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A B S T R A C T

OPTIMAL ALLOCATION AND SCHEDULING OF IRRIGATION WATER 
FOR COTTON AND SOYBEANS

This study eva luated a lte rn a t iv e  i r r ig a t io n  schedu ling  s t r a te ­
g ies fo r  co tto n  and soybean p roduc tion  on Sharkey c la y  s o i ls  in  
southeast Arkansas. S tra te g ie s  were ranked on the  basis o f  two basic 
c r i t e r ia :  expected net revenue and r is k  e f f ic ie n c y .  R isk e f f ic ie n c y  
was de fined  fo r  d i f fe r e n t  r is k  pre ferences using s to c h a s tic  dominance 
techn iques. P re fe rred  s tra te g ie s  f o r  co tto n  employed tens iom e te r 
th resho lds  between - .4 5  atm and -.7 5  atm. Risk e f f i c ie n t  soybean i r ­
r ig a t io n  s tra te g ie s  va rie d  w ith  the  degree o f  r is k  avers ion--m ore  
r is k  averse d e c is io n  makers p re fe r  s tra te g ie s  w ith  low er th re s h o ld s .

M.J. Cochran, L.D. Parsch, J.M. Redfern and H.D. S co tt

Completion Report to  the U.S. Department o f  the I n te r io r ,  Washington, 
D .C ., September, 1985.

Keywords - -  C o tto n /S o y b e a n s /Irr ig a tio n  P ractices/Scheduling /C om puter 
M ode l/S tochastic  Model
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INTRODUCTION

The purpose o f  t h is  study is  to  determine the optimal a l lo c a t io n  

and t im ing  o f  i r r i g a t i o n  water f o r  soybeans and co tton  f o r  Southeast 

Arkansas. O p t im a l i ty  is  f i r s t  defined in  terms o f  economic e f f i c i e n ­

cy, then in  terms o f  r i s k  e f f i c ie n c y .  A l te rn a t iv e  s o lu t io n s  are com­

pared f o r  the two c r i t e r i a  and contras ted  w ith  eng ineering e f f i c ie n c y  

and y ie ld  m axim iza tion. B io -p h y s ic a l ,  computer s im u la t ion  models were 

used to  evaluate the var ious i r r i g a t i o n  scheduling s t ra te g ie s .

This s tudy , although s p e c i f i c  to  Arkansas, addresses a problem 

th a t  a l l  farmers who use i r r i g a t i o n  must cons ide r.  I n e f f i c i e n t  a l l o ­

ca t ion  and t im in g  o f  i r r i g a t i o n  a p p l ic a t io n s  can prevent farmers from 

r e a l iz in g  the f u l l  p o te n t ia l  o f  t h e i r  i r r i g a t i o n  investments. This 

can r e s u l t  in  lower expected y ie ld s ,  increased production  r is k s  through 

v a r i a b i l i t y  in  y ie ld s  and lower farm incomes. Scheduling and e f f i ­

c ie n t  water use is  a lso im portan t given the rap id  growth in  i r r i g a t i o n  

in  the s ta te .  From 1975 to  1980, the i r r ig a te d  acreage in  Arkansas 

increased by 50 percen t. Three crops ( r i c e ,  co tton  and soybeans) 

accounted f o r  90 percent o f  the increase. In th a t  t im e , soybean i r r i ­

gated acreage increased by over 100 percent and in  1980, s l i g h t l y  

under 20 percent o f  a l l  soybean acreage was i r r ig a te d  (USDA, 1983). 

I r r ig a t i o n  scheduling may have impacts a t  both the farm le ve l and a t  

the aggregate demand le ve l as w e l l .  This study w i l l  focus on on ly  

the farm le ve l in p u ts .

I n e f f i c ie n t  a l lo c a t io n  and t im ing  o f  water a p p l ic a t io n s  is  par­

t i c u l a r l y  re le va n t to  Arkansas because the i r r e g u la r  r a i n f a l l  pa tte rns
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in  th is  region complicate scheduling decisions. Arkansas farmers 

also have a tendency to  re ly  on th e ir  experience and observations 

o f the crop to  schedule ir r ig a t io n s . Water applications made a fte r  

the crop has incurred drought stress are not as e ffe c tiv e  as possible 

because y ie ld  loss has already occurred. The use o f tensiometers 

and other s o il moisture monitoring devices is  the recommended prac­

t ic e ,  but only a small percentage o f the farmers ac tu a lly  use any o f 

these instruments1 . Due to  the uncerta in ty introduced by the irre g u ­

la r  r a in fa l l ,  farmers' a ttitu d e s  toward r is k  must be considered. 

E ff ic ie n t scheduling can reduce the impacts o f weather uncerta inty 

but perhaps only by adopting s tra teg ies w ith lower expected re turns. 

However, some growers may p re fe r the v a r ia b i l i ty  in  returns to the 

reduction in  the expected re tu rn .

A. Purpose and Objectives

This study hopes to provide inform ation on the e f f ic ie n t  a l lo ­

cation and tim ing o f ir r ig a t io n  water, thus encouraging farmers to 

adopt production practices which reduce r is k ,  increase farm incomes 

and p o te n tia lly  decrease the a g ricu ltu ra l water demand on the current 

base o f ir r ig a te d  acres.

The overa ll ob jectives o f th is  paper are divided in to  three 

spe c ific  parts. They are: 1) to id e n tify  the y ie ld  changes under

1Based on a 1983 survey o f cotton growers p a rtic ip a tin g  in B o ll-  
worm Management Communities, only 25 percent o f the cotton growers who 
ir r ig a te  use tensiometers.
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selected conditions o f various soybean and cotton ir r ig a t io n  sche­

dules, so il types and v a r ie tie s ; 2) to  evaluate the combinations o f 

these a lte rn a tive  s tra teg ies w ith  the c r i te r ia  o f economic e ffic ie n cy  

and r is k  e ff ic ie n c y ; and 3) to  compare and to contrast the resu lts  

using the a lte rn a tive  c r i te r ia  o f engineering e ff ic ie n c y  and maximum 

y ie ld . For the purpose o f th is  paper, engineering e ff ic ie n c y  is  de­

fined as the average physical product and is  calculated as the to ta l 

y ie ld  divided by the to ta l amount o f ir r ig a t io n  water applied to the 

crop. Economic e ff ic ie n c y  is  defined as the highest average net re ­

turns and r is k  e ffic ie n cy  is  based upon u t i l i t y  maximization.

Risk e ffic ie n cy  is  evaluated w ith stochastic dominance w ith  re ­

spect to a func tion , SDWRF (Meyer, 1977) and resu lts  in  e f f ic ie n t  

sets o f stra teg ies tha t are consistent w ith the r is k  preferences o f 

specified groups o f decision makers. D iffe re n t ir r ig a t io n  scheduling 

stra teg ies w i l l  be id e n tif ie d  in  th is  paper fo r  fou r classes o f de­

c is ion  makers w ith varying r is k  a ttitu d e s . These classes w i l l  in ­

clude: 1) groups who are unw illing  to  bear r is k ;  2) groups who are 

w il l in g  to bear small amounts o f r is k ;  3) groups who are r is k  neu tra l; 

and 4) groups who are w il l in g  to  bear substantia l r is k  to  increase 

expected net re turns.

B. Related Research or A c t iv it ie s

E ff ic ie n t scheduling o f water app lica tion  allows the farmer to 

increase the in te n s ity  o f land use, raises a g ricu ltu ra l p rodu c tiv ity  

and can lower per u n it cost o f production (Bajwa, e t a l . ,  1983).

The farmer in  humid regions, ty p ic a lly  aided by s p e c ia lis ts , estimates
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water requirements in  advance o f  production  and develops plans f o r  

an i r r i g a t i o n  water supply system. This system represents a sub­

s ta n t ia l  long-te rm  c a p i ta l  investm ent. Mederski and J e f fe rs  (1972) 

p o in t  out th a t  in  the absence o f  i r r i g a t i o n ,  s o i l  m ois ture  le v e ls  o r 

p o te n t ia ls ,  except fo l lo w in g  a r a i n f a l l ,  "are seldom high enough to 

ensure the optimum p la n t  water p o te n t ia l  requ ired  maximum y i e l d . "

There is  s u b s ta n t ia l  l i t e r a t u r e  a v a i la b le  to  support the asser­

t io n  th a t  i r r i g a t i o n  scheduling is  c r i t i c a l  to  crop performance 

(Lambert e t  a l . ,  1981; Hammond e t  a l . ,  1981; Spooner e t  a l . ,  1958).

The assumptions made regard ing the importance o f  the water supply to  

c rops, the use o f  s im u la t io n  models in  place o f  f i e l d  experiments 

and r i s k  as re la te d  to  i r r i g a t i o n  are v a l id  and we ll documented.

Musser and Tew (1984), in  t h e i r  a r t i c l e  on the a p p l ic a t io n s  o f  

s im u la t ion  models, p o in t  out th a t  use o f  b io -p h ys ica l s im u la t ion  

models can be e f f i c i e n t  and expedient a l te rn a t iv e s  to  f i e l d  e x p e r i­

ments when eva lua t ing  c e r ta in  production  problems in  a g r ic u l t u r e ,  

e s p e c ia l ly  those th a t  con ta in  an element o f  r i s k .  There have been 

many s tud ies  done in  recent years th a t  in co rp o ra te  t h is  methodology 

(Yaron and D ina r,  1982; G i l le y  e t  a l . ,  1980; Yar, 1980; Feddes e t  a l . ,  

1978; and Mapp and Eidman, 1975; Boggess, e t  a l . ,  1983; and Lynne 

e t  a l . ,  1984).

In a study conducted a t  the U n iv e rs i ty  o f  New Mexico, Lansford 

e t  a l . (1984) used two i r r i g a t i o n  scheduling models to  demonstrate 

the increases in  y ie ld s  and net re tu rn  poss ib le  w ith  i r r i g a t i o n  

scheduling. The models used were a dynamic programming model and
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a bio-physical simulation model. The p r o f i t  maximizing, dynamic 

programming model considered price before making an ir r ig a t io n  ap­

p lica tio n  and then only added water when the value o f the add ition ­

al water exceeded the cost. The bio-physical model chose to  ir r ig a te  

when the so il moisture reached a predetermined level as defined by 

the percentage o f the ra t io  between f ie ld  capacity and permanent 

w ilt in g  po in t.

The resu lts  from Lansford's, th is  study showed tha t the dynamic 

programming model produced higher y ie lds  and net returns fo r  each of 

the crops simulated (a lfa l fa ,  corn and sorghum). The net returns fo r  

sorghum were higher w ith the bio-physical model a t the 40 percent 

so il moisture le v e l, implying tha t sorghum can to le ra te  some drought 

stress during the growing season. In e ith e r case, y ie lds  and net 

returns were higher than those reported in  the New Mexico State Uni­

v e rs ity  crop budgets fo r  typ ica l farms. Risk e ffic ie n cy  was not con­

sidered in  the study.

Uncertain weather patterns, seasonality o f production and the 

nature o f a g ricu ltu ra l commodities make r is k  an inescapable feature 

o f a g ricu ltu ra l production. Farmers' a ttitudes  toward r is k  a ffe c t 

th e ir  management and investment decisions on a l l  leve ls . Management 

decisions ranging from what crop to p lant to spe c ific  production 

practices are affected by producers' preferences or aversion to r is k . 

Risk e ffic ie n cy  considers both the average net revenue and the v a r i­

a b i l i t y  in  tha t net revenue which may occur through a series o f grow­

ing seasons. I t  ranks a lte rna tive  management stra teg ies consistent
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w ith the w illingness o f the producers to  bear r is k .

Two recent studies incorporate r is k  e ffic ie n c y  and ir r ig a t io n  

scheduling. Boggess e t a l . (1983) from F lo rida , demonstrated tha t 

the p r o f i t  maximizing s tra teg ies were those th a t ca lled  fo r  frequent 

applications a t smaller rates and incomplete wetting o f the s o il pro­

f i l e .  They also showed th a t when price v a r ia b i l i ty  was introduced, 

risk-averse decision makers chose to  ir r ig a te  less frequently  but a t 

higher rates than tha t prescribed by the maximum net returns s t ra t ­

egy. This demonstrates th a t r is k  preferences do a ffe c t management 

decisions.

H a rris , Mapp and Stone (1983) used stochastic e ff ic ie n c y  c r i ­

te r ia  and optimal contro l theory to  develop ir r ig a t io n  stra teg ies 

designed to reduce the water demand from the Oklahoma panhandle re ­

gion o f the O ga lla lla  aqu ife r. They found tha t fo r  risk-averse de­

c is ion  makers, schedules tha t include ir r ig a t io n  during growth stage 

4 (a n tith e s is  to physiological m aturity) were dominant over the con­

temporary s tra teg ies based on calendar dates.

METHODS AND PROCEDURES

To research soybean and cotton growth and water response fo r  

Arkansas, two bio-physical crop growth sim ulation models were modi­

fie d  fo r  th is  experiment. The crop growth models were used to simu­

la te  the performance o f a series o f ir r ig a t io n  s tra teg ies fo r  both 

crops. From these s im ula tions, several performance variables were 

monitored i .e .  (y ie ld s , net re tu rns, number o f applications and to ta l 

water applied) and p ro b a b ility  d is tr ib u tio n s  o f net revenues were
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developed. Expected values fo r  the performance variables were com­

pared and the p ro b a b ility  d is tr ib u tio n s  were analyzed w ith Stochas­

t i c  Dominance With Respect to a Function (Meyer, 1977; King and 

Robison, 1981; Cochran, e t. a l . ,  1984) to determine r is k  e ffic ie n cy .

A. Soybean Model

Soybean Integrated Crop Management (SICM) was the model adapted 

fo r  the soybean analysis. I t  was developed at the U n ivers ity  o f 

F lo rida , G a inesv ille , F lorida by Wilkerson, e t a l . (1981). The de­

velopment o f the model was an in te rd is c ip lin a ry  e f fo r t  by the a g r i­

c u ltu ra l engineers, agronomists, entomologists and a g ricu ltu ra l 

economists. The model contains components o f crop, s o i l ,  insect, 

ta c tic s  (pestic ide  and ir r ig a t io n  app lica tions) and economics. SICM 

is  designed to study various soybean insect pest and ir r ig a t io n  man­

agement stra teg ies during a season fo r  systems consisting o f d iffe re n t 

weather regimes soybean v a r ie tie s , ir r ig a t io n  systems and insect in ­

fes ta tion s . The model is  w ritte n  in  FORTRAN, using a modular subrou­

tin e  s truc tu re .

SICM is  broken in to  fou r main sections: 1) p lant process growth,

2) so il moisture, 3) ir r ig a t io n  and 4) economic factors o f seasonal 

soybean growth. A simple flowchart o f the model is  presented in 

Figure 1.

Each o f the fou r main sections o f SICM had to be modified to 

simulate soybean growth fo r  Arkansas. The F lorida weather data f i le s  

were replaced by the S tonev ille , M ississippi weather data. The 

Florida so il is  sandy, there fore , the so il moisture section o f SICM

7



FIGURE 1

8

SI CM - Subroutine Flow Chart

1. MAIN Program
2. In ita liz a t io n  of daily 

variables
3. Daily p lant growth
4. End o f the season report



was changed to represent more close ly Arkansas' s i l t y  and clayey 

s o ils . The plant process growth section was modified to represent 

the Arkansas va rie tie s  o f soybean and th e ir  phenological development. 

The economic ca lcu la tions were changed to  re f le c t those used in  Ar­

kansas. Las tly , the ir r ig a t io n  component was expanded to include 

the 37 proposed ir r ig a t io n  s tra teg ies .

The F lorida weather f i le s  contain d a ily  measurements fo r  tem­

perature, r a in fa l l ,  pan-evaporation (the maximum level o f evapor­

a tio n ), PAR (photosynthetica lly  active ra d ia tio n ), times o f sunrise 

and sunset and to ta l so la r rad ia tion  (lang leys). They were replaced 

by 23 years o f d a ily  records from S tonev ille , M ississippi fo r  the 

years 1960 to 1982. S tonev ille , M ississippi is  located across the 

M ississippi River on Arkansas' southeastern border. This weather 

data f i l e  was selected because o f the large number o f data years 

ava ilab le and because solar rad ia tion  and pan-evaporation was record­

ed, which had not been done in Arkansas. The S toneville  weather f i le s  

contain the fo llow ing en tries : d a ily  amounts o f ra in fa ll (cm), d a ily  

pan-evaporation, to ta l d a ily  so lar rad ia tion  (langleys) and the d a ily  

maximum and minimum a ir  temperatures (°C). A procedure to convert 

d a ily  temperature values to hourly values was developed to allow the 

model to approximate more close ly actual weather conditions. This 

was done w ith a sine curve using the maximum and minimum values as 

anchors.

The so il water component has been changed to represent the 

Crowley so il conditions in  the southern delta o f Arkansas. The
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Crowley so il is  composed o f a surface layer o f s i l t  loam about 37 

centimeters deep over a th ick  layer o f c lay. The so il is  subdivided 

in to  seven v e rtic a l zones, each one o f which contains i t s  own so il 

water and root length density. The water content o f each zone var­

ied between a lower and upper l im i t ;  these l im its  were changed to 

more c lose ly  approximate Arkansas s o il cond itions. The weighting 

fa c to r (WR) which determines the new root growth d is tr ib u tio n s  fo r  

each s o il leve l was calculated in  the subroutine SOILRI to more 

c lose ly  represent the Crowley s o i l .  These data were determined from 

Scott e t a l . (1985).

The phenological subroutine PHEN1, where the ten p lant growth 

stages are ca lcu la ted , has been changed to represent the e a r lie r  

harvest dates, d if fe re n t soybean va rie tie s  and shorter growing season 

in  Arkansas as compared w ith F lo rida .

The production costs fo r  th is  study were taken from the Arkansas 

Soybean Budgets. Both variab le  and fixed  production costs were in ­

cluded. The variab le  costs fo r  seasonal production and harvest are 

$93.60 per acre. These costs were converted from per bushel basis to 

a per acre basis as a s im p lif ic a tio n  to re f le c t  the fa c t tha t many o f 

these a c t iv it ie s  are performed at the same level regardless o f the 

y ie ld  expectations. The fixed  costs, which included machinery and 

overhead, are $53.40 per acre. Therefore, the to ta l production cost 

was estimated a t $147.00 per acre in  1984 d o lla rs . I r r ig a t io n  costs 

were handled separately from these fig u re s . The cost o f ir r ig a t io n  

was modified to  represent a 300 acre center p ivo t system.
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There are several assumptions relevant to both ir r ig a t io n  sys­

tems present in  the ca lcu la tions. The well depth fo r  both systems 

is  estimated to be 90 fee t w ith 10 fee t o f draw down. These numbers 

represent the average depth and draw down o f 60 wells in  Arkansas 

County. The in te re s t rate is  set at 13 percent and the tax rate a t 

one percent o f the to ta l investment. The s tra ig h t lin e  method is  

used to depreciate the machinery over i t s  estimated l i f e  and an in ­

surance rate o f .6 percent o f the equipment investment is  assumed.

Ir r ig a tio n  costs were estimated on a variab le  per acre inch and 

fixed  per acre basis. Minimal labor is  a l l  tha t is  required to 

operate a center p ivo t. Based on Arkansas Soybean Budget estimates,

0.05 hours per acre inch is  the amount o f labor used and a wage rate 

o f $4.50 per hour was assumed. The fixed  ir r ig a t io n  costs were $47.67 

per acre and the variab le  ir r ig a t io n  costs equaled $2.59 per acre inch.

The subroutine IRRIG2 is  where the decision to ir r ig a te  was made 

and i t  was modified to include the 37 proposed ir r ig a t io n  scheduling 

s tra teg ies . The ir r ig a t io n  stra teg ies used in  th is  paper were devel­

oped by consulting agronomists and the soybean l i te ra tu re .  The 37 

ir r ig a t io n  stra teg ies include applications by a mixture o f growth 

stage in form ation, tensiometer readings and the capacity o f e x tra c t- 

able water. Tensiometer stra teg ies using bar readings were combi­

nations o f d iffe re n t thresholds values and three d if fe re n t reading 

depths o f 15cm, 30 cm,and 60 cm. To d is tingu ish  the o r ig in a l F lorida 

version o f the SICM model from the version adapted to  Arkansas con­

d it io n s , we have designated the la t te r  as ASICM.
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B. Soybean Ir r ig a tio n  Strategies

Table 1 l is t s  the ir r ig a t io n  stra teg ies tha t are to  be used in  

th is  paper. The stra teg ies f a l l  in to  f iv e  main categories: (a) non- 

ir r ig a te d ; (b) s ta t ic ,  tensiometer s tra teg ies ; (c) dynamic tens io ­

meter s tra teg ies ; (d) s ta t ic  capacity o f extractable water s tra teg ies ; 

and (e) dynamic capacity o f extractable water s tra teg ies . To make the 

ir r ig a t io n  strategy names in  th is  paper understandable, the fo llow ing 

code has been used:

1) A ll S ta tic  tensiometer stra teg ies begin w ith the le t te r  ' T ' 

followed by the bar reading ( i . e .  -04 fo r  -0 .4bars) and then 

the depth in cm o f the so il where the tensiometer is  placed.

2) A ll the dynamic tensiometer stra teg ies begin w ith ' R' , the 

growth stage, followed by the weeks before R1 when ir r ig a t io n  

water is  f i r s t  applied, la s t ly  the threshold bar reading fo r  

ir r ig a t io n  a fte r  R1 is  given ( i . e .  05 fo r  -0 .5ba rs).

3) For the s ta t ic  capacity o f extractable water approach the 

word 'Cap' begins each strategy name followed by the percent 

o f water in  the s o il p ro f i le  which tr ig ge rs  ir r ig a t io n .

4) The dynamic capacity o f extractable water stra teg ies begin 

w ith 'Cap' a lso , followed by the percent o f water which 

tr ig ge rs  ir r ig a t io n  u n til growth stage R2 and then the per­

cent o f water which tr ig g e rs .

C. Cotton Model

A b io -phys ica l, crop growth model fo r  cotton, COTCROP, developed 

by Brown et a l . was adapted to Arkansas conditions fo r  th is  portion

12



Table 1: Soybean I r r ig a t io n  S tra tegy D escr ip tions

S tra tegy Name D escrip tion

N o n - I r r ig
Tensiometer S tra teg ies

N o n -Ir r ig a te d  soybeans

T-01-15 -0 .1  bars placed at 15 cm
T-03-15 -0 .3  bars placed at 15 cm
T-04-15 -0 .4  bars placed at 15 cm
T-05-15 -0 .5  bars placed at 15 cm
T-08-15 -0 .8  bars placed at 15 cm
T-10-15 -1 .0  bars placed at 15 cm
T-40-15 -4 .0  bars placed at 15 cm

T-01-30 -0 .1  bars placed at 30 cm
T-03-30 -0 .3  bars placed at 30 cm
T-04-30 -0 .4  bars placed at 30 cm
T-05-30 -0 .5  bars placed at 30 cm
T-08-30 -0 .8  bars placed at 30 cm
T-10-30 -1 .0  bars placed at 30 cm
T-40-30 -4 .0  bars placed at 30 cm

T-01-60 -0 .1  bars placed at 60 cm
T-03-60 -0 .3  bars placed at 60 cm
T-04-60 -0 .4  bars placed at 60 cm
T-05-60 -0 .5  bars placed at 60 cm
T-08-60 -0 .8  bars placed at 60 cm
T-10-60 -1 .0  bars placed at 60 cm
T-40-60 -4 .0  bars placed at 60 cm
Rl-00-05 one a p p l ic a t io n  at R1 and 

then -0 .5  bars u n t i l  R6
Rl-01-05 one a p p l ic a t io n  one week before 

R1 and then -0 .5  bars u n t i l  R6
Rl-02-05 one a p p l ic a t io n  two weeks before 

R1 and then -0 .5  bars u n t i l  R6
Capacity o f  Ex trac tab le Water S tra teg ies

Cap-10 water applied when RATIO = .10
Cap-20 water app lied when RATIO = .20
Cap-25 water app lied when RATIO = .25
Cap-30 water app lied when RATIO = .30
Cap-40 water app lied when RATIO = .40
Cap-50 water app lied when RATIO = .50
Cap-60 water app lied when RATIO = .60
Cap-70 water app lied when RATIO = .70
Cap-80 water app lied when RATIO = .80
Cap80-70 water app lied a t  RATIO = .80 

u n t i l  R2 and then at RATIO = .70
Cap75-65 water app lied at RATIO = .75 

u n t i l  R2 and then at RATIO = .65
Cap70-60 water applied at RATIO = .70 

u n t i l  R2 and then at RATIO = .60
Ratio  = Actual Water S to rage /P o ten tia l Water Storage
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o f  the s tudy. This model is  w r i t t e n  in  FORTRAN. COTCROP c a lc u la te s  

p la n t  growth by s im u la t ing  carbohydra te , n i t roge n  and water balances 

f o r  the p la n t .  N itrogen and water balances are approximated f o r  the 

s o i l  ro o t  zone, s p e c i f ie d  by the user. P lant growth is  a fu n c t io n  

not on ly  o f  the th ree  balances but o f  the weather fa c to rs  o f  d a i ly  

s o la r  r a d ia t io n  ( la n g le y s ) ,  d a i ly  maximum and minimum temperatures 

( ° F ) ,  d a i ly  pan evapora tion  ( inches) and d a i ly  r a i n f a l l  ( in c h e s ) .

D a ily  temperature values were converted to  hou r ly  values w ith  a s ine 

curve anchored by the maximum and minimum obse rva tions .

In COTCROP, the s ta te  o f  the crop is  de f ined  by vecto rs  f o r  

each organ c lass  o f  f r u i t ,  stems and leaves. In each v e c to r  the re  

are elements which s p e c i fy  the number, weight and n itro g e n  content 

f o r  p la n t  organs o f  d i f f e r e n t  ages. Leaf areas o f  d i f f e r e n t  ages 

are a lso  m ain ta ined. These v a r ia b le s  are continuous but t ime and age 

are handled in  a d is c re te  manner in  the model. The in te g ra t io n  o f  

the p la n t  processes are managed by d a i ly  t ime s teps . A s im p l i f ie d  

f lo w c h a r t  f o r  COTCROP appears in  F igure 2.

To designate  the ve rs ion  o f  COTCROP which was adapted to  south­

east Arkansas co n d it io n s  from the o r i g i n a l ,  the labe l COTCROP-A was 

se lec te d .  Most o f  the changes invo lved  re s e t t in g  i n i t i a l i z a t i o n  

values f o r  user supp lied  v a r ia b le s .  However, some s t r u c tu r a l  changes 

to  the program were implemented. COTCROP-A is  d iv id e d  in to  several 

modules. They are WEATHER, SOIL, PLANT, WORM, WEEVIL and SPRAY, which 

con ta in  the s c i e n t i f i c  subrou tines th a t  implement the s im u la t io n .

Other modules are : MAIN, which con ta ins  the main c o n t r o l l in g  program

14



FIGURE 2
FLOW CHART OF COTCROP 
CYCLES ONCE PER DAY
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and i n i t i a l i z a t i o n  sub rou tines ; STRAG, which conta ins  the predefined 

i r r i g a t i o n  and pest co n tro l  s t ra te g ie s ;  and OUTPUT, which p r in ts  the 

ou tput ta b le s .

The weather values used in  the study s im u la t ions  were actua l 

d a i ly  records from S to n e v i l le ,  across the M is s is s ip p i R ive r ,  from 

Southeast Arkansas. These records were judged to  be re p resen ta t ive  

o f  southeastern Arkansas, which had on ly  incomplete weather data a v a i l ­

ab le .  Production and harvest cost data f o r  t h is  study have come p r i ­

m a r i ly  from the 1984 Arkansas Cotton Budgets pub lished by the Coop­

e ra t iv e  Extension Serv ice . These budget estim ates are reported on a 

per acre basis and assess co tton  production  on sandy o r  s i l t  loam 

s o i ls  in  the South Delta  reg ion o f  Arkansas.

The in fo rm a tion  in  the budgets is  d iv ide d  in to  p re -ha rves t and 

harvest v a r ia b le  costs and p re -ha rves t and harvest f ix e d  cos ts .  The 

v a r ia b le  i r r i g a t i o n  costs are c a lcu la te d  on a per a p p l ic a t io n  and per 

acre inch basis to  a l low  f o r  comparisons between the i r r i g a t i o n  s t r a t ­

eg ies.

The c a lc u la t io n s  f o r  i r r i g a t i o n  costs are taken from a v a r ie ty  

o f  sources in c lu d in g  the U n iv e rs i ty  o f  Minnesota A g r ic u l tu ra l  E xperi­

ment S ta t io n  t h i r d  DISC re p o r t ,  the 1984 Arkansas Cotton Budgets and 

an American A ssoc ia t ion  f o r  Vocationa l In s t ru c t io n a l  M a te r ia ls  (AAVIM) 

p u b l ic a t io n .

There are several assumptions re le v a n t  to  both i r r i g a t i o n  systems 

present in  the c a lc u la t io n s .  The w e ll depth f o r  both systems is  e s t i ­

mated to  be 90 fe e t  w i th  10 fe e t  o f  draw down. These numbers represent
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the average depth and draw down o f 60 wells in  Arkansas County. The 

in te re s t rate is  set a t 13 percent and the tax rate a t one percent o f 

the to ta l investment. The s tra ig h t lin e  method is  used to depreciate 

the machinery over i t s  estimated l i f e  and an insurance rate o f .6 

percent o f the equipment investment is  assumed.

The center p ivo t system represented in  th is  study is  a se lf-p ro ­

pelled u n it w ith a diesel engine and turb ine drive u n it designed to 

ir r ig a te  300 acres. The in i t ia l  investment costs fo r  the system are 

estimated at $5000 fo r  the w e ll, $8714 fo r  the power u n it ,  $8300 fo r  

the pump and gearhead and $57,000 fo r  the d is tr ib u tio n  system.

There is  a minimal amount o f labor required to operate th is  sys­

tem and based on the Arkansas Cotton Budget estimates, .05 hours per 

acre inch is  the value used to  ca lcu la te labor costs. A wage rate o f 

$4.50 per hour is  assumed.

The furrow ir r ig a t io n  system represented in  th is  study uses gated 

pipe and is  designed to ir r ig a te  160 acres. The in i t ia l  investment 

costs fo r  the system are estimated a t $5000 fo r  the w e ll,  $5999 fo r  

the power u n it ,  $8300 fo r  the pump and gearhead and $17,600 fo r  the 

d is tr ib u tio n  system.

The variab le  labor requirement fo r  a furrow system is  greater 

than fo r  a center p ivo t system. The value used to  ca lcu la te  labor 

fo r  th is  system is  .54 hours per app lica tion . This value fa l ls  w ith ­

in  the range suggested by the AAVIM pub lica tion  and is  taken from 

the Arkansas Cotton Budget estimates. Additional labor and tra c to r 

costs are the two elements o f the fixed  cost per app lica tion
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ca lcu la tion . These elements re f le c t  the costs tha t remain constant 

regardless o f the number o f applications or the amount applied.

In add ition  to  costs and weather parameters, COTCROP-A requires 

input data in  several other areas. Management practices such as 

p lanting and harvest dates, p lant density , pestic ide  app lica tions, 

ir r ig a t io n  schedules and f e r t i l iz e r  applications must be spec ified . 

COTCROP-A id e n tif ie s  emergence date ra ther than p lanting date and 

approximates upland va rie tie s  which mature and are harvested 150 days 

fo llow ing  emergence. For th is  study, pests were not considered in 

the sim ulations. The values used fo r  the management variables are as 

fo llow s: emergence date-May 5; p lant density-40,0000 plants per acre 

harvest date-October 2; and nitrogen fe r t i l iz a t io n -4 0  lb s . preplant, 

30 lbs . a t f i r s t  square and 30 lbs . a t f i r s t  bloom.

D. Timing o f Applications - Cotton Ir r ig a t io n  Strategies

The ir r ig a t io n  stra teg ies evaluated in  th is  study were developed 

w ith input from several agronomists and represent a wide va rie ty  o f 

scheduling options. Calendar dates, growth stage inform ation and 

tensiometer readings were used in d iv id u a lly  and in  combination to 

create e ight stra teg ies fo r  a center p ivo t system and ten stra teg ies 

fo r  a furrow system. The stra teg ies based so le ly  on calendar dates 

or tensiometer readings re f le c t some o f the current f ie ld  practices 

o f Arkansas cotton producers. The stra teg ies tha t incorporate growth 

stage information represent a fu tu re  d irec tion  fo r  ir r ig a t io n  sched­

u ling . These stra teg ies are more easily  explained i f  viewed in  two 

separate groups.
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The f i r s t  group o f  s t ra te g ie s  are re fe r re d  to  as s t a t i c  because 

the water a p p l ic a t io n  dec is ion  ru le  does not change throughout the 

growing season. This group inc ludes :

1. one i r r i g a t i o n  th ree  weeks a f t e r  f i r s t  bloom

2. tens iom eter readings (one th resho ld  le ve l employed 
throughout the growing season, i . e .  each th resho ld  
de fines a d i s t i n c t  s t ra te g y )

- .45  atm - .65  atm

- .5 0  atm - .7 0  atm

- .55  atm - .7 5  atm

- .6 0  atm

The recommended p ra c t ic e  is  to  have a p p l ic a t io n s  occu rr ing  a t - .55  atm.

The second group o f  s t ra te g ie s  are considered dynamic because

the water a p p l ic a t io n s  are based on tens iom eter readings and growth 

stage in fo rm a t io n , thus im p ly ing  changes in  the dec is ion  ru le  as the 

growing season progresses. This group inc ludes :

1. - . 3  atm to  - .45  atm from f i r s t  square to  e ig h t  weeks past 
f i r s t  bloom.

2. - .3  atm to  - .45  atm from f i r s t  square to  s ix  weeks past 
f i r s t  bloom, fo llow ed  by - .4 6  atm to  - .55  atm during  the 
s ix  to  e ig h t  week period  past f i r s t  bloom

3. - .3  atm to  - .45  atm from f i r s t  square to  th ree  weeks past 
f i r s t  bloom, fo llow ed by - .46  atm to  - .55  atm during  the 
fo u r  to  e ig h t  week period  past f i r s t  bloom.

The depth o f  the tens iom eter is  im portan t in  measuring the s o i l  

m o is tu re . A tens iom eter depth o f  12 inches (30 cm) is  the common 

f i e l d  p ra c t ic e .

E. Amount o f  Water Applied -  Cotton I r r i g a t i o n  S tra te g ies

These s t ra te g ie s  were s imulated f o r  a cen te r p iv o t  i r r i g a t i o n  

system and a fu rrow  i r r i g a t i o n  system. Gated pipe was used in  the
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furrow system. The center p ivo t system applied three quarters o f 

an inch o f water a t each ap p lica tio n , while the furrow system applied 

two inches o f water on each app lica tion . The sim ulation model in ­

cluded an e ff ic ie n c y  fa c to r fo r  each system. The center p ivo t system 

was assumed to  be 90 percent e f f ic ie n t  and the furrow system was 

assumed to  be 60 percent e f f ic ie n t .  These e ffic ie n cy  values repre­

sent the percentage o f applied water tha t is  a c tu a lly  ava ilab le  fo r  

p lant use. Y ie ld was also estimated w ith no water applications to 

demonstrate the increase in  y ie lds  possible w ith  ir r ig a t io n  (see 

Table 2 fo r  strategy names).

PRINCIPAL FINDINGS AND THEIR SIGNIFICANCE 

A. Soybean Results

A ll 37 o f the ir r ig a t io n  stra teg ies were simulated w ith  the 

center p ivo t ir r ig a t io n  system. The Arkansas version o f SICM used 

23 years o f weather data from 1960 to  1982. The Forrest va rie ty  o f 

soybean was simulated and ASICM calculated y ie ld s , net revenue and 

ir r ig a t io n  amounts fo r  each o f the 23 years. The amount o f water 

applied fo r  a l l  ir r ig a t io n  stra teg ies was one acre inch.

The resu lts  fo r  three o f the fou r c r i te r ia  are presented in  

Table 3. I t  can be seen tha t the stra teg ies which are ranked highest 

fo r  economic e ffic ie n cy  are T-04-15 and Cap75-65. The stra teg ies 

tha t maximized expected y ie lds  are T-03-15 and T-04-15.

Expected y ie lds  decreased s ig n if ic a n tly  when evaluating i r r i ­

gation e ff ic ie n y  (average y ie ld  per average inches o f water applied). 

T-40-30 resulted in  the smallest use o f water per acre when using a
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TABLE 2

S tra tegy Cotton I r r i g a t i o n  D e sc r ip t ions*

Center P ivo t

CALCP = one i r r i g a t i o n  3 weeks a f te r  f i r s t  bloom

TENSCP45 == - .45  atm from f i r s t  square to  8 weeks past f i r s t  bloom

TENSCP50 == - .50  atm from f i r s t  square to  8 weeks past f i r s t  bloom

TENSCP55 =: - .55  atm from f i r s t  square to  8 weeks past f i r s t  bloom

TENSCP60 =: - .60  atm from f i r s t  square to  8 weeks past f i r s t  bloom

TENSCP65 == - .65  atm from f i r s t  square to  8 weeks past f i r s t  bloom

DYNCP1 == - .3  atm to  - .45  atm from f i r s t  square to  8 weeks past f i r s t  
bloom

DYNCP2 == - .3  atm to - .45  atm from f i r s t  square to  6 weeks past f i r s t  
bloom, fo llow ed  by - .46  atm to  - .55  atm during the 6 to  8 week 
period past f i r s t  bloom

DYMCP3 == - .3  atm to  - .45  atm from f i r s t  square to  3 weeks past f i r s t  
bloom, fo llow ed  by - .46  atm to  - .55  atm during  the 4 to  8 week 
period  past f i r s t  bloom

NOIRR = no i r r i g a t i o n

Furrow System

CALF = one a p p l ic a t io n  3 weeks past f i r s t  bloom

TENSF45 ;= - .45  atm from f i r s t  square to  8 weeks past f i r s t  bloom

TENSF50 = - .50  atm from f i r s t  square to  8 weeks past f i r s t  bloom

TENSF55 = - .55  atm from f i r s t  square to  8 weeks past f i r s t  bloom

TENSF60 = - .60  atm from f i r s t  square to  8 weeks past f i r s t  bloom

TENSF65 = - .65  atm from f i r s t  square to  8 weeks past f i r s t  bloom
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TABLE 2 Continued

TENSF70 = - .70  atm from f i r s t  square to  8 weeks past f i r s t  bloom**

TENSF75 = - .75  atm from f i r s t  square to  8 weeks past f i r s t  bloom**

DYNF1 = - .3  atm to  - .45  atm from f i r s t  square to  8 weeks past f i r s t  
bloom

DYNF2 = - .3  atm to  - .45  atm from f i r s t  square to  6 weeks past f i r s t  
bloom, fo llow ed  by - .4 6  atm to  - .55  atm during the 6 to  8 week 
period past f i r s t  bloom

DYNF3 = - .3  atm to  - .45  atm from f i r s t  square to  3 weeks past f i r s t  
bloom, fo llow ed  by - .4 6  atm to  - .55  atm during the 4 to 8 week 
period  past f i r s t  bloom

NOIRR = no i r r i g a t i o n

*  atm = atmospheres o f  p ressure; 1 atm = 1.017 bars on a tensiometer

**These s t ra te g ie s  do not appear in  the group o f  cen te r p iv o t  s t ra te g ie s  
because p re l im in a ry  r e s u l ts  demonstrated th a t  the cen te r p iv o t  s t r a t e ­
gies w ith  th resho lds  h igher than - .65  atm were in  Stage I I I  o f  the pro 
duction  fu n c t io n ,  in d ic a t in g  an i r r a t i o n a l  range o f  in p u t  use.
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Table 3

ASICM Model Output o f Soybean I r r ig a t io n  S tra teg ies

S tra tegy Average
Y ie ld

Bushels

Average 
Net Returns 
in D o l la rs

Std. Dev.
in  Net 

Returns

Average 
Water 

Applied 
in inches

I r r ig a t io n
E f f ic ie n c y

bu/in

N o n - I r r ig 27.29 44.06 90.41 0.0 0.0

T-01-05 62.78 180.36 31.64 24.9 2.5
T-03-15 63.60 198.08 30.91 20.3 3.1
T-04-15 63.59 211.97 29.85 14.9 4.3
T-05-15 62.35 210.04 32.03 12.3 5.1
T-08-15 60.14 202.00 45.98 9.4 6.4
T-10-15 59.03 196.77 56.92 8.4 7.0
T-40-15 46.26 119.61 103.19 3.7 12.5

T-01-30 63.17 184.37 31.38 24.4 2.6
T-03-30 62.17 210.79 34.16 11.5 5.4
T-04-30 61.65 211.86 39.29 9.7 6.4
T-05-30 59.41 199.57 55.35 8.4 7.1
T -08-30 54.98 174.06 75.64 6.2 10.3
T-10-30 52.75 160.71 84.43 5.4 9.8
T-40-30 39.12 77.58 110.67 2.2 17.8

T-01-60 62.47 191.37 28.20 19.8 3.2
T-03-60 61.88 195.51 32.31 16.6 3.7
T-04-60 62.22 198.52 37.82 16.3 3.8
T-05-60 60.14 188.00 48.02 14.8 4.1
T-08-60 57.48 174.50 68.00 12.8 4.5
T-10-60 56.40 169.69 80.11 11.7 4.8
T-40-60 44.59 106.60 124.05 5.8 7.7

Rl-00-05 59.97 189.21 47.92 13.9 4.3
Rl-01-05 57.41 189.10 54.91 7.0 8.2
R1-02-05 56.94 184.84 60.09 7.4 7.7

Cap-10 27.29 44.06 90.41 0.0 0.0
Cap-20 29.25 50.87 92.94 0.3 112.50
Cap-25 31.56 55.76 92.09 0.6 51.74
Cap-30 35.85 71.69 100.26 1.2 28.45
Cap-40 42.86 101.74 121.70 3.0 14.29
Cap-50 49.91 141.17 109.20 5.2 9.60
Cap-60 57.51 186.48 63.86 8.3 6.93
Cap-70 62.73 208.88 32.74 13.7 4.58
Cap-80 63.05 198.45 32.50 18.6 3.39

Cap80-70 62.88 205.84 36.04 15.3 4.11
Cap75-65 62.58 211.50 31.20 12.3 5.09
Cap70-60 61.16 207.57 29.32 10.0 6.12
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tens iom e ter. T-40-30 had an e f f i c i e n t  value o f  17.78 bushels per 

inch o f  water a p p l ie d .  S tra tegy  T-40-30 allowed the tens iom eter 

to  reach -4 .0  bars before any i r r i g a t i o n  water was a p p l ie d .  T-40-30 

used an average o f  2.2 inches o f  i r r i g a t i o n  water per season, r e s u l t ­

ing in  an average y ie ld  o f  39.12 bushels per acre and an average 

p r o f i t  o f  $77.58 per acre . Cap-20 had the lowest y ie ld  o f  29.3 bush­

e ls  per acre w h i le  having the h ighest i r r i g a t i o n  e f f i c ie n c y  compared 

w ith  a l l  o th e r  capa c ity  s t ra te g ie s .

S t a t i s t i c a l  Test ing

The Duncan M u l t ip le  Range t e s t  was c a lc u la te d  f o r  the seven pre­

fe r re d  s t ra te g ie s  l i s t e d  in  Table 3 (T -05-30 , R l-02 -05 , Cap75-65, 

T -04 -15 , T -05 -15 , T -03-30, T-04-30, T -05-30). The t e s t  in d ic a te d  

th a t  none o f  the expected net re tu rns  were s ig n i f i c a n t l y  d i f f e r e n t  a t  

an a = .05. One exp lana tion  fo r  t h is  outcome is  th a t  a l l  o f  the seven 

p re fe rred  s t ra te g ie s  are b a s ic a l ly  v a r ia t io n s  o f  the same i r r i g a t i o n  

techn ique, which is  i r r i g a t i o n  app lied  by the tens iom eter placed in  

the top la y e r  (3 7  cm ) o f  s o i l  when the tens iom eter readings are be t-  

tween - .3  to  - .5  bars. A lso , the slope o f  the water re te n t io n  curve 

is  low in  t h is  reg ion .

The Duncan M u l t ip le  Range te s t  was a lso ca lcu la te d  f o r  the com­

p le te  set o f  37 i r r i g a t i o n  s t ra te g ie s  (Table 4 ) .  S tochas tic  dominance 

is  not based on expected net revenue c a lc u la t io n s  but on expected 

u t i l i t y  which r e f le c t s  the e n t i r e  cumulative d i s t r ib u t io n  fu n c t io n .  

There are nine groups o f  s t ra te g ie s  w ith  s ig n i f i c a n t l y  d i f f e r e n t  

expected net revenues. The group A, which inc ludes the seven
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Table 4

Duncan M u ltip le  Range Test For Differences in Mean Net Revenues:
Soybean Ir r ig a tio n  Strategies

Strategy Name Mean Net Revenue Duncan Grouping1

Doll ars

T-04-15 211.97 A
T-04-30 211.86 A
Cap75-65 211.55 A
T-03-30 210.79 A
T-03-15 210.04 A B
Cap-70 208.88 A B
Cap70-60 207.57 A B
Cap80-70 205.84 A B C
T-08-15 202.01 A B C
T-05-30 199.57 A B C
T-04-60 198.52 A B C
Cap-80 198.45 A B C
T-03-15 198.08 A B C
T-10-15 196.77 A B C D
T-03-60 195.51 A B C D
T-01-60 191.37 A B C D
R1-00-05 189.21 A B C D
R1-01-05 189.10 A B C D
T-05-60 188.00 A B C D
Cap-60 186.48 A B C D
Rl-02-05 184.84 A B C D
T-01-60 184.37 A B C D
T-01-15 180.36 A B C D
T-08-60 174.51 B C D E
T-08-30 174.06 B C D E
T-10-60 169.69 C D E
T-10-30 160.71 D E
Cap-50 141.17 E F
T-40-15 119.45 G F
T-40-60 106.60 G H F
Cap-40 101.74 G H
T-40-60 77.58 H I
Cap-30 71.71 H I
Cap-25 55.76 I
Cap-20 50.87 I
Cap-10 44.06 I
N on-Irrig 44.06 I

1(Means w ith the same le tte r  are not s ig n if ic a n tly  d iffe re n t; 
a = .05)
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stra teg ies preferred by a l l  decision makers from r is k -p re fe rr in g  to 

strongly risk-averse groups, also includes 16 other ir r ig a t io n  s t ra t ­

egies.

The Duncan M u ltip le  Range te s t can only give a rough estimate of 

the s ign ificance when applying stochastic dominance. Differences in 

mean y ie lds  are ne ither necessary nor s u ff ic ie n t conditions fo r  the 

differences in  expected u t i l i t y .  However, to-date there is  no pro­

cedure to  s ta t is t ic a l ly  te s t the s ign ificance o f resu lts  when using 

r is k  in te rva ls  w ith stochastic dominance.

Another note o f caution must be exercised, Duncan's M u ltip le  

Range Test assumes tha t normal d is tr ib u tio n s  are being examined. An 

SAS Univariate Normal te s t was used to check i f  each ir r ig a t io n  s t ra t ­

egy's yearly net re turn followed a normal d is tr ib u tio n  a t a =.05.

Only seven of the 37 ir r ig a t io n  stra teg ies f i t  the normal curve. They 

were: Cap-80, T-01-15, T-03-15, T-08-15, T-03-30, T-03-60 and R1-01-05. 

Only T-03-15 and T-03-30 were included in  one o f the fou r e f f ic ie n t  

sets. Y e t , fo r  lack o f a be tte r te s t a t th is  tim e, the Duncan M u ltip le  

Range tes t shows tha t a ll seven o f the e f f ic ie n t  stra teg ies have no 

s ta t is t ic a l d ifference in  mean net revenue at =.05.

Risk Analysis

Risk e ffic ie n cy  can only be defined fo r  specified ranges o f r is k  

preferences. This study has used fou r d iffe re n t sets o f preferences, 

each representing a d if fe re n t class o f decision makers. By comparing 

the e f f ic ie n t  sets id e n tif ie d  fo r  each set o f preferences, inferences 

can be made as to  the influence tha t r is k  preferences can have on the
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re la tiv e  rankings o f the s tra teg ies ; The preferences and the e f f i ­

c ien t sets derived w ith stochastic dominance w ith respect to a 

function are displayed in  Table 5. The preferences are expressed 

in  in te rva ls  w ith bounds measured w ith P ra tt risk-aversion c o e ff i­

c ien ts . The outcome variables were scaled to  re f le c t the average 

soybean component o f farms in  southeast Arkansas. This was accomp­

lished by m u ltip ly ing  the per acre returns by 300.

Table 5

Preference In te rva ls  Used to Define Groups o f Decision Makers 

Group o f Decision Makers Pratt/Arrow Risk C o e ffic ie n t1

r is k  p re fe rring -.0008 to -.0001

approaching r is k  neutral -.0001 to .0001

s lig h t ly  r is k  averse .0001 to .0004

strongly r is k  averse .0004 to .001

1The in te rva ls  are defined based upon empirical work (Cochran, 
Robison and Lodwick).

The e f f ic ie n t  set id e n tif ie d  fo r  the group o f r is k -p re fe rr in g  

decision makers contained stra teg ies tha t used a tensiometer placed 

at 30 cm in the s o il.  T-05-30 and R1-02-05 were the two preferred 

s tra teg ies , both have large ranges in  net returns (Table 6). S tra te­

gies T-05-30 and Rl-02-05 have s lig h t ly  lower average net returns 

than the p ro f i t  or y ie ld  maximizing stra teg ies o f T-04-15 and T-03-15, 

respective ly , although the differences were non-s ign ifican t.
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Table 6

Risk E ff ic ie n t Soybean Ir r ig a tio n  Strategies fo r 
D iffe ren t Groups of Decision Makers

Average Minimum Maximum Average
Net Net Net Water

Returns Returns1 Returns Applied
(in )

Risk P referring
(-.0008 to -.0001)

T-05-30 199.57 38.91 278.00 8.4
R1-02-05 184.84 38.91 275.75 7.4

Approaching Risk Neutral
(-.0001 to .0001)

Cap75-65 211.55 146.14 251.93 12.3
T-04-15 211.97 152.10 252.22 14.9
T-05-15 210.04 153.75 259.13 12.3
T-03-30 210.79 136.72 268.53 11.5
T-04-30 211.86 88.70 275.82 9.7
T-05-30 199.57 38.91 278.00 8.4

S lig h tly  Risk Averse
(.0001 to  .0004)

T-04-15 211.97 152.10 252.22 14.9
T-05-15 210.04 153.75 259.13 12.3

Strongly Risk Averse
(.0004 to  .001)

T-04-15 211.97 152.10 252.22 14.9
T-05-15 210.04 153.75 259.13 12.3

1A ll of the minimum returns occurred in the extremely dry year 1980.
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The group o f  dec is ion  makers defined as approaching r i s k  neu tra l 

had an e f f i c i e n t  se t o f  s ix  i r r i g a t i o n  s t ra te g ie s .  The group inc luded 

one dynamic capac ity  s t ra te g y ,  Cap75-65, two s t a t i c  s t ra te g ie s  where 

the tens iom eter was placed a t  15 cm, T-04-15 and T-05-15 and th ree  

s t a t i c  s t ra te g ie s ,  T-03-30, T-04-30 and T-05-30, where the tens iom eter 

was placed a t  30 cm. R isk -n eu tra l dec is ion  makers want the h ighest 

re tu rn  f o r  t h e i r  d o l la rs  invested and as the s to c h a s t ic  dominance mod­

el p re d ic te d ,  these s ix  s t ra te g ie s  produce the h ighes t re tu rns  over 

the 23 years o f  s im u la t io n .

The s l i g h t l y  r is k -a v e rs e  and s t ro n g ly  r is k -a v e rs e  dec is ion  makers 

p re fe rred  the same two s t ra te g ie s ,  T-04-15 and T-05-15 (Table 5 ) .  

S tra tegy  T-05-15 had an average net re tu rn  o f  $210 per acre and a 

standard d e v ia t io n  o f  $32.03 per acre . S tra tegy  T-04-15 had an ave r­

age net re tu rn  o f  $211.97 per acre and a standard d e v ia t io n  o f  $29.85 

per acre.

R isk-averse dec is ion  makers put more emphasis on the low income 

years and, hence, are in te re s te d  in  the poorest outcomes o r  net re tu rns  

in  t h is  study. For example, s t ra te g ie s  T-04-15 and T-05-15 each have 

the h ighest incomes in  1980 o f  $152.10 and $153.75, re s p e c t iv e ly ,  over 

a l l  o f  the o the r  i r r i g a t i o n  s t ra te g ie s  in  the group o f  seven picked by 

a l l  dec is ion  makers. This performance in  the worst income year r e s u l t ­

ed in  these s t ra te g ie s  being r i s k  e f f i c i e n t  f o r  these dec is ion  makers.

The re s u l ts  o f  t h is  ana lys is  went as expected a t  the beginning o f  

t h is  s tudy. I t  was assumed a t  the s t a r t  o f  t h is  paper th a t  i r r i g a t i o n  

water could be used as a r is k - re d u c in g  in p u t ,  th e re fo re ,  dec is ion  makers
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would choose to  app ly more water as they become more r i s k  averse.

This c o n d it io n  was observed by the r e s u l t s .  The data in  Table 6 

summarizes the fo u r  groups o f  dec is ion  makers and t h e i r  re s u l t in g  

e f f i c i e n t  se ts .

The r is k - n e u t ra l  dec is ion  makers favored an average o f  three 

inches a d d it io n a l  i r r i g a t i o n  water than the r is k - p r e fe r r in g  dec is ion  

makers. The r is k -a v e rs e  dec is ion  makers favored an average o f  f i v e  

a d d it io n a l  inches o f  i r r i g a t i o n  water per season over the r is k - p r e ­

f e r r in g  group. The r e s u l t s ,  th e re fo re ,  g ive  v a l i d i t y  to  the hypo­

th e s is  th a t  i r r i g a t i o n  is  an im portan t r is k - re d u c in g  inpu t to  Arkan­

sas soybean farmers in  the sh o r t  run. Further d iscuss ion  o f  the re ­

s u l ts  and ASICM may be found in  P r ic k e t t  (1985).

B. Cotton Results

Each o f  the 12 s t ra te g ie s  was simulated w ith  the cen te r p iv o t  

and fu rrow  i r r i g a t i o n  systems. The model incorpora ted  23 years o f  

weather da ta , from 1960 through 1982. Based on the assumptions th a t  

farmers are committed to  an i r r i g a t i o n  system a lready in  place and 

the re  are no d i f fe re n c e s  between systems i f  used p ro p e r ly ,  no compar­

isons o f  the s t ra te g ie s  were made across the two systems. The ana lys is  

begins w ith  the cen te r p iv o t  system.

Center P ivo t System

P r o f i t  maxim ization and y ie ld  maximization were used in  the 

eva lua t ion  o f  economic e f f i c ie n c y .  The p r o f i t  maximizing s tra te g y  

on the cen te r p iv o t  system came from the dynamic group o f  s t ra te g ie s  

th a t  combined growth stage in fo rm a tion  w ith  tens iom eter readings.
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DYNCP2 resulted in  an average y ie ld  o f 829.5 pounds o f l i n t  per acre 

w ith average net returns o f $478.48 per acre. The net returns are 

only above ir r ig a t io n  costs. This strategy ca lled fo r  an average o f 

5.9 inches o f water to  be applied each growing season (Table 7).

There is  a major improvement in  both expected net returns and y ie lds  

associated w ith the tensiometer s tra teg ies . Net returns are increased 

on average by about $130 per acre over the non-irriga ted  stra tegy. 

CALCP did re s u lt in  a higher mean y ie ld , but w ith a cotton price o f 

65¢ per pound, the expected net returns were ac tu a lly  lower than the 

non-irriga ted  stra tegy. These resu lts  support the notion tha t the use 

o f tensiometers is  economical. S ta tis t ic a l tests  based on Duncan's 

M u ltip le  Range te s t ind ica te  tha t there was not much d iffe rence in 

expected y ie lds  and net returns between any o f the tensiometer s t ra t­

egies.

The y ie ld  maximizing strategy fo r  the center p ivo t system was 

also DYNCP2. With an average y ie ld  o f 829.5 pounds o f l i n t  per acre, 

th is  strategy produced approximately 1.9 pounds per acre more than 

TENSCP50, the next highest s tra tegy, and two to fou r pounds per acre 

more than any o f the stra teg ies based so le ly  on tensiometer readings 

(Table 7).

In terms o f ir r ig a t io n  e ffic ie n cy  (average yield/average inches 

o f water app lied ), TENSCP65 resulted in the most e f f ic ie n t  use of 

ir r ig a t io n  water fo r  the center p ivo t system. With an e ffic ie ncy  

value o f 161.24 pounds o f l i n t  per inch o f water applied, TENSCP65 

allowed the tensiometer reading to reach -.65 atm before applying
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Table 7

COTCROP-A Model Results fo r Cotton Ir r ig a tio n  S trategies:
Center Pivot System

CENTER AVERAGE AVERAGE AVERAGE IRRIGATION
PIVOT YIELD NET RETURNS WATER EFFICIENCY
STRATEGIES LINT1 ,2 IN DOLLARS 1,2,3 IN INCHES

CALCP 590.5 (8) b 336.83 (8) b .8

TENSCP45 826.9 (4) a 476.33 (5) a 6.1 135.56 (7)

TENSCP50 827.8 (2) a 477.56 (2) a 5.9 140.30 (6)

TENSCP55 825.6 (5) a 476.77 (4) a 5.6 147.42 (3)

TENSCP60 823.4 (6) a 476.00 (6) a 5.3 155.35 (2)

TENSCP65 822.3 (7) a 475.95 (7) a 5.1 161.24 (1)

DYNCP1 same as TENSCP45

DYNCP2 829.5 (1) a 478.48 (1) a 5.9 140.59 (5)

DYNCP3 827.3 (3) a 477.35 (3 ) a 5.8 142.64 (4)

NOIRR 575.0 (9) b 345.75 (9) b 0.0

numbers in parenthesis represent rank from high to  low

Duncan's m u ltip le  range te s t was used to  determine differences 
between y ie ld  and net re turns. Means w ith in  groups id e n tif ie d  
by "a" and "b" are not s ta t is t ic a l ly  s ig n if ic a n tly  d iffe re n t at 
an a = 0.05.

Net returns are above ir r ig a t io n  costs only.
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water. With t h is  s t ra te g y ,  an average o f  5.1 inches o f  water was 

app lied  re s u l t in g  in  an average y ie ld  o f  822.3 pounds per acre. The 

p r o f i t  and y ie ld  maximizing s t ra te g y ,  DYNCP2, c a l le d  f o r  an average 

o f  5.9 inches o f  water to  produce an average y ie ld  o f  829.5 pounds 

per acre but produced on ly  140.3 pounds per inch o f  i r r i g a t i o n  water. 

The c a lc u la t io n  f o r  i r r i g a t i o n  e f f i c ie n c y  is  the same as th a t  f o r  

Average Physical Product. TENSCP65, w ith  an average o f  5.1 inches 

o f  water a p p l ie d ,  approximates the beginning o f  Stage I I  o f  produc­

t io n .  A t t h is  p o in t ,  Average Physical Product is  maximized and is  

equal to  Marginal Physical Product (Table 7 ) .  S tochas tic  dominance 

w ith  respect to  a fu n c t io n  was used to  evaluate the s t ra te g ie s  fo r  

r i s k  e f f i c ie n c y .

R is k - e f f i c ie n t  s t ra te g ie s  were determined f o r  fo u r  groups o f  

dec is ion  makers. A l l  outcomes v a r ia b le s  were scaled to  approximate 

the average co tton  component o f  farm opera tions in  southeast Arkansas. 

This was achieved by m u l t ip ly in g  the per acre re tu rns  by 300. For 

t h is  s tudy, the preference in te r v a ls  d e f in in g  the dec is ion  groups are 

as fo l lo w s :

r is k  p re fe r r in g -.0008 to -.0001

approaching r is k  neu tra l -.0001 to .0001

s l i g h t l y  r i s k  averse .0001 to .0004

s t ro n g ly  r i s k  averse .0004 to .001

The most e f f i c i e n t  s t ra te g y  f o r  r i s k - p r e fe r r in g  dec is ion  makers 

was TENSCP50, fo l low ed by DYNCP2, TENSCP60, TENSCP55 and DYNCP3 

(Table 8 ) .  DYNCP2, the p r o f i t  and y ie ld  maximizing s t ra te g y ,  was
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Table 8

Risk E ff ic ie n c y  Rankings f o r  Cotton I r r ig a t io n  S tra te g ie s :
Center P ivo t System

AVERAGE
NET

MINIMUM
NET

MAXIMUM
NET

RANK RETURNS RETURNS RETURNS
RISK PREFERRING 

(-.0008  to  -.0001)

TENSCP50 1 477.56 177.01 766.35
DYNCP2 2 478.48 178.26 756.97
TENSCP60 3 496.00 195.89 754.89
TENSCP55 4 476.77 195.89 748.67
DYNCP3 5 

APPROACHING RISK NEUTRAL

477.35 178.26 740.05

(-.0001  to  .0001)

DYNCP2 1 478.48 178.26 756.97
TENSCP50 1 477.56 177.01 766.35
DYNCP3 1 477.35 178.26 740.05
TENSCP55 1 476.77 195.89 748.67
TENSPC60 1 476.00 195.89 754.89
TENSPC65 1 475.95 195.89 723.21

SLIGHTLY RISK AVERSE 
(.0001 to  .0004)

TENSPC65 1 475.95 195.89 723.21
TENSCP60 2 476.00 195.89 754.89
TENSCP55 3 476.77 195.89 748.67
DYNCP3 4 477.35 178.26 740.05
DYNCP2 478.48 178.26 756.97

STRONGLY RISK AVERSE 
(.0004 to  .001)

TENSCP65 1 475.95 195.89 723.21
TENSCP60 2 476.00 195.89 754.89
TENSCP55 3 776.33 178.26 734.48
DYNCP3 4 477.35 178.26 740.05
DYNCP2 478.48 178.26 756.97
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determined to be not as r is k  e f f ic ie n t as TENSCP50 fo r  r is k -p re ­

fe rr in g  decision makers. This was expected since r is k -p re fe rr in g  

farmers place more emphasis on the p ro b a b ility  o f high net returns 

than they do on low net re turns. The highest net re turn fo r  

TENSCP50 was $10 an acre greater than tha t fo r  DYNCP2.

The group o f decision makers, defined as approaching r is k  neu­

t r a l ,  had s ix  stra teg ies which were r is k  e f f ic ie n t .  DYNCP2,

TENSCP50, DYNCP3, TENSCP55, TENSCP60 and TENSCP65 a ll appear in the 

e f f ic ie n t  set. The size o f th is  e f f ic ie n t  set re fle c ts  the fa c t tha t 

the performance o f these stra teg ies were very s im ila r due to the 

re tention cha rac te ris tics  o f the s o il .  The Duncan M u ltip le  Range 

tes t indicated tha t none o f the expected y ie lds  or net returns o f the 

tensiometer stra teg ies were s ta t is t ic a l ly  s ig n if ic a n tly  d if fe re n t at 

a = 0.05.

The rankings o f the top stra teg ies fo r  the s l ig h t ly  risk-averse 

and strongly risk-averse groups o f decision makers were id e n tic a l.

The preferred strategy was TENSCP65, followed by TENSCP60, TENSCP5, 

DYNCP3 and DYNCP2. I t  appears tha t a t the cotton price o f 65¢ per 

pound, the higher thresholds maximize u t i l i t y .  Due to the in a b i l i ty  

o f stochastic dominance techniques to  te s t fo r  s ta t is t ic a l d ifferences 

in expected u t i l i t y  and strong s im ila r it ie s  in  the p ro b a b ility  d is t r i ­

butions, caution must be exercised before the conclusion tha t i r r ig a ­

tion  is  not a risk-reducing input is  reached.

TENSCP50 produced the second highest average net returns and 

average y ie ld  but was less ir r ig a t io n  e f f ic ie n t  than DYNCP2 with
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the same amount of water applied. This demonstrates the impor­

tance of tim ing water applications w ith growth stage information 

to  insure maximum output fo r  each u n it of water applied.

The two groups of risk-averse  decision makers showed no pre­

ference between TENSCP50 and DYNCP3 once DYNCP2 was eliminated from 

the e f f ic ie n t  set. DYNCP3 ca lled fo r  s l ig h t ly  less water applied 

and resulted in only 1/2 pound of l i n t  less in average y ie ld  and 

only 21 cents less in average net re turns. I t  was s l ig h t ly  more 

ir r ig a t io n  e f f ic ie n t producing 142.63 pounds per inch of water, 

whereas TENSCP50 produced 140.30 pounds per inch o f water. I t  is 

reasonable fo r  the s trong ly  risk-averse decision makers to  be am­

biguous between these s tra teg ies  since they are very s im ila r in 

nature. TENSCP50 called fo r  a threshold o f -.50 atm throughout 

the growing season, while DYNCP3 maintained a -.45 atm threshold 

u n t il three weeks past f i r s t  bloom, then went to  a -.55 atm thres­

hold through four to  e ight weeks past f i r s t  bloom. Given tha t the 

d iffe rence in average water applied between the two stra teg ies is 

only .10 of an inch over 23 years, i t  is possible tha t the pre­

ference in te rva ls  are not sens itive  enough to  pick up such a 

n e g lig ib le  d iffe rence.

Furrow System

The p r o f i t  maximizing stra tegy fo r the furrow ir r ig a t io n  sys­

tem came from the group of s tra teg ies based so le ly  on tensiometer 

readings. TENSF70 allowed the tensiometer reading to reach -.70 atm 

before adding water. This resulted in an average y ie ld  o f 809.0 pounds
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per acre and average net returns o f $464.53 per acre. This strategy 

ca lled fo r  an average o f 7.8 inches o f water to be applied each grow­

ing season (Table 9).

A s im ila r pattern as found w ith the center p ivo t resu lts  sur­

faced in  the analysis o f the furrow system. The Duncan M u ltip le  

Range tes t fa ile d  to  uncover any s ig n if ic a n t d ifferences between the 

expected y ie lds  and net returns fo r  any o f the tensiometer s tra teg ies . 

However, there was a s ig n if ic a n t d iffe rence between the average net 

returns fo r  tha t group and the non-irriga ted  and calendar s tra teg ies . 

Expected net returns were increased by more than $80 per acre by the 

use o f tensiometers. In th is  case, the calendar strategy had both a 

higher expected net return and y ie ld  than the non-irriga ted  stra tegy. 

The s im ila r it ie s  in  the resu lts  fo r  the tensiometer stra teg ies can 

l ik e ly  be a ttr ib u ta b le  to the moisture re tention  cha rac te ris tics  o f 

the so il examined.

The y ie ld  maximizing strategy fo r  the furrow system also came 

from the group o f stra teg ies based on tensiometer readings. TENSF60 

allowed the tensiometer reading to reach -.60 atm before applying 

water and th is  resulted in the maximum average y ie ld  o f 812.1 pounds 

per acre. TENSF60 produced approximately 3.1 pounds per acre more than 

the p r o f i t  maximizing strategy and applied an average o f 1.1 inches 

o f water more per season than the p r o f i t  maximizing strategy (Table 9).

In terms o f ir r ig a t io n  e ff ic ie n c y , TENSF70, the p r o f i t  maximiz­

ing s tra tegy, resulted in the most e f f ic ie n t  use o f ir r ig a t io n  water on 

the furrow system. With an average y ie ld  o f 809.0 pounds per acre and
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Table 9

COTCROP-A Model Results fo r Cotton Ir r ig a tio n  S trategies:
Furrow System

FURROW
SYSTEM
STRATEGIES

AVERAGE 
YIELD 
# LINT1’ 2

AVERAGE 
NET RETURNS 
IN DOLLARS1’ 2’ 3

AVERAGE
WATER IRRIGATION 
IN INCHES EFFICIENCY

CALF 621.4 (10) b 367.90 (10) b 2.0 310.7

TENSF45 794.6 (9) a 445.09 (9) a 10.2 77.90

TENSF50 803.8 (5) a 453.02 (6) a 9.7 82.86

TENSF55 808.6 (4) a 457.61 (4) a 9.4 86.02

TENSF60 812.1 (1) a 462.13 (3) a 8.9 91.24

TENSF65 810.8 (2) a 462.73 (2) a 8.5 95.38

TENSF70 809.0 (3) a 464.53 (1) a 7.8 103.71

TENSF75 798.3 (7) a 457.61 (4) a 7.8 102.35

DYNF1 same as TENSF45

DYNF2 794.8 (8) a 446.01 (8) a 5.9 79.48

DYNF3 799.3 (6) a 450.10 (7) a 9.7 82.40

NOIRR 575.0 (11) b 345.75 (11) b 0.0

1 Numbers in parenthesis represent rank from high to low.

2 Duncan's m u ltip le  range te s t was used to determine differences
between y ie ld  and net re turns. Means w ith in  groups id e n tifie d  
by "a" and "b" are not s ta t is t ic a l ly  s ig n if ic a n tly  d iffe re n t
at a = 0.05.

3 Net returns are above ir r ig a t io n  costs only.
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an average o f  7 .8  inches o f  water app lied  per ye a r ,  TENSF70 produced 

an average o f  103.71 pounds per inch o f  water over the 23 years o f  

weather data. Although TENSF60, the y ie ld  maximizing s t ra te g y ,  app lied  

more w a te r, i t  on ly  produced 91.24 pounds per inch o f  wa ter. This de­

monstrates the economic p r in c ip le  o f  d im in ish ing  marginal re tu rn s .  At 

the p o in t  where 7.8 inches o f  water was a p p l ie d ,  the farmer re a l iz e d  

maximum ou tpu t per u n i t  o f  v a r ia b le  in p u t .  A f te r  th a t  p o in t ,  a lthough 

to ta l  y ie ld  continued to  inc rease , the re tu rns  to  each a d d it io n a l  u n i t  

o f  water decreased (Table 9 ) .  A t the maximum y ie ld  o f  812.1 pounds 

per acre , 8 .9  inches o f  water represents the maximum amount o f  water 

th a t  can be app lied  w ith ou t decreasing y ie ld .  The re s u l ts  from the 

o the r  s t ra te g ie s  bears t h is  ou t.  TENSF55 app lied  an average o f  9.4 

inches o f  water f o r  an average y ie ld  o f  808.6 pounds per acre.

TENSF45 app lied  10.2 inches and produced an average y ie ld  o f  794.6 

pounds per acre.

Risk e f f i c i e n t  s t ra te g ie s  were determined f o r  the fo u r  groups o f  

dec is ion  makers (Table 10). Once aga in , d i f f e r e n t  rankings o f  s t r a ­

teg ies  were produced fo r  the d i f f e r e n t  dec is ion  makers. The r i s k -  

p re fe r r in g  group ranked DYNF2 as the s t ra te g y  which maximized u t i l i t y .  

The s l i g h t l y  r is k -a v e rs e  and s t ro n g ly  r is k -a v e rs e  groups p re fe rred  

TENSF75. Of the e n t i r e  set o f  tens iom eter s t ra te g ie s ,  on ly  TENSF45 

could be re je c te d  as i n e f f i c i e n t  f o r  the r is k -n e u t ra l  group. The i n ­

f e r i o r i t y  o f  the calendar and n o n - i r r ig a te d  s t ra te g ie s  is  once again 

apparent. I t  is  s u rp r is in g ,  though, to  note th a t  as r is k  aversion 

was increased, s t ra te g ie s  which apply less water were p re fe rre d .
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Table 10

Risk E ffic iency  Rankings fo r Cotton Ir r ig a tio n  S trategies:
Furrow System

RANK

AVERAGE
NET

RETURNS

MINIMUM
NET

RETURNS

MAXIMUM
NET

RETURNS
RISK PREFERRING 

(-.0008 to -.0001)

DYNF2 1 466.01 184.73 731.44
TENSF45 2 455.09 184.73 727.91
DYNF3 2 450.10 184.73 727.00
TENSF50 4 453.02 181.89 722.32
TENSF55 5 457.61 197.92 718.15
TENSF75 5 

APPROACHING RISK NEUTRAL

457.61 212.89 718.85

(-.0001 to .0001)

DYNF2 1 466.01 184.73 731.44
DYNF3 1 450.10 184.73 722.32
TENSF70 1 464.53 202.89 714.89
TENSF65 1 462.73 200.58 694.81
TENSF55 1 457.61 197.92 718.15
TENSF75 1 457.61 212.89 718.85
TENSF50 1 453.02 181.89 722.32
TENSF60 1 462.13 199.01 710.54

SLIGHTLY RISK AVERSE 
(.0001 to .0004)

TENSF75 1 457.61 212.89 718.85
TENSF70 2 464.53 202.68 714.89
TENSF65 3 462.73 200.58 694.81
TENSF60 4 462.13 199.01 710.54
TENSF55 5 457.61 197.92 718.15

STRONGLY RISK AVERSE 
(.0004 to .001)

TENSF75 1 457.61 212.89 718.85
TENSF70 2 464.53 202.68 714.89
TENSF65 3 462.73 200.58 694.81
TENSF60 4 462.13 199.01 710.54
TENSF55 5 457.61 197.92 718.15
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The r is k -p re fe rr in g  group tha t chose DYNF2 to TENSF75 applied 

an average o f 10.0 inches o f water fo r  an average y ie ld  o f 794.8 

pounds per acre. Those decision makers who preferred TENSF75 chose 

to apply an average o f 7.8 inches o f water to  produce 798.3 pounds 

per acre. The net returns fo r  these two stra teg ies d iffe re d  by $8.50 

per acre. The risk-averse group o f decision makers chose the higher 

threshold s tra tegy, TENSF75, and applied less water. This was not 

expected since ir r ig a t io n  water is  usually considered to be a r is k -  

reducing inpu t. The lower threshold stra tegy, TENSF55, should have 

resulted in  a lower p ro b a b ility  o f low incomes, but due to the weath­

er conditions in  the low y ie ld  years, the low threshold strategy re­

sulted in  a higher p ro b a b ility  o f low incomes. Since risk-averse 

decision makers are more concerned w ith low y ie ld  years, they chose 

the higher threshold strategy to decrease the p ro b a b ility  o f low in ­

comes .

Price Uncertainty

The in troduction  o f price uncerta inty in to  the decision problem 

can influence the stra teg ies preferred by each group o f decision mak­

ers. Boggess et a l . (1983) demonstrated th is  by introducing soybean 

price v a r ia b il i ty  to a risk-averse group o f decision makers in a 

F lorida study. They found tha t under price uncerta in ty, risk-averse 

farmers chose to ir r ig a te  less frequently and w ith la rger amounts o f 

water than tha t called fo r  by the maximum net returns strategy (Bog­

gess et a l . ,  1983).

For th is  study, price uncerta inty was introduced through the use
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o f  h is to r i c a l  p r ic e s .  Each o f  the 23 y ie ld s  per s t ra te g y  was m u l t i ­

p l ie d  by the rea l p r ic e  o f  co tton  f o r  th a t  yea r.  These pr ices  were 

untrended and were converted to  constant d o l la r s .  The Index o f  Prices 

Received By Farmers in  1982 was used to  d e f la te  the p r ic e  s e r ie s .  The 

average rea l p r ic e  received by farmers in  1982 d o l la rs  was 58 cents 

per pound. This is  s u b s ta n t ia l l y  lower than the 65 cents per pound 

p r ic e  used to  c a lc u la te  net re tu rns  f o r  t h is  study. The lower p r ice  

changed the net re tu rn  rankings f o r  the s t ra te g ie s .  This d e f la te d  

p r ic e  does not in c lude  d e f ic ie n c y  payments.

Once aga in , the s t ra te g ie s  were analyzed r e la t iv e  to  the two 

i r r i g a t i o n  systems. There were no comparisons made between the systems. 

Center P ivo t  System

With the in t ro d u c t io n  o f  p r ic e  u n c e r ta in ty ,  the e f f i c i e n t  set 

changed f o r  each group o f  dec is ion  makers. TENSCP45, w ith  average net 

re tu rns  o f  $481.93 per acre , was the e f f i c i e n t  s t ra te g y  fo r  a l l  fou r  

dec is ion  groups. TENSCP45 was the p r o f i t  maximizing s t ra te g y ,  and as 

such, i t  was not expected to  be the e f f i c i e n t  s t ra te g y  f o r  the r i s k -  

averse dec is ion  makers. Under c ond it ion s  o f  p r ic e  u n c e r ta in ty ,  most 

r is k -a v e rs e  dec is ion  makers move away from the p r o f i t  maximizing s t r a t ­

egy in  an attempt to  decrease the p r o b a b i l i t y  o f  low net re tu rns  (Table 11) 

Furrow System

The re s u l ts  f o r  the fu rrow  system conformed more c lo s e ly  to  ex­

p e c ta t io n s .  The dec is ion  groups ranging from r is k  p re fe r r in g  to 

s l i g h t l y  r i s k  averse found the p r o f i t  maximizing s tra te g y  to  be the 

on ly  s t ra te g y  in  each o f  t h e i r  respec t ive  e f f i c i e n t  se ts .  TENSF60, 

w ith  average net re tu rns  o f  $469.39, was the r i s k - e f f i c i e n t  s t ra tegy
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Table 11

COTCROP-A Model Results fo r Selected Cotton Irr ig a tio n  
Strategies Linder Uncertainty1

CENTER PIVOT STRATEGIES 

TENSCP45 

TENSCP50 

TENSCP55 

TENSCP60 

DYNCP2 

DYNCP3

FURROW SYSTEM STRATEGIES 

TENSF60 

TENSF65 

TENSF70

AVERAGE
YIELD

AVERAGE
NET
RETURNS

826.9 481.93 (1)

827.8 478.21 (3)

825.6 476.99 (5)

823.40 476.26 (6)

829.5 479.03 (2)

827.3 477.25 (4)

AVERAGE
YIELD

AVERAGE
NET
RETURNS

812.1 469.39 (1)

810.8 452.97 (3)

809.0 469.21 (2)

1 Price uncerta inty was only introduced to the stra teg ies whose 
net returns were w ith in  a three do lla r range of each other.
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f o r  the r is k - p r e fe r r in g ,  approaching r is k -n e u t ra l  and s l i g h t l y  r i s k -  

averse dec is ion  groups (Table 11).

The s t ro n g ly  r is k -a v e rs e  dec is ion  group found TENSF70 to  be the 

r i s k - e f f i c i e n t  s t ra te g y  under p r ic e  u n c e r ta in ty .  This i r r i g a t i o n  

schedule produced an average net y ie ld  o f  809 pounds per acre , w ith  

average net re tu rns  o f  $469.21 per acre.

Model Errors and the Estim ation o f  the P ro b a b i l i t y  D is t r ib u t io n s

U t i l i t y  fu n c t io n s  are estimated w ith  one v a r ia b le ,  income, and 

are assumed to  be represented by an in te r v a l  ra th e r  than a prec ise 

measurement. Each o f  the i r r i g a t i o n  s t ra te g ie s  produced a p r o b a b i l i ­

ty  d i s t r ib u t io n  o f  net re tu rn s .  Un like  the u t i l i t y  fu n c t io n s  used in  

the s to c h a s t ic  dominance a n a ly s is ,  i t  is  assumed th a t  the p r o b a b i l i t y  

d is t r ib u t io n s  are measured a c cu ra te ly .

With u t i l i t y  fu n c t io n s ,  the r e la t i v e  s izes o f  the preference 

in te r v a ls  a l low  two types o f  e r ro rs  to  occur. A Type I e r ro r  re s u l ts  

when a p re fe rred  ac t ion  choice is  om itted from the e f f i c i e n t  se t .  A 

Type I I  e r ro r  re s u l ts  when a non-p re fe rred  ac t ion  choice is  inc luded 

in  the e f f i c i e n t  se t .  The p r o b a b i l i t y  o f  in c u r r in g  a Type I e r ro r  can 

be reduced by inc reas ing  the p r o b a b i l i t y  o f  a Type I I  e r r o r ,  and v ice  

versa, by a d ju s t in g  the s ize  o f  the preference in te r v a l .

Since the p r o b a b i l i t y  d is t r ib u t io n s  are assumed to  be accura te , 

i . e .  they are not represented by in te r v a ls ,  the o p p o r tu n ity  to  ad jus t  

a p a r t ic u la r  type o f  e r ro r  does not e x is t .  With these d i s t r ib u t io n s ,  

Type I e r ro rs  are the concern and they occur through measurement e r ­

ro rs  in  the model.

In the process o f  adapting COTCROP to  r e f l e c t  Arkansas growing
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conditions, several problems were discovered. The so il component 

and the ir r ig a t io n  component o f the model presented the greatest 

d i f f ic u l t ie s .

The water stress tab le in the so il component adjusts p lant growth 

to re f le c t the so il moisture status (Table 12). The re la tionships pre­

sented in the o rig in a l documentation stated tha t when the tensiometer 

reading was at 0.0 atm, 100 percent o f p lant growth was rea lized.

This obviously is  not co rrec t. With a tensiometer reading o f 0.0 atm, 

the so il is  completely saturated, the plant receives no oxygen and 

growth is  in h ib ite d . Some crude ca lib ra tions  were made in  an attempt 

to correct the so il m oisture/plant growth re la tionships represented in 

Table 12. These ca lib ra tion s  may be one source o f measurement e rro r.

This model also assumes a uniform so il p ro f i le  which is  not re­

presentative o f many Arkansas s o ils . The nonuniform so il p ro file s  

ch a ra te ris tic  o f th is  study area were unable to be incorporated in to  

the model, the re fo re , the plant growth measurements may be inaccurate. 

These measurement errors may have affected y ie ld  estimates.

Another problem observed in  the so il water balance portion o f the 

model had to  do w ith the drainage o f the s o i l .  In some cases, ra ther 

than being drained from the so il p ro f i le ,  water was ac tu a lly  pulled 

up from the water tab le . Although th is  weeping so il is  observed in  

some parts o f Arkansas, the model was not designed to  capture th is  

a c t iv ity .  The program should have kept water constant a t the end o f 

each day, or allowed i t  to decrease. On the days when no ra in fa ll 

occurred, water was drawn from the water tab le . This weeping so il
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Table 12

Cotton Water Stress Tables 

O rig inal Documentation (COTCROP)

Tensiometer Reading Percentage of Potentia l Growth

0.0 atm 100

-.33 atm 95

-.60 atm 40

-1.0 atm 10

-3.0 atm 5

-4.0 atm 5

Revised Table (COTCROP-A)

Tensiometer Reading Percentage of Potential Growth

0.0 atm 0

-.33 atm 95

-.60 atm 85

-1.0 atm 10

-3.0 atm 1

-4.0 atm 0
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a c t i v i t y  may be re f le c te d  in  the y ie ld  es tim ates.

Other observations stemming from the weeping s o i l  problem were 

ev iden t when s e n s i t i v i t y  ana lys is  was conducted in  an attempt to  

v a l id a te  the model. In a day-by-day comparison o f  one i r r i g a t i o n  

s t ra te g y  to  the no i r r i g a t i o n  s t ra te g y ,  re s u l ts  showed th a t  th ree  

days a f t e r  the i r r i g a t i o n  a p p l ic a t io n ,  more water was present in  the 

s o i l  p r o f i l e  o f  the dry land production run than in  the i r r ig a te d  run, 

even a f t e r  no r a in f a l l  was recorded.

This same problem may be re f le c te d  in  another in te re s t in g  phe­

nomenon observed among the s t ra te g ie s .  In c e r ta in  yea rs , the non- 

i r r ig a te d  y ie ld s  exceeded the i r r ig a te d  y ie ld s .  This occurs most regu­

l a r l y  in  1961, 1969, 1976, 1979 and 1982 (see Tables 13 and 14). For 

some o f  the i r r i g a t i o n  s t ra te g ie s ,  in  the years 1961 and 1979, the 

n o n - i r r ig a te d  y ie ld s  t i e  the estimated y ie ld s  o f  the i r r ig a te d  s t r a ­

te g ie s .  According to  the weather da ta , 1961 and 1979 were very wet 

years w ith  good s u n l ig h t .  Both 1969 and 1976 were f a i r l y  wet years 

w ith  moderate s u n l ig h t  and 1982 was an extremely dry  year w ith  moder­

ate s u n l ig h t  (Table 15). There does not appear to  be a s p e c i f i c  type 

o f  weather year th a t  causes n o n - i r r ig a te d  y ie ld s  to  exceed i r r ig a te d  

y ie ld s .

These problems requ ire  th a t  the re s u l ts  be in te rp re te d  w ith  

cau t ion . I t  is  unclear how s e n s i t iv e  the rankings o f  the s t ra te g ie s  

by e i th e r  c r i t e r i a  ( p r o f i t  maximization or r is k  e f f i c ie n c y )  w i l l  be 

to  the model e r ro rs .  A d d it io na l work is  now underway to  co r re c t

COTCROP-A. Further d iscuss ion o f  the re s u l ts  and model may be found 

in  Harp (1985).
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Table 13

Years N on-lrriga ted Cotton Yields 
Exceeded Irr ig a te d  Strategy Y ields: 

Center P ivot System

TENSCP45 TENSCP50 TENSCP55 TENSCP60 TENSCP65 DYNCP2 DYNCP3 CALCP
1969 1961*  1961* 1 9 6 1 * 1961 1961 1961
1976 1969 1962 1976 1969 1962 1962 1962
1979 1976 1969 1979 1976 1969 1969 1963
1982 1979 1976 1982 1979* 1976 1976 1964

1982 1979 1982 1979 1979 1968
1982 1982 1982 1971

1976
1981
1982

*y ie lds fo r n o n -irr ig a te d  simulations were equal to  y ie lds  fo r  the spe 
c if ie d  ir r ig a t io n  strategy

Table 14

Years N on-lrrigated Cotton Yields 
Exceeded Irr ig a te d  Strategy Yields: 

Furrow System

TENSF 45 TENSF50 TENSF55 TENSF60 TENSF65 TENSF70 TENSF75 DYNF2 DYNF3 CALF

1961 1961 1961* 1961* 1961* 1961* 1961* 1961 1961 1961
1962 1962 1962 1962 1962 1962 1969 1962 1962 1962
1968 1969 1969 1969 1969 1963 1979 1968 1968 1964
1969 1976 1976 1976 1976 1969 1982 1969 1969 1968
1976 1982 1979 1982 1979* 1976 1976 1976 1977

1982 1982 1979 1982 1979 1979
1982 1982 1982

*y ie lds fo r non-irriga ted  simulations were equal to y ie lds  fo r the spe­
c if ie d  ir r ig a t io n  strategy
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Table 15

Seasonal Summaries of Solar Radiation and P rec ip ita tion  
from the S tonev ille  Weather F ile

Year________________ Solar Radiation1_______________ P re c ip ita tio n 2
1960 7 9 8 9 6
1961 74031. 21.66
1962 95326. 17.94
1963 87911. 20.40
1964 86429. 11.67
1965 88491. 15.00
1966 73734. 9.63
1967 72808. 13.71
1968 77016. 23.23
1969 75666. 14.81
1970 75390. 11.94
1971 70142. 22.86
1972 76391. 14.76
1973 69214. 13.48
1974 69371. 22.39
1975 72560. 19.85
1976 72762. 17.77
1977. 82299. 19.03
1978 82164. 25.27
1979 80906. 22.54
1980 82214. 14.78
1981 77744. 17.49
1982 75427. 12.78

1 Solar Radiation reported in Langleys fo r the length of the 
growing season.

2 P rec ip ita tion  reported in to ta ls  inches fo r the growing season. 
Growing season extended from May 5 through October 2.
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CONCLUSION

The resu lts  from the two b io -phys ica l, crop growth models, ASICM 

and COTCROP-A, demonstrate the su p e rio rity  o f current scheduling 

stra teg ies which employ s o il moisture monitoring. In both crops, s ig ­

n if ic a n t differences in  expected y ie lds  and net re turn were observed 

between these stra teg ies and the non-irriga ted  s tra teg ies . In no case 

were the calendar or non-irriga ted  stra teg ies ever r is k  e f f ic ie n t .

The so il monitoring stra teg ies produced higher expected y ie ld s , 

achieved greater average net returns and were r is k  e f f ic ie n t .

However, d ifferences between the so il moisture monitoring s tra ­

tegies were d i f f i c u l t  to detect. Soil water re tention  cha rac te ris tics  

o f the Crowley Soil can probably explain th is  re s u lt. In the soybean 

analysis, only stra teg ies w ith e ith e r very high or very low thresh­

olds could be eas ily  d istingu ished. Examples would include: (1) 

tensiometer thresholds o f -.80 bars or -4.0 bars and (2) capacity 

thresholds o f 50 percent o f extractable water. In the cotton analys is, 

no tensiometer stra teg ies had mean net returns tha t d iffe re d  from any 

other.

The ranking o f the s tra teg ies by r is k  e ffic ie n cy  varied by degree 

o f r is k  aversion. As r is k  aversion increased soybean stra teg ies moni- 

ito r in g  the only top 15 cm o f the so il p ro f i le  became preferred. 

Tensiometer thresholds in  the range o f -.40 and -.50 bars seem to be 

most commonly preferred values. On the cotton side, d if fe re n t resu lts  

were observed fo r  the two ir r ig a t io n  systems. For the center p ivo t 

system, the more risk-averse decision makers would have a preference
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fo r  the tensiometer strategy using a threshold o f -.65 bars. The 

r is k -p re fe rr in g  group would select the threshold o f -.50 bars. For 

the furrow system, due p rim a rily  to the la rger app lica tions, s l ig h t ly  

d iffe re n t resu lts  were produced but the same general pattern prevailed. 

The more risk-averse groups preferred the tensiometer strategy employ­

ing a threshold o f -.75 bars. For the r is k -p re fe rr in g  group, the dy­

namic stra tegy, DYNF2 (-.45  bars from f i r s t  square to s ix  weeks past 

f i r s t  bloom followed by -.55 bars during the e ight weeks a fte r  f i r s t  

bloom) maximized expected u t i l i t y .

In both models, enhancements to th e ir  s im ulative ca p a b ilit ie s  can 

be made and work is  underway to  achieve such improvements. Additional 

c a lib ra tio n  to  Arkansas growing conditions w i l l  be necessary before 

the models can successfully make the tra n s itio n  from research to man­

agement uses.
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