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Incorporation of Within-Season Yield
Growth into a Mathematical Programming
Sugarcane Harvest Scheduling Model
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ABSTRACT

This study focuses on the development of a optimal harvest scheduling mathematical
programming model which incorporates within-season changes in perennial crop yields.
Daily crop yield prediction models are estimated econometrically for major commercially
grown sugarcane cultivars. This information is incorporated into a farm-level harvest
scheduling linear programming model. The harvest scheduling mode] solves for an optimal
daily harvest schedule which maximizes whole farm net returns above harvesting costs.
Model results are compared for a commercial sugarcane farm in Louisiana.
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The sugarcane production sector in the United
States is currently facing a significant chal-
lenge to its competitiveness. Passage of the
Federal Agriculture Improvement and Reform
Act of 1996 eliminated supply control mea-
sures for sugar as marketing allotments were
suspended through the 2002 crop. As market
prices for competing crops have declined since
the passage of the new farm bill, sugar prices
remained relatively stable into the 1999 crop
year, resulting in significant increases in both
sugarcane and sugarbeet acreage. Sugarcane
acreage harvested for sugar increased from
829,500 acres in 1996 to a record 939,400
acres in 1999 (USDA, NASS, 1997 and 2000).
The majority of this increase in sugarcane
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acreage occurred in Louisiana, where acreage
harvested for sugar has increased by 100,000
acres since 1996. As the sugar industry in
Florida approaches the limits of its productive
capacity, sugarcane acreage in that state has
increased moderately over the same period.
Harvested acreage of sugarbeets in 1999 was
estimated at a record 1.57 million acres,
200,000 acres more than in 1996.

Despite the continued recent expansion of
sugarcane and sugarbeet acreage over the past
several years, producer sugar prices had re-
mained relatively stable as imports of sugar
into the U.S. have decreased to support prices
in the domestic market. U.S. sugar imports
have declined from 2.77 million short tons,
raw value, in 1996/97 to a projected 1.79 mil-
lion short tons in 1999/00 (USDA, ERS,
2000). Under the GATT Agreement, however,
the U.S. is required to import a minimum of
1.256 million shorts of tariff rate quota sugar
annually. As a result, the reduction of sugar
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imports is no longer a viable policy tool to
support domestic producer prices of sugar.

From January 1986 through September
1999, U.S. raw sugar prices remained above
20 cents per pound. With the initiation of har-
vest of the 1999 sugarcane and sugarbeet
crops, projections of record domestic sugar
production caused producer prices to decline
drastically. By November 1999, raw sugar
prices had dropped to 17.45 cents per pound
(USDA, ERS, 2000). World sugar prices also
dropped as foreign production also expanded.
From 1994-1997, world raw sugar prices av-
eraged over 12 cents per pound. By December
1999, world prices had dropped to 6 cents per
pound. The NAFTA agreement established a
declining tariff schedule for high-tier raw and
refined sugar imported into the U.S. from
Mexico (USDA, ERS, 1999). It has been es-
timated that a world price below 7.3 cents per
pound in 1999 would introduce the probability
of high-tier imports from Mexico. With de-
clining high-tier tariff rates in following years,
continued low world sugar prices increases the
likelihood of Mexican imports. The possibility
of increased Mexican imports, increased do-
mestic sugarbeet production, and the inability
to further reduce imports suggests that domes-
tic raw sugar prices are likely to remain at
below-average levels in the near term. In order
to remain economically viable, sugarcane pro-
ducers must be able to produce and harvest a
sugarcane crop as efficiently and economically
as possible.

Sugarcane is a member of the grass family
and is chiefly valued for the juices extracted
from its stems. Raw sugar is produced from
these juices which is later refined into white
sugar. Sugarcane is a perennial crop. One
planting will generally allow for harvest over
three to six years before replanting is neces-
sary. As a sugarcane plant matures throughout
the growing season, the amount of sucrose in
the cane increases. Most of this sucrose pro-
duction occurs when the plant is fully mature
and begins to ripen (Alexander, 1973). Several
studies have developed models to predict the
sucrose level in sugarcane. Crane ef al. (1982)
developed a stubble replacement decision
mode] for Florida sugarcane producers. They
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reported that sugar accumulation is a function
of both sucrose accumulation and vegetative
growth. The study suggested that the accu-
mulation of sugar may be approximated as a
quadratic function of time. Chang (1995), in
research on Taiwanese sugarcane cultivars,
suggested that individual cultivars have dis-
tinct sucrose maturation curves with different
peak levels. This study concluded that the sug-
ar content of a cultivar could be predicted as
a function of time with reasonable accuracy
and that the trend of sucrose accumulation
within-season follows a second-order curve.

During the harvest season, older sugarcane
(second stubble and older crops) is usually
harvested first, followed by more recently
planted crops, first stubble and then plantcane.
‘Within this general order of crop harvest, pro-
ducers attempt to estimate the sugar content of
cane in the field in order to harvest fields at a
point where the sugar content in the cane is at
or near a maximum. Several methods have
been developed for estimating sugar content
in field cane. The core punch method uses a
hand refractometer to estimate the Brix (per-
cent soluble solids) of sugarcane, which is an
indication of sucrose concentration. More so-
phisticated methods of sampling whole stalks
are available, but require extensive equipment
and labor (Barnes, 1974). If individual sugar-
cane cultivars have distinct sucrose maturation
curves, which may vary up or down from year
to year depending upon weather and other fac-
tors, then the sugar content of individual fields
could be incorporated into a model which
would determine an optimal order of harvest
for all fields on a particular farm which would
maximize total sugar produced (or total net re-
turns received) on the farm.

Applications of crop harvest scheduling
models, using some type of operations re-
search procedure, are most common in the
timber industry. Most of these applications in-
volve the use of linear programming or sim-
ulation models. Recent studies have investi-
gated the use of Monte-Carlo integer
programming (Nelson, et al., and Daust and
Nelson), bayesian concepts (Van Deusen), and
tabu search procedures (Brumelle, ef al.). Sev-
eral studies have developed crop growth mod-
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els to predict the harvest date of agricultural
crops (Lass, et al, Malezieux, and Wolf).
However, most of these studies use optimal
harvest decision rules based upon agronomic
characteristics of the crop rather than econom-
ic principles.

Several studies have addressed various as-
pects of sugarcane productivity and harvest
operations. Millhollon and Legendre studied
the use of glyphosate, an artificial crop ripener
used in sugarcane production, on sugarcane
yield. Glyphosate (trade name POLADO®) is
labeled for use only on ratoon or stubble sug-
arcane crops in Louisiana, Florida and Texas.
Their study indicated that annual glyphosate
ripener treatments on sugarcane will usually
increase mean annual sugar yield, but the
magnitude of the increase depended on culti-
var tolerance to the treatments. Two studies
have evaluated the economics of sugarcane
stubble crop replacement in Florida (Crane, et
al.) and Louisiana (Salassi and Milligan).
These studies evaluated the optimal crop cycle
length by comparing annualized future net re-
turns from replanting to estimated returns
from extending the current crop cycle for an-
other year. Semenzato developed a simulation
algorithm for scheduling sugarcane harvest
operations at the individual farm level to min-
imize the lapse of time between the end of
burning and processing. The model calculated
the maximum size of a field which could be
harvested and have all of its cane processed
within 15 days. This study focused on farm
size and equipment availability in order to ef-
ficiently use limited resources in a timely man-
ner. A recent study in Australia did determine
optimal sugarcane harvest schedules which
maximized net returns using mathematical
programming procedures (Higgins, et al.,, and
Muchow, et al.). However, the modeling
framework in this study encompassed many
farms within a production region over a multi-
year harvest period. Furthermore, the smallest
unit of time within the harvest scheduling
model was one month.

The purpose of this article is to present a
methodology for the incorporation of within-
season sucrose accumulation in sugarcane into
an optimal single-season, daily harvest sched-

uling model at the individual farm level. The
objective of the general modeling procedure is
to capture the dynamic effect of sucrose ac-
cumulation during the growing season and to
use this information, within a mathematical
program modeling framework, in determining
when specific sugarcane fields should be har-
vested in order to maximize total farm net re-
turns. Data for this analysis will be obtained
from Agricultural Research Service, USDA
experimental research tests conducted in Lou-
isiana over several years. Sucrose levels were
estimated econometrically as a function of
time for major cultivars currently produced
commercially in the state. These data are then
incorporated into a mathematical program-
ming model which determines an optimal har-
vest schedule that maximizes whole farm net
returns for a given farm situation.

Sugar Prediction Models

The amount of raw sugar in a field of sugar-
cane is a function of several variables. Two
important measures of sugarcane yield include
tons of sugarcane and pounds of raw sugar
produced per acre. The relationship between
sugar per acre and factors which influence it
can be stated simply as follows:

(1) S, =TRS X TONS = TRS X POP X STWT

where S, is total pounds of raw sugar per acre,
TRS is theoretical recoverable sugar in pounds
of sugar per ton of cane, TONS is the tons of
sugarcane produced per acre, POP is the per-
acre population of sugarcane stalks in the
field, and STWT is the stalk weight. Although
the population of sugarcane stalks within a
field can be assumed to be constant throughout
the harvest season, the same assumption can-
not be made for the other factors in the rela-
tionship. Theoretical recoverable sugar and
stalk weight both increase as the harvest sea-
son progresses. In order to incorporate this
yield increase within a whole-farm mathemat-
ical programming harvest scheduling model,
estimates must be obtained for the predicted
levels of each of these factors for each variety
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of sugarcane produced on the farm for each
day of the harvest season.

Sucrose maturity data developed at the
ARS, USDA Sugar Cane Research Unit in
Houma, Louisiana, were used in the analysis.
Stalk weight and sugar content of the com-
mercial sugarcane cultivars grown in Louisi-
ana were sampled at intervals during the har-
vest season from 1981 to 1996. The data
included measurements of theoretical recov-
erable sugar, sugar per stalk and stalk weight
by julian date for 3 to 16 years, depending
upon variety. Harvest season for sugarcane in
Louisiana historically typically runs from the
first of October through the end of December.
Observations for each commercial cultivar
ranged from julian date 255 to 346 or approx-
imately the middle of September through the
middle of December. The age of the crop
(plantcane or stubble) was also included.
Plantcane refers to a sugarcane crop planted
last year which will be harvested for the first
time this year. The second harvested crop of
that field the following year is referred to as
first stubble, and the following crop is referred
to as second stubble.

Models were estimated for stalk weight and
sugar per stalk in order to predict the amount
of sugarcane and raw sugar in the field for
each day of the harvest season. Previous re-
search suggest that a quadratic model can be
used to model sugar accumulation. Graphical
analysis of both stalk weight as well as sugar-
per-stalk data suggested that these variables
could be estimated using a semi-log functional
form. Econometric models of stalk weight and
sugar per stalk were estimated for each culti-
var as follows:

(2) STWT, = §, + B,LNID + B,CROP
95
+ > B,YEAR, + ¢
1=81

(3) SPS,, = &, + a,LNJD + a,CROP

95
+ D aYEAR, + €

1=81

where STWT,, represents stalk weight in
pounds per stalk of cultivar ¢ on day 7, SPS,,
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represents sugar per stalk in pounds of cultivar
¢ on day ¢, LNJD is the natural log of julian
date, CROP is an indicator variable represent-
ing crop age as either plantcane or stubble
crop, and YEAR, represents indicator vari-
ables for different years. These annual indi-
cator variables were included to capture the
relationship that sugarcane cultivars have dis-
tinct sugar accumulation curves which shift
vertically from year to year depending upon
weather and other factors. The base year in
this estimation was 1996 and the indicator var-
iables serve the purpose of adjusting the sugar
accumulation curve to factors in a given year.
All models were estimated using SAS (SAS
Institute, version 6.12). The estimates of stalk
weight and sugar per stalk were combined
with stalk populations to estimate sugar cane
and sugar yield for each field.

Estimated models of stalk weight and sugar
per stalk for each sugarcane cultivar are shown
in Tables 1 and 2. Julian date (LNJD) and crop
age (CROP) were found to be highly signifi-
cant in the stalk weight prediction models (Ta-
ble 1). Positive signs on the julian date vari-
able indicate that stalk weight increases
throughout the harvest season. The signs on
the significant crop age variables were nega-
tive, as expected, indicating that stalk weight
tends to be greater for plantcane crops than for
older stubble crops. Coefficients of determi-
nation for specific variety models ranged from
0.36 to 0.81. In several of the estimated equa-
tions indicator variables for years were signif-
icant which implies that the stalk weight
growth curves vary from year to year depend-
ing upon weather and other factors. Similar
results were found for the sugar-per-stalk pre-
diction models (Table 2). Julian date was high-
ly significant with positive coefficients indi-
cating sugar accumulation increases during the
harvest season and crop age was found to be
significant in six of the ten equations estimat-
ed. The sign on the estimated coefficient for
crop age was negative in each of the six equa-
tions in which it was significant. Coefficients
of determination were high in the sugar-per-
stalk models ranging from 0.78 to 0.90. Dur-
bin-Watson tests for autocorrelation either
failed to reject the hypothesis of no autocor-
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relation or were inconclusive. The White test
for heteroscedasticity (White) failed to reject
the hypothesis of homoscedasticity for each
cultivar tested.

Farm Level Production Estimates

The estimated-stalk-weight and sugar-per-stalk
models can be used to predict the sugar yield
on a given farm in a specific year. Prediction
of stalk weight and sugar per stalk per day
across a given harvest season may require an
adjustment of the predicted values for the
crop’s stalk weight and sugar content in the
current year. Stalk weight and sugar content
can be obtained from samples taken in the
field. A sample data set was developed from
information collected from a commercial sug-
arcane farm in Louisiana for the 1996 harvest
season. Characteristics of the farm are pre-
sented in Table 3. Stalk number estimates were
collected on September 18-19 and October 2,
1996 from each of the fields on the farm. The
number of samples taken per field depended
upon the size of the field, but a target of one
count was taken for every one and half acres.
In a randomly selected area of the field, a 25-
foot distance was measured between the mid-
dle of two rows. The number of millable stalks
within that distance was then counted and con-
verted to an estimate of stalk population num-
ber per acre and field. Sample stalk counts for
each field were then averaged to estimate a
mean stalk population per field. Ten-stalk sam-
ples were cut from randomly selected loca-
tions in each field on October 7 and 9, 1996.
Each stalk sample was weighed and milled to
obtain a juice sample for analysis. The average
stalk weight and estimated theoretical recov-
erable sugar from the juice analysis were com-
bined with field information to develop stalk-
weight and sugar-per-stalk measurements by
field.

Prediction models of stalk weight and sug-
ar per stalk were then adjusted to the 1996
crop year. The adjustments were calculated
by subtracting the predicted value of stalk
weight and sugar per stalk, STWTpcqceq and
SPSpeacieas On the day of sampling from the
actual field measurements, STWT,.,, and

SPS,cua as shown in equations 4 and 5. This
adjustment was incorporated into each model
as a parallel shift in the intercept.

C))
(5) (16 =y + (SPSAc!ual - SPSPredxcued)

B(I) = BO + (STWTAc!uaI - STWTPredwted)

Stalk weight and sugar per stalk were then es-
timated for each day of the harvest season us-
ing the estimated prediction models with ad-
justed intercepts.

Estimates of tons of sugarcane per acre and
pounds of raw sugar per acre were calculated
by multiplying stalk weight and sugar per stalk
by stalk population as follows:

(6)
(7) SUGAR, = POP; X SPS,

CANE,, = POP, X STWT,/2000

where CANE;, is the estimated tons of sugar-
cane per acre in field f on julian date ¢, POP;
is the estimated stalk population per acre in
field f, STWT,, is the estimated stalk weight
in pounds for cultivar ¢ on julian date ¢, SU-
GARy, is the estimated pounds of raw sugar
per acre in field f on julian date 7, and SPS,,
is the estimated sugar per stalk in pounds for
cultivar ¢ on julian date ¢. Since POP;, STWT,,
and SPS,, are predicted values with associated
variances, direct multiplication would cause
the estimated variances of predicted cane and
sugar yields to be very large, making the pre-
diction intervals considerably wider (Griffths
et al. 1993). As a result, the relationships in
equations 6 and 7 were converted to log form
for calculation. Estimated yields per field were
then adjusted for field conditions (recovery
and trash) and difference between theoretical
recoverable sugar and commercial recoverable
sugar (equations 8 and 9).

(8)  ADICANE, = CANE, X (1 + TRASH,)
X FIELDRECOVERY;
(9) ADISUGAR, = SUGAR, X 0.8345

X SCALEFACTOR

ADJCANE,, represents the tons of sugarcane
actually harvested from the field and delivered
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Table 2. (Continued)

—0.033%*
(0.011)

—0.006

—0.033%*
(0.010)
—-0.011

—0.039** —0.049%* -0.012
(0.010) 0.010)

—0.064%*

—0.047**
(0.010)

1993

(0.009)

—0.008

(0.011)
-0.020

—0.001 —0.019*

—0.008

—0.021%**
(0.010)

0.012
0.010)

—0.008

0.004

(0.010)
—-0.019*

1994

0.010)
—0.017

(0.010) (0.011) (0.009) (0.012)
—0.005 —0.007

-0.014

(0.009)
—0.015

(0.011)

—-0.017

0.005
0.010)
0.89

158

1995

0.010)
0.83

36

0.012)
0.87

33

(0.009)
0.89

36

(0.010)

(0.009)

0.010)

0.011)
0.86

62

(0.010)

0.78

118

0.86

153

0.89

158

0.90
98

0.89
72

Adj. R
n

231
0.39

2.74 1.49
0.56

0.14

1.76
0.88

1.88
0.74

2.23
0.82

1.99
0.20

2.13

0.86

2.44

.39
Notes: Number in parenthesis are standard errors. Single and double asterisks (*) denote statistical significance at the 10% and 5% level, respectively, n is the sample size, DW

2.01
0.37

DwW

White prob.

is the Durbin-Watson statistic, and White prob. is the probability level of the White test for heteroscedasticity. INT is the intercept, LNJD is the natural log of julian date,

CROP is a indicator variable for crop (plantcane vs. stubble), and 1981-1995 are indicator variables for individual years.

sugarcane (dollars per ton), and 7, is the total
tons of sugarcane harvested.

The model consists of two sets of resource
limiting constraints and several transfer rows.
The functional constraints of the model were
defined as follows:

K]

1

(11) dZI , X' Su) = S, =0

f

(12) 1;1 Xy T) ~T,=0

d=

13) 0.029-S, - M, =0

(14) aS,—8,=0

(15) bM,—M,=0

(16) ,121 Xy =1
Ede(m) =1
d=1

(17 fE Kars Tuny) = O

,Zl (Xd(n)f’Td(n)f) =@,

All of the equations follow a similar format
with the subscripts f and d identifying the
field and date of harvest, respectively. The
model has m fields and n days. X is the per-
cent of field f harvested on day d. The pre-
dicted yield of sugar (pounds) and sugarcane
(tons) for field f on day d is S, and T re-
spectively. S, T, and M, are the total pounds
of sugar, tons of sugarcane and gallons of mo-
lasses produced on the farm. The producer’s
shares of sugar, S,, and molasses, M, are cal-
culated by taking the producer’s share of sug-
ar, a, and molasses, b, from the totals. The
daily quota, Q, is the maximum tons of sug-
arcane that can be harvested and delivered to
the mill each day. All dates are recorded using
julian date.

The first two functional constraints are
transfer rows that accumulate the total pounds
of sugar produced (equation 11) and tons of
sugarcane harvested (equation 12), respective-
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Table 3. Sample Farm Acreage and Production Characteristics

Farm data:
Farm size (harvestable acreage)
Number of fields
Smallest field (acres)
Largest field (acres)

Variety data:
LCP82-89 plantcane
LCP82-89 stubble crop
LHo83-153 plantcane
LHo83-153 stubble crop
CP79-318 stubble crop
CP70-321 plantcane
CP70-321 stubble crop
CP65-357 stubble crop
CP72-370 plantcane
CP72-370 stubble crop
LCP85-384 plantcane
LCP85-384 stubble crop

556.9
112

0.3

19.6
1 field 1.3 acres
13 fields 44,0 acres
2 fields 6.7 acres
6 fields 31.8 acres
4 fields 14.2 acres
12 fields 74.2 acres
43 fields 228.9 acres
7 fields 38.0 acres
3 fields 13.6 acres
14 fields 61.7 acres
5 fields 37.3 acres
2 fields 5.2 acres

ly. Equation 13 calculates the gallons of mo-
lasses recovered by multiplying the pounds of
sugar produced by a conversion factor of
0.029. Equations 14 and 15 calculate the pro-
ducer’s share of sugar and molasses, respec-
tively. Equation sets 16 and 17 each represent
a system of binding constraints. Equation 16
forces the model to choose each field exactly
once during the harvest season, although the
harvest of a specific field may be over con-
secutive days. Decision variables in equation
16 were continuous and represented the per-
centage of a field harvested on any available
day. Since most of the 112 fields included in
the analysis were relatively small in acreage
relative to the daily harvest quota in tons of
sugarcane, the linear programming solution to
the problem resulted in most fields being har-
vested on a single day. Harvest of some fields
was split over more than one day. Since the
yield curves were concave in the days of the
harvest season, harvest of fields not entirely
completed in one day were harvested on con-
secutive days. This result is realistic in that a
producer may begin harvest of a field on one
day and complete it the next. Given the di-
mensions of the problem analyzed here, the
LP relaxation solution was solved, rather than
defining the decisions variables as binary in-
tegers. Equation 17 creates a daily limit on the

tons of sugarcane that may be harvested in one
day. Each day has a constraint row that limits
the tons of cane harvested to less than a spec-
ified daily quota amount.

Results

Three harvest scenarios were solved by the
harvest scheduling model. The solution results
for each of these scenarios are shown in Table
4. The first solution represents results from
simulating the producer’s actual harvest
schedule. After the 1996 harvest season end-
ed, the producer provided information on the
specific day each field was harvested as well
as actual sugar yields obtained. The actual har-
vest schedule solution in Table 4 is based on
the date of actual harvest by field and the pre-
dicted sugarcane and sugar yields from the es-
timated prediction models. Sugarcane (tons)
and sugar (pounds) yields per acre achieved
by the producer closely matched predicted
yields from the estimated models. Predicted
total sugarcane production was 16,964 tons of
sugarcane compared to the actual production
of 16,639 tons reported by the producer. Es-
timated producer returns above harvest costs
for the actual harvest schedule were $326,771.
Average sugarcane yield over the whole farm
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was 30.5 tons per acre, resulting in an average
sugar yield of 5,573 pounds per acre.

A second harvest scheduling model was
solved for a solution in which harvest dates
for individual fields were constrained to spec-
ified intervals. In Louisiana, sugarcane harvest
begins with fields which contain the oldest
stubble crops (second stubble and older), then
proceeds to younger, first stubble crops. All
stubble crop fields are usually harvested first.
Within each stubble group, varieties are usu-
ally are in order of maturity class: very early,
early, and mid-season (Faw). Finally, fields
which are being harvested for the first time,
containing plantcane, are harvested at the end
of the harvest season in order to avoid damage
to future stubble crops from early harvest.
Plantcane fields are usually harvested begin-
ning with varieties that deteriorate rapidly af-
ter a freeze and ending with harvest of varie-
ties that deteriorate more slowly after a freeze.
In the constrained harvest model, possible har-
vest dates were specified for each field in the
sample data set which conformed to traditional
harvesting practices. Generally stated, these
harvest date ranges began with second stubble
harvest beginning on October 1% and continu-
ing into November. First stubble harvest began
in late October and continued through Novem-
ber. Plantcane harvest began in late November
and continued through the end of December.
Solution results from this model indicated that
sugar production and net returns could be in-
creased with relatively minor adjustments to
the actual harvest schedule. Optimal adjust-
ment of harvest of individual fields resulted in
a projected increase in net returns by $17,360,
or approximately $31 per harvested acre. Av-
erage harvested yield of sugarcane increased
by 0.7 tons per acre resulting in an increase in
average sugar yield per acre of 263 pounds.
Analysis of individual field results indicated
that the optimal harvest date changed an av-
erage of 13 days from the actual harvest date
with some fields being harvested earlier and
other fields harvested later in the season.

An unconstrained harvest scheduling mod-
el was also solved for comparison purposes.
In this model no constraints were placed on
days in which fields could be harvested. Any

field on the farm was allowed to be harvested
on any day within the harvest season. Esti-
mated net returns were $378,147, or $51,376
higher than the actual harvest schedule and
$34,016 higher than the constrained optimal
solution schedule. This unconstrained solution
is not realistic in the sense that plantcane
would generally not be harvested before stub-
ble crops. Early harvest of plantcane may in-
crease sugar production in the current year, but
it would have a significant adverse effect on
sugar yields of future stubble crops. However,
it does give some indication of the current re-
turns forgone in order to maximize future re-
turns.

Conclusions

Elimination of sugar marketing allotments and
the resulting impacts of trade agreements on
U.S. raw sugar import levels has limited the
ability of the U.S. to support domestic raw
sugar prices in the presence of large domestic
stocks. The long-run viability of the sugar in-
dustry will depend upon finding ways to pro-
duce sugar more economically through reduc-
tion of production costs and the efficient
management of resources available. Maximiz-
ing net returns for a whole farm rather than
trying to produce the maximum amount of
sugar per field should be a primary goal of
producers. The purpose of this study was to
develop a methodology to assist scheduling
the sequence in which sugarcane fields are
harvested to maximize producers’ economic
returns. The specific objectives of this study
were to develop models which would estimate
the increase in stalk weight and accumulation
of sugar per stalk within the harvest season
and to develop a mathematical programming
algorithm that selects a harvesting schedule
which maximizes net returns from sugar pro-
duction above harvest cost.

Estimating the effect of time on the vege-
tative growth and sucrose accumulation in
sugar cane was accomplished with least
squares regression. Models which predicted
stalk weight and sugar per stalk by cultivar
were estimated as a function of julian date and
crop age as well as indicator variables repre-
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Table 4. Comparison of Actual Harvest Schedule with Optimal Harvest Schedules

Constrained Unconstrained
Actual Harvest Optimal Harvest Optimal Harvest
Solution Summary Schedule! Schedule Schedule
Returns above harvest cost $326,771 $344,131 $378,147
Total sugar (pounds) 3,103,709 3,250,056 3,527,466
Total cane (tons) 16,964 17,373 17,927
Total molasses (gallons) 90,008 94,252 102,297
Acres 556.9 556.9 556.9
Average CRS (pounds sugar/ton) 183.0 187.1 196.8
Sugar per acre (pounds) 5,573 5,836 6,334
Cane per acre (tons) 30.5 31.2 32.2

! This schedule includes the producer’s actual harvest schedule with total sugar and cane production estimated from
prediction models. Producer records report actual production of 16,639 tons of sugarcane and 2,961,500 pounds of

sugar.

senting years of production with different
growing conditions. These models were then
used to predict sugar yields by cultivar and
field for a sample farm. The optimization lin-
ear programming model used the estimated ac-
cumulation of stalk weight and sugar per stalk
with field information to generate yield pre-
dictions. The predicted yields were used to se-
lect a harvest schedule subject to constraints
that maximized producer net returns above
harvest cost. The optimization model predict-
ed reasonable estimates of production on a
commercial sugarcane farm in Louisiana.
The ability to predict sugarcane tonnage
and raw sugar yields allows producers and
mill personnel to more effectively plan the
harvest season based on the current status of
the crop. A producer could potentially analyze
the yield of each cultivar of sugarcane in the
farm’s crop mix and make decisions concern-
ing future plantings. Optimizing harvest
schedules will potentially recover more sugar
from the fields, which directly increases the
sugar recovered by the mills. Knowledge of
the size and maturity stage of the crop will
allow mills to more effectively assign delivery
quotas among producers and plan the harvest
season to maximize sugar production. Interest
in site-specific farming using global position-
ing satellites (GPS) and global information
system (GIS) is growing among sugarcane
producers, but the limiting factor is the ability
to attribute yield to location. The model de-
veloped in this study allows for the possibility

of predicting sugar yield for individual fields.
This information can be useful in designing
fertility programs, weed control programs and
in making crop replacement decisions on an
individual field basis.
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