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ABSTRACT 

ECONOMIC ANALYSIS OF WATER USE I N  ILLINOIS AGRICULTURE 

Approximately 28,000 acres of f i e l d  and spec ia l ty  crops were i r r i ga t ed  
i n  I l l i n o i s  i n  1966. Supplemental i r r i ga t i on  of corn accounted f o r  
over one half  of t h i s  acreage. Important elements i n  the  decision t o  
invest  i n  i r r i ga t i on  equipment f o r  corn include the  expected e f f ec t  of 
i r r i ga t i on  on year-to-year f luctuat ions  i n  income and on average income. 
Regression models were used t o  estimate the influence of moisture 
variables on corn yie ld .  Moisture d e f i c i t s  were calculated using the  
season with the  highest y ie ld  a s  a base. Although these models indi-  
cated a reduction i n  income variance a s  a r e s u l t  of removing moisture 
d e f i c i t s  by i r r i ga t i on ,  they did  not uniformly indicate an increase i n  
average net  income under i r r i ga t i on .  One of the regression models was . 
then used a s  a bas is  f o r  a dynamic programming analysis .  A moderate 
gain i n  expected income frm corn was obtained by employing the  irri- 
gation pol icy d ic ta ted  by dynamic programming ra ther  than the  policy 
from a moisture-deficit model. The dynamic programming r e su l t s  were 
a l s o  superior t o  a cammonly used ru l e  of thumb f o r  supplemental irri- 
gation.  In addit ion t o  the economic analysis  of the  i r r i ga t i on  of 
corn viewed a s  a s ingle  crop, it was necessary t o  examine i t s  ro le  i n  
the  context of the t o t a l  farm business. The competitive posi t ion of 

' corn i n  the ro ta t ion  was evaluated and it was found t ha t  corn remained 
a s  an important crop a f t e r  introduction of i r r i ga t i on  and consider- 
a t i on  of the  crop a l t e rna t ives  of snapbeans and cucumbers. Labor 
d i s t r ibu t ion  was an important f ac to r  i n  determining an optimal crop- 
ping pa t te rn .  General ru les  were developed f o r  adjus t ing leases  on 
rented farms t o  provide econmic incentives f o r  both landlord and 
tenant t o  adopt supplemental i r r i ga t i on .  The r e su l t s  of a l l  of the  
analyses would have been subs tan t ia l ly  improved with crop-response 
data  from experiments i n  which the  range of var ia t ion of water and 
complementary cu l t u r a l  pract ices  included economically optimal levels  
of these inputs.  
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Fina l  Report t o  Office of Water Resources Research, Department of 
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I. INTRODUCTION AND PROJECT OBJECTIVES 

Crop production i n  I l l i n o i s ,  as  everywhere e l s e  i n  the  world, 

depends on water. Although prec ip i ta t ion  i s  the  primary source of 

moisture f o r  p lan t  growth, s o i l  charac te r i s t i cs  p lay a prominent 

r o l e  i n  determining the  amount of moisture avai lable  f o r  p lan t  growth. 

During the crop growing season ( ~ p r i l  through ~eptember)  the  average 

prec ip i ta t ion  i n  I l l i n o i s  i s  about 22 inches, ranging from about 25 

inches i n  the  southern t i p  of I l l i n o i s  t o  about 19 inches i n  ce r ta in  

areas  of the  northern par t  of the  s t a t e .  However, the  loss  of water 

from runoff i s  higher i n  the southern pa r t  of the  s t a t e ,  thus making 

the  amounts of moisture avai lable  f o r  p lant  growth approximately 

equivalent throughout the  s t a t e .  

The most important crop i n  the  s t a t e ,  corn, t ranspires  about 

10 t o  14 inches of water f ~ r  a 100-bushel crop. Evaporation from 

the s o i l  requires an approximately equal amount of water. Given the  

s t a t e  average of about 22 inches of p rec ip i ta t ion  during the  growing 

season, there  i s  adequate moisture, on the  average, provided that the  

d i s t r i bu t i on  of r a i n f a l l  within the season i s  favorable and t h a t  

runoff i s  not excessive. I f  below normal amounts of summer r a i n f a l l  

occur i n  combination with having l e s s  than a fill recharge of s o i l  

moisture a t  p lant ing time, serious reductions i n  corn y ie ld  may r e su l t .  

The frequency of such seasons i s  an important fac to r  i n  determining the  

economic re turns  from supplemental i r r i ga t i on  of corn and other crops. 

Further, the  adoption of new crop production techniques t h a t  increase 

yie lds  and t h a t  a r e  complementary with the  water input tend t o  increase 

the  water requirement f o r  an economically optimal l e v e l  of crop production. 
' 



The general objective of the research conducted under t h i s  project  

was t o  investigate methods f o r  developing and interpret ing information 

f o r  making decisions, a t  the individual-farm l eve l ,  regarding the use 

of water f o r  the i r r iga t ion  of crops i n  I l l i n o i s .  The analysis of the 

r e su l t s  of a survey gave perspective and or ientat ion t o  the other 

aspects of the project  which dea l t  with ana ly t ica l  methods and t h e i r  

application t o  farm-level decisions, primarily with respect t o  the 

supplemental i r r i ga t i on  of corn. 

Because supplemental i r r i ga t i on  may be viewed as  a form of 

insurance, an important objective of the project  was t o  estimate the 

e f f e c t  of adoption of i r r iga t ion  on the year-to-year var ia t ion i n  

income a s  well  as  i t s  e f fec t  on average income. Supplemental 

i r r i ga t i on  may prove a t t r a c t i v e  t o  some farmers i f  it provides a more 

s t ab l e  income, even i f  the average income i s  reduced. 

1 Investment i n  an i r r iga t ion  system may have implications f o r  the  

optimal cropping system, thus requiring an analysis of such investment 

within the  context of the t o t a l  farm business. The determination of the 

impact of i r r i ga t i on  on the competitive posi t ion of corn with respect 

t o  other crops, both i r r iga ted  and non-irrigated, was an important 

project  objective.  

Much of the  farm land i n  I l l i n o i s  i s  leased by the farm operator. 

I f  a new pract ice ,  such a s  i r r i ga t i on ,  i s  t o  be adopted, the lease 

provisions must provide adequate economic incentives f o r  both the 

landlord and the tenant.  The f i na l '  objective of the project  was t o  

develop appropriate lease provisions f o r  cost-sharing on i r r iga ted  farms. 



The six chapters which immediately follow represent, in general, 

the essential elements of one or more of the publications listed in 

Chapter IX of this report. 



11. EXTENT OF IRRIGATION IN ILLINOIS 

To determine the extent of i r r iga t ion  in I l l i no i s ,  a survey was 

conducted i n  the fal l  of 1966. County Extension Advisers i n  Agriculture 

sent questionnaires t o  every known i r r iga to r  i n  each county of I l l i no i s .  

The response t o  the survey was not complete, but it does provide an 

indication of the trends of i r r iga t ion  i n  the s t a t e .  O f  162 question- 

naires returned, 148 provided canplete data. 

Crops and Irr igat ion Methods 

An estimated 28,000 acres of f i e l d  and specialty crops were 

i r r igated in  1966. I rr igators  responding t o  the survey accounted 

fo r  21,444 acres. In mble  1 resul ts  of the 1966 survey are  compared 

with resu l t s  of a survey made in  1956. Corn, a favorite crop i n  both 

years, shared the greatest  increase i n  acreage during the 10 years. 
d 

Specialized crops (snap beans, other vegetables, sod, nursery items, 

flowers, and f r u i t )  accounted fo r  about 33 percent of the crops irri- 

gated i n  19%; 37 percent i n  1966. 

Table 1.--Il l inois Crops Irr igated i n  1956 and 1966; 
Acreages and Percent That Each Acreage I s  of Total 

Crop Acres Pct. of Acres Pct. of 
i r r igated t o t a l  i r r igated t o t a l  

COYTI.. .................... 2,823 42 12,335 58 
Snap beans................ 0 0 3,961 18 
Other vegetibles. ......... 1,111 16 1,827 9 
Sod....................... O O 1,757 8 
Soybeans .................. 629 9 826 4 ......... Hay and pasture.. 740 11 317 1 
Nursery and flowers....... 726 11 214 1 
Fruit..................... 394 6 207 1 
Other..................... 343 5 --- -- - 
Totals.................... 6,766 100 21,444 100 

- .  



Table 2 shows the  acreages of various crops i r r i ga t ed  by d i f fe ren t  

types of systems. The mechanized systems account f o r  52 percent of the  

acreage i r r i ga t ed  and the  hand-move systems account fo r  about 37 percent, 

leaving 11 percent divided between subsurface, surface,  and sol id-set  

systems. Of the  343 i r r i ga t i on  systems accounted f o r  i n  the survey, 

187 systems, o r  55 percent, were hand-move; 140 systems, or 41 percent, 

were mechanized. The crops with the  l a rge s t  nwnber of hand-move 

systems were corn and vegatables. Average acres per  system were almost 

twice a s  much f o r  the  mechanized systems as for  the  hand-move systems. 

Table 2.--Crop Acreages I r r iga ted  by Each Type of System 

Crop 
a 

Acres i r r i ga t ed  by each system Pct. 
Hand- Mechan- Sub- Solid 
move ized surface Surface s e t  Total  

Corn ............... 
Snap beans......... 
Other vegetables ... 
Sod................ ........... Soybeans 
Hay and pasture .... 
Nursery & flowers.. ............. Fru i t .  

Total........... 
Percent......... 

a In hand-move systems, the  pipes from which spr inklers  operate must be 
moved by hand. Mechanized systems a r e  a l l  those with some type of s e l f -  
propulsion across o r  around the  f i e l d ,  including t ractor-dram tow-line 
systems. In subsurface systems, water permeates i n t o  the s o i l  from buried 
t i l e  l i n e  o r  small open ditches.  Surface systems provide water by flood- 
ing and gravi ty  flow down or  between rows. A so l i d  s e t  system has enough 
portable l a t e r a l s  that they don' t  have t o  be moved. The l a t e r a l s  a r e  
placed in  the  f i e l d  ea r ly  i n  the  season and remain u n t i l  the last irri- 
gation.  The mains and submains may be e i t h e r  buried or portable.  

Mechanization appears t o  be increasing i n  those areas  of the  s t a t e  

where labor  i s  pa r t i cu la r ly  hard t o  f ind,  even though the  i n i t i a l  cost  



of a mechanized system i s  higher than fo r  a hand-move system. Almost 

two-thirds of the  i r r i ga to r s  using hand-move sys-tems with high labor 

requirements began i r r i ga t i on  before 1958; over 80 percent of the  

i r r i g a t o r s  using a mechanized system began i r r i ga t i on  a f t e r  1958 

(Table 3 ) .  

a 
Table 3.--Irr igation Systems vs. Year I r r i ga t i on  Began, 148 I r r i ga to r s  

Year Hand-move Mechanized Surface Sub-surface Total 
i r r i ga t i on  

began No. Pct .  No. Pct .  No. Pct .  No. Pct. No. Pct .  

Before 1954.. 22 14.9 3 2.0 0 0 1 0.7 26 17.6 
1954-58.. .... 24 16.2 10 6.8 4 2.7 O O 38 25.7 
1959-63.. .... l o  6.8 17 11.5 2 1.3 o o 29 19.6 
1964.. ....... 5 3.4 4 2.7 1 0.7 1 0.6 11 7.4 
1965.. ....... 9 6.1 7 4.7 o o o o 16 10.8 
1966.. ....... 2 1 .3  26 17.6 o o o o 28 18.9 

Total . .  ... 72 48.7 67 45.3 7 4.7 2 1.3 148 100 

a Some i r r i g a t o r s  had more than one system, but only the  predominant system 
used by each i r r i g a t o r  was considered f o r  t h i s  table .  

Power Source 

In te rna l  combustion engines other than farm t r ac to r s  accounted f o r  

about 65 percent of" the t o t a l  number of power un i t s  used. Farm t r ac to r s  

accounted fo r  23 percent; e l e c t r i c  motors, 10 percent; and others,  2 

percent. 

Nearly hal f  (49 percent) of the power un i t s  were gasoline engines, 

including automotive, indus t r i a l ,  and farm t r ac to r s ;  21 percent were 

powered by LP-gas; 18 percent by d i e se l  o i l ;  and 10 percent by e l e c t r i -  

c i t y .  A possible reason why gasoline engines were the  predaminant 

source of parer is  t ha t  the i r r i ga to r s  bes t  know how t o  operate and 



maintain such uni ts .  Also gasoline engines have a lower i n i t i a l  cost ,  

although f'uel costs a r e  higher than f a r  d i e se l  engines. 

Water Source 

A t o t a l  of 162 i r r i ga to r s  furnished data about t h e i r  source of 

water. Wells provided the water f o r  17,527 acres ,  or  78.4 percent of 

the  t o t a l  i r r iga ted  acreage. With 174 wells i n  use, an average of 

100.7 acres was i r r iga ted  per well. Natural streams provided the 

water f o r  7.2 percent of the  acreage; constructed ponds and dugouts, 

6.9 percent ; drainage ditches,  6.4 percent ; and other sources, including 

na tura l  lakes and ponds, springs, and miscellaneous sources, 1.1 percent. 

More than half (54 percent) of the  wells were between 80 and 119 

f e e t  deep. One was l e s s  than 40 f e e t ,  and 12 were deeper than 220 

f ee t .  The diameter of 73 of the wells (42 percent) was 18 inches; 

13 were greater  than 18 inches i n  diameter; and the  r e s t ,  6 t o  18 

inches. 



111. USE OF MOISTURE-DEFICIT MODELS TO ESTIMATE MEAN AND 
VARIANCE OF INCOME FROM SUPPLPlEWTAL IRRIGATION OF CORN 

Supplemental i r r igat ion may benefit a farmer i n  two different ways-- 

it may increase h is  average income and it may decrease the variabi l i ty  

of his  income over a period of years. Given a u t i l i t y  function which 

contains the arithmetic mean and the variance of income, a farmer 

contemplating investment i n  i r r igat ion equipment should consider the 

e f fec t  of supplemental i r r igat ion on both of these characteristics of 

the incame probabili ty distribution.. Estimates of the values of these 

parameters w i l l  enable the farmer t o  evaluate the contribution of 

supplemental i r r iga t ion  t o  h is  farming enterprise.  The research re- 

ported in  th i s  chapter deals with a method of making these estimates 

and i l l u s t r a t e s  the resul ts  of using th i s  method on data from experi- 

ments on the University of I l l i no i s  Agronomy South Farm combined with 
6 

h i s to r i ca l  weather data. 

Procedure 

The procedure used is  as fo l la rs :  

1. Regression equations were f i t t e d  t o  estimate relationships 

between corn yield and various inputs, including, i n  Model I, available 

s o i l  moisture and, i n  Model 11, ra infa l l .  These relationships were 

subsequently used t o  predict yields in  a ser ies  of years, with and 

without i r r igat ion.  

2. The s o i l  moisture level  or r a in fa l l  pattern i n  the year with 

the highest predicted yield was designated as ideal.  Assuming that  the 

predicted maximum yield could have been obtained i n  any of the other 

years, had the corresponding level  of moisture prevailed, a moisture 



d e f i c i t  was calculated f o r  each year by subtracting the  ac tua l  s o i l  

moisture or r a i n f a l l  i n  t ha t  year from the  r a i n f a l l  i n  the  "ideal ' '  

year. The moisture d e f i c i t  i s  thus the  difference between the  ac tua l  

moisture or  r a i n f a l l  i n  a year and a designated " ideal"  moisture or  

r a i n f a l l  l eve l .  

3 .  Yields were predicted under the  assumption t ha t  the  supple- 

mental i r r i ga t i on  removed the moisture d e f i c i t s .  Thus, it i s  expected 

t h a t  the  supplemental i r r i ga t i on  w i l l  r e s u l t  i n  yie lds  as high a s  those 

of the  bes t  year. Moisture surpluses were allowed t o  have t h e i r  e f f ec t  

on yie ld .  

4. Input costs  and corn pr ices  were used t o  calcula te  the  mean 

and var ia t ion of ne t  income before and a f t e r  i r r i ga t i on .  The "net 

income" is defined a s  the  return above the  cost  of i r r i ga t i on  and, 

i n  the  case of Model I, of the  increased l eve l  of pract ices  accompany- 
i' 

ing it . 

Model I 

The variables influencing corn yie ld  investigated i n  t h i s  model 

a r e  p lan t  population, p lan t  avai lable  s o i l  moisture i n  a 17-day 

c r i t i c a l  period including tassel ing,  and nitrogen applied. Basic data 

per ta ining t o  corn yie ld  and other inputs were provided by experiments 

conducted i n  1958 and 1959 on Flanagan s i l t  loam s o i l  a t  the  Agronomy 

South Farm a t  Urbana. 

The following re la t ionship  was estimated: 



Standard e r ro r  of estimate = 8.99 bushels, 

Y is  the  bushels of corn per  acre ,  

X1 i s  the plant  population (thousands per  a c r e ) ,  

X2 is  the  plant  available s o i l  moisture i n  the 17-day c r i t i c a l  period 
(7  days before t o  10 days a f t e r  bloom s tage) ,  and 

X i s  the  pounds of nitrogen applied per  acre.  
3 

Keeping nitrogen and p lan t  population constant a t  75 pounds per  

acre  and 16,000 plants  per acre ,  y ie lds  f o r  the  period 1905 through 

1962 were predicted. This required the  estimation of p lant  avai lable  

s o i l  moisture (x2) on May 1 f o r  each of these years. Estimates were 

based on the t o t a l  p rec ip i ta t ion  i n  the preceding seven months: 

Y = 3.38 + 0 . 4 9 ~  (Y 5 11 inches) 

where Y i s  the  inches of available s o i l  moisture on May 1, and X i s  

the  inches of precipi ta t ion i n  the preceding seven months. 

Yields, a f t e r  supplemental i r r i ga t i on ,  were predicted by holding 

the  plant  avai lable  s o i l  moisture (x2) constant a t  the  i dea l  l eve l  of 

the  year (1958) i n  which the highest y ie ld  occurred. The leve l s  of 

nitrogen (X ) and p lan t  population (X ) were elevated t o  100 pounds 
3 1 



per  acre  and 20,000 plants per  acre,  t o  accompany the higher and more 

cer ta in  s o i l  moisture levels  under supplemental i r r iga t ion .  

The predicted yields with an i dea l  avai lable  s o i l  moisture of 10.67 

inches were 111.3 bushels per ac re  throughout the period 1905 t o  1962. 

This constant yie ld  was obtained because a l l  the three independent 

variables i n  our regression equation ( X  
1, 9 9  

and X ) were held a t  
3 

constant levels .  However, the amount of i r r i ga t i on  water varied f r m  

year t o  year, depending on the moisture d e f i c i t .  

Although the adoption of supplemental i r r i ga t i on  substant ia l ly  

reduced the year t o  year variance under t h i s  model (Thble l), the mean 

income ac tua l ly  declined. Higher levels  of nitrogen and plant  popu- 

l a t i on  t o  accompany the added moisture under the  supplemental irri- 

gation regime might have shown an increase i n  income. However, the 

experimental design did not permit increases of these inputs above 

' 
the 100 pounds of nitrogen and 20,000 plant population. 

Table 1. The Mean and Variance of Income Under Model I 

Before I r r iga t ion  After I r r iga t ion  
(do l la r s )  , (dol lars  ) 

Mean 92 90 go. 06 

Variance 152.20 18.35 

Model I1 

The corn y ie ld  data used i n  t h i s  model a r e  from an experiment on 

the Agronomy South Farm a t  Urbana i n  which a corn-corn-oats-clover 

rota t ion was followed fram 1903 through 1956. Open poll inated corn 

was grown during the period 1903 through 1939, followed by hybrid corn. 



In  order t o  study corn yields for  the period 1903-56, it was necessary 

t o  convert y ie lds  of the two kinds of corn t o  a comparable basis .  Such 

a conversion was made by estimating the re la t ion  between the  yields of 

open poll inated and hybrid corn i n  I l l i n o i s  Corn Performance Tests and 

using t h i s  re la t ion  t o  convert open poll inated corn yields t o  t h e i r  

hybrid equivalent. 

The tasse l ing  date was chosen as the  center of a 45-day period of 

analysis of the yield-moisture relat ionship.  Five nine-day periods 

were considered. The tassel ing date was calculated by accumula.ting 

degrees of maximum temperature above 56 degrees s t a r t i ng  frcan the 

planting date  u n t i l  1839 degree days were accumulated. This date was 

designated a s  the tasse l ing  date and const i tu tes  the middle day of 

the t h i rd  period. 

The following equation was f i t t e d :  



R~ = 0.657, 

Standard er ror  of estimate = 15.66 bushels, 

Y i s  the estimated bushels of corn per acre,  

T1, T2, T4 and T a re  the sum of da i ly  maximum temperature fo r  the 
5 

corresponding +day periods. 

T~~ i s  the temperature h-igh for  the tassel ing interval;  i .e., degree 

days of dai ly  maximum temperature above 90'. 

L 
T3 

i s  the temperature low fo r  the tassel ing interval;  i .e .  the 

degree days of dai ly  maximum temperature less  than 90'. 

P1, ..., P are  the amounts of t o t a l  precipitation for  the corresponding 
5 

periods. 

2 P1 , . . . , P are  t o t a l  precipitation t e m s  squared for  the corresponding 
5 

periods. 

I ..., I a re  the interaction t e m s  fo r  the corresponding periods. 
1 ' 5 

The interaction term i s  defined as:  

I = [ J T  ] [ T~~ ] f o r  all t. 
t t 

Yields wkre predicted fo r  each year i n  the period 1903 through 

1956 by inser t ing the actual  values of the explanatory variables in to  

the equation, The highest predicted crop yield of 109.8 bushels 

occurred i n  1948. 

The moisture de f i c i t s  f o r  each period i n  each year other than 

1948 were then calculated and these de f i c i t s  were then assumed t o  be 

supplied by supplemental i r r igat ion.  Returns and costs were calcu- 

la ted  fo r  each year f o r  both the non-irrigation and the i r r iga t ion  

system of corn production. These calculations were carried out in 



t he  same manner a s  fo r  Model I except t h a t  Model I1 has. no variables 

representing cu l tu ra l  pract ices .  The r e su l t s   a able 2) indicate an 

improvement i n  the average income and a decrease i n  variance a s  a 

s h i f t  i s  made from a non-irrigation t o  an i r r i ga t i on  system. 

Table 2. The Mean and Variance of Incme Under Model I1 

Before I r r iga t ion  After I r r iga t ion  
(dol lars  ) (dol lars  ) 

Mean 78 -94 106.32 

Variance 355.78 317.99 

Summary 

The r e su l t s  of Model I and Model I1 o f f e r  a sharp contrast .  

Model I has a marked reduction i n  variance because the year with the 

highest y ie ld  a l s o  had maximum available s o i l  moisture i n  the 17-day 

c r i t i c a l  period. This meant t h a t  there was no year-to-year variance 

i n  yie ld  a f t e r  the moisture d e f i c i t  had been met. In contras t ,  the 

optimal r a i n i a l l  levels  i n  the f ive  nine-day periods i n  Model I1 

were frequently exceeded by na tura l  r a i n f a l l .  Thus, there remained 

a substant ia l  variance i n  y ie ld  and a l so  i n  income under i r r iga t ion .  

The l e v e l  of cu l tu ra l  pract ices  i n  Model I was not high enough 

t o  capture a l l  of the gains from i r r iga t ion .  Even though cu l tu ra l  

pract ices  were omitted from Model 11, there were net  gains from 

i r r i ga t i on .  Apparently the response t o  r a i n f a l l  when disaggregated 

i n t o  several  periods and the consideration of the temperature-precipi- 

t a t i on  interact ion more than o f f se t  the f a i l u r e  t o  take the cmple-  

mentarity of cu l tu r a l  practices with water i n to  account. These mixed 
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r e su l t s  indicate the need for  experiments spec i f ica l ly  designed t o  

estimate the corn yield-water relationship along with estimates of 

the  relevant interactions with cu l tura l  pract ices .  
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N. A BREAK-EVEN ANALYSIS OF SUPPmNTAL IRRIGATION 

OF CORN ON A PIATT COUNTY FARM 

A 470-acre cash-grain farm i n  e a s t - c e n t r a l  I l l i n o i s  ( ~ i a t t  county) 

was se l ec t ed  f o r  t h e  ana lys i s .  Each of t h r e e  i r r i g a t i o n  equipment 

supp l i e r s  was asked t o  design an i r r i g a t i o n  system under t h e  assumption 

t h a t  t h e  e n t i r e  farm would be i n  corn. The c o s t  e s t ima te s  from t h e  

t h r e e  s u p p l i e r s  were then used t o  develop e s t ima te s  of t h e  increases  

i n  income necessary t o  j u s t i f y  supplemental i r r i g a t i o n .  

P re sen t ly  only a l imi t ed  amount of information i s  a v a i l a b l e  con- 

cerning t h e  y i e l d  response of corn t o  supplemental i r r i g a t i o n ,  espec- 

i a l l y  on heavy s o i l s .  Accordingly, s p e c i f i c  recommendations cannot be 

made concerning t h e  p r o f i t a b i l i t y  of supplemental i r r i g a t i o n .  However, 

es t imates  of t h e  income inc reases  necessary t o  pay f o r  t h e  investment 

I. and opera t ion  of a supplemental i r r i g a t i o n  system should improve t h e  

b a s i s  f o r  dec i s ions  on whether t o  i r r i g a t e  corn.  

Farm Descr ip t ion  

The s o i l ;  on t h i s  farm a r e  predominantly Flanagan s i l t  loam and 

Drummer s i l t y  c l a y  loam. These s o i l s  were developed primari1.y from 

loes s .  They a r e  dark colored,  moderately permeable, with very good 

drouth  r e s i s t a n c e .  When necessary,  excess water  can be removed by 

t i l e .  

Because of t h e  low-lying na ture  of t h e  s o i l s  and t h e i r  i n t e r n a l  

dra inage  c h a r a c t e r i s t i c s ,  the  p o s s i b i l i t y  e x i s t s  t h a t  i n  c e r t a i n  yea r s  

w i th  i r r i g a t i o n ,  y i e l d s  would a c t u a l l y  be reduced because of excess 

water ,  un less  adequate t i l e  drainage i s  provided. The t i l e  system on 
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t h e  s tudy farm i s  adequate t o  handle normal sp r ing  r a i n s .  Since sup- 

plemental i r r i g a t i o n  w i l l  normally be used during t h e  d r i e r  months of 

summer ( ~ u l y  and August), i t  i s  assumed t h a t  t h i s  t i l e  system w i l l  be 

adequate t o  remove excess water before crop damage occurs,  should a 

heavy r a i n  fol low an i r r i g a t i o n  cycle.  
1 

I 
Method of Analysis 

The ana lys i s  uses p a r t i a l  budgeting. This method considers  only 

those items t h a t  change with a change i n  production technique. It i s  

assumed t h a t  t he  e n t i r e  farm w i l l  be i n  continuous corn both before 

and a f t e r  adoption of supplemental i r r i g a t i o n .  The added c o s t s  of 

c e r t a i n  changes i n  c u l t u r a l  p r a c t i c e s  i n  corn production a r e  considered 

i n  the  c o s t  ca l cu la t ions .  

The added c o s t s  d i r e c t l y  assoc ia ted  with the  addi t ion  of irri- 

ga t ion  a r e  presented i n  th ree  categories--water source o r  we l l  c o s t s ,  

pumping c o s t s ,  and water d i s t r i b u t i o n  cos t s .  Although c o s t s  f o r  t h ree  

d i f f e r e n t  types of d i s t r i b u t i o n  systems a r e  presented,  t he  same we l l  

1 and pumping equipment a r e  assumed t o  be used i n  each of the  th ree  

sys tems . 
T o t a l  added c o s t s  pe r  acre  a r e  equated with the  a d d i t i o n a l  corn 

y i e l d  ( a t  var ious  p r i c e s )  required t o  meet t h e  c o s t  of i r r i g a t i o n .  

The land a r e a  t h a t  must be taken out of production i n  order  t o  operate  

the  i r r i g a t i o n  system i s  a l s o  considered,  The break-even y i e l d  increase  

i s  thus ad jus ted  f o r  t he  l o s s  i n  land acreage. 

Cu l tu ra l  P rac t i ces  

The only changes i n  c u l t u r a l  p r a c t i c e s  t o  be considered a r e  in -  

creased p l a n t  populat ion .and f e r t i l i z e r  a p ~ l i c a t i o n .  It i s  assumed 
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t h a t  a l l  o ther  c u l t u r a l  p r a c t i c e s  a r e  t he  same f o r  both i r r i g a t e d  and 

non i r r iga t ed  corn.  The increases  i n  c o s t  of weed c o n t r o l  under irri- 

g a t i o n  were considered t o  be small  enough t o  be ignored. 

The p re sen t  p l an t ing  r a t e  of corn i s  approximately 24,000 kerne ls  

pe r  ac re .  This w i l l  be increased t o  28,000 kerne ls  per  ac re  with irri- 

ga t ion .  The e x t r a  cos t  i s  es t imated t o  be $1.110 pe r  ac re .  

F e r t i l i z e r  app l i ca t ion  p re sen t ly  averages 150 pounds of ni t rogen 

( N ) ,  80 pounds of phosphorous (P  0  ) ,  and 30 pounds of potassium (K 0 )  
2  5  2  

per  a c r e .  S o i l  t e s t s  i n d i c a t e  a  moderately high s o i l  supply of both 

piiosphorous and potassium. With t h e  ad.dition of i r r i g a t i o n ,  it i s  

assumed t h a t  n i t rogen  app l i ca t ion  w i l l  be increased 50 pounds per  ac re ,  

phosphorous (P 0  ) 20 pounds pe r  a c r e ,  and potassium ( ~ ~ 0 )  30 pounds 
2  5  

pe r  ac re .  The added c o s t  of t h i s  a d d i t i o n a l  f e r t i l i z e r  is  est imated 

t o  be $5 -80  pe r  a c r e .  

1. 

Water source and Cost of Well 

Whether i r r i g a t i o n  develops i n  a  given a r e a  depends t o  a  g r e a t  

ex t en t  on t h e  a v a i l a b i l i t y  of a l a r g e  supply of water .  The only 

source of water c u r r e n t l y  a v a i l a b l e  f o r  t h i s  farm i s  t h e  ground water 

i n  t he  t h i c k  depos i t s  of sand and g rave l  i n  t h e  buried Mahomet bedrock 

v a l l e y  which unde r l i e s  t he  farm. The I l l i n o i s  S t a t e  Water Survey has 

i nd ica t ed  t h a t  a  l a rge  capac i ty  w e l l  approximately 300 f e e t  deep could 

produce a s  much a s  2,500 ga l lons  per  minute of water of a  chemical 

q u a l i t y  t h a t  should be exce l l en t  f o r  i r r i g a t i o n .  

The cos t  of such a  we l l  i s  es t imated t o  be $12,000. The es t imate  

was obtained from a  d r i l l i n g  con t r ac to r  f o r  a  w e l l  300 f e e t  deep and 

capable of pumping 2,1150 ga l lons  per  minute. The w e l l  i s  assumed t o  



have a u s e f u l  l i f e  of 50 years .  

The es t imated  investment cos t  of t he  required pumping equipment i s :  

Double-drive pump. ................ $ 6,398 

Concrete base and i n s t a l l a t i o n . . . .  460 

I n d u s t r i a l  engines,  two , 220 BHP. ... .3,38O 

Pump connections and f i t t i n g s  ..... lb 9 

Tota l  ........................ $10,897 

This i s  p r i ced  a s  designed by one of t h e  i r r i g a t i o n  colnpanies. This 

comparl:\r i s  a dea le r  f o r  t h i s  equipment and a l s o  provides i n s t a l l a t i o n .  

Since t h i s  p - q i n g  equipment i s  p a r t  of t he  system t h a t  r equ i re s  the  

h ighes t  pumpi!ig r a t e ,  S . t  i s  assumed the  equipment i s  adequate f o r  t he  

otiier two systems. The pumping equipment i s  assumed t o  have a u s e f u l  

l i f e  of 15 yea r s ,  with a 10-percent salvage value.  

'Water D i s t r ibu t ion  System 

Severa l  assumptions a r e  made i n  regard t o  the  f ixed  cos t s  of t he  

water d i s t r i b u t i o n  f i e l d  equipment f o r  a l l  t h ree  systems: 

I. The purchase p r i c e  includes i n s t a l l a t i o n  o r  assembly. 

2.  A 5-percent s a l e s  tax i s  included. 

3. The equipment has a u s e f u l  l i f e  of 15 years  with a salvage value 

of 10 percent  of new c o s t .  

4. Depreciat ion i s  f i ~ u r e d  by the  s t r a i g h t - l i n e  method. 

2 .  I n t e r e s t  i s  charged a t  t h e  r a t e  of 7 percent  of average investment.  

6.  Insurance c o s t  i s  assumed t o  be $0.60 pe r  $100 of average va lue .  

7. Personal  proper ty  t a x  i s  computed using a 3.5-percent t a x  r a t e  

f o r  55 pe rcen t ,o f  average value.  

8. No housing c o s t s  a r e  included. 



Variable c o s t s  assoc ia ted  with the  a c t u a l  i r r i g a t i n g  operat ion include 

l abor ,  f u e l  and o i l  f o r  pumping, r e p a i r  and maintenance, and any other  

v a r i a b l e  c o s t  necessary f o r  operat ion.  The labor  requirements,  hours of 

opera t ion ,  and f u e l  cos t s  a r e  based on des igners '  es t imates .  Labor i s  

charged a t  $2.00 pe r  hour, f u e l  and o i l  f o r  pumping a t  $3.50 pe r  hour 

of a c t u a l  operat ion.  Repairs a r e  charged at a  f ixed  r a t e  pe r  acre- inch 

of water appl ied ,  with the  r a t e  depending on t h e  type of equipment used. 

Tractor  power i s  charged a t  $1.00 pe r  hour of operat ion,  which i s  the 

est imated v a r i a b l e  cos t  of operat ion only. 

Variable c o s t s  a r e  approximate; exact f i g u r e s  depend on opera tor  

e f f i c i e n c y  and organizat ion.  Variable c o s t s  pe r  acre- inch of water 

app l i ed  a l s o  depend on the  amount of water  appl ied p e r  i r r i g a t i o n  cycle.  

For example, t he  t o t a l  labor  and t r a c t o r  power required t o  move equip- 

ment would be approximately the  same f o r  a 2-inch app l i ca t ion  a s  f o r  
t 

hal f  t h a t  amount. Thus, with a  2-inch app l i ca t ion  the  same labor  and 

t r a c t o r  c o s t s  a r e  divided b:; twice a s  many acre- inches of wa.ter appl ied ,  

and these  c o s t s  per  acre- inch a r e  reduced by 50 percent .  

System A .  System A uses t h e  "tow-line" p r i n c i p l e .  Normal i n -  

s t a l l a t i o n s  of t h i s  type u t i l i z e  a  main l i n e  located i n  t h e  cen te r  of 

the  f i e l d .  Long l a t e r a l s  run at r i g h t  angles t o  t h e  main, and a r e  

moved from s e t t i n g  t o  s e t t i n g  b,; disconnect ing them from the  main and 

using t r a c t o r  power t o  tow t h e  e n t i r e  l a t e r a l  across  t h e  main t o  a  new 

set tin^ on t h e  opposi te  s i d e  of t h e  f i e l d .  Since t h e  e n t i r e  l a t e r a l  

i s  moved a s  a u n i t ,  moving time i s  reduced i n  comparison wi th  the  com- 

p l e t e l y  hand-moved system. Nevertheless ,  t h i s  system requ i re s  the  most 

ope ra t iona l  labor  of t h e  th ree  systems. Spr inkler  heads, posi t ioned 

on high r i s e r s  f o r  i r r i g a t i n g  t a l l  crops such a s  corn, a r e  loca ted  a t  
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regu la r  i n t e r v a l s  on the  l a t e r a l .  S t a b i l i z e r s  on t h e  l a t e r a l s  keep the  

r i s e r s  i n  a v e r t i c a l  pos i t i on .  

The system designed f o r  t h e  s tudy farm c o n s i s t s  of s i x  1960-foot 
J 

l a t e r a l  l i n e s  and s i x  1,280-foot l a t e r a l  l i n e s .  The s p r i n k l e r s  a r e  

spaced a t  40-foot i n t e r v a l s  on the  txm-lines.  The d i s t ance  between 

l a t e r a l  s e t t i n g s  i s  60 f e e t .  The system i s  designed t o  apply 2 inches 

of water t o  406 ac res  i n  approximately seven and one-ha.lf calendar  days. 

Design capaci ty  of System A i s  t h e  h ighes t  of t h e  t h r e e  systems 

considered. It i s  designed t o  provide a l l  t h e  necessary water f o r  t he  - 
growing crop and a s  such i s  probably over-designed f o r  supplemental 

i r r i g a t i o n  i n  e a s t - c e n t r a l  I l l i n o i s .  Because of t h e  high water-holding 

capac i ty  of s o i l s  i n  t h i s  a r e a  and the  r e l a t i v e l y  l a rge  amount of r a i n -  

f a l l  during t h e  growing season, a lower design capac i ty  would probably 

be s u f f i c i e n t .  This would reduce investment c o s t  and consequently 

y e a r l y  f ixed  c o s t s ,  while having l i t t l e  e f f e c t  on t h e  ope ra t iona l  cos t s  

pe r  acre- inch of water appl ied .  

An est imated 60 hours of labor  and 45 hours of t r a c t o r  use a r e  

requi red  per  i r r i g a t i o n  cyc le .  Eighty hours of pump operat ion a r e  

requi red  t o  apply 1 inch of water t o  406 ac res  and 160 hours t o  apply 

2 inches.  

System B. System B i s  a semi-automated system. A s ing le ,  la rge-  

capac i ty  sp r ink le r  i s  mounted on a wheeled veh ic l e .  The vehic le  i s  

pos i t ioned  a t  one end of t h e  f i e l d  and a cable  i s  run t o  t h e  opposi te  

end and anchored. An engine-winch on t h e  veh ic l e  winds i n  the  cable  

and p u l l s  the  s p r i n k l e r  slowly across  t h e  f i e l d .  A p l a s t i c  hose con- 

n e c t s  t he  sp r ink le r  t o  the  main which i s  loca ted  i n  t h e  center  of t h e  

f i e l d  a t  a r i g h t  angle t o  the  d i r e c t i o n  of t r a v e l  of t h e  sp r ink le r  



v e h i c l e .  S i ze  of sp r ink le r  and speed of t r a v e l  determine t h e  r a t e  of 

water app l i ca t ion .  Tractor  power i s  requi red  t o  move t h e  vehic le  

between s t a r t i n g  pos i t i ons .  

The system designed f o r  t he  s tudy farm c o n s i s t s  of four  ind iv idua l  

u n i t s .  It i s  designed t o  apply one inch  of water t o  460 ac res  i n  

approximately 35 hours of a c t u a l  pumping time. Successive l a t e r a l  

movements a r e  330 f e e t ,  which reduces the  amount of land l o s t  from 

production when compared with System A .  However, d i s t r i b u t i o n  may be 

poorer ,  e s p e c i a l l y  on windy days. 

An estimated 4 1  liours of labor  a r e  requi red  f o r  a 1-inch app l i ca t ion .  

An a d d i t i o n a l  11 hours of supervision time a r e  included f o r  a 2-inch app l i -  

c3.tion. Opera t ional  t imes f o r  t h e  pump a r e  95 and 190 hours, respec t -  

i v e l y ,  f o r  t h e  two l e v e l s  of app l i ca t ion .  

System C.  This system combines two types of equipment and i s  the  
6 

most automated of the  t h r e e  systems. It c o n s i s t s  of one l a rge ,  s e l f -  

propel led  u n i t  and two u n i t s  s i m i l a r  t o  those of System B. The s e l f -  

propel led  u n i t  involves a s ing le ,  long l a t e r a l  pipe supported by a 

s e r i e s  of wheels and towers. The e n t i r e  assembly revolves slowly 

around a p ivo t  po in t  located i n  t h e  center  of the  a r e a  t o  be i r r i g a t e d .  

Water pressure  i s  used t o  power the  support wheels, which i n  tu rn  

r o t a t e  the  system. Spr ink le r s  a r e  loca ted  a t  r egu la r  i n t e r v a l s  on the  

l a t e r a l  and vary i n  s i z e  according t o  the  a r e a  of t h e  c i r c l e  t h a t  they 

must cover.  The des i r ed  amount of water i s  appl ied  i n  one revolu t ion  

of t h e  system. Ro ta t iona l  speed i s  v a r i a b l e  so  t h a t  app l i ca t ion  r a t e s  

can be con t ro l l ed .  One disadvantage of t h e  se l f -propel led  system i s  

t h a t  square corners  cannot be i r r i g a t e d .  



The system designed for this farm includes a single, 1,673-foot self - 

propelled unit and two units of the System B type. The system as 

designed will apply 1 inch of water to 440 acres in approximately 30 

hours of actual pumping time. Labor requirements are estimated at 22 

hours per cycle for a 1-inch application and 26 hours for a 2-inch 

application. 

Table 1.--Costs of the Three Systems 

Costs 

Sys- Sys - Sys - 
tem tem tem 
A B C 

Investment per acrea. . $189.09 ' $171.93 $169.87 
Fixed cost per acrea.. 19.84 18.08 17-79 
Variable cost per 
acre-inch, 1-inch 

......... application 1.19 1.05. 1.03 
Variable cost per 
acre-inch, 2-inch 

......... application 0.99 0.96 0.38 

a Includes well, pumping equipment, and distribution 
system. 

Costs of the Three Svstems 

Investment per acre and costs per acre for each system are presented 

in Table 1. One of the first things noticed when comparing the three 

systems was the similarity of investment costs, especially between 

Systems B and C. System A has the highest capital requirement, even 

though it is the most labor-intensive system. While this might appear 

as a discrepancy, it should be remembered that A has the highest design 

capacity which results in higher initial cost. System A is designed to 

meet all the necessary water requirements for the crop. This would - 



only be necessary i n  a severe drought, System C i s  the most automated, 

but has the lowest i n i t i a l  cost .  However, C u t i l i z e s  an extremely 

large self-propelled un i t  ( i r r i ga t i ng  approximately 220 acres)  which 

tends t o  reduce i n i t i a l  cost on a per-acre bas i s .  I f  two smaller un i t s  

were used i n  place of the s ingle  large un i t ,  f o r  the  same number of 

acres ,  investment cost per acre  would increase because of duplication 

of equipment. 

Table 1 a l so  i l l u s t r a t e s  an important point i n  regard t o  variable 

costs .  For the 1-inch application,  variable costs decrease s l i gh t ly  

with increasing automation. However, with the 2-inch application 

most of t h i s  difference disappears. This f ac t  i s  due largely  t o  the 

e f f ec t  of increased water application on labor and t r ac to r  costs per 

un i t .  In terms of t o t a l  amount per i r r iga t ion  cycle, these two costs 

a r e  approximately the same fo r  both ra tes  of application.  As the 

application r a t e  per i r r iga t ion  cycle i s  increased, the most labor- 

intensive system receives the  greates t  benefit  i n  reduction of these 

costs on an acre-inch basis .  

Break-Even Yield Increase 

Because the  costs of applying.water a r e  qui te  similar f o r  a l l  

three  systems, the average costs of the three systems a r e  used i n  the 

break-even analysis .  These averages a r e  $18.57 fixed cost per acre ,  

$1.09 variable cost  per acre-inch f o r  a 1-inch application,  and 

$0.98 per acre-inch f o r  a 2-inch application.  The added variable 

costs f o r  seed and f e r t i l i z e r  a re  a l so  included. 



The operation of most i r r i ga t i on  equipment requires land f o r  turn  

s t r i p s ,  operational s t r i p s ,  or involves some crop damage. It i s  e s t i -  

mated t ha t  an average of 6 percent of the farmland i s  l o s t  from pro- 

duction. Thus, the necessary extra  production, or  per-acre yie ld  

increase,  must come from 0.94 of an acre .  

Supplemental water added per acre  i s  assumed t o  average 4 inches, 

applied i n  two 1-inch applications and one 2-inch application.  For 

t o t a l  water applications above or below 4 inches, only the  variable 

cost  of operation need be considered. For example, i f  an addi t ional  

inch i s  applied,  $1.09 i s  added t o  the t o t a l  cost .  

Table 2 summarizes the  estimated addi t ional  costs  t ha t  would be 

incurred i f  i r r i ga t i on  were added t o  t h i s  farm. Note t ha t  approxi- 

mately two-thirds of the  t o t a l  costs  a r e  f ixed costs and t ha t  the 

investment, once made, has a salvage value considerably below or igi -  

n a l  cost .  Table 3 gives the  required yie ld  increase necessary t o  

break even a t  various pr ices  of corn. 

Table 2.--Per-Acre Cost of I r r iga t ion ,  
Assuming 4 Inches of Added Water 

Annual f ixed cost  of added equipment. .... $18.57 
Variable cost  f o r  two 1-inch water .......................... appl icat ions .  2.18 
Variable cost  f o r  one 2-inch water 

application ............................ 1.96 ................... Added f e r t i l i z e r  cost .  5.80 
Added seed cost . . . . . . . . . . . . . . . . . . . . . . . . . .  1.40 .................................. Total..  



Table ?,.--Yield Increases Necessary t o  Break Even 
a t  Various Corn pricesa 

Yield increase 
Price of corn, needed t o  

dol lars  per break even, 
bushel bushels 

a Assumes 6-percent f i e l d  area  l o s s ,  two 1-inch 
applications,  and one 2-inch application.  

Conclusion 

The question of a r e a l i s t i c  y ie ld  response t o  supplemental irri- 

,gation i s  complicated by the  f a c t  t h a t  there  a r e  few f i e l d  experiments, 

combining i r r i ga t i on  and up-to-date cu l t u r a l  pract ices ,  current ly  

being conducted i n  the  Corn Belt .  Most of those being conducted a r e  

on the  more drouthy s o i l s  and lack d i r ec t  app l i cab i l i t y  t o  the  more 

drouth-resistant  s o i l s .  Because of t h i s  lack of information on yie ld  

response, spec i f i c  recamendations cannot be made frm our analysis .  

However, the  s i z e  of the  needed yie ld  increase gives some basis  f o r  

making a judgment i n  spec i f ic  farm s i tua t ions .  

During the  seven-year period, 1961-1967, corn yie lds  on t h i s  

farm averaged 127 bushels per  acre ,  ranging frm 109.5 t o  136.5 

bushels per acre.  This means t ha t  with corn a t  one do l la r  per 

bushel y ie lds  would need t o  be about 160 bushels per acre t o  break 



even under an i r r i ga t i on  program with 4 inches of water applied. 

Although such yie lds  a r e  reported i n  years with favorable weather, 

they r e f l ec t  a high l eve l  of management i n  the form of timely appl i -  

cation of ca re fu l ly  selected inputs. Such management i s  a c r i t i c a l  

f a c to r  i n  determining the success of an i r r i ga t i on  program. 

Another fac tor  entering i r r i ga t i on  decisions i s  the  reduction 

of year-to-year var ia t ions  i n  yie lds  t h a t  should occur under irri- 

gation. Same farmers may f e e l  that t h i s  reduction i s  important 

enough t o  j u s t i f y  investment i n  i r r i ga t i on  even though there i s  loss  

i n  re turns ,  on the  average, under i r r i ga t i on .  I n  Section I11 of 

t h i s  report  it was indicated t ha t  a decrease i n  year-to-year variat ions 

of ne t  income may be expected with supplemental i r r i ga t i on  of corn. 

Specialty crops such a s  green beans and cucumbers, i n  general,  

give higher returns than corn t o  investment i n  i r r i ga t i on  equipment. 
I 

Where markets f o r  these crops ex i s t  and appropriate s o i l s  a r e  present,  

consideration should be given t o  including them in  an analysis  of the  

cropping system t o  determine the  p r o f i t a b i l i t y  of i r r iga t ion .  



V. A LINEAR PROGRAMMING ANALYSIS OF 3RRIGATION FAWING IN MASON COUNTY 

In recent years there  has been a marked increase i n  the area of 

i r r i ga t ed  land i n  the  western half  of Mason County. In  1959, 462 acres 

were i r r i ga t ed  on 9 farms. In  1969, 21,300 acres were i r r i ga t ed  on 

114 farms. This adoption of i r r i ga t i on  i s  due t o  a number of reasons. 

The s o i l s  i n  the western section of Mason County a r e  predominantly 

sandy, with a low water-holding capacity. This has caused very low 

crop yie lds  i n  years of l e s s  than average r a i n f a l l ;  e.g.,  the  average 

y ie ld  of corn in Mason County fo r  1966 was 69 bushels whereas the  

average y ie ld  f o r  corn over the 10-year period 1959-1968 was 78.4 

bushels . 
Some farmers who s t a r t ed  i r r i ga t i ng  i n  the l a t e  1950's and ea r ly  

1960 ' s found t ha t  i r r i ga t i on  could cause subs tan t ia l  increases i n  crop 

yie lds  (especia l ly  corn) i n  most years. They found that i r r i ga t ed  corn 

could usual ly  yie ld  a t  l e a s t  110 bushels per  acre ,  and, i n  years l i k e  

1966, i r r i ga t i on  could help t o  aver t  an econmic loss .  

Further, it was recognized t ha t  t h i s  pa r t  of Mason County possessed 

an almost unlimited supply of ground water at  an average depth of 100 

f ee t .  This adequate supply of ground water, coupled with the  develop- 

ment of automated i r r i ga t i on  equipment and i t s  subsequent use a s  i n  

Nebraska and the Dakotas, gave the  physical  means of delivering water 

t o  crops that would respond. Development of automated equipment i s  

especia l ly  important i n  an area  which has a r e s t r i c t ed  supply of labor.  

Another factor  influencing the  adoption of i r r i ga t i on  was the ava i l -  

a b i l i t y  of contracts with canning companies f o r  i r r i ga to r s  t o  grow 

vegetable crops ( e  .g., snap beans and cucumbers) which offered high, 



i f  somewhat variable,  returns per  acre.  A successful  double crop of 

snap beans would re turn $175 per acre net  of variable costs,  

It is obvious frcm the extent that it b e  been adoptea i n  Mason 

County t h a t  i r r i ga t i on  is econonicslly feasible  and, io many cases, 

qu i te  prof i table .  But there a r e  s t i l l  questions concerning the 

proportion of the farm t o  be i r r iga ted  and the bes t  combination of 

crops. Because the answers t o  these questions depend on such factors  

a s  the  yie lds  and prices of crope, vegetable contracts available 

frm canning campanies, and the  mount of labor available on the farm, 

the technique of l i nea r  programming is well  sui ted t o  studying the 

economic consequences of a l t e rna t ive  plans. Linear programing is a 

form of budgeting well  adapted f o r  use on ccauputers so t ha t  a very 

large number of farm si tuat ions  can be budgeted provide& t h a t  the 

charac te r i s t i cs  of the farm can be expreesed matheinaCically. 
4 

In  t h i s  study l inear  programming wae used f o r  a hypothetical farm 

i n  Mason County t o  determine the  most prof i table  cab ina t ion  of crops 

f o r  varying proportions of the f@m ir r iga ted ,  and, a s  a consequence, 

t o  measure the p r o f i t a b i l i t y  of d i f fe ren t  s izes  of i r r iga t ion  equip- 

ment. The infonnation upon which the  cherecter is t ics  of the farm 

depend was gathered frm interviews with Sow i r r i ga to r s  and the  

extension advisor i n  Mason County. The r e su l t s  of several  f a m  manage- 

ment studies performed by the Department of Agricultural  Economics, 

University of I l l i n o i s  a l so  proviaed information. 

The Model Farm 

A hy-pothetical fazm s i tua t ion  was developed which represented the 

important elements fo r  decisions regarding crop cmbinat!ibns on i r r i ea t ed  



Four basic s i tua t ions  a r e  considered: 

( a )  no i r r i ga t i on ;  

( b )  i r r i ga t ed  area of 150 acres ;  

( c )  i r r i ga t ed  area  of 287 acres ;  

(d )  i r r i ga t ed  area  of 437 acres  (using both l a rge  and small 

systems) . 
The labor avai lable  on the  farm i s  one full- t ime operator p lus  one 

ful l - t ime hi red man f o r  a l l  o r  a p a r t  of the year. The hours of labor 

avai lable  from t h i s  supply a r e  put  a t  480 per  month except f o r  May t o  

August when they a r e  put a t  130 per  week, with the  proviso t h a t  the 

average should not  exceed 120 hours per week f o r  more than two con- 

secutive weeks. This allows f o r  peak periods during times of in tensive  

cu l t iva t ion .  

Linear Programming Results 

Using the  above information and the  l i nea r  p r o g r m i n g  procedure, 

fanu plans which give the  highest re turns ,  ne t  of variable cos ts ,  were 

determined f o r  each i r r i ga t i on  s i tua t ion .  The plans consis t  of the  

acreage of each crop g r a m  and the  amount of labor  used i n  each period 

(Table 2 ) .  

A s  i r r i g a t i o n  equipment i s  increased, so  the highest-return crop- 

ping plan changes. The f irst  change ( i n  going from the non-irrigated 

s i t ua t i on )  i s  the  introduction of high-value crops, snap beans and 

cucumbers. Because the  ne t  r e tu rns  from cucumbers is  s l i g h t l y  higher 

than snap beans, the maximum acreage (50 acres)  of cucumbers permitted 

by the  contract  i s  grown i n  a l l  plans with i r r i ga t i on  n able 2 ) .  



farms in  Mason County. This farm consisted of 470 acres of uniform 

land. The crops which could be chosen a r e  given i n  Table 1 along 

with t h e i r  planting and harvesting dates and quant i t ies  of water 

applied by i r r iga t ion .  Livestock and pasture enterpr ises  a r e  not 

considered in  order t o  simplify the study and a l so  because i r r i ga to r s  

indicated t ha t  decisions regarding i r r i ga t i on  do not a f f ec t  livestock 

choices. 

The crops a r e  subject t o  rota t ional  r e s t r i c t i ons  so a s  t o  mini- 

mize insect  build-up. Because contracts fo r  the vegetable crops a r e  

res t r ic ted ,  the maximum allowed i n  the  model was 150 acres for  snap 

beans and 50 acres f o r  cucumbers (with the acreage of f i r s t  and second 

crop being divided equally); t h i s  is i n  l i n e  with the  s i ze  of current 

contracts.  Prices and yields assumed f o r  the various crops a r e  a l so  

given i n  Table 1, along with variable costs (includes running costs 

f o r  farm and i r r iga t ion  machinery, f e r t i l i z e r ,  seeds, and sprays). 

The i r r iga t ion  equipment chosen was the  "Valley" type, which is 

the most automated available.  However, the r e su l t s  a r e  applicable 

t o  other types of automated equipment. The two s izes  of Valley equip- 

ment most frequently used i n  Mason County a r e  the 40-acre s i ze  

( i r r i ga t e s  37.5 acres) and the 160-acre s i ze  ( i r r i g a t e s  143.5 acres) ,  

The 40-acre system can apply 1 acre-inch per week t o  a 160-acre 

(effect ive  i r r iga ted  area i s  then 150 acres) f i e l d  by using it from 

four watering points.  Likewise, the 160-acre system can apply 1 

acre-inch per week i n  two adjacent 160-acre f i e l d s  (effect ive  irri- 

gated area i s  287 acres ) .  



Table 1.--Crops Grown on 470-~crg Model Fam, Mason County, I l l i no i s  

Irr i - Soy- 
Irri- gated beans Snap beans Cucumbers 

Corn gated Soy- soy- second Wheat F i r s t  Second F i r s t  Second 
corn beans beans crop crop crop 

j crop crop 

Planting dates..................... Oct. May 
7-15 

July May Aug. 
23-31 7-15 1-6 

Harvesting dates... . . . . . . . . . . . . . . . .  Sep. 29 
-Nov. 7 

Sep. 29 Sep. 23 Sep. 23 
-NOV. 7 -0ct. 6 -0ct. 6 

Sep. 23 
-0ct. 6 

July July 
7-11 7-15 

Sep. July Oct . 
23-30 7-15 1-8 

Irr igat ion 
June (inches) ................ 
July (inches). ................ ............... August ( inches ) 
September (inches). ........... 
Total (inches) ................ 

Yield (bushels per acre) ........... 
Price (dollars per bushel) ......... 1.40 (a)  

Gross returns (dollars per acre) ... 
Variable costs (dollars per acre) . . 18.32 32.61 12.22 18.11 10.69 12.50 27.75 25.63 19.24 21.96 

Net returns (dollars per acre) .  .... 56.68 97.39 59.78 77-89 37.31 72.25 72.25 74.37 80.76 78.04 

a Yields and prices a re  not used fo r  these crops; the canning companies pay the farmer a return per acre 
based on yield, quality and price of the crop. 



- - 

As the acreage i r r iga ted  increased, i r r iga ted  corn became more 

important, reaching a maximum of about one-half of the cropped area 

when 437 acres a r e  i r r iga ted .  A t  t h i s  l eve l  of i r r iga t ion ,  the only 

dryland a c t i v i t y  was wheat; the area  of soybeans decreased from 131 

acres ,  with no i r r iga t ion  equipment, t o  10 acres of f i l l -season soy- 

beans being i r r iga ted  plus 55 acres of i r r iga ted  soybeans following 

wheat. 

It should be noted tha t  the area of snap beans never reaches i t s  

contract  l i m i t  of 150 acres.  Even i f  cucumbers were removed from the 

cropping a l te rna t ives  ( there  were no cucumber contracts i n  1969) and 

t h i s  acreage made available f o r  snap beans, the snap bean acreage 

~rould s t i l l  remain a t  l e s s  than i t s  contract l imi t  of 150 acres.  

In general, vegetable crops with similar cul t ivat ion and return 

charac te r i s t i cs  t o  snap beans would occupy l e s s  than one-third of 

the cul t ivated area.  This indicates a somewhat stronger cmpe t i t i ve  

posit ion f o r  corn than might be expected. 

What causes t h i s  l imita t ion on vegetable crops? The answer i s  

not apparent i n  the  presentation of f igures fo r  labor used (Table 2 ) .  

It w i l l  be remembered tha t  labor availab.le on the farm was specified 

a s  130 hours per week during the period of intensive cul t ivat ion,  

with a proviso that the average should not exceed 120 hours i n  con- 

secutive weeks. Behind the monthly t o t a l s  i n  Table 2 a r e  weekly 

labor f igures.  For a l l  i r r i ga t i on  s i tua t ions ,  the l i m i t  of 130 hours 

i s  reached i n  a t  l e a s t  one week-'-e.g., f o r  437 acres i r r iga t ion ,  

130 hours a r e  used i n  the second week of May and f i r s t  week of June. 

Thus, the shortage of labor i n  these periods prevents an increase i n  

the area of vegetable crops. 



Table 2.--Highest-Return Farm Plans f o r  Various Sizes of I r r iga t ion  
Equipment, 470-Acre Fam, Mason County, I l l i n o i s  

Area i r r i ga t ed  (acres)  0 150 287 437 

a 
Net re turn  $24 , 518 $37,164 $45,342 $49,%4 

Crops (acres ) 

Corn 214 135 - - -- 
I r r iga ted  corn - - 50 140 233 

Soybeans 131 111 113 -- 
I r r iga ted  soybeans -- -- -- 10 

Soybeans (second crop) - - -- - - ( 551b 

Wheat 125 74 70 88 

Snap beans ( f i r s t  and second crops) - - 50 97 89 

Cucumbers ( f i r s t  and second crops) - - 50 50 50 

Total 470 470 470 470 

~ a b o k  used (hours) 

January 

February 53 54 58 69 

March 

Apr i l  

May 

June 

Ju ly  

August 

September 171 200 192 174 

October 

November 

December 24 34 38 40 

Total 2,170 2,587 2,745 2,987 
a Gross returns minus variable costs .  
b Not included i n - t o t a l  because it i s  grown on l a d  following wheat. 



Now it might be argued t ha t  i f  the  labor i n  the  first,  t h i rd ,  and 

fourth weeks of May and the  second weelc of June i s  not f u l l y  u t i l i z ed ,  

some cu l t iva t ion  could be sh i f t ed  f ' rm the second week of May t o  the  

f i r s t  week of June. Careful examination of the weekly labor f igures 

shows the  average amount of labor required fo r  the six-week period, 

l a t e  Apri l  t o  ea r ly  June, i s  120 hours per week, and t h i s  i s  the  

maximum labor assumed t o  be avai lable  from two f i l l - t ime  men. 

Some fur ther  comments a r e  required on the  labor f igures.  The 

monthly d i s t r ibu t ion  i s  very uneven with l i t t l e  labor used i n  January, 

February, November, and December; t h i s  may appear as ine f f i c i en t  use 

of labor.  But i d l e  labor i n  these months may be the  pr ice  t ha t  has 

t o  be paid i f  the men a r e  expected t o  work a sixty-hour week f o r  some 

periods of the  year. If the  operator has an opportunity t o  h i r e  

full- t ime labor f o r  the  period i n  which crops a r e  g r am,  t h i s  i s  

'preferable t o  h i r ing  a man fo r  the  en t i r e  year. It w i l l  be recalled 

that l ivestock a r e  not considered a s  a par t  of the  farm a c t i v i t i e s .  

The Effect  of Changes i n  Yields or Prices 

Because of uncertainty regarding the  yie lds  and market prices of 

various crops, it i s  reasonable t o  ask t o  what extent  do the  highest- 

return plans produced by l i nea r  programming remain optimal when un- 

ce r ta in ty  i s  considered. To p a r t i a l l y  answer t h i s ,  an examination 

was made of the  e f f ec t  of changes i n  per-acre returns of the vegetable 

crops. By f'urther programming, we can produce optimal fanu plans fo r  

the  reasonably expected range of returns f o r  snap beans and cucumber 

crops. These plans a r e  given i n  Table 3 f o r  the s i tua t ion  of 287 

acres of i r r i ga t ed  land. 



Table 3.0-Highest-Return F'arm Plans with Varying Snap Beans and Cucumber 
Returns; 470-~cre  Farm (287 Acres ~ r r i g a t e d )  Mason County, I l l i n o i s  

a 
Returns per  acre,  snap beans and cucumbers 

$100 $120 $140~  $180' $300 

Net returns $34,994 $35,582 $36,719 $42,432 $62,057 

Corn 

Corn ( i r r i ga t ed )  

Soybeans 

Soybeans ( i r r iga ted)  

Soybeans (second crop) 

Wheat 

Snap* beans 

Cucumbers 

Acres 

- - -- -- -- 35 

241 236 14 5 140 74 

70 95 91 113 98 - 

Total 470 470 470 470 470 

Hours 

Labor used, t o t a l  2 ,438  2,575 2,773 2,750 2,779 

a Returns a r e  f o r  f i r s t  plus second crop. 
b The plan f o r  $160 i s  same as fo r  $140. 
c Plans f o r  $200 and $280 a re  the  same a s  f o r  $180. 
d Not included i n  t o t a l .  



The farm plans i n  Table 2 assume gross returns of $200 per season 

($100 per crop) f o r  snap beans and cucumbers. The plan f o r  the 287-acre 

i r r i ga t i on  s i tua t ion  was optimal over a range of returns from $180 t o  

$280 per acre per season and was l i t t l e  d i f fe ren t  i n  terms of acreage 

of vegetable crops from the plan which i s  optimal fo r  $140 and $160. 

That i s ,  i f  the returns f o r  vegetable crops a r e  expected t o  f a l l  mainly 

i n  the range of $140 t o  $280 per acre,  the  optimtl s t ra tegy i s  t o  

plant  between 138 and 147 acres of these crops. 

A similar analysis f o r  varying gross returns per-acre from 

i r r iga ted  corn revealed tha t  the farm plans i n  Table 2 which assumed 

gross returns of $130 per acre (130 bushels per acre a t  $1.00 per 

bushel) remained optimal over a range fram just  below $130 t o  jus t  

below $1'70 per acre.  Again, i f  returns a re  expected t o  f a l l  mainly 

within t h i s  range, then the best  s t ra tegy i s  t o  grow 140 acres of 

i r r iga ted  corn. 

P ro f i t ab i l i t y  of I r r iga t ion  Equipnent 

One method of measuring t h i s  i s  t o  canpare the increased returns 

due t o  i r r iga t ion  with the cap i ta l  cost of the i r r iga t ion  equipment 

used  a able 4).  The f i r s t  s tep was t o  compare each of the three irri- 

gation s i tuat ions  with the no-irrigation s i tua t ion ;  t h i s  showed tha t  

investment i n  any of the three i r r iga t ion  systems w i l l  y ie ld  more 

than 30 percent re turn on cap i ta l .  Of course, t h i s  assumed tha t  the 

pr ices  and yields  able 1 )  a r e  ac tua l ly  experienced and tha t  the 

highest-return plans a r e  followed. 

The s tory i s  a l i t t l e  d i f fe ren t  i f  we consider the p ro f i t ab i l i t y  

of each i r r i ga t i on  s i tua t ion  i n  re la t ion  t o  the others (Table 4) .  



Table 4. --Analysis of Prof itability of Irrigation Equipment 

Acres irrigated 
0 150 287 437 

Capital cost of irrigation equipmenta.. .. o $26,860 $34,260 $61,130 

b 
Annual overhead cost .................... 0 2,686 3,426 6,113 

Net return for farm plan ................. $24,518 37,164 45,342 49,964 

Net return minus overhead.. .............. 24,518 34,478 41,916 43,851 

cf. 0 irrigated acres 

A. Increased investment.................... 26,860 34,260 61,130 

............. B. Increased net return....... 9,960 17,398 19,333 

B/A (percent) 37 51 32 

cf. 150 irrigated acres 

.............................. C. Increased investment $7,400 $34,270 

B. Increased net return.............................. 7,438 9,373 

................................... D/C (percent lc. 100 27 

cf. 287 irrigated acres 

E. Increased investment.. ...................................... $26,670 

F. Increased net return........................................ 1,935 

F/E (percent ) 7 

a !This includes cost of well, pump, motor, irrigation machinery, pipes' and all 
installation. 

Estimated at 10 percent of capital cost; 9 percent for depreciation and 1 percent 
for taxes and insurance. 

C Rate of return on added investment. 



One can i n t e r p r e t  the  r e s u l t s  i n  the  following way. If a farmer is  

considering introducing i r r i g a t i o n  t o  h i s  farm, and i f  there  i s  no 

l i m i t  on a v a i l a b i l i t y  of f'unds a t  market i n t e r e s t  r a t e s ,  he would 

increase re turns  by buying equipnent t o  i r r i g a t e  287 acres  ra the r  

than 150 acres ;  i f  he were considering inves t ing approximately 

$27,000 i n  t h e  smaller s e t  of equipment, then by adding $7,000 more 

of equipment he would be earning 100 percent on t h i s  added investment. 

If he has decided t o  i n s t a l l  equipment t o  i r r i g a t e  a t  l e a s t  

287 ac res ,  should he add t h e  150-acre system and i r r i g a t e  437 ac res?  

This ex t ra  investment of approximately $27,000 i s  seen t o  y ie ld  a 

re tu rn  of only 7 percent ,  and the  farmer may be somewhat doubtful,  

given a 10-year depreciat ion period,  of such an investment. 

A word of warning about t h e  in te rp re ta t ion  of these f igures .  

If a farmer a c t u a l l y  had 150-acre equipnent and was considering 

' 
increasing h i s  i r r i g a t e d  a rea ,  the  only way he could do t h i s  ( i n  terms 

of t h i s  study and assuming the  150-acre equipment cannot be traded i n  

f o r  287-acre equipment) would be t o  buy 287-acre equipment t o  i r r i g a t e  

437 ac res .  The re tu rn  on t h i s  added investment i s  27 percent.  

The foregoing analys is  assumes a two-man labor supply avai lable  

and t h a t  labor  cos t s  a r e  t h e  same f o r  a l l  s i tua t ions .  In specifying 

the  labor  supply, we s t a t e d  t h a t  a ful l- t ime operator plus a ful l- t ime 

man were ava i l ab le  f o r  a l l  or  p a r t  of the  year. 

The hi red  man might be employed only f o r  t h a t  p a r t  of the  year 

when h i s  labor is required. This means six-month employment when 

the re  i s  no i r r i g a t i o n  and seven months f o r  the  three  i r r i g a t i o n  

s i t u a t i o n s  (Table 2) .  Assuming t h a t  the  h i red  man is  paid $400 per  



month, this will lower the returns to irrigation investment by about 

one percentage point for the three irrigation situations, compared 

with no-irrigation situation. For the purposes of this analysis, 

the increased labor required in going from one irrigation situation 

to another can be thought of as being supplied by the operator. 



V I .  A DYNAMIC PROGRAMMING ANALYSIS OF SUPPLENENTAL IRRIGATION OF CORN 

The previous analyses i n  t h i s  r epor t  have abs t r ac t ed  from two 

important a spec t s  of t he  decision-making process regarding i r r i g a t i o n .  

During any given crop season dec is ions  about t h e  quan t i ty  of water  t o  

be appl ied  i n  each of t he  periods a r e  made sequen t i a l ly .  That i s ,  t he  

amount of water t o  be appl ied  i n  any period wi th in  t h e  growing season 

depends on t h e  condit ion of the  crop and/or s o i l  moisture a t  t h e  be- 

ginning of t h a t  per iod .  Fur the r ,  the  r e s u l t s  of such an  app l i ca t ion  

i n  terms of i t s  e f f e c t  on y i e l d  a r e  p r o b a b i l i s t i c  i n  the  sense t h a t  

they  depend on such c l ima t i c  va r i ab le s  a s  t h e  amount of n a t u r a l  r a in -  

f a l l  and temperatures occurr ing during the  per iod .  The moisture- 

d e f i c i t  method used i n  Chapter I11 of t h i s  r epor t  does not  view t h e  

within-season dec is ions  regarding i r r i g a t i o n  a s  being sequen t i a l .  

Rather,  t h e  amounts appl ied  a r e  those which make t o t a l  water appl ied  
t 

( n a t u r a l  r a i n f a l l  p lus  supplemental i r r i g a t i o n )  i d e n t i c a l  wi th  n a t u r a l  

r a i n f a l l  i n  an " idea l"  year .  Although the  year-to-year variance of 

r e tu rns  was est imated,  t he  p r o b a b i l i s t i c  na ture  of the  y i e l d  outcomes 

of  various l e v e l s  of i r r i g a t i o n  i n  ind iv idua l  per iods  was not  considered. 

The l i n e a r  programmin~, a n a l y s i s  of Chapter V considered a s i n g l e  within- 

season p a t t e r n  of t h e  i r r i g a t i o n  of corn f o r  comparison wi th  a 

no- i r r iga t ion  regime f o r  corn and o the r  crops,  both  i r r i g a t e d  and non- 

i r r i g a t e d .  However, the l i n e a r  programming model i s  non-probabi l i s t ic  

and thus  does not  t ake  i n t o  account an  important f e a t u r e  of dec is ions  

regarding supplemental i r r i g a t i o n  of corn. The method of dynamic 

programming views t h e  decision-making process as both sequen t i a l  and 

p r o b a b i l i s t i c  and thus provides a somewhat more r e a l i s t i c  model. 



I n  t h i s  chapter  t h e  r e s u l t s  of t h e  use of a  dynamic programming model 

a.re presented and compared with those of a  moi s tu re -de f i c i t  model and 

a  commonly used r u l e  of thumb f o r  supplemental i r r i g a t i o n .  

The Method of Dynamic Programming: An Example 

A hypo the t i ca l  example w i l l  i l l u s t r a t e  the bas i c  f e a t u r e s  t h a t  

cha rac te r i ze  t h e  empiri.ca1 app l i ca t ion  of  dynamic programming t o  the  

supplemental i r r i g a t i o n  of corn. Assume t h a t  a p a r t i c u l a r  i n i t i a l  

s t a t e  (crop condi t ion)  a t  t h e  beginning of June (per iod  1 )  i s  given. 

An i n i t i a l  dec i s ion  concerns t h e  a p p l i c a t i o n  of i r r i g a t i o n  water 

during the  f i r s t  period.  I r r i g a t i o n  i s  assumed t o  cos t  $3.00 pe r  

a c r e .  Depending o n . t h i s  i n i t i a l  dec i s ion ,  a t r a n s i t i o n  t o  any of t he  

t h r e e  s t a t e s ,  i . e . ,  good crop,  medium crop, o r  poor crop i s  poss ib le  

i n  J u l y  (per iod  2 ) .  These t r a n s i t i o n s  a r e  governed by a  s e t  of 

p r o b a b i l i t i e s   a able 1 ) .  
I 

Table 1 Poss ib le  I r r i g a t i o n  S t r a t egy  i n  June (per iod  1 )  and 
Resul t ing Trans i t ions  t o  J u l y  (per iod  2 ) .  

Trans i t ion  P r o b a b i l i t i e s  
Good Medium Poor 

Al t e rna t ive  crop crop crop 
i n  June i n  J u l y  i n  J u l y  i n  Ju ly  

I r r i g a t i o n  

No I r r i s a t i o n  

The i r r i g a t o r  must a l s o  decide whether t o  i r r i g a t e  i n  J u l y  (period 2 ) .  

A t  t h e  time t h i s  dec is ion  is made, t h e  s t a t e  of t h e  crop a t  the  end of 

per iod  1 (beginning of per iod  2) is  known a s  w e l l  as the  p r o b a b i l i t y  of 

obta in ing  each s p e c i f i e d  te rminal  reward (end of per iod  2) under each 

of t he  two i r r i g a t i o n  a l t e r n a t i v e s .  



Table 2 Trans i t ion  P r o b a b i l i t i e s  and Terminal Rewards i n  July (per iod  2 ) .  

Returns n e t  of harves t  cos t s  
S t a t e  Al t e rna t ive  $60 $70 $80 $90 $100 

Good crop 1 I r r i g a t i o n  0.0 0 . 1  0.2 0.4 0 3 
2 No I r r i g a t i o n  0 . 1  0.2 0 .3  0 .3  0 . 1  

Medium crop 1 I r r i g a t i o n  0 . 1  0.2 0 .4  0 3 0.0 
2 No I r r i g a t i o n  0.2 0 . 3  0 .3  0.2 0.0 

Poor crop 1 ~ r r i - g a t i o n  0.2 0 .3  0.4 0 . 1  0 .O 
2  No I f r i g a t i o n  0.2 0.4 0.4 0.0 0.0 

In  order  t o  maximize t h e  t o t a l  expected earnings,  t he  i r r i g a t o r  

wishes t o  know whether t o  i r r i g a t e  i n  each per iod .  Using t h e  backward 

mul t i s t age  problem-solving approach, our so lu t ion  procedure begins i n  

per iod  2.  Here we look at  t h e  s t a t e s  good crop,  medium crop, and poor 

crop i n  an at tempt t o  determine an optimal s t r a t e g y  f o r  i r r i g a t i o n  

a p p l i c a t i o n  i n  t h i s  period.  

' 
The maximum expected r e t u r n  f o r  each of t he  t h r e e  crop condit ions 

a t  t h e  beginning of per iod  2 can be determined by a comparison of 

expected r e t u r n s  with and without i r r i g a t i o n :  

Good Crop 

I r r i g a t i o n :  [(o) (60) + (0.1) (70) + (0.2) (80) 

+ (0.4)(90)  + ( o . ~ ) ( ~ o o )  - 3 1  = $86.00 

NO i r r i g a t i o n :  L ( 0 . 1 )  (60) + (0.2)  (70) + (0.3) (80) 

+ (0.3)  (90) + (0.1) (100) -01 = $81.00 

I r r i g a t i o n  gives higher  expected r e tu rn .  



Medium Crop 

I r r i g a t i o n :  ,!-(0.1)(60) + (0 .2) (70)  + (0.4)(80) + (0 .3) (90)  

+ (0.0) (100) -3J = $76.00 

No i r r i g a t i o n :  [(o .2) (60) + (0.3) (70) + (0.3)  (60) 

+ (0.2)  (90)J = $75.00 

I r r i g a t i o n  gives higher  expected r e tu rn .  

Poor Crop 

I r r i g a t i o n :  [(0.2)(60) + (0 .3 ) (70 )  + (0.4)(80)  + (0 .1) (90)  

+ (0)(100) -3-7 = $71.00 

. No i r r i g a t i o n :  [(0.2)(60) + (0.4)('70) + (0.4)(80)  

+ ( 0 )  (90) + ( 0 )  (100) - 7 = $'/2.00 

No i r r i g a t i o n  gives higher  expected r e t u r n .  

The r e s u l t s  a r e  s m a r i z e d  i n  t h e  following t a b l e :  

Table 3 The Expected Net Returns and t h e  Optimal I r r i g a t i o n  
' P o l i c i e s  of t he  Sequent ia l  Problem ?n J u l y  (period 2 ) .  

Expected 
S t a t e  Pol icy Decision Net Returns 

~ o o d  crop I r r i g a t i o n  $86.00 

Medium crop I r r i g a t i o n  $76.00 

Poor crop No I r r i g a t i o n  $'/'2.00 

The procedure now moves back t o  t h e  f i r s t  period and consid-ers 

t h e  fol lowing quest ion.  Assuming adoption of t h e  optimal dec is ion  i n  

per iod  2,  what i s  t h e  most p r o f i t a b l e  i r r i g a t i o n  a l t e r n a t i v e  i n  period l ?  

Here aga in ,  we evaluate  t h e  expected r e t u r n  f o r  each of t h e  two po l i cy  

cho ices - - i r r iga t ion  o r  no i r r i g a t i o n .  However, s i n c e  t h e r e  i s  only a 

s i n g l e  crop condi t ion  a t  t h e  beginning of period 1, a s  cont ras ted  t o  



t h r e e  crop conditions ( s t a t e s )  a t  t h e  beginning of period 2, only two 

expected re turns  need t o  be calculated.  Note that the higher expected 

re tu rn  ca lcula ted  above f o r  each of the  crop conditions a t  the  beginning 

of Ju ly  i s  used: ( ~ r r i g a t i o n  of good crop) $86.00 ra the r  than $81.00, 

( ~ r r i g a t i o n  of medium crop) $76.00 r a t h e r  than $75.00, and (NO i r r i g a t i o n  

of poor crop) $72.00 r a t h e r  than $71.00. The appropriate t r a n s i t i o n  

p r o b a b i l i t i e s  a r e  se lec ted  from Table 1. 

I r r i g a t i o n :  [(0.6)(86) + (0.3)(76) + (0.1)(72) -3J = $'18.60 

NO i r r i g a t i o n :  L ( 0 . 3 )  (86) i- (0.4)(76) + (0.3)(72)] = $77.80 

The higher expected re turns  come from i r r i g a t i o n  i n  period 1. 

Thus, the  optimal choice f o r  June i s  i r r i g a t i o n ,  under the  assumption 

t h a t  an optimal pol icy  i s  followed i n  July .  A t  the  beginning of July ,  

crop condit ions a r e  evaluated and the  d e s i r a b i l i t y  of i r r i g a t i o n  

 a able 3) depends on t h i s  evaluation and the  t r a n s i t i o n  p robab i l i t i e s  
v 

t o  the  terminal  reward. 

Application of Dynamic Programming t o  Agronomy South Farm Data 

The same bas ic  procedure outl ined above was used t o  evaluate within- 

season supplemental i r r i g a t i o n  pol icy  f o r  corn. The analys is  used the  

same s e t  of da ta  a s  t h a t  used f o r  Model I1 of Chapter 111. I n  order 

t o  represent  the  " s t a t e "  o r  crop condition a t  t h e  beginning of each of 

the  periods a s  a value of a s ing le  va r iab le  and t o  thus make the dynamic 

programming approach manageable, the  composite var iable ,  U,  was formed 

a s  follows : 

where the  var iables  have the  same def in i t ions  as Model I1 i n  Chapter 111. 

It w i l l  be reca l l ed  t h a t  there  a r e  f ive  9-day periods with the  center  



of the  t h i r d  period being the  t a s se l ing  date .  A non-linear l e a s t -  

\ squares est imation procedure was used t o  est imate parameters i n  the  

following function which contains the same var iables  a s  Model I1 of 
) 

1 Chapter 111, but with the  15 terms indicated above appearing i n  U 

2 
and U : 

1 The de f in i t ion  of the  l a s t  s i x  terms, which a r e  temperature var iables ,  

I the  same a s  i n  Model I1 of Chapter 111. The standard e r ro r s  of 
I 
I 
t the  regression coef f i c ien t s  a s  well  a s  the  standard e r r o r  of estimate 

a r e  higher i n  t h i s  equation than with the  l i n e a r  least-squares r e s u l t s  

f o r  Model I1 of Chapter 111. The coef f i c ien t  of U f a i l e d  t o  be s ig-  

n i f i c a n t l y  d i f f e r e n t  from 1 .0  and the coef f i c ien t  of u2 did  not  d i f f e r  

s i g n i f i c a n t l y  from zero. Consequently, the analys is  proceeded with 

Model I1 of Chapter I11 with the  p rec ip i t a t ion  terms and the  temper- 

a ture-precipi ta t ion  in te rac t ion  terms being aggregated i n t o  the crop 

condition var iable ,  U,  a s  defined above. Use of t h i s  simpler model 

without the  U' term, implies t h a t ,  i n  the absence of const ra in ts  on 

water supply, optimization of the  l e v e l  of supplemental i r r i g a t i o n  

i n  each of the  f i v e  periods could be performed independently of the  

i r r i g a t i o n  l eve l s  i n  the  other periods.  

Five l eve l s  of supplemental i r r i g a t i o n  were considered f o r  each 

period: 0.0, 0.5, 1.0,  1 .5 ,  and 2.0 acre-inches. Values f o r  the  crop 

condition ind ica to r ,  U,  f o r  each period were calculated f o r  each of 

these  f i v e  l e v e l s .  The number'of s t a t e  values considered d i f fe red  



f o r  each per iod .  A t  t h e  beginning of t h e  f i r s t  per iod ,  only a s i n g l e  

crop condi t ion  was considered, while a t  t h e  end of t h e  f i f t h  per iod ,  

76 values of t h e  crop condi t ion  were considered. The p r o b a b i l i t i e s  

of t r a n s i t i n g  from a given s t a t e  i n  a given time per iod  t o  s t a t e s  

i n  t h e  succeeding time period were est imated from h i s t o r i c a l  weather 

d a t a .  

Summary of Resul ts  With Comparisons 

The optimal l e v e l s  of supplemental i r r i g a t i o n  indica ted  by t h e  

dynamic programming a n a l y s i s  a r e  presented  i n  m b l e  4. Note t h a t  t h e  

maximum l e v e l  considered, 2.0 acre- inches,  i s  optimal i n  a l l  periods 

except t h e  t h i r d .  This s e t  of optimal p o l i c i e s  r equ i re s  a g r e a t e r  

quan t i ty  of water  than p o l i c i e s  derived by o the r  methods. The 

' a c t u a l  moisture d e f i c i t "  column i n  Table 4 r e f e r s  t o  Model I1 of 

Chapter 111. Estimation of i r r i g a t i o n  water  app l i ca t ions  under t h i s  
4 

model assumed t h a t  any amount of water  might be app l i ed ,  ranging from 

none t o  t h a t  amount which occurred a s  n a t u r a l  r a i n f a l l  i n  t h a t  period 

i n  t h e  " idea l "  year .  The water  app l i ca t ions  reported i n  Table 4 f o r  

t h e  models o the r  than dynamic programming a r e  average app l i ca t ions  

over t h e  54-year per iod .  In order  t o  provide a more appropr ia te  com- 

pa r i son  with t h e  dynamic programming r e s u l t s ,  an ad jus t ed  moisture 

d e f i c i t  model was used i n  which t h e  same genera l  proced.ure w a s  followed 

a s  with t h e  a c t u a l  moisture d e f i c i t  model but  considering t h e  irri- 

ga t ion  l e v e l s  t o  be r e s t r i c t e d  t o  zero  and t h e  range from 0.5 t o  2.0 

acre- inches.  This adjustment reduced t h e  optimal l e v e l  of water  

a p p l i c a t i o n  i n  t h e  fou r th  per iod .  F i n a l l y ,  t he  r e s u l t s  of a r u l e  of 

thumb were ca l cu la t ed .  This r u l e  r equ i re s  t h e  app l i ca t ion  of an inch 



Table 4  Optimal Operating Po l i c i e s  f o r  Corn I r r i g a t i o n  i n  East-Central 
I l l i n o i s  

Supplemental Water Added Under 

Period i n  Dynamic Actual  Adjusted Rule 
Period r e l a t i o n  t o  Program- Moisture Moisture of 

t a s s e l i n g  da te  ming D e f i c i t  Def i c i t  Thumb 

(Acre Inches) 

1 22 t o  1 4  days 2  .OO 0  .65 0  .62 0.59 
before t a s s e l i n g  

2  1 3  t o  5 days 2  .OO 2.54 1.77 0  .66 
before t a s s e l i n g  

I 

3  4 days before t o  1 .: 0  .89 0.83 0.70 
4 days a f t e r  
t a s s e l i n g  

5 days t o  1 3  days 2  .OO 0 . 1 1  0.04 0 .61  
a f t e r  t a s s e l i n g  

14 t o  22 days 
a f t e r  t a s s e l i n g  

To ta l  supplemental 
i r r i g a t i o n  during 

9.5 4.72 3.76 3.24 
t h e  c r i t i c a l  45- 
day period 



of water during each 9-day period i n  which l e s s  than an inch of ra in  

f a l l s .  

The economic r e s u l t s  a r e  presented i n  Table 5. These r e s u l t s  

a r e  based on a net  corn p r ice  of $1.13 per  bushel , i r r iga t ion  water 

a t  $1.00 of var iable  cos t  per  acre-inch, and $20.00 pe r  acre  of f ixed 

cos t  f o r  i r r i g a t i o n  equipment. 

Table 5 Effect  of Supplemental I r r i g a t i o n  on Mean Income 
From Corn: A Comparison of Results 

Model Mean Incane ($  per  acre)  

Before After  
I r r i g a t i o n  I r r i g a t i o n  

- - -- - - -- 

Actual moisture defic3.t $'78.94 $106.32 

Adjusted moisture d e f i c i t  78.94 92 -69 
I' 

Dynamic programming 78.94 98.28 

Rule of thumb 78 94 74.20 

The a c t u a l  moisture d e f i c i t  model gives the  highest r e tu rn .  

However, it should be noted t h a t  t h i s  model i s  not  r e s t r i c t e d  t o  

appl ica t ions  of two inches o r  l e s s .  For the  adjusted moisture d e f i c i t  

model t h i s  l i m i t a t i o n  i s  imposed, along with the  requirement t h a t  

i r r i g a t i o n  must be a t  e i t h e r  zero, i f  the moisture d e f i c i t  were l e s s  

than 0.5 inches, or  any amount i n  the  range from 0.5 t o  2.0 acre-inches. 

The r e s u l t s  from t h i s  model indica te  a lower re turn  than with the  

dynamic programming model. Thus, when comparable assumptions a r e  

used, there  i s  an improvement i n  re turns  by following the  dynamic 



programming po l i cy .  Fur ther ,  t h e  information requirements of t h e  

dynamic programming model a r e  l e s s  than t h a t  of t h e  moisture d e f i c i t  

model and t h e  rule-of  -thumb model. The dynamic programming model 

assumes knowledge of the condit ion of t h e  crop a t  t h e  beginning of 

t h e  per iod ,  and t h e  t r a n s i t i o n  p r o b a b i l i t i e s  t h a t  r e l a t e  t h e  crop 

condi t ion  i n  any given period t o  i t s  condi t ion  i n  t h e  subsequent 

per iod  under a  range of irrj  ga t ion  p o l i c i e s .  In con t ra s t ,  t h e  

moisture d e f i c i t  and rule-of-thumb models assume t h a t  t h e  n a t u r a l  

r a i n f a l l  occurr ing during t h e  period i s  known e x a c t l y  over the  range 

which would r equ i re  app l i ca t ion .  

In  summary, t h e  dynamic programming r e s u l t s  represent  an improve- 

ment over comparable models. The es t imates  of increases  i n  income 

from a l l  models would probably have been increased with t h e  use of a 

production funct ion  with more accura t e ly  spec i f i ed  inputs  a t  ranges 

, which would include t h e i r  important i n t e r a c t i o n  e f f e c t s  with water .  



VII. LEASING ARRANGEMENTS FOR I R R I G A T I O N  FARMING 

Although supplemental i r r i g a t i o n  i s  being used pr imar i ly  on land 

owned by t h e  operators ,  a s i g n i f i c a n t  number of  farmers a re  i r r i g a t i n g  

rented land. The survey mentioned i n  Chapter I1 indicated t h a t  twenty- 

nine o f  the  sample of  76 complete records were i r r i g a t i n g  rented land. 

Seventeen of these  had rented land only. Of these  seventeen, th ree  paid 

cash r e n t ,  and one had a combination of  cash and share r en t .  Two farms 

gave one-third of  the  crop a s  r e n t ,  four gave two-f i f ths ,  and seven gave 

a ha l f -share  a s  r e n t .  Data f o r  the  l a t t e r  two groups of  farms a r e  shown 

i n  Table 1. 

Table 1.--Sharing Arrangements f o r  I r r i g a t i o n  Investments and Costs on Rented Land, 
by Share of Crop Given as  Rent. 

I terns 1/2 r e n t  share 2/5 r en t  share 

Numb~r of farms 
Acres i r r i g a t e d  
Acre-inches of  water per  crop acre  

Investments pe r  farm: 
Water sources 
Pump and motor 
Dis t r ibut ion  system 

Tota l  investment 

Tenant Landlord Tenant Landlord 
$ -- $ 818 $ -- $1,410 

Fixed cos ts  per  crop: 
Depreciation 
I n t e r e s t  
Property taxes 

Tota l  f ixed cos t  

Operating cos t s  per  crop acre: 
Fuel and e l e c t r i c i t y  
Repairs and o the r  
Labor 

Tota l  operat ing cos ts  

Tota l  annual cos ts  pe r  crop 
Percent by each p a r t y  

Given the  conditions fo r  a p r o f i t a b l e  investment i n  supplemental 

i r r i g a t i o n  on a to ta l - farm bas i s ,  our question i s ,  "HOW should irri- 

ga t ion  cos t s -be  shared between tenant  and landlord on rented land"? 



A general  p r inc ip le  i n  farm leas ing i s  t o  share t o t a l  inputs i n  the  

same r a t i o  as  the  crops produced a r e  shared. Unless t h i s  is  done, 

one pa r t y  w i l l  be receiving a lower re turn  on h i s  inputs than the  other 

pa r ty  and he w i l l  therefore not  cooperate i n  adopting a new prac t i ce  

such a s  supplemental i r r i ga t i on ,  o r  he w i l l  do so  a t  an economic d i s -  

advantage. 

Leasing Guidelines 

Prevail ing custom f o r  rented farms i n  the  areas  where supplemental 

i r r i ga t i on  i s  being adopted requires t h a t  the  landowner furnish o r  pay 

f o r  a l l  items t h a t  a r e  or  w i l l  become a p a r t  of the  r e a l  e s t a t e .  This 

means t h a t  the  cost  of a well ,  o r  reservoir ,  and the pump should be 

the  landlord 's  contribution.  Further, it i s  customary t h a t  the  labor 

t o  operate the  farm and the  i r r i ga t i on  system is  furnished, o r  paid,  

4 by the tenant .  

A l l  other costs  can then be shared i n  such a way a s  t o  achieve the  

same share of t o t a l  cos ts  a s  each pa r t y  receives of the  crops g ram.  

This reduces t o  three  bas ic  questions: 

(1 )  Who should furnish  the  cap i t a l  investments i n  ( a )  the  motor on 

the  pump, and (b )  the  d i s t r ibu t ion  system? 

(2 )  Who should pay f u e l  and e l e c t r i c i t y  costs  t o  operate the  system? 

(3)  Who should pay f o r  ordinary repa i r s?  

The ru le  on repairs  may wel l  be t o  share them i n  the  same way a s  

the  crop is shared even though the  item, such as the  pump, i s  owned 

e n t i r e l y  by the  landlord. An exception t o  t h i s  ru le  would be repai rs  

on the motor. These should be the tenant 's  contribution. Then he i s  

f r e e  t o  choose between extensive repai rs  o r  replacing the motor. 



Sharing in repairs on the pump and distribution system will give the 

tenant an incentive to be careful in the use of the landlord's property 

where the landlord furnishes part or all of these items. If the land- 

lord does not hrnish any of these items, he should not share in the 

repair costs. 

Fuel and power costs are a flexible item. They may be shared 

or they m y  be paid entirely by the operator. The incentive condition 

in the latter case is no problem if both parties agree on when and how 

much water to apply independently of who pays these operating costs. 

This, then, leaves the question of who contributes what amount to the 

investments in a motor, or power source, and the distribution system. 

Because of its vulnerability to careless management, the motor 

may well be the tenant's sole responsibility. This not only puts the 

incentive for proper care where it should be but it leaves the tenant 
6 

free to use his f a m  tractor as a parer source if he so chooses. 

The investment in the distribution system thus becmes the 

principal item for adjusting contributions between the two parties. 

Possibilities range from the landlord furnishing total investment to 

the tenant furnishing total investment. Depreciation interest and 

property taxes are fixed costs which will be proportional to the 

original investment by each party. 

Application of Guidelines 

A hypothetical situation may now be compared with the actual 

experience reflected in the averages for the two groups of farms in 

Table 1. The data in Table 2 are based on estimated values for a 

self-propelled distribution system covering about 165 crop acres with 



approximately 6.5 inches of water each year. This table  provides an 

i l l u s t r a t i o n  of hsw contributions by each par ty  may be estimated and 

adjusted t o  f i t  the rent  share ra ther  than adhering t o  a r i g id  cost- 

sharing pattern.  

The analysis i n  Table 2 assumes tha t  the landlord always furnishes 

the  water source and pump and that the tenant always f'urnishes the  

motor and a l l  labor. A l l  other costs and investments a r e  shared the  

same way a s  the  crop i s  shared. The r e su l t  i s  a t o t a l  cost-sharing 

a s  indicated on the bottom l i n e  of the  tab le .  

One important addit ional assumption must be noted i n  using Table 2 

and the  principles employed i n  it. This i s  the  assumption tha t  the  

rent-share which was found acceptable before going t o  supplemental 

i r r i ga t i on  w i l l  continue t o  be used a f t e r  i r r iga t ion  has been adopted. 

It can be argued tha t ,  by increasing h i s  contributions through invest- 

dents i n  i r r i ga t i on  cap i ta l ,  a landlord may earn a larger  share of the  

crop a s  rent .  For example, the one-third share landlord may f e e l  h i s  

added contributions w i l l  now earn a two-firths ren t  share, or  a two- 

f i f t h s  share landlord may f e e l  h i s  property i s  worth a one-half rent-  

share under i r r iga t ion .  Such increases i n  rent-shares w i l l  be j u s t i -  

f i e d  only i f  the  landlord's i r r iga t ion  contributions a r e  large enough 

t o  bring h i s  t o t a l  farm contributions up t o  the  new l eve l  f o r  a l l  

crop costs.  This condition i s  not l i ke ly  t o  be met unless the  land- 

lo rd ' s  r e l a t i ve  i r r iga t ion  contributions equal o r  exceed those ex- 

pected from a one-half rent-share landlord. It is  t o  be understood, 

of course, t ha t  any s h i f t  t o  a higher rent-share automatically obl i -  

gates such a landlord t o  the same higher share i n  such costs as  

f e r t i l i z e r ,  crop seeds, pest ic ides ,  and combining. 



Table 2.--Models of Cost and Investment Sharing f o r  Supplemental I r r i ga t i on  by Share of 
Crops Paid a s  Rent. Hypothetical Data Assuming a Self-Propelled Distr ibution System 
I r r i ga t i ng  About 165 Crop Acres With About 6.5 Inches of Water Applied per  Acre. 

Total 1/2 ren t  share 2/5 ren t  share 1/3 ren t  share 
Items farm Tenant Landlord Tenant Landlord Tenant Landlord 

Investments : 
I 

Water source $ 2,100 $ 0 $ 2,100 $ 0 $2 ,100  $ 0 $ 2,100 
PW 2,500 0 2 , 500 0 2 , 500 0 2,500 
Motor 2,000 2,000 0 2,000 0 2,000 0 
Distr ibution systen: 18,000 9 000 9,000 10,800 7,200 12 1 000 6 000 

Totals t;24,600 ~ $ 1 3 , 6 0 0 ~ $ 1 1 ; 8 0 0  $14,000 Q10,600 
Fixed costs: 

Depreciate on?/ $ 1,609 $ 8 0 0  $ 809 $ 920 $ 689 I$ 1,000 $ 609 
1nteres-d . , 984 440 544 512 4 72 560 424 
Property taxe& 90 82 98 74 

Totals '$ -7 

Operating costs: 
Fuel and power $ 725 $ 362 $ 363 $ 445 $ 280 $ 483 $ 242 
~ e ~ a i r & /  450 245 205 286 164 313 137 
Labor 280 280 280 280 

Totals $ T 7 5 5  

Total  annual inputs $ 4,220 $ 2,174 $ 2,016 $ 2 , 5 3 3  $ 1 , 6 8 7  $ 2,734 $ 1,486 
Percent each 100 51.5 48.5 60 .O 40.0 64.8 35.2 

Based on the  following assumed lengths of l i f e :  Water source -- 50 years; Pump -- 15  years;  Motor - 
- 10 years; and Distr ibution System -- 15 years. 

b/ Based on 4 percent of i n i t i a l  investment - 
c/ Based on 0.7 percent of i n i t i a l  investment - 
d/ Based on 2 percent of investments other than water source - 



A comparison of Table 1 with Tab.le 2 shows clear ly  tha t  the arrange- 

ments under the  two-fifths rent-share leases were not equitable. Data 

i n  Table 1 indicate tha t  tenants paying a two-fifths rent  share were 

ac tua l ly  incurring about three-fourths of the t o t a l  costs ra ther  than 

the three-f i f ths  share dictated by division of output. It should be. 

noted tha t  there i s  no s ingle  prescribed way of achieving a desired 

balance of inputs and returns.  For example, the one-half rent-share 

leases proved qui te  equitable on the average  a able I ) ,  but they 

dif fered from the model (Table 2)  i n  that the landlords provided a 

larger  share of the investment i n  the  d i s t r ibu t ion  system and a 

smaller share of the fue l  and power cost .  These variat ions should 

prove acceptable i f  the incentive conditions do not cause a conf l ic t  

i n  achievement of objectives of the two pa r t i e s ,  For example, where 

a landlord contributes more cap i ta l  and less  operating expense, h i s  

input is largely  i n  f ixed costs.  The tenant 's  input i s  largely  i n  

variable costs .  Therefore, the landlord would want t o  add water up 

t o  the point  of no fur ther  yie ld  increase. The tenant would want t o  

add water only up t o  the point where h i s  share of any added yield 

would cover h i s  added cost. By shar ing,var iable  costs i n  the same 

way a s  the crops a r e  shared both par t ies  w i l l  have the same incentive 

toward added water use. 



V I I I .  APPLICATION OF FINDINGS TO WATER RESOURCE PROBLEMS 

The r e s u l t s  of the  research conducted under t h i s  p ro jec t  should 

serve t o  improve the  base of information upon which farm-level deci-  

s ions a r e  made regarding i r r i g a t i o n  of crops i n  I l l i n o i s .  This w i l l  

hopefully r e s u l t  i n  more r a t i o n a l  decisions regarding use of the  water 

resource i n  agr icu l tu re .  The p r i n c i p a l  empirical  f indings have been 

d i s t r i b u t e d  t o  farmers and a g r i c u l t u r a l  leaders  i n  I l l i n o i s .  The 

r e s u l t s  of t h e  survey (chapter  11) were published i n  I l l i n o i s  Research 

which has a  c i rcu la t ion  of 12,000 p r inc ipa l ly  among persons having an 

i n t e r e s t  i n  a  wide range of developments i n  a g r i c u l t u r a l  research.  The 

r e s u l t s  of the  analyses of chapters 111, I V ,  and V have been dissemi- 

nated i n  I l l i n o i s  Agr icul tura l  Economics, which i s  d i s t r ibu ted  t o  

farm advisers ,  vocational ag r icu l tu re  teachers ,  farmers, persons i n  

g g r i c u l t u r a l  businesses, and a l s o  profess ional  a g r i c u l t u r a l  economists. 

The i.nformation on farm leas ing provisions has been d i s t r ibu ted  i n  a  

l e t t e r ,  Farm Management Facts and Opinions, which is  mailed t o  about 

13,000 persons, p r inc ipa l ly  i n  t h e  Corn Bel t .  Ar t i c les  i n  t h i s  l e t t e r  

a r e  f requent ly  repr in ted  i n  the  farm press .  

In  addi t ion  t o  the  empirical  r e s u l t s ,  the comparison of various 

a n a l y t i c a l  approaches gives ins igh t  i n t o  the  s t rengths  and weaknesses 

of d i f f e r e n t  research methods. These f indings should prove of value 

t o  o ther  researchers inves t igat ing the  economic aspects  of i r r i g a t i o n .  

The r e s u l t s  s t rong ly  indicate  the  need f o r  well-designed experiments 

which est imate the  e f f e c t  on crop y i e l d  of supplemental i r r i g a t i o n  

and accompanying crop production p rac t i ces .  These experiments should, 

i d e a l l y ,  provide f o r  a  s u f f i c i e n t l y  high l e v e l  of water appl ica t ion 



t o  ascer ta in  the  economically optimal levels  of application.  Reliable 

estimates of the important in teract ion effects  between accompanying 

production practices and levels  of water application by periods a r e  

crucia l .  
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