surveyed by Everson (1979) 
in Brookings and Turner Counties are 45 and 85 feet, respec
tively. 
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mainly through center pivot machines 
(about �44,000 for a typical new pivot 
in 1982 ) .  The growth of center pivot 
irrigation reflects both the movement 
of irrigation into hillier areas less 
well suited for other types of irrigation 
and the lesser labor requirement of 
pivot systems. 

The main energy source for irriga
tion in both basins in the late 1970's 
was electricity. In 1977 in the Big 
Sioux and Vermillion basins, 70 and 87% 
of the irrigation systems, respectively, 
were powered by electricity (DWNR, 1977) . 

Nearly two fifths and nearly one 
half of the Brookings and Turner crop
land areas, respectively, are in corn 
production, and well over one fourth is 
in oats. These are higher than statewide 
figures; about 25% of South Dakota's total 
cropland is in corn, and between 15 and 
20% is in each of oats, alfalfa, and 
spring wheat (Table 2) . 

About 55% of the state's total irri
gated area is in corn production, and 
about 25% is in alfalfa (Table 3) . Corn 
dominates irrigated agriculture in Brook
ings and Turner counties, accounting for 
over three fourths of the irrigated area 
in each county. Alfalfa accounts for 
about 10% of the irrigated acreage in 
Brookings County and for about 5% in 
Turner. 

The cost structure for dryland and 
irrigated crop production 

Major costs considered in this 
study are listed in Tables 4 and 5. 

The land charges in the crop budgets 
are based on the value of land reported 

in 1977. The mean values in Brookings 
and Turner counties for irrigable dryland 
were $600 and $750/A, respectively. Cor
responding values for irrigated land 
were $1,000 and $1,200. The assumed 
annual rate of appreciation in land 
values is 12%. The annual charges for 
land -- including real estate taxes --
in the crop budgets are 6% of current 
land values. 

Depreciation on farm machinery, irri
gation systems, and storage facilities 
was computed using the actual investment 
figures provided by farmers. Insurance 
and repair data were obtained directly 
from farmers, as was the information on 
the amount of electrical power to pump 
irrigation water. 

The interest rate used in the cost 
computations is 18%, the rate commonly 
experienced by farmers who borrowed in
vestment and operating capital in 1981. 
The average loan period for operating 
capital was assumed to be 6 months. The 
interest on investment capital was calcu
lated on the average value over the life
time of assets. 

For dryland crops in Brookings 
County, nitrogen fertilizer application 
levels vary from zero for alfalfa and 
6 lb/A for soybeans to 60 lb/A for corn. 
Phosphorus application levels vary from 
10 lb P2o5/A for flax to 45 lb P2o

5
/A for 

alfalfa. The levels of dryland crop fer
tilization in Turner County are either 
the same as, or slightly more than, those 
in Brookings County. 

Nitrogen applications for irrigated 
corn are 2.5 times as much as those for 
dryland corn. Phosphorus applications 
for irrigated crops are also considerably 
higher than those for dryland crops.3 

Potassium applications ranging from 13 lb 

2. The cost of a "typical" new center pivot system for a quarter
section in 1981 in the study areas is roughly as follows: 
center pivot machine - $30,000, pump panel and meter 
- $8,000, 40-ft well - $4,000, and electrical connections 
- $2,000, for a total of $44,000. 

3. The reported nitrogen and phosphorus levels on irrigated crops in 
Turner County are higher than those recommended as "mainten
ance" levels (i.e., following the initial 3 to 4 years of 
crops being raised with irrigation) by the Cooperative Ex
tension Service. 

6 



K20/A for soybeans to 60 lb/A for corn in 
Turner County were reported by farmers 
with irrigation (Table 6) . 

Fuel costs per acre were determined 
through a four-step process. The first 
step involved listing the field operations 
performed on each crop, and for each oper
ation the width of the implement used and 
the speed traveled. The acres per hour 
for each field operation, calculated from 
this information , were divided by a 0.75 
field efficiency factor. The second step 
involved using hourly fuel consumption data 
(UN, 1977) in conjunction with the hours 
required per acre, to compute the fuel 
consumption per acre. Third, the after
tax fuel price (Table 7) was multiplied 
by the gallons consumed per acre to ob
tain the diesel fuel cost per acre. 
Finally, 5% of the fuel cost was added 
to reflect engine oil and other lubrication 
costs. 

Not covered in this study are ex
penditures on hired labor and charges 
for crop and irrigation management. 

The total variable costs of dryland 
production per acre in 1981 in Brookings 
County range from $41 for alfalfa to $97 
for corn (Table 4). They are about $50/ A 
for oats, barley, and flax , and about 
$60/A for soybeans, spring wheat, and 
sunflowers. The total variable produc
tion costs per acre of dryland crops are 
about the same in Turner County as in 
Brookings for barley and soybeans, but 10 
to 15% higher for corn, flax, and oats, 
and about 45% higher for alfalfa (Tables 
4 and 5) . The total per-acre costs of 
producing various dryland crops in 
Brookings County range from $119 for al
falfa to $192 for corn. They are common
ly 12 to 17% less than those for corres
ponding crops in Turner County. For al
falfa, however, the Brookings County 
costs are 47% less. The costs of pro
ducing irrigated crops in both counties 
are about twice those for the respective 
dryland crops. 

The fixed costs, as a group, consti
tute between 50 and 70% of the total costs 
of producing the various crops. The pro
portions of fixed costs for most crops 
are slightly higher in Turner than in 
Brookings County. 
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The single largest cost item in all 
the crop budgets is the charge for land, 
which most commonly accounts for 35 to 
40% of the total costs of dryland pro
duction and 25 to 35% of the total costs 
of irrigated production. The next four 
line items -- (1) depreciation and insur
ance, (2) interest on investment, (3) 
fertilizer, and (4) machinery fuel and 
lubrication -- each account for roughly 
8 to 15% of total production costs for 
the various crops. For irrigated produc
tion, however, the interest on investment 
accounts for more than 15%, and fuel and 
lubrication for less than 8% of total 
production costs. 

The final aspect of cost structure 
examined is the expenditure on irrigation 
system power and repair as a percentage 
of the total variable production costs. 
In Brookings and Turner counties, the 
percentages are as follows: corn, 15 and 
16%; soybeans, 25%; and alfalfa, 30 and 
32%. 

Energy costs in dryland and irrigated 
crop production 

Farm production accounts for less 
than 3% of total U.S. energy consumption. 
Efforts by farmers to conserve energy, 
therefore, cannot be expected to have 
much influence on the national energy 
picture. Nevertheless, rising energy 
prices provide economic incentives to 
individual farmers to conserve energy. 

The total energy required in agri
cultural production consists of "direct" 
and "indirect" components. "Direct" 
energy is embodied in the fuel and lub
rication for farm machinery and irrigation 
systems, and the power for grain drying. 
"Indirect" energy is that energy required 
to produce and deliver the inputs -
materials and human services -- used in 
agricultural production. 

In examining the indirect energy 
content of specific South Dakota crops 
in this study, attention is given to the 
energy embodied in fertilizer and plant 
protection chemicals, but not to the gen
erally smaller amounts in seeds, machinery, 
transportation, and human labor. See the 



Appendix for the procedures used in deter
mining the energy content in fertilizer 
ano-plant protection chemicals. 

The per-acre energy bill in 1981 for 
most dryland crops in Brookings and Turner 
counties ranged from $22 to $26 (Tables 8 
and 9). The $13 to $19/A energy bills for 
alfalfa and soybeans, and the $35 for sor
ghum and $57 and $54 for corn, however, 
are outside this range. In relative 
terms, energy accounts for about one third 
to one half of the total variable costs of 
dryland production, with the ratios lowest 
for alfalfa and soybeans and highest for 
barley and corn. Thus, of the dryland 
crops, corn is considerably the most 
energy-intensive and alfalfa and soybeans 
are least energy-intensive. 

Farm application: The energy bill for a 
350 A dryland f arm4 under corn production 

in 1981 is over $10,000 per year more 
than the energy bill for that same farm 
with alfalfa and soybeans. 

Of the various energy components 
in dryland production, the machinery 
fuel and lubrication category is de
finitely the largest. The expenditures 
on this component, which range most com
monly from $15 to $18/A, account for over 
one half of the energy bill for all crops 
except corn (which also involves grain 
drying) and sorghum. For soybeans and 
alfalfa -- for which fertilizer levels 
are low and no grain drying is required 
-- machinery fuel and lubrication account 
for well over three fourths of the total 
energy costs. For all dryland crops 
except alfalfa and soybeans, fertilizer 
is the second most important energy cost 
component, and the energy in plant 
protection chemicals is only a small 
fraction (one third or less)5 of that in 
fertilizer. 

The energy bill for corn and soybeans 
raised under irrigation is 2.0 to 2.2 
times as much as that for the crops grown 

under dryland conditions. For alfalfa, 
the irrigation-dryland differential is 
2.7 to 2.8 times. Energy accounts for 
slightly over one half of the total vari
able cost for irrigated corn, 40 to 46% 
for irrigated alfalfa, and 35% for irri
gated soybeans. These data, of course, 
reflect the much greater energy-intensity 
of irrigated than dryland agriculture. 

Farm application: The energy bill for a 
quarter section of irrigated corn (130 A 
under a center pivot) in 1981 is about 
$7,500 greater than if the corn were raised 
under dryland conditions. 

Fertilizer, the largest energy cost 
component in irrigated corn production, 
accounts for 34 and 47% of total energy 
costs in Brookings and Turner counties, 
respectively. The fuel to power irriga
tion pumps accounts for 28% of the total 
crop production energy costs. Machinery 
fuel and lubrication and grain drying 
are next in importance, with the energy 
embodied in plant protection chemicals 
of least importance. For alfalfa and 
soybeans, on the other hand, well over 
60% of the total energy expenditure 
is on the fuel to power irrigation pumps. 
From one quarter to one third of the 
energy is for machinery fuel and lubrica
tion. Fertilizer and plant protection 
chemicals account for only 10% of the 
total soybean energy cost and from 3 to 
4% of the total alfalfa energy cost. 

Relative economics of dryland and irri
gated crop production 

Dryland and irrigated yields are 
shown in Table 10. The assumed crop 
prices for 1981 are shown in Table 11. 
The yields under irrigation are generally 
1.7 to 1.9 times as much as under dryland 
conditions. For corn in Brookings County, 

4. The USDC (1980) shows average per-farm cropland acreages in 1978 
in Brookings and Turner counties of 370 and 300 acres, re
spectively. The 350 acres in the "farm application" illus
trations is used to typify these farms. 

5. For sunflowers, however, the energy embodied in plant protection 
chemicals is almost one half that in fertilizer. 
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however, the irrigation-dryland yield 
differential is 2.3 times. 

"Break-even" prices are used in the 
analysis. A "break-even" price is defined 
as the cost per unit of output produced. 
Unless otherwise noted, break-even prices 
in this bulletin are computed with respect 
to the total variable costs of production. 
In the short run, as long as the actual 
market price for a commodity exceeds its 
break-even price, production can profitably 
be continued. In the longer run, when the 
possible disposition of a farm's fixed 
assets (land, irrigation equipment, farm 
machinery, and storage facilities) is con
sidered, a break-even price should be de
fined with respect to total rather than 
variable production costs. 

The most popular crop in Brookings 
and Turner counties, corn, is also the 
most energy-intensive crop produced in 
these counties (Tables 12 and 13). Ex
cept for irrigated corn whose energy 
bill is 2.1 to 2.2 times that for dryland 
corn, the $47 and $54/A energy bills for 
dryland corn are greater than those for 
any other crop -- dryland or irrigated 
-- in either county. The energy expendi
ture for most of the dryland crops is 
roughly one half that for dryland corn, 
but the proportions are somewhat higher 
for sorghum (65%) and somewhat lower for 
soybeans and alfalfa (29 to 39%). The 
energy bills for irrigated alfalfa in 
Brookings County and irrigated soybeans 
in Turner County are only three fourths 
as much as those for dryland corn. The 
amount of energy used for irrigated alfal
fa in Turner County is about the same as 
that used for dryland corn production in 
the same county. 

The total variable dryland produc
tion costs are most commonly $5 0 to $65/A. 
They range, however, from $41/A for alfal
fa in Brookings County to $109/A for 
corn in Turner County. 

Farm application: The total variable 
costs for a 350 A dryland farm under 
corn production in 1981 are $18,000 
per year greater than if the farm were 
in alfalfa production. 

Total dryland production 
costs are most commonly $150 to $175/A, 
with the range from $119 for alfalfa in 
Brookings County to $217 for corn in Tur-

, ner County. The relative intensity with 
which capital is used in producing the 
various dryland crops is the same as that 
for energy, except for soybeans which 
ranks third or fourth in capital intensity 
and only seventh or eighth in energy in-
tensity. The relatively greater capital 
intensity of soybean production is 
explained largely by the generally greater 
expenditures on seeds and plant protection 
chemicals. 

The total variable production costs 
for irrigated alfalfa and soybeans are 
roughly the same as those for dryland corn. 
The total production costs for irrigated 
alfalfa and soybeans, however, are from 39 
to 84% higher than those for dryland corn. 
This differential arises because of the 
annual costs associated with the substan
tial investment in irrigation facilities 
and the higher land price for irrigated 
than for dryland production. The total 
variable production costs and the total 
production costs for irrigated corn are 
both roughly double what they are for 
dryland corn. 

Under the prices assumed for 1981, 
alfalfa is by far the most profitable 
crop in both counties.6 The net returns 
over total variable costs for dryland 
alfalfa are $120 and $168/A in Brookings 
and Turner counties, respectively, with 
the corresponding figures for irrigated 
alfalfa being $206 and $275. Furthermore, 
alfalfa is the only crop whose gross re
turns exceed the total costs of production 
(irrigated alfalfa in Turner County is a 
minor exception). 

6. A presupposition of the analysis underlying this and other s:ate
ments concerning inter-crop profitability is that technical 
conditions would not preclude the satisfactory production 
of different crops on the same piece of land. In particular 
situations, this presupposition of course is not completely 
valid. 
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If the price of alfalfa were $33.50/T 
(as it averaged in South Dakota in 1977-
79) rather than $65/T as assumed for 1981, 
however, alfalfa would lose its profit 
superiority. Under irrigation, for 
example, its net return over total vari
able costs would be 95% less than that 
for corn in Brookings County, and from 65 
to 75% less than that for corn and soy
beans in Turner County. Under dryland 
production, alfalfa would occupy an in
termediate prof it position among the 
other dryland crops. 

Among the dryland crops other than 
alfalfa, the differences in net returns 
are rather limited. In Brookings County, 
the net returns from the most profitable 
crop -- soybeans -- are only about $25/A 
more than those for the least profitable 
crops (flax and sunflowers). In Turner 
County, the profit differential between 
the most profitable crop (soyb.eans) and 
the least profitable crops (spring 
wheat and barley) is somewhat greater, 
about $40/A. 

If the price of corn were $3.00/bu. 
(as it was in 1980) rather than $2.40 as 
assumed for 1981, corn would have a 
rather clear profit advantage relative 
to all dryland crops except alfalfa in 
both counties. At this higher price for 
corn and under irrigation, corn would 
enjoy a definite economic advantage over 
alfalfa priced at $33.50/T in both 
counties and over soybeans priced at 
$5.75/bu in Turner County. 

One of the most significant findings 
emerging from this analysis is that, under 
the prices prevailing in 1981, the gross 
returns from producing the various crops 
exceed the total variable production costs 
but are less than the total production 
costs (alfalfa is an exception to 
the latter) . This outcome suggests that 
farmers in 1981 had positive short-run 
economic incentives to farm. The eco
nomic incentives for farmers to remain 
in farming over the longer run, however, 
were not altogether positive. We must 
remember, however, the motivation of 
farmers to own land is not limited to 
just the short-run profits earned. 

A second finding is that, under 1981 
prices, alfalfa was clearly the most pro
fitable crop under both dryland and irri
gated conditions. If the price of alfal
fa were to return to its average for 1977 
to 1979 and the price of corn were to 
return to its 1980 level, then corn 
would be the most profitable.7 That corn 
production is highly energy and capital 
intensive tends to limit its economic 
attractiveness. On the other hand, corn 
has at least three advantages over alfalfa: 
it permits year-to-year flexibility in 
cropping plans, it is less bulky to trans
port, and it has a firmly established 
market. 

The economics of raising alfalfa, 
corn, and soybeans under dryland versus 
irrigated conditions are detailed in 
Tables 14 and 15. The per-acre capital 
intensity -- for both total variable 
production costs and total production 
costs - - is about twice as much under 
irrigation as under dryland conditions. 
The irrigation-dryland capital intensity 
differential is slightly greater for 
alfalfa than for corn or soybeans. 

The energy cost per unit of land is 
2.0 to 2.2 times as much under irrigation 
as under dryland conditions for corn and 
soybeans, and 2.7 to 2.8 as much for al
falfa. The energy cost per unit of out
put produced is also greater under irriga
tion (except for corn in Brookings County) . 

The break-even price for corn raised 
under irrigation in Brookings County is 
16% less than that for corn raised under 
dryland conditions. For the other crop 
situations studied, however, the break
even price for irrigated production is 
roughly the same as (corn and soybeans in 
Turner County) or is more than (alfalfa 
in both counties) that for dryland produc
tion. These findings show that the use of 
irrigation does not necessarily lead to 
the production of lower cost farm commo
dities. 

The relative profitability of irriga
ted versus dryland production differs 
depending on whether the point of reference 
in the profit calculations is total vari-

7. Hewlett and Bateman (1979) also show the profitability of corn 
versus alfalfa in Butte County to depend on the relative 
market prices assumed for the two crops. 

10 



able costs or total costs. To illustrate, 
the net returns over variable costs are 1.6 
to 3.4 times higher under irrigation than 
under dryland conditions. Thus, far-
mers with cropland already under irrigation 
in 1981 appear to have earned considerably 
greater returns per acre to their fixed 
assets (or above their variable costs) 
than farmers raising crops without irriga
tion. 

In the cases studied, however, the 
net returns over total production costs 
are without exception lower with than 
without irrigation. The net returns 
with irrigation versus without irrigation 
range from $11/A less for corn in Brookings 
County to $62/A less for alfalfa in Turner 
County. If these findings for 1981 were 
interpreted to portray the longer term 
economic potential for agricultural pro
duction in the two counties studied, 
the future prospects·particularly under 
irrigation would have to be viewed as 
somewhat dismal. 

At least four factors temper such a 
conclusion, however. The input-product 
price relationships for 1981 (except for 
alfalfa) are generally acknowledged to 
have been unusually unfavorable for far
mers. Second, a major benefit from irri
gation arises in drought years, an aspect 
not taken into account in this study. 
Third, the level of management plays a key 
role in determining the profitability of 
farming. The future economic prospects 
of agriculture for above-average managers 
are, of course, brighter than those for 
below-average managers. And fourth, the 
incentives that farmers have to own land 
differ. Some, for example, might be will
ing to own land more for the prospect of 
future possible appreciation in the value 
of the land than for the current return.8 

The analysis in Table 16 shows data 
on existing market prices and 1981 break
even prices computed with respect to var
iable production costs, total production 
costs minus land charges, and total produc
tion costs. The 1981 market prices are 
higher than the break-even prices which 

take into account only variable production 
costs for each crop -- whether irrigated 
or dryland -- in both counties. This 
finding, of course, affirms the economic 
value of farmers continuing in the short 
run to operate their farms. 

However, in each case except for 
alfalfa, the 1981 market prices are less 
than the break-even prices which take into 
account the total costs of production. 
These findings are consistent with the 
earlier ones based on the net returns to 
the total assets in farming. 

�� the 1981 �arket prices are com
pared with the 1981 break-even prices for 
all production costs except for the land 
charge, conclusions are not as clear-cut. 
In a majority of instances, market prices 
exceed the break-even prices. In three 
instances, however, they do not (corn, 
flax, and sunflowers in Brookings County) ; 
in two instances the market and break
even prices are essentially the same 
(barley and spring wheat in Turner County) . 
Thus, farmers who believe that the product
input price relationships of 1981 were 
unusually unfavorable and are willing to 
continue farming, even if the return on 
land is not necessarily what they could 
earn from other uses of their funds, will 
likely continue over the long run in farm
ing. Those who are less optimistic about 
the prospect of more favorable farm pro
duct-input price relationships, do not 
place a special value on land ownership, 
and are qualified for non-farming occupa
tions may prefer to leave farming. 

Impacts of rising energy prices on the 
economics of future crop production 

At the national level, the prices 
farmers paid for all production inputs, 
services, interest, taxes, and wages more 
than doubled between 1965 and 1977. In 
the four years from 1977 to 1981, these 
prices increased an additional 50%. 

8. Farmers whose land is heavily mortgaged, of course, have no choice. 
Their current returns from farming must be adequate to meet 
their debt obligations on the land, or they will be forced 
out of the farming business. 
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Since 1977, the prices of fuels 
and energy have more than doubled, whereas 
the prices of other farm inputs have in
creased by no more than about 50%. Even 
the farm real estate market has not ex
perienced such a rise. 

In this study, the impacts of rising 
energy prices on the economics of crop 
production are projected to 1990. The 
yields and input-levels reported in 1977 
are assumed to not change. While this 
may be rather conservative, 9 most crops 
showed either modestly increasing or un
changing yields from 1965 to 1980 in the 
two counties (CLRS, 1971, 1976, 1981) . 
Except for borrowed funds (the interest 
rate was assumed to remain constant 
throughout the study period) lO and 
energy. the prices of farm inputs were 
assumed to increase between 1977 and 1980 
at the rates projected by Shane (1980) . 

Two alternative levels of price in
crease are assumed for energy. An inter
mediate rate of increase involves an 
assumed doubling of the 1981 energy price 
by 1990. The high rate reflects an 
assumed doubling of the 1981 energy price 
by 1986. In contrast with the 1981 to 
1990 annual rates of increase in diesel 
fuel and electricity prices of 2.7 to 
2.8%, the intermediate and high rates of 

price increase involve annual growth 
11 rates of 8.0 and 14.9%, respectively. 

The projected growth rates in pro
duct prices are based on forecasts pro
vided by Chase Econometrics (1981) and 
our knowledge of commodity interrelation
ships. The annual growth rates in product 
prices projected in this study for 1977 
to 1990 are most commonly 6.4 to 6.6% 
(Table 17). They do range, however, from 
5.8% for alfalfa to 7.7% for corn and 
sorghum. These projected growth rates 
for product prices -- roughly comparable 
with those for the variable production 
costs under the intermediate energy price 
increase assump�ion -- were applied 
against the mean prices for the various 
crops during 1978 to 1980 to obtain the 
projected prices in 1990 shown in Table 11. 

The impacts of rising energy prices on 
the economics of future crop prQduction 
are evaluated in terms of the absolute 
and relative expenditures on energy, net 
returns over variable production costs, 
net returns over total production costs, 
and b.reak-even prices (relative to vari
able production costs). 

Assuming current trends in input 
prices, the net returns over variable 
costs projected to 1990 are considerably 
more (ranging from about 15 to 80%) for 

9. The yield assumption is probably more conservative for crops raised 
with than without irrigation. The improved moisture environment 
for crops provided through irrigation alleviates a common criti
cal constraint to the achievement of higher yields. Since 
achieving possibly higher yields would require the use of addi
tional inputs, however, providing in the analysis for increased 
yields over time would have required providing also for the pay
ment for additional inputs over time. 

10. The authors do not believe that interest rates will remain constant 
over the decade of the 1980's. Forecasting with any precision 
how the interest rate will change from year to year is infeasi
ble. The authors therefore used the simplifying assumption of 
unchanging interest rates over the study period. The impact on 
crop profitability of interest rates higher and lower than the 
assumed 18% is reported by Shane (1982) . 

11. Here and elsewhere in the bulletin, the rates of price increase are 
in "nominal" not "real " terms. 

The U.S. Department of Energy (USDE, 1981, 40) projects oil prices 
to increase between 1980 and 1990 at "low", "medium", and "high" 
rates of 6.8, 9.2, and 11.0% per year. 
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corn and soybeans than for alfalfa (Table 
18).12 In Turner County, under both 
irrigated and dryland conditions, corn 
is more profitable than soybeans. In 
Brookings County, dryland soybeans has 
a slight edge over dryland corn. Alfal
fa's profit superiority in 1981 appears 
to have reflected its unusually high 
price in that (and the preceding) year. 

Assuming that the 1981 energy price 
doubles by 1986, the projected net re
turns from dryland crop production in 

-1990 are most commonly $35 to $45/A less 
than the projected net returns with the 
current trends in input prices. The re
duction in net returns for corn, however, 
exceeds $80/A. 

Farm application: The projected net re
turn in 1990 for a 350 A dryland farm 
under the "high energy price increase" 
assumption for crops other than corn is 
$12,000 to $16,000 per year less than 
under the "current trends in input prices" 
assumption. If the farm were under corn 
production, however, the difference in 
net returns because of high ene�gy prices 
would be roughly $30,000 per year. 

In relative terms, the projected 
net returns in 1990 under dryland condi
tions are most commonly from 35 to 50% 
less with rapidly increasing energy prices, 
although the reduction in net returns 
is as low as 14 to 19% for alfalfa and 
soybeans. 

Under irrigation and with rapidly 
increasing energy prices, the projected 
net returns from corn production in 1990 
are roughly $190/A less than with the 
current trends in input prices assumed. 
The corresponding reductions in net re
turns for irrigated soybeans and alfalfa 
are less than one half as much as those 
for corn. 

Farm application: The projected net re
turn in 1990 for an irrigated quarter 
section of corn under the "high energy 
price increase assumption" is about 
$25,000 per year less than under the 
"current trends in input prices" assump
tion. If the quarter section were in 
alfalfa, the reduction in net returns be
cause of higher energy prices would be 
about $10,000 per year. Nevertheless, 
under higher energy prices, irrigated 
corn is still considerably more profit
able than irrigated alfalfa. 

The relative reduction in net re
turns from rapidly rising energy prices 
ranges from 16% for irrigated soybeans 
to about 40% for irrigated corn. 

The ranking in the projected rela
tive profitability among crops in 1990 is 
rather different under the high energy 
price assumption from that under the cur
rent trends in input prices assumption. 
The most striking difference is the emer
gence of soybeans as the most profitable 
crop under both dryland and irrigated 
conditions. Its net return per acre 
ranges from 13 to 25% more than that from 
its nearest competitor. Under dryland 
conditions in Brookings County, alfalfa 
has a marked profit advantage over corn 
(46%). In Turner County, alfalfa and 
corn are about equal in their profitability. 
Under irrigation, however, corn contin-
ues to enjoy a considerable economic ad
vantage over alfalfa (32 to 41% higher 
net returns) , even under rapidly rising 
energy prices. 

Differences in the relative ranking 
of crops under different rates of escala
tion in energy prices, of course, reflect 
differences in the amounts of energy re
quired to produce the different crops. 
Thus, in summary, under rapidly rising 
energy prices and dryland conditions, 
corn which is the most energy-intensive 
crop loses considerably in its comparative 

12. The net returns per acre from crop production projected to 1990 
are much higher than the net returns in 1981 (except for alfal
fa) . This outcome arises because (1) the base point for most 
calculations underlying the 1990 projections is 1977 and (2) 
input prices -- especially for energy and borrowed funds -
rose much more rapidly than output prices between 1977 and 
1981. 
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advantage relative to alfalfa and soybeans 
which are the least energy-intensive. 
Under rapidly rising energy prices and 
irrigated conditions, corn's comparative 
advantage relative to alfalfa is reduced, 
but not, however, to the point where it 
ceases to maintain a considerable profit 
margin over alfalfa. Irrigated corn's 
profit superiority relative to irrigated 
soybeans in Turner County is eroded away 
under high energy prices; irrigated soy
beans provides a 19% greater net return 
per acre than does irrigated corn. 

The projected cost of energy per 
acre with high energy prices for the var
ious crops is about 2. 4 times as much as 
with current trends in input prices 
(Tables 19 and 20). Under high energy 
prices, the total variable costs per dry
land acre are about 45% higher for alfal
fa and soybeans and about 70% higher· for 
corn. Under irrigation, the total vari
able cost increments are about 10 percent
age points higher than under dryland con
ditions. 

The energy cost relative to the total 
variable costs of producing various crops 
is about 20 percentage points higher under 
the high energy price increase assumption. 
The least energy-intensive situations -
dryland alfalfa and soybeans -- involve 
energy comprising about 34% of the total 
variable costs under current trends in in
put prices versus about 54% under high 
energy price increases. The corresponding 
percentage comparison for the most energy
intensive crop situation -- irrigated 
corn is about 55 versus 75%. 

In some situations, the 1990 pro
jected break-even prices are higher for 
irrigated than dryland crops, and in 
others they are lower. For example, the 
break-even prices for alfalfa produced 
with irrigation are from 15 to 30% higher 
than those for alfalfa produced without 
irrigation. For corn in Brookings 
County, on the other hand, the projected 
break-even price in 1990 with irrigation 
is from 12 to 17% less than that without 
irrigation. For corn and soybeans in 
Turner County, the break-even prices for 
dryland and irrigated production are al
most the same (they differ by 7% or less) . 

Under rapidly increasing energy 
prices, break-even prices are from about 
45% higher (for dryland alfalfa) to 75% 
higher (for irrigated corn) than with the 
current trends in input prices assumed. 
These differences in the increase in 
break-even prices, of course, are di
rectly related to the amounts of energy 
required to produce the various commo
dities. 

For each crop-energy price situa
tion, the net returns over total variable 
costs per acre are positive. Further, 
they are higher with than without irri
gation. The irrigated-dryland increment 
in net returns ranges from 40 to 60% for 
alfalfa in Turner County to 2. 6 to 3.0 
times for corn in Brookings County. Thus, 
even if energy prices were to escalate 
rapidly during the 1980's, farmers al
ready having irrigation facilities 
w�uld �pp�ar �o bI3well advised to con
tinue irrigating. 

Nevertheless, the net returns from 
production would be adversely affected if 
energy prices were to rise rapidly. Un
der the high energy price rise assumption 
in this study, the net returns per acre 
range from 14% less (dryland soybeans in 
Turner County) to over 40% less (corn in 
Brookings County) than with the current 
trends in input prices. 

The results of this study show the 
longer term economics of irrigated agri
culture -- especially if faced with 
rapidly rising energy prices -- to vary 
considerably by crop. Under each of the 
three energy price situations considered, 
for example, the net returns over the 
total costs of producing alfalfa in both 
Brookings and Turner counties are nega
tive. For irrigated soybeans in Turner 
County, on the other hand, the net returns 
over total costs are positive under all 
three energy price situations. Irrigated 
corn in both counties occupies an inter
mediate position. With current trends in 
input prices, . the projected net returns 
over total costs in 1990 exceed $160/A. 
Under the high energy price increase 
assumption, however, the total costs of 
producing irrigated corn exceed gross 
returns by over $20/A. 

13 . This statement presupposes that the salvage value of used irriga
tion equipment is relatively low. 
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If energy prices were to rise rapidly, 
farmers having to borrow funds to invest 
in new irrigation equipment could encoun
ter some trouble in meeting their princi
pal and loan payments from the annual 

cash flows realized through crop pro
duction. Irrigated corn is shown to be 
especially vulnerable to rapidly rising 
energy prices. 

Table 1. South Dakota counties with 10,000 or more acres under irrigation, 1969 and 1978. 

Acres under irri�ation Increase from 1969 to 1978 
County 1969 19 8 Acres Ratio 
West River 

Meade 6,035 10,001 3,966 1. 7 
Fall River 12,388 15,764 3,376 1. 3 
Pennington 9,689 10, 752 1,063 1.1 
Butte 50,262 50,344 82 1.0 

Sub-total (78,374) (86,861) (8' 487) (1.1) 
East River 

Union 1,048 19, 5 10 18,462 18.6 
Beadle 2,5 24 14,250 11, 726 5.7 
Spink 6,602 18, 139 11,537 2.8 
Turner 3,123 13' 139 10 ,016 4.2 
Brookings 984 10,697 9' 713 10. 9 
Charles Mix 4,047 11, 877 7,830 2.9 
Hughes 4,675 10,853 6,178 2.3 

Sub-total (23,003) (98,465) (75 ,462) (4.3) 
Sources: USDC (1972, 269-270) ; USDC (1980, 121-122) 

Table 2. Planted acres of selected crops, Brookings and Turner counties, average 
1970-1979. 

Brookings 
Countya 

CroE Acres 

Corn 115,300 
Oats 83,700 
Alfalfab 39,300 
Spring wheat 13, 100 
Winter wheat 2,000 
Barley 8,100 
Sorghum 1,300 
Flax 20,800 
Soybeans 9,400 
Winter rye 3,000 

Sources: CLRS (1980, 1981) 
a 

Turner 
County 

Percent Acres 

39.0 131,300 
28.3 70,300 
13. 3 23,000 

4.4 1, 100 
0.7 c 

2.7 1,600 
0.4 2,900 
7.0 c 
3.2 35,700 
1.0 c 

South Dakota 
Acres 

Percent c'ooo) Percent 

49.4 3,466.0 25.6 
26.4 2,551.0 18.9 

8.7 2,487.7 18.4 
0.4 2,053.4 15.2 

n/a 930.3 6.9 
0.6 568.5 4.2 
1.1 439.0 3.3 
n/a 425.4 3.1 

13.4 351.3 2.6 
n/a 247.3 1.8 

for 

The planted acreages of sunflowers in 1978, 1979,. and 1980 in Brookings County were 
3,000, 13, 400, and 10,500 acres, and in South Dakota they were 165,000, 620, 000, and 
5 25, 000 acres, respectively. 
b 

The harvested, rather than planted, acreage of alfalfa is shown. 
c 

Less than 500 acres. 
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Table 3. Areas under irrigation , selected crops , Brookings and Turner counties , 1978. 

Brookings County Turner County South Dakota a 
Acres Percent Acres Percent Acres Percent 

Corn 8 , 045 75.2 10 ' 069 76.6 175 , 323 54.6 
Alfalfa 1, 012 9.5 636 4.9 79 , 222 24.6 
Soybeans 369 3.4 1 , 85 2  14.1 12 ' 5 96 3.9 
Otherb 1 , 271 11. 9 5 82 4 . 4 54 , 198 16.9 
Total 10 , 697 100.0 13,  139 100.0 321 , 339 100.0 

Source: USDC (1980; 18- 20 , 202 ,  204 ,  4 87 ,  490) 
a 

The DWNR (1977) reports 62% of the East River irrigated area under corn and only 15% 
under alfalfa, whereas over 40% of the West River irrigated area is under alfalfa and 
only 29% is under corn. 
b 

The principal "other" crops in Brookings County are oats (303 acres) and wheat (228 
acres) , and in South Dakota they are wheat (10 , 896 acres) and oats (7, 166 acres) . 

Table 4. Cost structure , selected dry land and irrigated crops , Brookings County , 1981. 
Dryland crop• Irrigated Crops 

Co•t itea A:Ilalla Birley Com Prix IJau Soybean• Spring Wheat !iunlioven All al la Corn 

Fixed co•t• 
Land charge 5 3 . 62 5 3 . 62 5 3 . 62 5 3 . 62 53, 62 5 3 , 62 5 3 . 62 5 3 . 62 89 . 35 89 . 35 
Depreciation and in•urance 13. 36 19 . 4 9  2 3 . 92 18. 70 19 . 19 19 . 19 19 . 49 17. 85 40. 31 41 . 06 
Interest on inve•tment 10 . 49 17 . 92 1 7 . 56 19 . 24 1 7 . 72 18 . 31 1 7 . 82 15 . 74 4 7 .  37 6 1 .05 

Fixed coat sub-total 7 7 . 4 7  ' 9 1 . 03 9 5 . 10 . 9 1 . 56 90. 5 3 9 1 . 12 90 . 93 8 7 . 21 177 . 0 3 19 1 . 46 
Variable c oats 

Fert il izer 10.28 16 . 57 20. 28 1 1 . 9 3  12 . 9 3  5 . 5 7  1 6 .  5 7  1 1 . 9 3  2 3 . 77 5 5 . 1 3  
Machinery fuel and lubrication 1 1 . 96 14 . 64 18. 14 14 . 10 14 . 10 14. 78 14 . 88 1 3 .  70 9 . 24 1 1 . 2 3  
Seed s 2 . 53 4 . 26 10. 69 1 2 . 00 6 . 02 1 3 . 32 10. 00 4 . 60 5 . 20 1 5 .  7 5  
P l ant protection chemical• 1. 73 3 . 6 3  1 5 . 38 2 . 12 2 . 90 7 . 80 4 . 46 13.  77 0 1 5 .  4 5  
Interest on operating capital 3 . 26 4 . 12 6 , 96 3 . 8 7  3 . 8 2  4 . JO 4 . 34 4 . 88 6 . 40 1 3 . 4 2  
Mach l nery repair 9. 59 3 . 88 5 . 2 5  3 . 7 7  3 .  7 7  4 . 2 3  3 . 88 3 . 94 9 . 46 8. 12 
Miscel laneous overhe1td coat• 1 . 80 2 . 27 4 . 29 2 . 33 2 . ]  7 2 . 5 5 2 . 66 2 . 80 2. 38 6 , 69 
Crop insurance 0 2 . 49 3 . 45 2 . 38 2 . 4 3 2 . 54 2 .  5 4  2 .  70 0 1 . 88 
Grain s torage" 0 0 2 , 36 , JO 1 . 18 2 .  7 1  . so 5. 30 0 1 .  S J  
G ra in d rying 0 0 10.20 0 0 0 0 0 0 2 4 .  i 4  
Custo11 h i r i lig 0 0 0 0 0 0 0 0 6, 55 6 , 04 
I r riga t ion syste• repair 0 0 0 0 0 0 0 0 .99 .44 
I rr igat ion system power 0 0 0 0 0 0 0 0 2 5 , 92 29 . 0 J 

Variable coat sub-total 41 . 1 5 5 1 . 86 ' 96 . 99 ' 5 2 . 80 · 49 . 32 5 7 . 81) 60 . 1 3 6 3 . 62 . 89 . 9 1  189 . 4 5  
To.ta I co at a 1 18 . 62 142 . 89 192 . 09 144. 36 1 39 . 8 5  148 . 92 151 . 06 150 . 8 3  266 . 94 380 . H  

(dollars per acre) 

Table 5. Cost structure , selected dry land and irrigated crops , Turner County , 1981. 
Drylanil Cropa trrigateil crops 

Ptlni 
c.2!� i t ea  Alfalfa Barley Corn Flax Oats Sorghum Soybean• wheat Alfalfa Corn Soybeans 

•l" t "ed costs 
(,,and charge 6 7. 02 67. 02 67· 02 67· 02 67• 02 67 . 0:! 6 7 ° 02 67· 02 107· 23 1 0 7 • 2 3  10 7 •2 3  
Depree ia t ion and insurance 2 5. 19 2 3. 56 25 . 19 23 ,  31 22.  58 2 3. 0 1  2 2 . 28 2 3 ·  56 7 6 ·  06 t. 9 •  64 44 . lJ 
i n t er e s t  on investment 2 3 .  32 18 . 39 1 5 . 9 2 1 3. 68 18. 08 1 7 . 4 6  18 . 98 18 . 36 100 . 8 5  8 1 . 5 1  6R • 25 

F lxed coat sub-total 1 15 . 5 3  108 . 9 7  108 . lJ 104 . 01 107 , 68 
Var lab le costs 

107 . 49 1 08 . 28 108 . 9 4  284 . 1 4  238. 38 2 1 9 .  6 1  

F e n i Uzer 13. 71 1 6 . 57 25. 7 1  14. 3 5  16. 57 2 3 . 85 5 . 5 7 1 6 .  5 /  34 . 2 7  7 4 .  64 1 6 .  7 1  
liar. h inery fuel and lubr:lcation 18 . 1 3 14 . 40 1 8 . 40 14 . 40 14 . 64 1 6 . 40 15.  30 14 . 88 17 . 20 1 2 . 0 1  10 . 2 1 
Seeds 4 . 1 3 4 . 26 12. 25 18 . 00 7 . 20 J. 38 1 3 . 20 1 2 . 00 4 .  72 1 9 .  88 1 3 . 9 2 
P l an t  p ro t ec t ion che111i cala 1 .  73 1 . 84 1 3 .  9 3  , 6 7 2 . 12 7. 75 9 . 2 5 2 . 06 0 l J . 5 6 10 . 0 3 
I n t e rest nn opt.rating cap i t a l  4 .  52 4 . 00 7 .  76 4 . 28 4. JO 5 . 8 2 4 . 48 4 . 16 8 . 00 15 . 1 2 8. 32 
'1a ch l ne r y  repair 14. 33 4 . 05 4 . 9 1 3 . 94 4 , 05 4 . 29 4 . 00 4 , 05 8 , ';0 7 ,  1, 6 7 .  99 
"i l s c e l l ant:ous overhead costs 2 . 60 2 . 21 4 . 80 2. 72 2 . 4 3  3 . 29 3 . 1 8  2 . b4 J . 2 3  7 .  42 3 .  33 
C rop Tns urance 0 3 . 08 J. 78 2. 70 2. 54 2. 75 2 • . �4 2 . 49 0 9 . 2 2 6 .  7 4  
G r a i n  s t o rage• 0 0 3 . 24 . 4 1  1 . 5 3 7 .  )6 3 . 5 4  • 7 1  0 (l 1 . 06 
Grain d ry i ng 0 0 1 3. 86 0 0 0 0 0 0 1 1 .  60 0 
Cus tom h i r i n g  0 0 0 0 0 0 0 0 2 . 6 3  4 .  2 3  6 .  5 6  
I r r  l g a t  1 011 sys tem repair 0 0 0 0 0 0 0 0 3 . 1 1  1 .  34 2. ?.4 
I r r i ga t ion sys tem power 0 0 0 0 0 0 0 0 J J . 81 30. )6 2 5 .  7 2  

V a r  i a h  l e  c o s t  sub-total 59 . 15 50 . 4 1 108 . 64 6 1 . 4 7  5 5 .  3 8  7 4 .  89 6 1 . 06 5 9 .  56 1 1 5 . 4 7  2 0 6 .  84 1 1 2 . 8 3  
Tota l costs 1 74 . 68 1 5 9 .  38 216. 7 7  165 . 4 8  16 3 . 06 182. )8 169 . )4 168 . 50 399 . 6 1  4 4 5 .  2 2  332 . 4 4  

(dollars per acre) 
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Table 6 .  Levels of fertilizer application, selected dryland and irrigated crops, 
Brookings and Turner counties, 1 9 7 7 . 

Nitrogen (N) Phosphorus CP 2,.Q.5L Potassium (K20) 
Crop Brookings Turner Brookings Turner Brookings Turner 

(pounds per acre) 
Dryland crops 

Alfalfa 0 0 4 5  6 0  0 0 
Barley 4 0  4 0  3 0  3 0  0 0 
Corn 6 0  7 5  2 5  3 3  0 0 
Flax 40 45  10  15  0 0 
Oats 3 0  4 0  2 5  3 0  0 0 
Sorghum n/a 7 0  n/a 3 0  n/a 0 
Soybeans 6 6 17 1 7  0 0 
Spring wheat 40 40  3 0  3 0  0 0 
Sunflowers 3 5  n/a 15 n/a 0 n/a 

Irrigated Crops 
Alfalfa 0 0 9 5  1 3 8  1 5  2 2  
Corn 150 2 2 0  7 0  60 20 6 0  
Soybeans n/a 0 n/a 6 6  n/a 1 3  

Sources: The levels of fertilizer application for dryland crops reflect the j udgments 
of selected extension and farm management research personnel at SDSU. Application 
rates for irrigated crops are those reported by the farmers surveyed in the Everson 

( 1 9 7 9 )  study. 

Table 7 .  Prices of inputs for selected crops , Brookings and Turner counties, actual 
prices in 19 7 7  and 19 81 and projected prices in 1 9 8 6  and 1 9 9 0� 

Input 

Energy 
Diesel fuel 
Electricity 

Interest rate 

Unit 

$/gal. 
¢ /.KWH 

Operating capital Pqrcent 
Investment capital Percent 

Fertilizer 
Nitrogen (N) $/ lb. 
Phosphorous (P 2 05 ) $/ lb. 
Potassium (K20 ) $/ lb. 

Seeds 
Alfalfa 
Barley 
Corn 
Flax 
Oats 
Sorghum 
Soybeans 
Spring Wheat 
Sunflowers 

$/ lb. 
$/pk. 
$/MVK 
$/pk. 
$/pk. 
$/ lb. 
$/bu. 
$/pk. 
$/ lb. 

�-----P_r_i_· c_e_s _____________ Compound annual growth rate ( %9· 
Actual Proj ected 1 9 7 7- 1981- 1977-

19 7 7  1981  1986 1990 1981 19 90 1990 

0 . 45 
2 . 30 

9 
7 

0 . 17 
0 . 16 
0 . 09 

2 . 05 
0 . 7 5  
0 . 5 5 
1 .  85 
o . s s 
0 . 40 
9 . 00 
0 . 9 7  
1 .  s o  

1 . 20 
5 . 10 

18  
18  

0 . 24 
0 . 2 3  
0 . 1 3 

2 . 3 6 
0 . 85 
0 . 7 5  
3 . 00 
0 . 60 
0 . 48 

12 . 00 
2 . 00 
2 . 00 

1 7  

1 .  4 2  
5 . 90 

18 
18 

0 . 28 
0 . 27  
0 . 15 

2 . 6 5 
0 . 9 3 
0 . 8 3  
3 . 24 
0 . 66 
0 . 53 

13 . 44 
2 . 19 
2 . 16 

1 . 54 
6 . 50 

18 
18 

0 . 30 
0 . 28 
0 . 1 6 

2 . 8 1 
0 . 9 7 
0 . 87 
3 . 41 
0 . 7 0 
0 . 56 

14 . 36 
2 . 3 3 
2 . 2 9 

2 7 . 8  
2 2 . 0  

18 . 9  
26 . 9  

9 . 0  
9 . 5  
9 . 6  

3 . 6  
3 . 2  
8 . 1  

1 2 . 9  
2 . 2  
4 . 7 
7 . 5  

19 . 8  
7 . 5 

2 . 8 
2 . 7 

0 
0 

2 . 5 
2 . 2 
2 . 3 

2 . 0  
1 .  5 
1 .  7 
1 . 4  
1 .  7 
1 .  7 
2 . 0  
1 .  7 
1 .  5 

9 . 9  
8 . 3 

5 . 5  
7 . 5  

4 . 5  
4 . 4  
4 . 5  

2 . 5 
2 . 0  
3 . 6  
4 . 8  
1 .  9 
2 . 6  
3 . 7 
7 . 0  
3 .  3 ' 

(continued on next page) 



Sources : The ac tual pri ces for 19 7 7  are those reported by the farmers surveyed in the 
Everson ( 19 79) s tudy . The originally proj ected prices for 1981  were checked agains t the 
prices ac tually charged to farmers in 1 98 1 , as repor ted by selec ted input supp liers . 
Where the ac tua l prices differred fro� those proj ected , the ac tual prices were us ed . 
The prices proj ec ted f rom 1981 to 1990 reflect the relative rates of proj ec ted increas e 
reported by Shane ( 19 80 ) . 
a 

Al t erna t ive levels t o  tho se shown in the t ab l e  were proj ected for energy . The alter
na t ives invo lve an as s umed doub ling o f  the 1 9 81 prices for energy -- i . e . , fo r dies el 
fuel and elec tri city and the energy embo died in fertilizer and plant p ro tect ion ch emi
cals -- by 1 9 9 0 , on the one hand , and by 1 9 8 6 , on the o ther . The as sumed doub l ing o f  
the 1 9 81 energy p rice b y  1 9 90 and b y  1 9 8 6  invo lve compo und annual growth rates from 
1 9 81 to 1 99 0  of 8 . 0  and 14 . 9% ,  resp ectively . 

b 
Compo und annual growth rat es from 1 9 7 7  to 1 9 9 0  fo r cos t items no t shown in the t ab l e  

a r e  a s  fol lows : cus tom-hire (primarily dies el fuel ) - 9 . 9 % ;  irrigat ion sys tem repair -
8 . 7% ;  p lant protec t ion chemi cals - 3 . 8 % ;  dep reciatio n ,  taxes , and farm and equipment 
ins urance - 3 . 3% ;  grain s to rage - 2 . 9% ;  machinery repair - 2 . 1 % ;  and c rop ins urance -
1 .  6 % . 

Tab le 8 .  Es t ima ted energy cos t  components in the p roduct ion of selec ted dryland and irri�ated 
crops , Brookings County , 1981 . 

Irrigation Machinery Plant protec-
sys t em fuel and Fertilizer Grain t ion chemicals 

CroE :eower lubrication manuf ac ture dr1ing manufacture To tal a 
( do l lars per acre )  

Dry land cro ps 
Co rn 0 18 . 14 14 . 1 7 10 . 20 4 . 35 46 . 8 6 
Sunflowers 0 1 3 . 7 0  8 . 0 9  0 3 . 9 1 25 . 7 0 
Spri�g wheat 0 14 . 88 9 . 40 0 1 . 26 25 . 54 
Barley 0 14 . 64 9 . 40 0 1 . 0 3 25 . 0 7 
Flax 0 14 . 10 9 . 1 7 0 0 . 6 3 23 . 90 
Oat s 0 14 . 10 7 . 08 0 0 . 81 21 . 9 9 
.3oybeans 0 14 . 78 1 . 5 3 0 2 . 1 9 18 . 50 
Al falfa 0 11 . 96 0 . 5 1 0 0 . 4 9 12 . 9 6 

Irri gated crops 
Co rn 29 . 03 11 . 2 3 35 . 0 7 24 . 7 4 4 . 32 104 . 39 
Alfalfa 2 5 . 9 2 9 . 2 4 1 . 2 8 0 0 36 . 44 

a 
The to tal energy cos ts as percen tages of the total variab le co s t s  o f  produc tion are shown in 

bracket s .  
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( 4 8 . 3 ) 
( 40 . 4 ) 
( 4 2 . 5 ) 
( 48 . 3 ) 
( 45 . 3 ) 
( 44 . 6 ) 
( 32 . 0 )  
( 3 1 . 5 )  

( 5 5 . 1 ) 
( 40 . 5 ) 



Table 9 .  Es t imated energy cost components in the p roduct ion of selected dryland and irrigated 
crop s , Turner County , 1981 . 

Irrigat ion Machinery Plant pro tec-
sys tem fuel and Fertilizer Grain t ion chemicals 

Crop power lubrication manuf acture drying manufac ture To tal a 
(do llars per acr e)  

Dry land crops 
Corn 0 18 . 40 1 7 . 39 13 . 86 3 . 9 5 5 3 . 60 (49 . 3 ) 
Sorghum 0 16 . 40 1 6 . 19 0 2 . 20 34 . 7 9 ( 4 6 . 5 ) 
Flax 0 14 . 40 10 . 34 0 0 . 1 9 24 . 93 ( 40 . 6 )  
3p rin g  wheat 0 14 . 88 9 . 40 0 0 . 59 24 . 8 7  ( 41 . 8 )  
Oats 0 14 . 64 9 . 40 0 0 . 60 24 . 64 ( 4 4 . 5 ) 
Barley 0 14 . 40 9 . 40 0 0 . 52 24 . 32 ( 4 8 . 2 ) 
Soybeans 0 15 . 30 1 .  5 3  0 2 . 5 3 1 9 . 3 6 ( 3 1 . 7 )  
Alfalf a 0 1 8 . 13 0 . 6 7 0 0 . 4 9 19 . 2 9 ( 3 2 . 6 )  

Irrigated crops 
Corn 30 . 3 6  12 . 01 51 . 39 11 . 60 4 . 34 109 . 7 0 ( 5 3 . 0 ) 
Al falfa 3 3 . 81 1 7 . 20 1 . 61 0 0 52 . 6 2 ( 4 5 . 6 ) 
Soybeans 2 5 . 7 2  10 . 21 0 . 80 0 3 . 01 39 . 7 4 ( 3 5 . 2 ) 

a 
The total energy co sts as perc entages o f  the to tal variable cos t s  o f  product ion are shown in 

bracke ts . 

Table 10. Per-acre yield s  o f  s elec t ed dryland and irriga t ed crop s , B ro o kings and 
Turner counties , 1977. 

C r op Uni t Brookings Turner 

Dry land crops 
Alf alfa T on 2 . 5 3 . 5 
Bar ley Bushel 41 41 
C o rn Bushel 55 75 
Flax Bushel 12 17 
Oats Bus hel 50 65 
S o rghum Cwt n/a 29 
S oyb eans Bushel 19 25a 
Spring wheat Bushel 28 27 
S unf lower s Cwt 9 n/a 

Irrigated Cr ops 
Alfalfa Ton 4. 5 5  6.0 
C orn Bushel 129 145 
S oybeans Bushel n/a 45a 

S ources : The yields for dryland crops are tho s e  r epor t ed by Allen e t  al . 
( 1979) . Yields for irrigated crops are tho s e  repor ted by the farmers sur
vey ed by Evers on (1979) . 

a 
The Cooperative Ext ens ion S ervi ce rep o r t s  tha t soyb eans yields on f armer fields in 

Turner Coun ty in 1981 were commonly 30 to 35 bu/A und er dryland condit ions and 55 
to 60 bu/A wi th irrigation . 

1 9  



Tab le 1 1 . Farm p ri c es fo r s e lec ted crops ; B roo kings and Turner count ies ; 3-year mean , 
1 9 7 8- 80 ; assumed for  19 8 1 ;  and p ro j ec t ed f o r  1 99 0 . 

3-year 
mean As sumed Proj ected 
1978-80a for 198lb Crop Unit f or 1990c 

Alfalfa 
Barley 
Corn 
Flax 
Oats 
S orghum 
Soybeans 
Spr ing wheat 
Sunf lowers 
a 

Ton 4 2 . 50 
Bushel 2 . 23 
Bushel 2 . 3 4 
Bus hel 6 . 42 
Bushel 1 . 3 6 
Cwt 3 . 6 7 
Bushel 6 . 53 
Bushel 3 . 5 9 
Cwt 9 . 8 2 

(dollar s per uni t )  
6 5 . 00 7 9 . 02 

2 . 2 5 4 . 50 
2 . 40 5 . 2 9 
6 . 7 5 12 . 8 3 
1 . 80 2 . 7 5 
4 . 20 8 . 30 
5 . 7 5 12 . 9 2 
3 . 7 5 7 . 25 

10 . 00 19 . 43 

The data us ed in 
pub lished by CLRS 
b 

the calculation of the three-year means are " seasonal average prices" 
( 19 8 1 ) . 

Since only par t of the 1981 cr op was sold by O c tober 198 1 when these calculat ions were 
perf ormed , at tention in es timating 1981 prices was given not only to the pr ices dur ing 
any peak marke ting months already experienced in 1981 , but also futures prices (minus 
appropriate "bases" ) f or subs equent peak market ing months in which the 1981 crop is likely 
to be sold , seasonal average pr ices from recent years , 1981 government loan rates (wher e 
applicable) , and the j udgment of grain marketing specialis t s . 
Pos tscript : The seas onally adj us ted " 19 81" prices for the various c rops , as firs t 
reported on Feb ruary 1 ,  1982 by the South Dako ta S tatis tical Repor ting Servi ce 
( SRS , 1982 ) ,  are all wi thin 10 percent of the "assumed for 1981" prices indica ted be
low , excep t  sorghum who s e  ac tual price was reported to b e  $ 3 . 45 per cwt . 
c 

The proj ec ted comp ound annual growth ra tes for product pric es for 1 9 7 7  through 1990 
reported in Tab le 2 0 were applied agains t the three-year means for 1978- 80 to ob tain the 
proj ec ted pr ices for 1990 . 

Table 1 2 . Energy and overall produc tion cos ts , net returns , selec ted dryland and 
irrigated crops , Brookings Cotmty ,  1981 . 

Crop 

Dryland crops 
Corna 
Sunf lowers 
Spring wheat 
Barley 
Flax 
Oats 
Soybeans 
Alfalfab 

Irrigated crops 
Corna 
Alfalf ab 

a 

Energy 
cost 

4 6 . 86 
2 5 . 70 
25 . 54 
2 5 . 07 
2 3 . 9 0 
2 1 . 99 
18 . 50 
1 2 . 96  

104 . 39 
36 . 44 

Overall product ion cos t s  

Variable To tal 
( do llars per acre) 

9 6 . 9 9 
6 3 . 62 
60 . 13 
5 1 . 86 
52 . 80 
49 . 32 
5 7 . 80 
41 . 15 

189 . 45 
89 . 91 

192 . 09 
1 50 . 8 3 
1 5 1 . 06 
1 4 2 . 89 
144 . 36 
1 39 . 85 
1 48 . 92 
1 18 . 62 

3 80 . 91 
2 6 6 . 94 

Net returns over 
Variable To tal 

co s ts 

35 . 01 
26 . 38 
4 4 . 8 7 
40 . 3 9 
2 8 . 20 
40 . 6 8 
51 . 4 5 

121 . 3 5 

120 . 15 
205 . 84 

costs 

-60 . 09 
-60 . 8 3 
-46 . 06 
- 50 . 64 
- 6 3 . 36 
-49 . 85 
- 3 9 . 6 7 
+4 3 . 8 8 

- 7 1 . 31 
+2 8 . 81 

If the price of corn were $ 3 . 00/bu (as it was in 19 80) , rather than the $ 2 . 40/bu whi ch 
is as sumed in the table , the net returns over variable and to tal costs from dryland corn 
product ion would be $ 68 . 01 and - $ 2 7 . 09 /A, respectively , and from irrigated corn produc
tion $ 19 7 . 55 and $ 6 . 09/A, respec tively . 
b 

The prices o f  alfalfa in 1 9 80 and 1981 were unus ually high . If the price of alfalfa 
were $ 3 3 . 50/ T ( as it averaged in 19 77-1 9 7 9 ) , rather than the $ 6 5 / T  which is assumed 
in the tab le , the net returns over variable and to tal costs from dryland alfalfa pro
duc tion would be $ 4 2 . 60 and - $ 34 . 87/A, respec tively , and from irrigat ed al falfa produc
tion $ 62 . 52 and - $114 . 5 2 /A, respectively . 

20 



Table 13 . Energy and overall produc t ion cos t s , ne t re turns , selec ted dryland and 
irr igated crop s , Turner County , 1 9 8 1 . 

Crop 
Dol lars per acre 

a 

Dryland crops 
Corna 

SorghUlD 
Flax 
Spring wheat 
Oa ts 
Barley 
Soybeang 
Alf alf a 

Irrigated crops 
Corna 
Alfalfab 
Soybeans 

Energy 
cos t 

53 . 60 
34 . 7 9 
24 . 93 
24 . 87 
24 . 64  
24 . 3 2 
19 . 36 
19 . 29 

109 . 70 
5 2 . 6 2  
39 . 7 4 

Overal l pr oduc tion cos ts 

Variab le To tal 

108 . 64 216 . 7 7  
7 4 . 89 18 2 . 38 
6 1 . 4 7  165 . 48 
59 . 56 168 . 50 
5 5 . 3 8  1 6 3 . 06 
50 . 41 159 . 38 
61 . 06 169 . 34 
59 . 15 17 4 . 68 

206 . 84 445 . 22 
115 . 4 7 3 9 9 . 61 
1 1 2 . 8 3 3 3 2 . 44 

Net re turns over 
Variable Io ta! 

cos ts costs 

7 1 . 3 6 -36 . 7 7  
46 . 9 1 -60 . 5 8 
5 3 . 28 -50 . 7 3 
41 . 6 9 -67 . 25 
61 . 6 2 -46 . 06 
4 1 . 84 -67  . 13 
82 . 6 9 -25 . 5 9 

16 8 . 35 +5 2 . 8 2 

141 . 16 -97 . 2 2 
2 7 4 . 5 3 - 9 . 61 
145 . 9 2 -73 . 6 9 

I f  the pr ice of corn wer e  $ 3 . 0 0 / bu ( a s  i t  was in 1 9 8 0 ) , rather than $ 2 . 40/bu which 
is as sumed in the t able , t he ne t re turns over var iable and t o t al co s t s  from dryland 
corn produc t ion would be $ 1 16 . 3 6 and - $ 8 . 2 3 /A ,  r e sp e c t ively , and from irrigated pro
duc t ion $ 2 2 8 . 17 and - $ 10 . 2 1 / A ,  r e spec t ively . 
b 

The prices o f  alfalfa in 1 9 8 0  and 1 9 8 1  wer e  unu sually high . I f  the price of alfalfa 
wer e  $ 3 3 . 50/T  ( a s  i t  averaged in 1 9 7 7 - 1 9 7 9 ) , rather than the $ 6 5 / T  which is a s sumed 
in the t abl e , the net r e turns over variable and t o t al cos t s  from dryland alfalfa pro
duc t ion would b e  $ 5 8 . 10 and - $ 5 7 . 4 3 /A ,  respec t ively , and from irr igated alfalfa pro
duc tion $ 8 5 . 5 3 and - $ 1 98 . 61 / A ,  r espectively . 

Tab le 1 4 . Economics o f  aryland versus irrigated p ro duc tion , alfalfa and co rn , 
Brookings Coun ty , 1 9 8 1 . 

Alfalfa Corn 
Economic cri terion Unit Dry land Irriga ted Dry land Irrigated 

Variab le cos ts $ per acre 

To tal co s t  $ per acre 

Energy cos t 
Per uni t of land $ per acre 
Per uni t of outputa $ per ton/bushel 

Energy cos t relative to 
variable cos ts P ercent 

Break-even price a $ per ton/bushel 

Ne t re turns over : 
Variab le cos ts $ per acre 
To tal cos t $ per acre 

a 

41 . 15 89 . 9 1 

118 . 6 2 266 . 9 4 

12 . 96 36 . 44 
5 . 18 8 . 01 

3 1 .  5 40 . 5  

16 . 46 19 . 7 6 

121 . 35  205 . 84 
4 3 . 8 8 28 . 81 

96 . 99 

192 . 09 

46 . 86 
0 . 85 

48 . 3  

1 .  76 

35 . 01 
-60 . 09 

189 . 45 

380 . 9 1 

104 . 3 9 
0 . 8 1 

55 . 1  

1 .  47 

120 . 15 
-7 1 .  31 

The dryland and irri gated y iel ds used in the s e  calculat ions fo r alfalfa are 2 . 5  and 
4 . 5 5 T / A ,  res p e c t ively , and for co rn they are 55 and 1 2 9 bu/ A ,  res pectively . The 
va riable co s t s  of p roduction are us ed in the br eak-even pr ice calculations . 
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Tab l e  15 . Economic s  o f  dry land versus irrigated p ro duc t ion ; alfal fa , corn , and 
soybeans ; Turner County ; l 9 81 . 

Al falfa Corn Soybeans 
Dry- Irri- Dry- Irri- Dry- Irr i-

Economic cri terion Uni t land ga ted land gated land gated 

Var iab le costs $ per acre 5 9 . 15 115 . 47 108 . 64 206 . 84 61 . 06 112 . 83 

To tal cos t $ per acre 1 7 4 . 68 399 . 6 1 216 .  7 7  445 . 22 169 . 34 3 32 . 4 4 

Energy cos t 
Per uni t o f  land $ per acre 19 . 29 5 2 . 6 2 5 3 . 60 109 . 7 0 19 . 3 6  39 . 7 4 
Per uni t  o f  outputa $ p er ton/bushel 5 . 5 1 8 .  7 7  0 .  7 1  0 . 7 6 0 .  7 7  0 . 88 

Ener gy cos t relative to 
variable cos t s  Per cent 3 2 . 6 45 . 6  4 9 . 3 53 . 0  31 . 7 35 . 2  

Break-even pricea $ per ton/bushel 16 . 90 19 . 25 1 . 45 1 . 4 3 2 . 44 2 . 51 

Net returns over : 
Var iab le cos ts $ per acr e 168 . 35 274 . 53 7 1 . 36 14 1 . 16 4 7 . 4 1 145 . 9 2 
Total cos t $ per ac re 5 2 . 8 2  -9 . 61 -36 . 7 7  -97 . 22 -60 . 08 - 7 3 . 69 

a 
The dryland and irrigat ed yields used in the s e  calcula tions f o r  alfalfa are 3 . 5  and 

6.0 T/A,  resp ectively ; for  corn they are 75 and 145  bu/ A ,  respec tively ; and for  s oy
b eans they are 25 and 45 bu/A , resp e c t ively . The variab le c o s t s  of produc t ion are 
us ed in the break-even price calculat ions . 

Tab le 1 6 . Marke t  prices versus b r eak-even prices , s e l ec t ed dryland and irrigated c ro p s ,  
Brookings and Turner coun t i es , 1 9 8 1 . 

Market prices 1981 break-even prices , taking 

Variab le 
Average pr oduc t ion 

into 

price As sumed ____ co�s�t�s�----
recei ved 1981 Brkg s . Turner 

�C�r�o�p ______________ U_n_i_t ____ l_9_7_8_-�80a price County County 

a 

Dry land 
Alf alfa Ton 
Barley Bu 
C orn Bu 
F lax Bu 
Oats Bu 
Sorghum Cwt 
S oybeans Bu 
S pr ing wheat Bu 
Sunf lowers Cwt 

Irrigated 
Alfalfa Ton 
Corn Bu 
S oybeans Bu 

42 . 50 
2 . 2 3 
2 . 3 4 
6 . �2 
1 .  3 6  
3 . 6 7 
6 . 53 
3 . 59 
9 . 82 

42 . 50 
2 . 3 4 
6 . 5 3 

65 . 00 
2 . 25 
2 . 40 
6 . 7 5  
1 .  80 
4 . 20 
5 . 7 5 
3 .  7 5 

10 . 00 

65 . 00 
2 . 40 
5 . 7 5 

16 . 46 
1 .  26 
1 .  7 6  
4 . 40 
0 . 99 
n/a 
3 . 04 
2 . 15 
7 . 0 7 

19 . 7 6 
1 .  47 
n/a 

16 . 90 
1 . 23 
1 . 45 
3 . 62 
0 . 85 
2 . 58 
2 . 44 
2 . 21 
n/a 

19 . 25 
1 .  43 
2 . 5 1 

account 
Total production 
costs excep t  the Total produc tion 
charge f or land costs 
Brkgs . Turner Brkgs . Turner 
County C ounty Coun ty C ounty 

26 . 00 
2 . 18 
2 . 52 
7 . 56 
1 .  7 2  
n/a 
5 . 02 
3 . 48 

10 . 80 

39 . 03 
2 . 26 
n/a 

30 . 7 6 
2 . 25 
2 . 00 
5 . 7 9 
1 . 48 
3 . 9 8 
4 . 09 
3 . 7 6 
n/a 

48 . 7 3 
2 . 3 3 
5 . 00 

47 . 4 5 
3 . 49 
3 . 49 

12 . 03 
2 . 80 
n/a 
7 . 84 
5 . 40 

16 . 7 6 

58 . 6 7 
2 . 9 5 
n/a 

49 . 9 1 
3 . 8 9 
2 . 89 
9 . 7 3 
2 . 5 1 
6 . 2 7 
6 . 7 7 
6 . 2 4 
n/a 

6 6 . 60 
3 . 07 
7 . 3 9 

Thes e  are averages o f  the " s eas onal average p rice" f o r  each o f  the 3 years as reported 
in CLRS � 9 8 1 , 3 ) . The average p rice shown f o r  al falfa in the tab l e  is for the CLRS ' s  
" all hay "  cat egory , and the average p r ice for sp rin g wheat is for the CLRS ' s  " al l  wheat"  
cat egory . 
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Tab le 17. Proj ec t ed compound annual g rowth rates , p ro duc t prices and variable p roduc t ion 
co s t s ,  s e l ec t ed crop s , B rookings and Turner counties , 1977 through 1990. 

Produc t 
CroE prices a 

Alf alfa 5 . 8  
Barley 6 . 6  
Corn 7 . 7  
Flax 6 . 5  
Oats 6 . 6  
Sorghum 7 . 7  
Soybeans 6 . 4  
Spring wheat 6 . 6  
Sunflowers 6 . 4  

a 

Var iab le 
Current trends 
in input 
prices assumed 

d . b pro uc t ion cos ts 
An assumed doub ling in 
the 1981 energi Erice 
1990 1986 

(percentage growth rate) 
4 . 9-5 . 8  6 . 3- 7 . 9  7 . 6- 9 . 6  
4 . 9  6 . 8  8 . 4  
4 . 9- 5 . 2 6 . 9- 7 . 4  8 . 5-9 . 2  
5 . 2- 5 . 3 6 . 9- 7 . 1  8 . 3-8 . 6  
4 . 8  6 . 5- 6 . 6  8 . 0- 8 . 1  
4 . 7 6 . 5  8 . 0-
4 . 7-4 . 9  6 . 1-6 . 6  7 . 4-8 . 0  
5 . 5- 5 . 6  7 . 2- 7 . 3  8 . 6-8 . 7  
4 . 6  6 . 1  7 . 6  

b;[ 

The proj ec t ed growth rates f o r  alfal fa , co rn , soybeans , and whea t are t he growth rates 
fo recas t by Chase Econome trics (1981) for 1978 t hrough 1990 ( excep t for 1981 through 
1990 f o r  alfalfa) . Bas ed on these forecas t s  and commo dity int errelationships , the 
autho rs p roj e c ted the indicated growth rates for the o ther commo di t ies . · 
b 

The ranges in growth rat es reflec t a us ually s omewha t higher growth in variable produc
t ion cos t s fo r irrigated crops than for dryland crop s , and diff erences in the growth 
ra tes fo r part icular c rops in B rookings versus in Turner County . 
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Tab l e  18. Imp ac t s  of r i s ing energy prices on the net returns over to tal variab l e  
produc t ion cos t s , s el e c t ed dry l and and irr iga t ed crop s , Brookings and 
Turner coun t ies , 1981 and p roj ec t ed to 1990. 

Crop 
Brookings County 

Dryland crops 
Alfalfa 
S oybeans 
Spring wheat 
Oats 
Barley 
Corn 
F lax 
Sunf lowers 

Irr igated crops 

Alfalfa 
Corn 

Turner County 

a 

Dryland crops 
Alfalfa 
Soyb eans 
Corn 
Oats 
Flax 
S orghum 
Barley 
Spr ing wheat 

I rr iga ted crops 
Alfalfa 
Soybeans 
Corn 

Net re turns proj ected to 1990 
Assumed 
doub ling in the 

Current trends 1981 energy 
Net returns in input pr ic e by 
in 1981 prices assumed 1990 1986 

121 
51 
4 5  
4 1  
4 0  
35 
28 
2 6  

2 0 6  
120 

168 
83 
7 1  
6 2  
5 3  
47  
42 
42 

27 5 
146 
141 

147 
173 
128 

76 
118 
168 

89 
93 

247 
4 4 3  

2 0 4  
2 4 5  
2 5 9  
110 
144 
146 
121 
122 

330 
440 
508 

( do l lars per acr e )  

1 3 6  
1 5 7  
106 

57 
96 

128 
68 
71 

216 
353 

187 
229 
213 

89 
122 
116 
100 
100 

284 
406 
4 13 

124 
140 

83 
38 
73  
85 
4 6  
48 

182 
257 

169 
211 
1 64 

6 6  
9 9  
84 
78 
78 

236 
370 
312 

Reduc t ion in net 
returns because of 
a doub ling in the 
1981 energy price 
by 1986a 

23 (15 . 6 ) 
33 ( 19 . 1 ) 
45 ( 3 5 . 2 ) 
38 (5 0 . 0 ) 
45 ( 38 . 1 ) 
83 ( 4 9 . 4 ) 
43 (48 . 3) 
45 (48 . 4) 

65 ( 2 6 . 3 ) 
186 (42 . 0 )  

3 5  ( 1 7 . 2 ) 
34 ( 13 . 9 )  
9 5  ( 36 . 7 ) 
44 ( 40 . 0 )  
4 5  ( 31 .  3 )  
6 2  ( 42 . 5 ) 
4 3  ( 35 . 5 ) 
44 ( 36 . 1 ) 

94 ( 2 8 . 5 ) 
70 ( 15 . 9 ) 

196 ( 3 8 . 6 ) 

The reduc t ions are with r espec t to the net returns under the current trends in input pr ic es 
as sump tion . The reduc t ions , in perc entage terms , are shown in brackets . 
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Table 1 9 . E c onomi c impac t s  o f  ris ing energy prices , proj ected t o  1 99 0 ,  dryland ve rsus 
irriga t ed p ro duct ion , alfa l f a  and corn ,  Broo kings Coun ty .  

Crop and 
economic 
criterion 

Alfalfa 
Energy Co st 
Variable cos ts 
To tal cos t 
Energy cos t 

relative to : 

Unit 

$ per acre 
$ per acre 
$ per acre 

Variable cos ts Percent 
Total cos t 

Break-even price 
Net returns over : 

Percent 
$ per ton 

Variable cos ts $ per acre 
To tal cos t $ per acre 

Corn 
Energy cos t 
Variable cos ts 
Total cos t 
Energy cos t 

relative to : 

$ per acre 
$ per acre 
$ per acre 

Variable cas ts Percent 
Total C(}S t 

Break- even pr ice 
Ne t returns over : 

Percent 
$ per bushel 

Variable cos ts $ per acre 
To tal cos t $ per acre 

Dryland produc tion Irrigated 
An assumed 

Current trends doub ling in 
Current 
trends 
in input 
prices 
as sumed 

in the 1981 en-
input prices ergy price by 

assumed 1990 1 9 86 

1 6 . 7 1  
50 . 9 6  

1 70 . 46 

3 2 . 8  
9 . 8  

20 . 3 8 

146 . 5 9 
2 7 . 09 

60 . 7 0 
123 . 36 
265 . 29 

4 9 . 2 
2 2 . 9  

2 . 2 4 

167 . 5 9 
2 5 . 66 

25 

2 7 . 7 9  
6 2 . 04 

18 1 .  5 4  

44 . 8  
1 5 . 3  
2 4 . 82 

135 . 51 
16 . 01 

100 . 2 8 
162 . 94 
304 . 87 

6 1 .  5 
3 2 . 9  

2 .  96  

128 . 01 
- 13 . 9 2 

3 9 . 6 6  46 . 50 
7 3 . 9 1  1 12 . 16 

1 9 3 . 4 1 3 7 2 . 6 2 

5 3 . 7  
20 . 5  
2 9 . 56 

41 . 5  
12 . 5  
24 . 6 5 

1 2 3 . 64 2 4 7 . 38 
4 . 14 - 13 . 08 

143 . 39 1 3 3 . 14 
206 . 05 239 . 17 
347 . 98 518 . 22 

69 . 6  
4 1 . 2  

3 . 7 5 

5 5 . 7  
2 5 . 7  

1 .  85 

84 . 90 443 . 24 
-57 . 0 3 164 . 1 9 

produc tion 
An assumed 
doub ling in 
the 1981 energy 
price by 
1990 19 86  

7 8 . 14 
143 . 80 
404 . 2 6 

5 4 . 3  
19 . 3  
3 1 . 60 

2 15 . 7 4 
-44 . 72  

22 3 . 86 
329 . 89 
608 . 94 

6 7 . 9  
36 . 8  

2 . 56 

352 . 52 
7 3 . 47  

111 . 53  
1 7 7  . 19 
4 3 7 . 6 5 

62 . 9  
2 5 . 5  
3 8 . 9 4 

182 . 35 
- 7 8 . 11 

3 19 . 4 3 
425 . 46 
704 . 51 

75 . 1  
45 . 3  

3 . 30 

256 . 9 5 
-22 . 10 



Tab l e  2 0 . Economic imp ac t s  o f  r i s ing energy prices proj e c t ed t o  1 9 9 0 , dryland versus 
irr igated produc t ion , alfalfa , corn , and soybeans , Turner County . 

Dryland produc t ion I rrigated produc t ion 
An as sumed Current An assumed 

Current trends doub ling in trends doub ling in 
Crop and in the 1981 en- in input the 1981  en-
economic input prices ergy price by prices ergy price by 
cri terion Unit assumed 1990 1986 assumed 1990 1 9 86 

Alfalfa 
Energy Cost  
Variab le cos ts 
To tal cos t 
Energy cos t 

relative to : 
Variable cos ts 
Total cos t 

Break-even price 
Net rPturns over : 

Corn 

Variab le cos ts 
To tal cos t 

Energy cos t 
Variable cos ts 
Total cos t 
Energy cos t 

relative to : 
Variab le cos ts 
To tal cos t 

Break- even price 
Ne t returns over : 

Variab le BOS tS 
To tal cos t 

Soybeans 
Energy cos t  
Variable cos ts 
Total cos t 
Energy co s t  

relat ive to : 
Variable cos ts 
Total cos t 

Break-even price 
Net returns over : 

Variable cos ts 
To tal c o s t  

$ per acre 
$ per acre 
$ per acre 

Percent 
Percent 
$ per ton 

$ per acre 
$ per acre 

$ per acre 
$ per acre 
$ per acre 

P ercent 
Per cent 
$ per t on 

$ per acre 
$ per acre 

$ per acre 
$ per acre 
$ per acre 

Percent 
Percent 
$ per bushel 

$ per acre 
$ per acre 

24 . 7 6 
7 3 . 02 

2 46 . 2 7 

3 3 . 9  
10 . 1  
2 0 . 86  

203 . 55 
30 . 30 

68 . 83  
1 3 7 . 47  
301 . 1 8 

5 0 . 1 
2 2 . 9  

1 .  83  

2 5 9 . 2 8 
9 5 . 57 

2 5 . 09 
77 . 5 2 

241 . so 

32 . 4  
10 . 4  

3 . 10 

245 . 48 
8 1 . 50  

26  

41.  37  
89 . 63 

262  . .88 

46 . 2  
1 5 . 7  
25 . 6 1 

186 . 94 
1 3 . 6 9  

114 . 70  
1 8 3 . 34 
347 . 05 

6 2 . 6 
3 3 . 1  

2 . 44 

2 13 . 4 1 
49 . 70  

4 1 . 43 
9 3 . 86 

2 5 7 . 84 

44 . 1  
16 . 1  

3 . 7 5 

229 . 14 
6 5 . 16 

59 . 04 
107 . 30 
2 80 . 5 5 

55 . 0  
2 1 . 0  
3 0 . 6 6  

169 . 2 7 
- 3 . 98 

16 4 . 02 
2 3 2 . 6 6  
3 9 6 . 3 7 

7 0 . 5  
41 . 4  

3 . 10 

1 64 . 09 
0 . 3 8 

5 9 . 24 
111 . 6 7 
2 7 5 . 6 5 

5 3 . 1  
2 1 . 5 

4 . 4 7 

211 . 3 3  
47 . 35  

67 . 19  
144 . 39 
548 . 6 1 

46 . 5  
12 . 3  
2 4 . 00 

329 . 7 3 
- 74 . 49 

139 . 48 
2 5 8 . 94 
604 . 92 

5 3 . 9  
2 3 . 1  

1 .  79 

508 . 11 
162 . 13 

5 1 . 2 2 
140 . 9 1 
462 . 84 

3 6 . 4  
11 . 1 

3 . 1 7 

440 . 49 
118 . 56 

112 . 85 
190 . 05 
59 4 . 27 

59 . 4  
19 . 0  
3 1 . 56  

2 84 . 0 7 
- 11 8 . 7 3  

2 34 . 76 
35 4 . 22 
700 . 20 

66 . 3  
3 3 . S  

2 . 44 

412 . 8 3 
66 . 85 

85 . 2 8 
1 7 4 . 9 7 
496 . 90 

48 . 7  
17 . 2  

3 . 9 5 

406 . 43 
84 . 50 

16 1 .  04 
2 38 . 34 
642 . 46 

67 . 6  
2 5 . 1  
39 . 54 

2 3 5 . 88 
- 168 . 34 

3 35 . 6 8 
45 5 . 14 
80 1 . 12  

7 3 . 8  
41 . 9 

3 . 14 

3 11 . 9 1 
- 3 4 . 07 

121 . 71  
211 . 40 
5 3 3 . 30 

5 7 . 6  
2 2 . 8  

4 . 7 9  

370 . 00 
4 8 . 0 7 



REFERENCE S  C ITED 

Al len , Herb er t  R . , Lyle A .  Ders cheid , Wal lace G .  Aanderud , and Thomas D .  Zeman , 
1 9 7 9 . Budge t s  f o r  Maj o r  Crop Enterp r ises  in So uth Dako ta , ( C 2 26 ) , Brooking s : 
Agri c . Exp er .  S ta . , SDSU , January 

Brown ,  Ralph J . , and Richard C .  Shane , 1981 . S imulating the S t a tewide Impact o f  
Irrigation Developmen t i n  South Dako ta , (Bul . No . 12 9 ) , prepared for the S . D .  
Dep t .  o f  Wa ter and Na tural Reso urces by Vermi l lion : Bus . Res . Bur . , S choo l o f  
Bus ines s ,  Univ . o f  S outh Dako ta ,  Dec ember 

Chas e Econome t rics , 1 9 81 . US Food and Agr icul t ure Long-Tenn Fo recas t Repo r t , Cynwyd , 
Penn . : Chas e Econome tric As s o c ia t es , Inc . , July 

CLRS , 19 7 1 ,  1 9 7 6 , and 1 9 8 1 . S outh Dako ta Agri cul ture : His to ric Crop and Lives tock 
Es timates , 1 9 6 5-1 9 70 , 1 9 70- 1 9 7 5 , and 1 9 7 6-19 80 , S ioux Falls : Crop and L ives to ck 
Report ing S e rvice , S . D .  Dep t . of Agri c . 

CLRS , 1 9 80 . South Dako ta Field Crops f rom P l an t ing to Harves t ,  S io ux Fall s : Crop 
and L ives to ck Rep o r t ing S ervi c e , S . D .  Dep t . of Agri c . 

DWNR ,_ 19 7 7 . Irrigat ion Ques t ionnaire Info rma t ion ( annual ly s ince 19 6 8 ) , Pierre : 
Division o f  Water Ri gh ts , S . D .  Dep t . o f  Water and Natural Res our ces (mimeo ) 

Everso n ,  Curtis  A . , 1 9 79 . An Es t imat ion o f  the Economic Value o f  Wa ter Used for 
Irrigation in Eas tern So uth Dako ta , Mas t ers ' thes is , Brookings : Econ . Dep t . ,  
SDSU 

Hewl et t ,  David B . , and Arno l d  J .  Bat eman , 1 9 7 9 . Al fa lf a :  An Economic Al ternative to 
Corn? ( EC 7 22 ) , Brooking s : Agric . Exp e r . S ta . , SDSU , Novemb e r  

Mary land , n . d .  Maryland Fuel Cons ervat ion Guide f o r  Agr icul tur e , Bal t imo r e : S tate 
of  Maryl and Energy Po l icy Off  ic e .  

Ma tson , Arthur J . , John E .  Tr ierweiler , Wil liam L .  Jewe t t , Dennis R .  Johnson , and 
Warren C .  Peterson , 1 96 9 . Inve s t i ga t ion o f  Irriga t ion Developmen t in the Big 
S io ux River Bas in and the Eas t Dako ta Con s ervancy S ub-Dis tric t , Bro okings : 
E con Dep t . ,  SDSU 

Pimen tal , David , L . E .  Hurd , A . C .  Bello t t i , M . J .  For s t e r , I . N .  Okoa , O . D .  Sho les , and 
R . J .  Whi tman , 19 7 3 .  Foo d  P ro duc tion and the Ener gy Crisis , Scienc e , CLXXXII : 
4 4 3-449 , November 2 

SRS , 1 9 8 2 . South Dako t a  C rop and L ive s tock Repo r t er , S io ux Fall s : S t atis tical Repo r t ing 
S e rvice , U . S .  Dep t . o f  Agric . ,  February 1 

Shane , Richard C . , 1 9 8 0 . Proj ec t ed P ro duc t ion Co s t s  for Eas t ern South Dako ta Crops , 
1 9 8 0- 1 990 , ( Econ . Pamph . 1 5 7 ) , Broo kings : Eco n .  Dep t . ,  SDSU 

Shane , Richard C . , and Curti s  A. Evers on ,  1980 . E conomi c Value of Irrigation Wa ter : 
S outh Dako ta ' s Big S ioux and Vermil lion River Bas ins , (B65 9 ) , Brooking s : Agric . 
Exp e r . S t a . , SDSU , June 

Shane , Richard C . , 1982 . Interes t Ra tes : Impact  on Income , Economics News letter 
( S DSU Economi cs Departmen t ) , No . 1 8 9 , November 2 2  

UN ,  19 7 7 . Neb raska Trac tor Tes t Da t a ,  1 9 7 7 ,  Linco ln : Dep t . o f  Agric . Eng . , Univ . 
o f  Neb raska 

USDA ,  19 80 . Agricul t ural S ta t i s t ics , 1 9 8 0 ,  Washing t on ,  D . C . : U . S .  Dep t .  of Agric . ,  
Government Printing O f f  ice 

27 



USDC , 19 7 2 . 1 9 6 9  Census o f  Agri cul ture ; Vo l . 1 ,  Area Rep ort s ; Part 1 9 , South Dako ta ; 
Sec tion 1 ,  Summary Data , Washingt on , D . C . : Bur . o f  the C en . , U . S .  Dep t . o f  Com . , 
Governmen t Print ing O f fice  

USDC , 1 9 8 0 . 19 7 8  C ensus o f  Agriculture ; Vol . 1 ,  S ta t e  and Coun ty Da ta ; Part  41 , South 
Dako ta (AC 7 8-A- 4 1 ) , Washing ton , D . C . : Bur . of the Cen . , U . S .  Dep t . of Com . , 
Governmen t Printing O f f ice 

US DE , 1 9 8 1 . 1 9 8 0  Annual Rep o r t  to Congres s , Vo l .  III , Fo recas t s , Washing ton , D . C . : 
Ene r gy Info . Admin : ,  U . S .  Dep t .  o f  Ene rgy , Governmen t Prin t ing O f fice  

Wael ti , Henry , 19 7 5 . Ene rgy Fac ts and Figures , (EM 3 9 4 3 ) , Pullman : Coop . Ext . S erv . , 
Col . o f  Agric . ,  Washington S ta t e  Univ . , Augus t 

APPENDIX 
PROCEDURES FOR DETERMINING " INDIRECT" ENERGY 

The procedures fo r determining the energy content in fertil i z er and p lan t 
protection chemi cals are as follows . 

Natural gas and electricity are involved in the p ro duc t ion o f  fertilizer . 
The amo unts o f  natural g as ( cu f t )  and ele ctricity ( kilowat t  hour = KWH) requi r ed 
to produce one p ound o f  fertilizer nut rien t  are as follows (Maryland , n . d . , 2 9 ) : 

-Ni t ro gen (N) = 3 0 . 6 7 4  and 0 . 12 0 ; 
-Pho s phorus (P 2 o 5 ) - 1 . 0 3 0  and 0 . 0 6 0 ; and 
-Po tass ium (K2 0 )  - 1 . 2 7 5  and 0 . 08 8 . 

In 1 9 7 7 ,  t he pr ice o f  na tural gas was $ 0 . 005 2 / cu f t  and the pric e  o f  elec t rici ty 
was $ 0 . 0 2 3 / KWH . Thus , the energy embodied in one pound o f  nutrien t  had values 
in 1 9 7 7  as fol lows : N - $ 0 . 1 6 2 3 , P2 05 - $ 0 . 00 6 7 , and K2 0 - $ 0 . 008 7 .  The p rices 
o f  the s e  nut rien t s  increased f rom 19 7 7  to 1 9 8 1  by 4 1 , 4 4 , and 44 p ercen t ,  respect
tively . Theref o r e , the 1981 values of  energy in o ne pound o f  each N ,  P 20 5 , and 
K20 were $ 0 . 2 2 8 8 , $ 0 . 0 09 7 ,  and $ 0 . 01 25 , respectively . 

Pimental , e t  al . ( 1 9 7 3 , 4 4 5 )  r epo rt that about 11 , 000 kilocalories (KCAL ) 
o f  ene rgy a re embodied in one pound o f  ins e c t icide o r  he rb icide . One KCAL o f  
energy i s  equivalent t o  0 . 0011 6 KWH (Wael ti , 1 9 7 5 ,  1 8 ) . The price o f  one KWH in 
1 9 8 1  was $ 0 . 051 . Thus , t he value o f  ene rgy embodied in each pound o f  plant p ro
t ec t ion chemicals in 1 9 8 1  was : 

1 1 , 0 0 0  KCAL x 0 . 0011 6 KWH/ KCAL x $ 0 . 051/KWH 
o r  $ 0 . 6 5 .  
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