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AN ECONOMIC COMPARISON 
OF SHORT- AND FULL-SEASON COTTON 

PRODUCTION IN ARIZONA 

by 

Gayles. Willett, B. Brooks Taylor, 
and 

* Dwayne R. Buxton 

INTRODUCTION 

A combination of the indeterministic growth 
behavior of the cotton plant, favorable weather pat
terns, and government programs have long encouraged 
Arizona producers to manage their crops to obtain 
the potential additional yields associated with late
season production. However, with the recent (1965-
1966) emergence of harmful pink bollworm infestations 
the profitability of full-season cotton production 
has been significantly altered. Because of the mid
and late-season damage caused by this insect, pro
ducers are left with two short-run courses of action 
if serious economic losses are to be averted, i.e., 
(1) continue to grow full-season cotton and apply 
the insecticides necessary to control the pink boll
worm, or (2) terminate the crop early, thus reducing 
insecticide and other late-season costs. Also, 
early termination and associated advanced boll 
maturity prevents young pink bollworms from entering 
the boll. Subsequent starvation reduces the number 
of larvae reaching diapause and contributes to a 
lower rate of spring moth emergence. 

In spite of the advent of the pink bollworm and 
associated additional insecticide costs, most pro
ducers have continued to grow full-season cotton. 
For example, a recent survey of Arizona cotton grow
ers found that 83.3 percent of the producers ques
tioned in Central Arizona reported a target starting 
date for the terminal irrigation of August 31 or 
later.I Whether this statistic reflects a reluc
tance to change a long-standing practice or econom
ics is not clear. Thus far, there has been little 

*Authors are Assistant Professor, Department of 
Agricultural Economics; Extension Agronomist and 
Associate Professor, Department of Agronomy and 
Plant Genetics; and Associate Professor, Department 
of Agronomy and Plant Genetics; respectively, The 
University of Arizona. 

1. Scott Hathorn, Jr. and B. B. Taylor, "High 
Yield Cotton Grower Production Practices in Arizona
A Survey." Series P-27, Cooperative Extension Serv
ice, Agricultural Experiment Station, The University 
of Arizona, Tucson, Arizona, August 1972, p. 26. 
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research conducted that is capable of answering this 
question. 2 

This study attempts to at least partially fill 
the void of research on the economics of short
versus long-season cotton production. More specif
ically, an attempt will be made to clarify the rela
tionship that exists between alternative termination 
dates and profitability. This relationship will be 
based on a conventional 30,000 plants per acre popu
lation and consequently, does not consider early 
termination in the sense that it may be achieved 
through narrow row production systems. While the 
latter is currently under research by cotton produc
tion scientists and is used by a limited number of 
producers (and may eventually prove to be the eco
nomic solution to the pink bollworm problem), this 
study focuses on the more immediate question of 
whether or not growers can profitably terminate con
ventional crops at an earlier date than is currently 
the usual practice. 

THE RELEVANT 
DECISION-MAKING FRAMEWORK 

Evaluation of the impact of early termination 
on net income can be simplified by eliminating all 
those costs that will not vary with alternative 
termination dates. This implies that such costs as 
those for seedbed preparation, seed, planting, weed 
control, early-season irrigation and insect control, 
interest and taxes on land, and machinery overhead 
can be ignored. All of these expenses are incurred 
prior to the earliest termination date and, conse
quently, do not affect the choice of the most prof
itable termination alternative. 

Several different economic factors will affect 
the income of the producer making a transition from 
full- to short-season production. For purposes of 
expediting an economic comparison, a convenient 
sorting of these factors can be accomplished through 
use of a partial budget. This decision-making tool 
is highly useful to researchers and managers who are 
attempting to evaluate the change in profitability 
resulting from small changes in the business, e.g., 
early termination. 

To utilize a partial budget it is necessary to 
classify relevant cost and return factors into one 
of four different categories, i.e., (1) added 
returns, (2) reduced costs, (3) reduced returns, and 
(4) added costs. Categories (1) and (2) have a 
positive influence on profits and are termed credits. 
Profitability is reduced by the appearance of items 
in categories (3) and (4), i.e., debits. A final 
decision can be based upon a comparison of credits 

2. Some attention was given to the problem in 
H. N. Stapleton, "Production Costs Related to Cot
ton Production System Strategies," Cotton--A College 
of Agriculture Report, Series P-21, Cooperative 
Extension Service and Agricultural Experiment Sta
tion, February 1971, pp. 4-8. 



and debits. If the former exceeds the latter, making 

the change will increase net income; alternatively, 
net income will decline if debits are greater than 

credits. 

FACTORS AFFECTING THE PROFITABILITY 
OF SHORT-SEASON COTTON PRODUCTION 

A partial budget format containing the variables 

relevant to early termination is presented in Table 1. 
The budget notes the anticipated kinds of changes 

that will normally occur if a producer currently 
growing full-season cotton chooses to terminate his 
crop early. Each of these changes are briefly dis
cussed below. 

Table 1. Partial Budget Classification of the Major 
Expected Changes in Income that will Nor
mally Occur as a Result of Changing from 

Full-Season to Short-Season Cotton Produc
tion. 

CREDITS 

Added Returns: 

Improved lint 
quality 

Earnings from 
earlier sales 

Better manage
ment of crops 
following cotton 

Reduced Costs: 

Fertilizer 

Irrigation 

Insecticides 

Harvesting 

Ginning 

Interest on 
reduced expenses 

Total Credits 

Improved Lint Quality 

DEBITS 

Reduced Returns: 

Yield Loss 

Added Costs: 

None 

Total Debits 

By terminating early and sacrificing the lint 
obtained from the top crop, harvested cotton will 
usually exhibit improved lint quality. Bolls set 
during the latter stages of the growing season nor
mally contain fibers that (1) are shorter, with less 
uniformity in length, (2) are lower in strength, and 
(3) have increased fineness when compared to earlier 
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3 
produced bolls. Also, seed cotton harvested later 

in the season will normally have a lower gin turnout. 
Bolls set in the initial phases of the flowering 
season may also contain fibers with the same unde

sirable quality characteristics. Inclement weather 
may cause additional quality deterioration in late
produced cotton. 

Earnings from Earlier Sales 

Early termination permits a producer to realize 
revenue from sale of his crop at an earlier point in 

time. Thus, he has the option of putting this money 
to work at an earlier date than is possible with a 
late-harvested crop. He may, for example, be able to 
retire a loan at an earlier time and save interest. 
If, on the other hand, there are no outstanding loans 
and the money is profitably reinvested in the busi
ness, additional earnings will be realized. For a 
given amount of capital, the magnitude of these lat
ter type of additional earnings will be dependent 

upon (1) length of time between short- and full
season harvesting dates and (2) the productivity of 

capital during this period. The larger these two 
variables the greater the benefits from early termi

nation. 

Better Management of Crops Following Cotton 

Full-season cotton often occupies the land for 
10 to 12 months. This makes it difficult to effec
tively double-crop on land used to grow cotton. How
ever, through early termination, late fall and winter 

crops (e.g., alfalfa, safflower, barley) can be 
planted at an earlier date, thus lengthening the 
growing season and potentially increasing profita
bility. Because of the difficulty in placing a mone
tary value on this potential advantage, its impact 

was not included in the study analysis. Producers 
should consider this attribute when assessing the 
merits of short-season cotton, however. 

Reduced Costs 

There are several expense items whose amounts 
will be reduced through early termination. Probably 

the biggest savings will result from reduced insec
ticide expenditures. In the event of an economically 

damaging pink bollworm infestation, effective control 
generally requires insecticide applications at five-

3. For research reporting the relationship be
tween date of flowering and lint quality see, for 

example, (1) o. L. Bennett, L. J. Erie, A. J. Mac
kenzie, "Boll, Fiber, and Spinning Properties of Cot
ton as Affected by Management Practices," U. S. De
partment of Agriculture, Technical Bulletin No. 372, 
June 1967, and (2) D.R. Buxton, H. N. Stapleton, 
Y. Makki, and R. E. Briggs, "Some Effects of Field 
Weathering of Seed Cotton in a Desert Environment," 
Agronomy Journal, Volume 65, January-February 1973. 



to seven-day intervals until the bolls become hard 
enough to prevent larvae from entering. With this 
treatment frequency, pink bollworm control during 
top crop production can become a costly undertaking. 
Since fewer irrigations are required for an early 
terminated crop, irrigation expenses including water, 
power, and labor will also be reduced. Also, pro
ducers striving for late-season yields will normally 
fertilize at a heavier rate than they would with a 
short-season crop, thus some reduction in fertilizer 
costs can be expected. In addition, assuming a sac
rifice in yield accompanies early termination, har
vesting and ginning costs will be lower. Finally, 
lower insecticide, fertilizer, and irrigation out
lays will reduce interest charges on operating 
expenditures. 

Yield Losses 

Most research and experience suggest that yield 
losses accompany early termination. However, a re
view of field experimental work reveals a great deal 
of variation in the estimated yield sacrifice. 
Watson and colleagues, in a 1971 field experiment at 
Yuma, Arizona, examined the differences in seed cot
ton yields occurring with terminal irrigation dates 
of July 15, July 29, August 16, and September 3. 4 
This work showed yield changes, based on the Septem
ber 3 irrigation, of -33.5 percent, +1.4 percent, and 
-7.1 percent for the July 15, July 29, and August 16 
irrigations, respectively. 5 

A 1971 field experiment conducted by Erie, Bucks 
and French in Phoenix, Arizona, examined the rela
tionship between accumulative yield, plant popula
tions ranging from 20 1 000 to 80,000 plants per acre, 
and three levels of water application, i.e., wet, 
medium and dry. Results for the wet irrigation -
20,000 plant population combination (the scheme most 
resembling the recommended level of water application 
and typical plant population) indicated that about 
20 percent of the seed cotton yield was produced by 
bolls set after August 15. 6 Moreover, these research
ers note that top crop production was likely affected 
by a killing frost which occurred about three weeks 
earlier than normal. 

The variation in the findings between these two 
research efforts and others like them leads one to 
believe that there is no single, valid estimate of 

4. T. F. Watson, unpublished memo, Department 
of Entomology, College of Agriculture, The University 
of Arizona, Tucson, Arizona. 

5. Only the July 15 yield was significantly 
different from the September 3 yield at the five per
cent level of statistical significance. 

6. L. J. Erie, D. A. Bucks, o. R. French, 
"Irrigation and Water Management for Economical Cot
ten Production," paper appearing in Summary Proceed
ings, Western Cotton Production Conference, Bakers
field, California, March 1-3, 1972, Table 2, p. 22. 
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the yield associated with top crop production. Cer
tainly such yields will vary depending upon the 
locale, precision with which water is applied, 
moisture holding capacity of the soil, soil fertility, 
extent of verticillium wilt and root rot (Phymatotri
chum omnivorum), effectiveness of insect'control, 
date of planting, and perhaps most important, the 
weather. Late season rains, for example, may delay 
crop termination and substantially increase severity 
of losses from boll rot. 

Expected lint and cottonseed prices are another 
important dimension of the economic loss associated 
with lower yields. As is the case with yields, 
prices cannot be predicted with absolute precision. 
Uncertainty surrounding both yield reductions and 
prices suggests the appropriateness of examining the 
economic impact of several different yield and price 
assumptions. This will be the approach utilized in 
this study. 

Loss of Government Payments 

Under the provisions of the Agricultural Act of 
1970 which applied to crop years 1971-73, per acre 
government payments received by producers were depend
ent upon the payment rate per pound of lint and the 
yield projected by the Agricultural Stabilization and 
Conservation Service (ASCS) committee. The projected 
yield for a given year was calculated as a simple 
average of yields produced on the farm over the past 
three years. Accordingly, early termination and 
associated yield losses reduced producer payments. 

A new farm bill was passed in August, 1973 and 
will apply to the 1974-77 crop years. The new legis
lation replaces yield-related payments with a target 
price concept. With this concept producers will 
receive payments if market prices drop below a speci
fied target price (38 cents--1974). Elimination of 
yield-related payments means that the government no 
longer discriminates between a low- and high-yielding 
crop (e.g., a short- and full-season crop) in a 
manner that is different from the usual market price 
times yield interaction. The study analysis is based 
on the new program; therefore, the government is not 
considered to be a critical factor in converting from 
full- to short-season production. 

The general approach used in this study will be 
to establish monetary values for the discussed varia
bles and use a partial budgeting analysis to deter
mine changes in per acre net income. These changes 
will be identified for four different irrigation 
termination alternatives and for different assumed 
yield losses and lint prices. By identifying the 
relationship between change in net income per acre 
and different yield losses, it will be possible to 
specify, at a given lint price, a break-even loss in 
yield. These break-even levels will indicate the 
sacrifice in yield which results in a zero change in 
per acre net income. If yield losses exceed the 
break-even rates, a loss in net income results; al
ternatively, lower yield losses imply an increase in 
net income. 



THE TERMINATION ALTERNATIVES 
AND COST-RETURN ASSUMPTIONS 

This section of the report will present details 
regarding the termination alternatives examined and 
the relevant cost-return assumptions. 

Termination Alternatives 

A schedule of operations for five termination 
alternatives is presented in Table 2. With the ex
ception of planting, only those operations that vary 

with different terminations are included, The termi
nation alternatives are defined according to the date 
of the last irrigation. Alternatives I-III have 
final irrigation dates of July 15, July 31, and 
August 15, respectively. Very few Arizona producers 
currently make their terminal irrigation this early. 
Alternatives IV and v, with terminal irrigation dates 
of August 31 and September 15, respectively, are 
commonly employed by producers in Pima, Pinal, and 
Maricopa Counties.7 

7. Scott Hathorn, Jr., B. B. Taylor, 9£_ cit. 

Table 2. Assumed Schedule of Operations for Selected Cotton Termination Alternatives.a 

Date 

March 20 
May 10 
June 1 
June 15 
July 1 
July 15 

July 22 

July 29 

July 31 
August 5 

August 12 

August 15 
August 19 

August 26 

August 31 
September 

September 

September 
September 

September 

September 

October 10 
October 15 

October 25 
October 31 

2 

9 

15 
16 

23 

30 

November 15 
November 25 

I 

Plant 
1st irrigation 
2nd irrigation 
3rd irrigation 
4th irri ation 
Last irri ation 
1st insecticide 

application 
2nd insecticide 

application 
3rd insecticide 

application 

Defoliate 

Pick 

Completion of 
harvesting and 
shredding 

Table continued on Page 5. 

II 

Plant 
1st irrigation 
2nd irrigation 
3rd irrigation 
4th irrigation 
5th irrigation 
1st insecticide 

application 
2nd insecticide 

application 
3rd insecticide 

a lication 
Last irri ation 
4th insecticide 

application 
5th insecticide 

application 

Defoliate 

Pick 

Completion of 
harvesting 
and shredding 

Termination Alternative 
III IV 

Plant 
1st irrigation 
2nd irrigation 
3rd irrigation 
4th irrigation 
5th irrigation 
1st insecticide 

application 
2nd insecticide 

application 
3rd insecticide 

application 
6th irrigation 
4th insecticide 

application 
5th insecticide 

application 
I Last irrigation 

6th insecticide 
application 

7th insecticide 
application 

4 

Defoliate 

1st pick 

j 
2nd pick 
and rood 

Plant 
1st irrigation 
2nd irrigation 
3rd irrigation 
4th irrigation 
5th irrigation 
1st insecticide 

application 
2nd insecticide 

application 
3rd insecticide 

application 
6th irrigation 
4th insecticide 

application 
5th insecticide 

application 
7th irrigation 
6th insecticide 

application 
7th insecticide 

application 
Last irrigation 
8th insecticide 

application 
9th insecticide 

application 

10th insecticide 
application 

Defoliate 

1st pick 

j 
2nd pick and rood 

I 

V 

Plant 
1st irrigation 
2nd irrigation 
3rd irrigation 
4th irrigation 
5th irrigation 
1st insecticide 

application 
2nd insecticide 

application 
3rd insecticide 

application 
6th irrigation 
4th insecticide 

application 
5th insecticide 

application 
7th irrigation 
6th insecticide 

application 
7th insecticide 

application 
8th irrigation 
8th insecticide 

application 
9th insecticide 

application 
I Last irrigation ! 

10th insecticide 
application 

11th insecticide 
application 

12th insecticide 
application 

Defoliate 

1st pick 

j 
2nd pick 
and rood 



Table 2--Continued 

Date 

December 5 

December 23 

January 10 

Total irrigations 

Total insecticide 
applications 

I II 

5 6 

3 5 

Termination Alternative 
III 
i 

Completion of 
harvesting 
and shredding 

7 

7 

IV 

j 
Completion of 
harvesting 
and shredding 

8 

10 

V 

Completion of 
harvesting 
and shredding 

9 

12 

a. Schedule is intended to represent Maricopa and Pinal Counties. 

It should be pointed out that the above dates 
refer to the time of the final irrigation, not the 
date at which the crop is actually terminated. The 
elapsed time between the final irrigation and actual 
crop termination will depend upon such factors as the 
amount and timing of rainfall and moisture-holding 
capabilities of the soil. Average long term monthly 
rainfall for the July to October period is reported 
for key state cotton producing areas in Table 3. The 
rainfall data suggests that for an average year, crop 
termination on most Arizona soils will likely occur 
two to four weeks after the final irrigation. 

Table 3. Average Long Term Monthly Precipitation for 
Selected Cotton Producing Areas, Arizona. 

Monthly Preci£itation(Inches) 
Location July August Se£tember October 

Casa Grande 1.25 1. 32 • 78 .38 

Phoenix • 77 1.12 .73 .46 

Safford 1.93 1.52 .63 .64 

Tucson 2.06 2.88 1.00 .64 

Willcox 2.36 2.54 1.14 • 65 

Yuma .23 .so • 38 .38 

Source: Arizona Crop and Livestock Reporting 
Service, "Arizona Agricultural Statistics," Bulletin 
s-7, March 1972, p. 6. 

Entomologists have indicated that young fruiting 
forms should not be available after mid-September if 
diapausing pink bollworm larvae are to be denied a 
source of food. This observation makes Alternative 
III (August 15) an especially desirable termination 

5 

if future pink bollworm populations are to be mini
mized. 

As noted· in the table, the first irrigation is 
applied approximately six weeks after planting and 
is followed by the second irrigation three weeks 
later. All subsequent irrigations are assumed to 
occur at two-week intervals. Insecticide applica
tions for pink bollworm control start July 15 and 
occur at seven-day intervals until such time as the 
bolls are assumed to be mature enough to prevent 
larvae entry. 

Price and Lint Quality 

In order to place an economic value on the lint 
quality differences associated with various harvest
ing dates, it is essential that certain quality 
characteristics, capable of reflecting price dif
ferences in the market, be established. It was de
cided to use the grade index and staple length as 
these indicators. 

Grade indexes of cotton classified at the cotton 
classing office in Phoenix are published by the USDA 
on a weekly basis throughout the Arizona harvesting 
period.8 From this source, information covering the 
1964-71 period was obtained and an average grade in
dex was calculated for each week in the harvesting 
season. Weekly grade indexes and week numbers were 
correlated for periods corresponding to first and 
second pickings. Results indicate that about a .20 

8, u. s. Department of Agriculture, "Cotton 
Quality for Western Area," Consumer and Marketing 
Service, 1964-1971 issues. 



weekly decline in the grade index during the first 
pick and a 1,90 decline during the second pick can be 
expected,9 With these relationships, a grade index 
was obtained for the mid-point of the harvesting 
season for each termination alternative, The indexes 
were subsequently converted to the corresponding 
grade. 

Research recently completed by Buxton and col
leagues found that during the months of October and 
November the length of Arizona upland cotton fiber 
will decline at an average rate of ,6 percent per 
week,10 Utilizing this information, staple length 
was derived for cotton harvested under the various 
termination alternatives, Fiber length for Alterna
tive I was reduced by 1/32 inch from the base length 
of 1 3/32 inches assumed for Alternative II, 

Premium and discount points corresponding to the 
various lint grades and lengths were taken from Com
modity Credit Corporation loan rate schedules for 
1972, 1971, 1970 and averaged.11 By adjusting an 

assumed base price for middling, 1 1/16 inch, white 
lint according to the average premiums and discounts, 
a lint price reflecting quality differences was es
tablished for each alternative.12 These differences 
are reported in Table 4 for base prices of 30¢, 40¢, 
50¢, and 60¢ per pound of lint. Table 4 indicates 
that lint harvested under termination Alternatives I, 
II, and III will receive price premiums relative to 
Alternatives IV and V. No significant quality dif
ferences between Alternatives IV and V are assumed,13 

The per acre monetary gains resulting from im
proved lint quality are presented in Table 5. Since 
the quality gain will also depend upon the amount of 
lint sold, it is necessary to establish the yields 
expected to accompany each termination alternative, 
Accordingly, gains are reported for various assumed 
percent yield reductions. The yield reductions are 
based upon a full-season yield of 3,529 pounds seed 
cotton, 1,200 pounds lint, and 1,976 pounds of 
cottonseed, Monetary gains from improved quality are 
the same regardless of the base price; consequently, 

Table 4. Lint Prices Assumed to Reflect the Quality of Lint Harvested According to Selected Irrigation 
Termination Alternatives and Base Price Levels. 

Termination Alternative 
and Picking 

I 

II 

III 

IV 

V 

First pick 

First pick 

First pick 
Second pick, 
and rood 

First pick 
Second pick, 
and rood 

First pick 
Second pick, 
and rood 

Percent 
of Crop 
Picked 

100 

100 

80 
20 

80 
20 

80 
20 

9. Regression equations fitted for the first 
and second pickings were Yi= 97.79 - .19 (Xi) and 

Grade 
Index 

97.80 

97,40 

97,00 
96.20 

96,60 
93.10 

96.20 
91.20 

Fiber 
Length 

1 1/16 

1 3/32 

1 3/32 
1 1/16 

1 1/16 
1 1/32 

1 1/16 
1 1/32 

30 

31,80 

32,17 

32,17 
31.14 

31.14 
28,38 

31.14 
28.38 

Assumed Base Lint Price 
40 50 60 

(cents) 

41.80 51.80 61,80 

42.17 52.17 62.17 

42.17 52,17 62,17 
41.14 51.14 61,14 

41.14 51.14 61.14 
38.38 48,38 58.38 

41.14 51.14 61.14 
38,38 48.38 58,38 

Y. = 96,87 - 1.93 (X.), respectively, where Y. = the 
1 1 1 

12. An alternative method of deriving prices to 
reflect quality differences would be to multiply the 
grade index corresponding to various harvest dates 
times the assumed base lint price. However, in an 
attempt to incorporate more recent quality price dif
ferences, the procedure described was adopted. 

grade index in week i and Xi= week number corres-

ponding to week i. Both regression coefficients were 
statistically significant at the five percent level. 
An R2 of ,51 and ,95 was obtained for the first and 
second pick equations, respectively. 

10. Buxton, et al., ££_ cit. 

ll. u. s. Department of Agriculture, "Cotton 
Situation," Economic Research Service, May 1971 and 
May 1972 issues. 
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13. Rooded cotton is valued at second pick lint 
prices. This assumption, coupled with the one that 
rooded cotton is harvested and ginned at charges 
equal to first and second pick cotton, will result in 
a slight overstatement in the value of the crop for 
those alternatives including a rooding operation 
.(i.e., III, IV and V). 



Table 5. Per Acre Value of Improved Lint Quality for Selected Irrigation Termination Alternatives and 
Yield Losses.a 

Termination 
Alternative 

Expected Reduction in Yield (Percent)b 
0 5 10 15 20 25 30 35 40 

------------------(dollars)---------------------

I 

II 

III 

14.54 

18.98 

16.51 

13.82 

18.04 

15.69 

13.10 

17.10 

14.87 

12.38 

16.16 

14.05 

11.66 

15.22 

13.23 

10.94 

14.28 

12.41 

10.22 

13.34 

11.59 

9.50 

12.40 

10.77 

0 

8.78 

11.46 

9.95 

0 IV 0 0 0 0 0 0 0 

a. Value of improved quality= [early termination yield x early termination price] - [early termina
tion yield x full-season price]. Price differences between short- and full-season lint are based on those 
presented in Table 4. 

b. Yield reductions assume a full-season yield of 1,200 pounds of lint per acre. 

the gains in Table 5 hold whether the base lint price 
is 30¢ or 60¢, 15 

Quality gains are calculated by multiplying the 
appropriate early termination lint price times the 
assumed early termination lint yield and subtracting 
the product of the early termination yield and full
season (Alternative V) price. It is assumed that 80 
percent of the lint yield for Alternative Vis har
vested the first pick and 20 percent the second pick. 
For example, the quality effect for Alternative I, 
assuming a five percent yield reduction, equals 
[ (31.80¢ X 1,140 lbs,) J - [ (,80 X 1,140 lbs, X 
31,14¢ + (.20 X 1,140 lbs. X 28.38¢) 1, or $13.82. 

Fertilizer Costs 

In recognition that more plant growth must be 
sustained over a longer period of time with a full
season crop, producers would be expected to normally 
fertilize at a heavier rate than would be necessary 
with short-season cotton. It is assumed that con
version to short-season cotton (Alternatives I-IV) 
will eliminate the need for 50 pounds of nitrogen per 
acre. Assuming nitrogen is valued at five cents 
per pound, a $2.50 per acre savings in fertilizer 
costs is budgeted for Alternatives I-IV. 

Insecticide Costs 

The costs of pink bollworm control were devel
oped on the assumption that it would be necessary to 
apply insecticides at seven-day intervals over the 

14, There is some evidence that suggests 
supply-demand factors normally lead to a decline in 
lint prices during late November and December. How
ever, no attempt was made to adjust prices to reflect 
seasonal fluctations in the analysis. 
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period between July 15 and crop termination (see 
Table 2). Insecticide material and application costs 
are presented in Table 6 for the irrigation termina
tion alternatives, At the rate of $3.75 per applica
tion, per acre savings from early termination range 
from $33,75 (Alternative I) to $7.50 (Alternative IV). 

Irrigation Costs 

Early termination irrigation cost savings depend 
upon the cost per acre-inch associated with various 
water sources and the amount of water saved, Table 7 
presents the assumed costs per acre-inch for water 
obtained from the Colorado River, Salt River Project, 
and water pumped from various depths underground. 
The reduced irrigation costs assumed to accompany 
each termination alternative axe listed in Table 8. 
As noted, cost savings are substantial, especially 
fox water pumped 500- to 700-feet from underground, 

Harvesting and Ginning Costs 

Harvesting (picking and hauling) costs were 
based on a custom rate of $1.50 per hundredweight 
of seed cotton. Consequently, savings from early 
termination axe dependent upon resulting yield losses. 
These savings are presented, along with reduced gin
ning costs, in Table 9 fox yield losses ranging from 
zero to forty percent. Ginning rates are assumed at 
$1.40 per hundredweight seed cotton. Yield reduc
tions axe expressed on the basis of a full-season 
yield of 3,529 pounds seed cotton per acre. 

Value of Yield Losses 

As previously noted, the impact of several dif
ferent yield losses axe examined, Also, these losses 
are calculated at four different base lint prices. 
Cottonseed prices are assumed constant at three cents 



Table 6. Per Acre Costs of Controlling Mid- and Late-Season Insects for Selected Irrigation Termination 
Alternatives. 

Termination 
Alternative 

I 

II 

III 

IV 

V 

Number of 
Applications 

3 

5 

7 

10 

12 

Cost ~er 
Material-

Application 
Ap2,lication'b 

2.50 1.25 

2.50 1.25 

2.50 1.25 

2.50 1.25 

2.50 1.25 

Total Cost Savings 
Total per Acre I?!!.r Acre 

(dollars) 

3.75 11.25 33.75 

3.75 18.75 26.25 

3.75 26.25 18.75 

3.75 37.50 7.50 

3.75 45.00 

a. Material is methyl ethyl parathion applied at the rate of one-third gallon per acre ($7.50 per 

gallon). 

b. Assumes aerial application. 

Table 7. Cost of Applying One Acre-Inch of Water, Selected Water Sources. 
Cost Item 

Water Source Water and Power Total 

-----------(dollars)-----------

Colorado River 

Salt River Project 

Well: 

300 foot 

500 foot 

700 foot 

• 21 

.59 

.84 

1. 39 

1.94 

a. Assumes two hours labor per acre-foot and labor at $2.00 per hour. 

.34 

.34 

• 34 

.34 

.34 

• 55 

.93 

1.18 

1.73 

2.28 

Table 8. Per Acre Savings in Irrigation Costs for Selected Irrigation Termination Alternatives and Water 
Sources.a 

Water Source 
Termination Acre-Inches of Colorado Salt River Well 
Alternative Water savedb River Project 300 Foot 500 Foot 700 Foot 

(dollars) 

I 25.3 13.92 23.53 29.85 43.77 57.68 

II 17.7 9.74 16.46 20.89 30.62 40.36 

III 10.2 5.61 9.49 12.04 17.65 23.26 

IV 4.4 2.42 4.09 5.19 7.61 10.03 

a. Savings equal acre-inches of water saved times the cost per acre-inch reported in Table 7. 

b. Assumes a 75 percent efficiency of water use and the water consumptive rates specified in L. J. 

Erie, O. F. French, K. Harris, "Consumptive Use of Water by Crops in Arizona," Technical Bulletin No. 169, 
Agricultural Experiment Station, The University of Arizona, September 1965, p. 13. 
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Table 9. Per Acre Harvesting and Ginning Cost Savings Resulting from Various Seed Cotton Yield Losses.a 

Expected Reductionb 
in Yield (Percent) 

0 

5 

10 

15 

20 

25 

30 

35 

40 

Picking and Hauling Costs Ginning Costs 

----------(dollars)-----------

0 

2.66 

5.32 

7.98 

10.64 

13. 30 

15.96 

18.62 

21.28 

0 

2.48 

4.96 

7.44 

9.92 

12.40 

14.88 

17. 36 

19,84 

a. Cost savings assume a custom harvesting and ginning rate of $1.50 and $1.40 per hundredweight of 
seed cotton, respectively. 

b. Yield reductions are based on a full-season yield of 3,529 pounds of seed cotton per acre. 

Table 10. Per Acre Value of Yield Losses for Selected Levels of Yield Reductions and Base Lint Prices. a 

Expected Reduction in Yield (Percent)b 
Base Lint Price 5 10 15 20 25 30 35 40 

__________________ (dollars) ______________ _ 

30 

40 

50 

60 

21.33 

27.33 

33.33 

39.33 

42.66 

54.66 

66,66 

78.66 

63.99 

81.99 

99.99 

117.99 

85.32 

109.32 

133. 32 

157. 32 

106.65 

136,65 

166.65 

196.65 

127.98 

163.68 

199.98 

235.98 

149. 31 

191.31 

233.31 

275.31 

170,64 

218.64 

266.64 

314. 64 

a. Value of yield losses equals [full-season lint and cottonseed yield x full-season price] - [reduced 
lint and cottonseed yield x full-season price]. Full-season prices were taken from Table 4, Alternative v. 

b. Yield reductions are based on a full-season yield of 1,976 pounds of cottonseed priced at $60 per 
ton, and 1,200 pounds of lint per acre. 

per pound. The costs reflecting the various levels 
of yield losses are reported in Table 10. These 
costs are determined by multiplying the assumed lint 
and cottonseed yield for the reduced yield level 
times the prices realized for full-season production 
(Alternative V) and subtracting this amount from the 
product of termination Alternative V yields and 
prices. It is assumed that 80 percent of the yield 
is harvested during first pick, with the remaining 
20 percent coming from the second pick. To illus
trate the methodology used to identify the value of 
yield losses, consider a five percent yield reduction 
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and 30¢ base lint price. 
this circumstance equals 
(,20 X 1,200 X 28.38¢) + 

1,140 X 31,14¢) + (,20 X 

3¢)], or $21,33, 

The per acre yield loss in 
{(,80 X 1,200 X 31,14¢) + 
(1,976 x 3¢)] - {(.BO x 
1,140 X 28.38¢) + (1,877 X 



STUDY RESULTS 

Change in Annual Per Acre Net Income 

The outlined cost and return assumptions were 

evaluated by the use of partial budgeting analysis to 

determine the expected changes in per acre net in

come for various early termination alternatives. 

These net income changes for different yield losses 

and lint prices are presented in Tables 12-15. The 

income information'presented in these tables is based 

on Salt River Project irrigation costs. 

To illustrate the manner in which the net income 

changes were derived, the analysis for Alternative III 

is presented in Table 11. The analysis assumes a 

10 percent loss in yield and a 40¢ base lint price. 

Results indicate that early termination, under the 

assumptions outlined, will increase per acre net in

come by $7.00 annually. 

Table 11. Partial Budget Analysis of the Change in 

the Annual Per Acre Net Income Realized by 
Advancing the Terminal Irrigation Date 
from September 15 (Alternative V) to Aug
ust 15 (Alternative III), Assuming a 10 

Percent Yield Reduction and 40¢ Base Lint 

Price. 

Credits 

Added Returns: 

Improved quality 
(Table 5) $14.87 

Earnings from 
earlier salesa 

Reduced Costs: 

Fertilizerc 
Insecticide 

(Table 6) 
Irrigation 

(Salt River 
Project, 
Table 8) 

Harvesting 
(Table 9) 

Ginning 
(Table 9) 

Interest 
Total credits 

5.07 

2.50 

18.75 

9.49 

5.32 

4.96 
.70 

$61.66 

Debits 

Reduced Returns 

Yield Loss 
(Table 10) 

Total debits 

$54.66 

An examination of Tables 12-15 reveals that net 

income changes are highly dependent upon the yield 

reduction and price assumptions. For example, termi

nation Alternative III (Table 14) has net income 

changes (at a 40¢ lint price) that vary from $53.58 

to -$132.74, depending upon whether the yield loss is 

zero or 40 percent. Also, at a yield loss of 10 per

cent, the net income change ranges from $17,92 to 
-$16,84 for lint prices of 30¢ and 60¢, respectively 

(Table 14), Of course, the impact of price varia

tions on the change in net income increases with the 

level of assumed yield reductions. 

Break-Even Yield Loss Analysis 

While the information in Tables 12-15 points out 

the change in net income that can be expected for 

different yield losses, producers may be unsure as to 

which yield reduction level is most relevant to their 

particular operation. As mentioned earlier, consid

erable uncertainty exists about these losses. Pro

ducers may, however, have a feeling as to whether 

expected yield losses will typically be greater than 

a given amount. Consequently, a break-even yield 

loss analysis should provide considerable decision
making assistance. 

Table 12, Change in Annual Per Acre Net Income Rea
lized by Advancing the Terminal Irrigation 
Date from September 15 (Alternative V) to 
July 15 (Alternative I) at Selected Yield 
Reductions and Base Lint Prices.a 

Expected Reduction 
in Yield (Percent) 30¢ 

0 

5 

10 

15 

20 

25 

30 

35 

84.25 

66,90 

49,55 

32.20 

14.85 

-2.50 

-19.85 

-37.20 

Base Lint Price 
40¢ 50¢ 

(dollars) 

86,65 89,05 

63.18 59.46 

39.71 29.87 

16.24 • 28 

-7.23 -29.31 

-30.70 -58.90 

-54.17 -88.49 

-77 .64 -118. 08 

60¢ 

91.45 

55.74 

20.03 

-15.68 

-51.39 

-87.10 

-122.81 

-158.52 

40 -54.55 -101.11 -147.67 -194.23 

Change in Per Acre Net Income: $61,66 - $54.66 = $7.00 --------------------------

a. $506.58 (gross revenue) x .08 (interest 

rate) x ,1250 (years of earlier receipt)= $5,07. 

b. Reduced interest charges on insecticide, 

irrigation and fertilizer costs. 

c. Fifty pounds nitrogen at five cents per 

pound. 

a. Income changes are based on the cost-return 

information presented in Tables 5-10 and Salt River 

Project irrigation costs. To get the total annual 

net income per acre for Alternative I (as opposed to 

the change in per acre net income) it would be neces

sary to add (or subtract if change is negative) the 

table values to (from) the total per acre net income 
expected for Alternative v. 
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Table 13. Change in Annual per Acre Net Income Rea
lized by Advancing the Terminal Irrigation 
Date from September 15 (Alternative V) to 
July 31 (Alternative II) at Selected Yield 
Reductions and Base Lint Prices.a 

Expected Reduction Base Lint Price 
in Yield (Percent) 30¢ 40¢ 50¢ 60¢ 

------(dollars)------

0 

5 

10 

15 

20 

25 

30 

35 

40 

72.51 

55.01 

37.51 

20.01 

74.51 

50.91 

27.31 

3.71 

-19.89 

76.51 

46.81 

17.11 

-12.59 

78.51 

42.71 

6.91 

-28.89 

2.51 

-14.99 

-42.29 -64.69 

-43.49 -71.99 -100.49 

-32.49 -67,09 -101.69 -136.29 

-49.99 -90.69 -131.39 -172.09 

-67.49 -114.29 -161.09 -207.89 

a. Income changes are based on the cost-return 
information presented in Tables 5-10 and Salt River 
Project irrigation costs. To get the total annual 
net income per acre for Alternative II(asopposed to 
the change in per acre net income), it would be neces
sary to add (or subtract if change is negative) the 
table values to (from) the total per acre net income 
expected for Alternative V. 

As used here, a break-even analysis will iden
tify the percent yield loss which, for a given termi
nation alternative and lint price, will result in a 
zero net income change; or, in other words, a partial 
budgeting analysis will result in debits equalling 
credits. By isolating this critical yield loss, cot
ton growers have only to estimate whether they expect 
losses to be greater or less than this level. Greater 
losses imply a reduction in net income; lower losses 
suggest an increase in net income. 

Break-even percent yield losses were calculated 
for the four short-season alternatives and lint prices 
considered earlier. These losses are based on Salt 
River Project irrigation costs and are reported in 
Table 16. With lint prices at the 40¢ level, break
even losses are 18.5 percent for Alternative I 
(July 15) and 15.8 percent for Alternative II (July 
31). Alternative III (August 14 and IV (August 31) 
could have yield losses as high as 11.5 percent and 
3.7 percent, respectively, without reducing per acre 
net income. The break-even losses decline as lint 
prices increase, since the value of yield losses be
come more important. Lower cost savings for later 
termination dates result in declining break-even 
losses. 
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Table 14. Change in Annual per Acre Net Income Rea
lized by Advancing the Terminal Irrigation 
Date from September 15 (Alternative V) to 
August 15 (Alternative III) at Selected 
Yield Reductions and Base Line Prices.a 

Expected Reduction Base Lint Price 
in Yield (Percent) 30¢ 40¢ 50¢ 60¢ 

0 

5 

10 

15 

20 

25 

30 

35 

40 

______ (dollars) _____ _ 

52.38 

35.15 

17.92 

.69 

-16.54 

-33.77 

-51.00 

-68.23 

-85.46 

53.58 

30.29 

7.00 

-16.29 

-39.58 

-62.87 

-86.16 

-109.45 

-132.74 

54.78 

25.43 

-3.92 

-33.27 

-62.62 

-91.97 

-121.32 

-150.67 

-180.02 

55.98 

19.57 

-16.84 

-53.25 

-89.66 

-126.07 

-162.48 

-198.89 

-235.30 

a. Income changes are based on the cost-return 
infonnation presented in Tables 5-10 and Salt River 
Project irrigation costs. To get the total annual 
net income per acre for Alternative III (as opposed 
to the change in per acre net income), it would be 
necessary to add (or subtract if change is negative) 
the table values to (from) the total per acre net 
income expected for Alternative v. 

It should be emphasized that the information con
tained in Table 16 is strictly dependent upon the 
schedule of operations and cost and return assump
tions previously noted. To enable a partial depar
ture from these assumptions, the affect of a one dol
lar change in costs or returns on the break-even 
yield losses was determined and is reported in Table 
17. Each value in the table indicates, for a given 
tennination alternative-lint price combination, the 
change in the break-even yield loss (Table 16) that 
will result from a one dollar change in either credits 
or debits. For example, with Alternative III and 40¢ 
lint, an increase of one dollar in expense reductions 
(or added returns) will result in a .21 percent in
crease in the 11.5 percent break-even yield loss 
noted in Table 16. Alternatively, a one dollar de
crease in expense reductions (or added returns) will 
lower the break-even yield loss by .21 percent. 

Perhaps the greatest source of cost variation 
will lie with irrigation costs. Since the break-even 
yield losses in Table 16 are based on Salt River Pro
ject irrigation costs, a change in the source of 
water will affect these rates. For example, if water 
is pumped from 500 foot underground, irrigation cost 
savings (Table 8) will increase from $9.49 to $17.65 
for the partial budget analysis of termination Alter
native III noted in Table 11. The additional $8.16 



cost savings will increase the break-even yield loss 
by $8.16 x .21 (Table 17, 40¢ lint) ox 1.7 percent. 
By using the irrigation costs presented in Table 8, 
the break-even yield losses were calculated for water 
sources other than the Salt River Project. These 
loss rates, along with those fox the Salt River Pro
ject, are presented graphically in Figures I-IV. 

The figures indicate that the source of water 
has a substantial impact on the break-even yield loss. 
For example, an examination of Figure III (Alterna
tive III-August 15) will indicate that at 40¢ lint 
the break-even loss varies from 10.7 percent fox 
Colorado River water to 14.4 percent fox water pumped 
700 foot from underground. It should also be noted 
that the difference between water sources in the 
break-even yield loss fox a given termination alter
native diminishes as the lint price increases. A 
decline in the importance of irrigation cost savings 
relative to the value of yield losses causes this to 
occur. 

Table 15. Change in Annual Per Acre Net Income Rea
lized by Advancing the Terminal Irrigation 
Date from September 15 (Alternative V) to 
August 31 (Alternative IV) at Selected 
Yield Reductions and Base Lint Prices.a 

Expected Reduction Base Lint Price 
in Yield (Percent) 30¢ 40¢ 50¢ 60¢ 

(dollars) 

0 15.90 16.30 16.70 17.10 

5 -.36 -5.98 -11.60 -17.22 

10 -16.62 -28.26 -39.90 -51.54 

15 -32.88 -50.54 -68.20 -85.86 

20 -49.14 -72.82 -96.50 -120.18 

25 -65.40 -95.10 -124.80 -154.50 

30 -81.66 -117.38 -153.10 -188.82 

35 -97.92 -139.66 -181.40 -223.14 

40 -114.18 -161. 94 -209.70 -257.46 

a. Income changes axe based on the cost-return 
information presented in Tables 5-10 and Salt River 
Project irrigation costs. To get the~ annual 
net income per acre for Alternative IV (as opposed to 
the change in per acre net income), it would be 
necessary to add (or subtract if change is negative) 
the table values to (from) the total per acre net 
income expected for Alternative v. 

It is also apparent from the figures that the 
break-even yield loss shows less variation between 
water sources as the growing season is lengthened. 
This point can be illustrated by noting that the 

difference in these losses between water taken from 
the Colorado River and from 700 foot underground falls 
from about nine percent for Alternative I to just 
under two percent fox Alternative IV (40¢ lint). A 
decline in the relative importance of savings in 
irrigation costs with later terminations causes this 
range to narrow. 

It should be pointed out that widespread adop
tion by Arizona producers of short-season cotton 
would have the likely affect of reducing future pink 
bollworm populations. Elimination of immature bolls 
(less than four weeks old) by mid-September reduces 
the food supply necessary to develop a large diapaus
ing population of pink bollworm which are capable of 
overwintering. Thus, moth emergence the following 
spring will be greatly reduced, eliminating or re
ducing the need for control during the following grow
ing season. Economic benefits of this nature have 
not been considered in this study. 

Table 16. Percent Yield Reductions Which Result in 
no Change in Per Acre Net Income fox Se
lected Irrigation Termination Alternatives 
and Base Lint Prices.a 

Base Lint Price Termination 
Alternative 30¢ 40¢ 50¢ 60¢ 

(percent) 

I (July 15) 24.3 18.5 15.1 12.8 

II (July 31) 20.7 15.8 12.9 11.0 

III (August 15) 15.2 11.5 9.3 7.7 

IV (August 31) 4.9 3.7 3.0 2.5 

a. Break-even yield losses are based on the 
cost-return information presented in Tables 5-10 and 
Salt River Project irrigation costs. 

Table 17. Change in Table 16 Per Acre Break-Even 
Yield Losses Which Result from a One Dol-
lax Variation in the Base Cost-Return 
Assumptions, Selected Irrigation Termina-
tion Alternatives and Base Lint Prices. 

Termination Base Lint Price 
Alternative 30¢ 40¢ 50¢ 60¢ 

(percent) 

I (July 15) 0.29 0.21 0.17 0.14 

II (July 31) 0.29 0.21 0.17 0.14 

III (August 15) 0.29 0.21 0.17 0.14 

IV (August 31) o. 31 0.22 0.18 0.15 
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Figure I. Break-Even Percent Losses for Advancing the Terminal Irrigation from 
September 15 (Alternative V) to July 15 (Alternative I), Selected Lint 
Prices and Water Sources. 
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Figure II. Break-Even Percent Yield Losses for Advancing the Terminal Irrigation 
from September 15 (Alternative V) to July 31 (Alternative II), Selected 
Lint Prices and Water Sources. 
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Figure III. Break-Even Percent Yield Losses for Advancing the Terminal Irrigation 
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from September 15 (Alternative V) to August 15 (Alternative III), Selected 
Lint Prices and Water Sources. 
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Figure IV. Break-Even Percent Yield Losses for Advancing the Terminal Irrigation from 
September 15 (Alternative V) to August 31 (Alternative IV), Selected Lint 
Prices and Water Sources. 
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CONCLUSIONS 3. 

Study results indicate that the question of 
early versus late crop termination is a critical eco
nomic issue to Arizona cotton producers. Under the 
adopted assumptions, substantial net income changes 

were found to accompany the termination alternatives 4. 
examined. For example, assuming a base lint price of 

40¢, a 15 percent yield loss, and Salt River Project 
irrigation costs, early termination resulted in an 

annual per acre net income change that ranged from 
$16.24 (Alternative I) to -$68.20 (Alternative IV). 
As would be expected, the range becomes even wider 5. 

when yield losses are allowed to vary, e.g., from 
$86.65 (Alternative I, zero yield loss) to -$161.94 

(Alternative IV, 40 percent yield loss), assuming a 
40¢ base lint price. From these figures, it is 
apparent that the profit increasing opportunities 6. 

offered by early termination are highly dependent 
upon the yield losses expected to accompany various 
termination dates. 

While the additional costs of producing full-
season cotton can be identified with sufficient pre- 7. 

cision, the additional returns that can be expected 
from these outlays is highly uncertain. There 
appears to be no well-defined incremental yield that 
can be consistently associated with top crop produc
tion. The large number of environmental, biological, 
and cultural factors which affect top crop production 

and the variation in these factors between different 8. 

locations and over time makes it inadvisable to make 
recommendations that early termination is, or is not, 

a profitable practice. Clearly, the extent of yield 
losses is a matter that will have to be largely re- 9. 

solved by the individual producer who is best able to 
assess his own unique resource situation and risk pre

ference. However, this report develops guidelines 
which indicate the change in profitability that can 
be expected from a given early termination yield loss. 

Accordingly, producers who can identify a range in 
yield losses that they feel is appropriate for forward 

planning purposes, can note the expected impact on 
business performance from early termination. The 
study explicitly indicates that substantial yield 
losses can be realized and still permit increased 

profits. 
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