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ABSTRACT

The long-term viahility of the sugar industry depends upon finding ways to produce sugar more
economicaly through production management decisons which can reduce production costs or increase
returns. Harvest scheduling is one such practice whichhas adirect impact onnet farm returns. Sugarcane
cultivarshave digtinct sucrose maturation curves, which may vary up or down from year to year depending
uponwesther and other factors. A study was conducted on acommercia sugarcanefarmto predict sugar
per acre across the harvest season and to devel op a programming model whichcould determine the order
of harvest of fiddsonthe farm which would maximize total sugar produced and net returns above harvest
costs. Optima adjustment of harvest of individud fiddsresulted inincreased sugar yidd per acre and total
farm net returns,

INTRODUCTION

As asugarcane plant matures throughout the growing season, the amount of sucrose in the cane
increases. Mogt of this sucrose production occurs when the plant is fully mature and begins to ripen.
Severa studies have developed modds to predict the sucrose leve in sugarcane. Crane et a. (1982)
developed a stubble replacement decison model for Forida sugarcane producers. They reported that
sugar accumulationis afunctionof both sucrose accumulaionand vegetative growth. The study suggested
that the accumulation of sugar may be approximated as a quadratic function of time. Chang (1995), in
research on Taiwanese sugarcane cultivars, suggested that individud cultivars have distinct sucrose
maturation curveswith different pesk levels. The study concluded that the sugar content of acultivar could
be predicted as a function of time with reasonable accuracy and that the within-season trend of sucrose
accumulation follows a second order curve.
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During the harvest season, second stubble and older stubble fields are usudly harvested firgt,
followed by more recently planted fidds, firgt stubble and thenplantcane. Within thisgenera order of crop
harvest, producers attempt to estimate the sugar content of cane in thefield in order to harvest fidlds a a
point where the sugar content in the caneis at or near amaximum. If individua sugarcane cultivars have
disinct sucrose maturation curves, which may vary up or down from year to year depending upon westher
and other factors, then the sugar content of individua fields could be incorporated into a modd which
would determine an optima order of harvest for dl fidldsona particular farm, whichwould maximize totdl
sugar produced (or total net returns received) on the farm.

Applications of crop harvest scheduling modes utilizing some type of operations research
procedure are most common in the timber indusiry. Most of these gpplications involve the use of either
linear programming or smulationmodels. Recent studies have investigated the use of Monte Carlo integer
programming (Nelsonetd., 1991; Daust and Nelson, 1993), bayes an concepts (Van Deusen, 1996), and
tabu search procedures (Brumdle et d., 1998). Severa studies have developed crop growth modelsto
predict the harvest date of agricultural crops (Lass et d.,1993; Mdezieux, 1994; Wolf, 1986). However,
most of thesestudies utilize optimal harvest decisionrules based upon agronomic characteristics of the crop
rather than economic principles.

Severa studies have addressed various aspects of sugarcane productivity and harvest operations.
Two studies have eva uated the economics of sugarcane stubble crop replacement inHorida(Crane et d.,
1982) and Louisana (Sdlass and Milligan, 1997). These studies evaluated the optimal crop cycle length
by comparing annudized future net returns from replanting to estimated returns from extending the current
crop cydefor another year. Semenzato (1995) devel oped asmulation adgorithm for scheduling sugarcane
harvest operations at the individud farm level in such a way that the lapse of time between the end of
burning and processing isminimized. The modd caculaied the maximum Sze of a fidd which could be
harvested and have dl of its cane processed within aspecified period of time. This study focused on farm
gze and equipment availability in order to efficiently utilize limited resourcesin atimely manner. A recent
study in Audrdia did determine optima sugarcane harvest schedules which maximized net returns usng
mathematica programming procedures (Higgins et al., 1998; Muchow et a, 1998). However, the
modeling framework in this study encompassed many farms within a production region over amulti-year
harvest period. Furthermore, the smallest unit of time within the harvest scheduling mode was one month.

The purpose of this study was to develop a methodology for the incorporation of within-season
sucrose accumulation in sugarcane into an optimal Sngle-season, daily harvest scheduling modd at the
individud farm level. The objective of the generd modding procedurewasto capture the dynamic effect
of sucrose accumulation during the growing season and to utilize thisinformation, within a mathematicd
program modding framework, in determining when specific sugarcane fiddsshould be harvested in order
to maximize total farmnet returns. Datafor thisanalysiswere obtained from Agricultural Research Service,
USDA experimenta research tests conducted in Louisiana over severd years. Sucrose levels were
estimated as a functionof time for mgjor cultivars currently produced commercidly inthe state. Thesedata
were then incorporated into a mathematical programming modd which determined an optima harvest
schedule which maximizes whole farm net returns for a given farm Stuation.  Production and harvest data
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collected from acommercid sugarcane farm in Louisanain 1996 were used to evauate the ability of the
modeling procedure to improve farm returns through adjustment of the actua harvest schedule.

MATERIALSAND METHODS
Sugar Prediction Modés

The amount of raw sugar in afield of sugarcane isa function of severd variables. Two important
measures of sugarcane yidd include tons of sugarcane per acre and pounds of raw sugar produced per
acre. The rationship between sugar per acre and factors which influence it can be stated smply as
follows

1) S, = TRSx TONS = TRS x POP x STWT

where S, istotal pounds of raw sugar per acre, TRS s theoretica recoverable sugar in pounds of sugar
per ton of cane, TONS isthe tons of sugarcane produced per acre, POP is the per acre population of
sugarcane saksin the fidd, and STWT isthe stalk weight. Although the population of sugarcane stalks
within afield can be assumed to be congtant throughout the harvest season, the same assumption cannot
be made for the other factors in the relationship. Theoretica recoverable sugar and stalk weight both
increase asthe harvest season progresses. In order to incorporate this yield increase within awhole-farm
mathematica programming harvest scheduling model, estimates must be obtained for the predicted leves
of each of these factors for each variety of sugarcane produced on the farm for every day of the harvest
Season.

Sucrose maurity data developed at the ARS, USDA Sugar Cane Research Unit in Houma,
Louisana wereused in the andysis. Stalk weight and sugar content of the commercia sugarcane cultivars
grown in Louigana were sampled at intervals during the harvest season from 1981 to 1996. The data
included measurements of theoretical recoverable sugar, sugar per dak and stak weight by julian date for
3 1016 years, depending upon variety. The harvest season for sugarcane in Louisana has higtoricaly run
fromthe firg of October through the end of December. Observationsfor each commercid cultivar ranged
from julian date 255 to 346 or gpproximately the middle of September through the middle of December.
The age of the crop (plantcane or stubble) was aso included.

Modes were estimated for gak weght 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 research suggests that
aquadratic model can be used to model sugar accumulation (Crane et d., 1982). Graphicd andysis of
both the stalk weight as well asthe sugar per stalk data suggested that these variables could be estimated
using asemi-log functiond form. Biologicd response functions of stak weight and sugar per stalk were
estimated for each cultivar asfollows

95

) STWT, = B, + B, LNID + B, CROP+ Y. B, YEAR + ¢

i=81
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3) SPS, = o + &t LNJD + o, CROP + X o, YEAR, + €

i=81

where STWT, represents stalk weight in pounds per stalk of cultivar ¢ on day t, SPS; represents sugar
per stak in pounds of cultivar ¢c on day t, LNJD isthe naturd log of julian date (numeric day of the year),
CROPisa(0,1) indicator variable representing crop age as either plantcane or stubble crop, and YEAR,
represents discrete indicator varigbles for different years. Only two categories of the indicator varigble
CROP were included in the modd as stubble crops for a given variety generdly have similar sucrose
accumulation levels regardless of crop age. Thesestubble crop sucrose levels, however, are Sgnificantly
different than plant cane sucrose levels. The annud indicator variables for year were included to capture
the relaionship that sugarcane cultivars have digtinct sugar accumulation curveswhichghift verticaly from
year to year depending upon westher and other factors. The base year for comparison in this estimation
was 1996 and the indicator variables served the purpose of adjugting the sugar accumulation curve to
factorsinagivenyear by shifting the intercept of the prediction equation. All moddswere esimated usng
SAS (SAS Indtitute, verson 6.12). The estimates of alk weght and sugar per sak were combined with
gtak populations to estimate cane and sugar yield for each field.

Egtimated modds of stalk weight and sugar per stalk for each sugarcane cultivar are shown in
Tablesland 2. Julian date (LNJD) and crop age (CROP) were found to be highly significant in the salk
weght prediction modes (Table 1). Pogtive sgns on the julian date varigble indicate that salk weight
increases throughout the harvest season. The signs on the significant crop age variables were negative, as
expected, indicating that galk weght tendsto be greater for plantcane crops than for older stubble crops.
Coefficients of determination for specific variety modds ranged from 0.36 to 0.81. In severa of the
estimated equations, indicator variablesfor years were sgnificant, whichimpliesthat the salk weight growth
curves vary from year to year depending upon weether and other factors. Similar results were found for
the sugar per gk predictionmodds (Table 2). Julian date was highly sgnificant with positive coefficients
indicating sugar accumulationincreases during the harvest season and crop age was found to be Sgnificant
ingx of the sevenequations estimated. The sign on the estimated coefficient for crop age was negdtivein
each of the Six equationsin which it was sgnificant. Coefficients of determination were very high in the
sugar per stalk models ranging from 0.86 to 0.90. Durbin-Watson tests for autocorrelation ether failed
to rgject the hypothesis of no autocorrelaionor wereincondusive, indicating thet the error terms from the
mode predictions were not seridly correlated. The Whitetest for heteroskedadticity (White, 1980) failed
to rgect the hypothesis of homoskedadticity for each cultivar tested, indicating that error terms from the
model predictions have a constant variance. The absence of autocorrelation and heteroskedasticity
indicated that the estimated parameters in the prediction modds were efficient (minimum variance)
estimators.

Farm Leve Production Estimates

A sample data set was developed from information collected from a commercia sugarcane farm
in Louisiana for the 1996 harvest season. Characterigtics of the farm are presented in Table 3. Stalk
number estimates were collected on September 18-19 and October 2, 1996 fromeach of the fiddsonthe
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farm. The number of samplestaken per field depended upon the size of thefield, but atarget of one count
wastakenfor every one and hdf acres. Inarandomly sdlected areaof thefield, atwenty-fivefoot distance
was messured between the middle of two rows. Then, the number of millable stalks within that distance
wascounted and then converted to an estimate of stalk populationnumber per acre and fidd. Samplegak
counts for each fidd were thenaveraged to estimate a mean stalk population per field. Ten-stalk samples
were cut fromrandomly sdlected locations in eachfidd on October 7 and 9, 1996. Each stak samplewas
weighed and milled to obtain a juice sample for andyss. The average stalk weight and estimated
theoretical recoverable sugar fromthe juice andyss were combined withfidd information to develop stalk
weight and sugar per stalk measurements by field.

Prediction modes of stalk weight and sugar per stalk were then adjusted to the 1996 crop year.
This adjustment was incorporated into each prediction model as a pardld shift in the intercept. Stalk
weaght and sugar per gak were then estimated for each day of the harvest season usng the estimated
prediction models with adjusted intercepts.

Edtimates of tons of sugarcane per acre and pounds of raw sugar per acre were caculated by
multiplying stalk weight and sugar per stk by stalk population as follows:

4 CANE, = POP; x STWT, / 2000
(5) SUGAR; = POP; x SPS;

where CANE; is the estimated tons of sugarcane per acreinfidd f onjuliandate t, POP; is the estimated
gak population per acrein fidd f, STWT, isthe estimated stalk weight in pounds for cultivar ¢ on julian
date t, SUGAR; is the estimated pounds of raw sugar per acrein fidd f on julian datet, and SPS; isthe
estimated sugar per ak in poundsfor cultivar ¢ on juliandate t. Egtimated yields per field were then
adjusted for fidd conditions (recovery and trash) and differences between theoretical recoverable sugar
and commercia recoverable sugar asfollows:

(6) ADJCANE; = CANE; x (1+TRASH) x FIELDRECOVERY;
(7) ADJISUGAR; =SUGAR; x 0.8345 x SCALEFACTOR

ADJCANE; represents the tons of sugarcane actudly harvested fromthe fidd and ddlivered to the mill for
processing. TRASH; is a percentage estimate of lesf maiter and other trash in the harvested cane, and
FIELDRECOVERY; is a percentage estimate the amount of sugarcane in the field actudly recovered by
harvest operations. Estimated levelsof trash and field recovery were determined on anindividud field basis
fromproducer information. ADJSUGAR;, represents the actua pounds of raw sugar recovered fromthe
processed cane. Theestimated sugar yiddismultiplied by astandard factor (0.8345) to convert theoretica
recoverable sugar into commercidly recoverable sugar. This standard is used by sugar millsto estimate
recovery since the actual liquidation factor will not be known until the end of season. Accounting for
differences from the laboratory anaysis to the fidds, the estimated sugar per field is reduced by ascade
factor. The assumed scale factor is 92%.
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Mathematical Programming Formulation

The determination of a harvest schedule was formulated as a linear mathematica programming
moded which maximized producer net returns above harvest costs over total farm acreage. Farm returns
were derived from the sale of sugar and molasses|ess a percentage of the total production as a“ payment-
in-kind” to the factory for processing and a percentage of the producer’ s share paid to the land owner as
rent. Since preharvest production costs were assumed to be independent of harvest operations, only
harvest costswereincluded inthe modd. Harvest costswere assumed to be afunction of thetotal tonnage
of sugarcane harvested. The objective function for the model was defined as follows.

(8) Z:(Ps B Sp) + (Pm X Mp) - (Ch o Tt)

where Z represents total farm leve producer net returns from sugar and molasses production above
harvesting costs, P represents the price received per pound of sugar (cents per pound), S, is the
producer’s share of sugar produced (pounds), Py, is the price of molasses (dollars per galon), M, isthe
producer’ s share of molasses (gdlons), C;, isthe cost of harvesting sugarcane (dollars per ton), and T, is
the total tons of sugarcane harvested.

The functiond congtraintsinthe model consi st of two setsof binding constraints and severd transfer
rows. The fird three functiona congraints are transfer rows that accumulate the total pounds of sugar
produced, tons of sugarcane harvested, and gallons of molassesrecovered, respectively. Thefirgt set of
binding congtraints forces the mode to choose each fidd exactly once during the harvest season. The
moded can harvest any percentage of a fidd on any available day. Harvest of individud fields were
restricted to certain defined periods, based uponcrop age, by induding estimated daily sugar accumulation
for only the days during which harvest of the fidd is permitted. The second set of binding congtraints
createsadally limit onthe tons of sugarcane that may be harvested in oneday. Each day hasacongraint
row that limits the tons of cane harvested to less than a specified daily quotaamount. The model can be
expanded to handle any number of fidds, and the days avalabdle for harvest can be customized to any
particular harvest season length.

RESULTSAND DISCUSSION

Two different harvest scenarioswere solved by the harvest scheduling model. Thesolution results
for each of these two scenarios are showninTable 4. The firgt solution represents results from smulating
the producer’ sactual daily harvest schedule. After the 1996 harvest season ended, the producer provided
informationon the specific day each fidd was harvested as wdll as actua sugar yiddsobtained. Theactua
harvest schedule solution in Table 4 is based on the date of actua harvest by field and the predicted
sugarcane and sugar yields from the estimated prediction models. Sugarcane (tons) and sugar (pounds)
yields per acre achieved by the producer closdy matched predicted yieds from the estimated models.
Predicted total sugarcane productionwas 16,964 tons of sugarcane compared to the actua production of
16,639 tons reported by the producer. Estimated producer returns above harvest cogts for the actua
harvest schedule were $326,771. Average sugarcane yidd over the whole farm was 30.5 tons per acre,
resulting in an average sugar yield of 5,573 pounds per acre.
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A second harvest scheduling model was solved for asolution in which harvest dates for individua
fields were condtrained to specified intervals. In Louisana, sugarcane harvest begins with fields which
contain the oldest stubble crops (second-stubble and ol der), then proceeds to younger, first subble crops.
All stubble crop fiddsare usudly harvested first. Within each stubblegroup, varigtiesareusudly harvested
in order of maturity class very early, early, and mid-season (Faw, 1998). Findly, fields containing
plantcane whicharebeing harvested for the firg time are harvested at the end of the harvest seasoninorder
to avoid damage of future stubble cropsfromearly harvest. Plantcanefid dsareusualy harvested beginning
with varieties that deteriorate rapidly after afreeze and end with harvest of varieties that deteriorate at a
dower rate after afreeze (more freeze tolerant). An additiona consideration which impacts the harvest
schedule is soil type. Extended periods of rain during the harvest season makes harvest of sugarcane on
heavy textured clay soils difficult. Harvest operations on excessvely wet fields containing clay soils can
severdy rut a fidd and possibly damage the stubble crop which would be harvested the fallowing year.
Asaresult, fiddscontaining heavy textured clay soils would generdly be harvested beforefieds containing
lighter textured sandy soils.

Inthe constrained harvest modd, possible harvest dates were specified for eachfidd inthe sample
data set which conformed to traditiona harvesting practices. Generdly stated, these harvest date ranges
began with second-stubble harvest beginning on October 1% and continuing into November, first-stubble
harvest beginninginlate October and continuing through November, and plantcane harvest beginninginlate
November and continuing through the end of December. Harvesting periodsby crop agein the constrained
harvest model were a so adjusted for soil type. The resulting defined harvest periodsincluded in the model
wereasfollows (a.) October 1- Novemberl: second-stubble and older crops, dl soil types; (b.) October
20 - November 15: first-stubble crops, heavy soil; (c.) October 25 - November 25: first-stubble crops,
mixed soil; (d.) November 1 - December 31 first-stubble crops, light soil; (e.) November 25 - December
31: plantcane crops, heavy soil; (f.) December 1 - December 31: plantcane crops, mixed soil; and (g.)
December 10 - December 31: plantcane crops, light soil. These defined harvest periods were based on
the distribution of soil types on the particular farm being andyzed. A farm with a different distribution of
s0il typeswould probably have had adightly different set of defined harvest periods.  Solution results from
this modd indicated that sugar production and net returns could be increased with relatively minor
adjusments to the actud harvest schedule. Optima adjustment of harvest of individua fidds resulted in
a projected increase in total farm net returns of $17,360, or goproximatdy $31 per harvested acre.
Average harvested yidd of sugarcane increased by 0.7 tons per acre resulting in an increase in average
sugar yidd per acre of 263 pounds. Analysis of individud field results indicated that the optima harvest
date changed anaverage of 13 days from the actua harvest date with some fields being harvested earlier
and other fields harvested later in the season.

One factor which would have an effect onoptima harvest schedule determinationto maximize net
returns would be related to harvest travel costs. Harvest travel cog, i.e., the cost of moving sugarcane
harvesting equipment from one field to another on the farm during the harvest season, would sgnificantly
impact net returns above harvest costs for faams on which individud fields are located a considerable
distancesfromone another. Although harvest travel costswere not included in theanalysis presented here,
they should be considered when comparing dternative harvest schedules with the purpose of maximizing
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net returns. The relevant cost measure to congder in this decision analyss would be the change in travel
costs among different schedules. For aspecific change fromone harvest schedule to another, this change
intravel cost could be pogtive or negative. Incluson of travel cogsin the andyss should be considered
in awhole farm basis. Whole farm harvest travel costs can be minimized by redtricting harvest of fidds
within close proximity to each other to one defined harvest period and redtricting fields in another locality
to adifferent harvest period.

CONCLUSIONS

The long- termviahility of the sugar industry will depend uponfinding ways to produce sugar more
economicaly through reduction of production costs and eficient management of available resources.
Maximizing net returns for awhole farm, rather than trying to produce the maximum amount of sugar per
field, should be the primary god of producers. The purpose of this study was to develop amethodology
to asss in scheduling the sequence in which sugarcane fields are harvested to maximize producers
economic returns. Models which predicted stalk weght and sugar per stk by cultivar were estimated as
afunction of julian date and crop age aswell asindicator variables representing years of production with
different growing conditions. These mode s were then used to predict sugar yidds by cultivar and field for
asample fam. Theoptimizationlinear programming mode used the estimated accumulation of stalk weight
and sugar per gdk with fidd informationto generateyidd predictions. The predicted yields were used to
select aharvest schedule subject to congtraints that maximized producer net returns above harvest cost.

The ability to predict sugarcane tonnage and raw sugar yiedsalowsproducers and mill personnel
to moreeffectively plan the harvest of a sugarcane crop based onthe current satus of that crop. Thetype
of harvest scheduling model devel oped here, dthough somewhat complex, could be standardized to dlow
for easy imputation of sucrose and tonnage accumulationdataaswdl asindividud farmdata. A producer,
or crop consultant, could potentialy analyze the yield of each cultivar of sugarcane in the farm’s crop mix
and make decisions concerning harvest aswdl as future plantings. Optimization of harvest schedulescould
potentialy recover more sugar from the fields, which directly increases the sugar recovered by the mills
Knowledge of the sze and maturity stage of the crop could alow mills to more effectively assgn ddivery
guotas among producers and plan the harvest schedule to maximize sugar production. Interest in site
gpecific farming using globa positioning satdlites (GPS) and globa information system (GIS) is growing
among sugarcane producers, but the limiting factor isthe ability to aitribute yidd to location. The mode
developed in this study dlows for the possibility of predicting sugar yidd for individud fields. This
information can be ussful in desgning fertility programs, weed control programs and in making crop
replacement decisions on an individua field basis.
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Table 1. Parameter Estimates for Stalk Weight Prediction Moddls
Sugarcane Varieties
VAR LCP LHo CP CP CP CP LCP
82-89 83-153 79-318 70-321 65-357 72-370 85-384
INT 7717+ -6.747+* -8.868** -6.672¢*  -6.884** -5.550%* -9.192+*
(-5.10) (-4.68) (-6.51) (-6.92) (-6.92) (-6.34) (-353)
LNJD 1.805+* 1.621%* 2.040** 1.652+* 1.718** 1.441%+ 1.988+*
(6.81) (6.41) (8.57) (9.82) (9.89) (9.40) (4.35)
CROP -0.373+* -0.312+* -0.295+* -0.330**  -0.352** -0.389+* -0.158
(-7.46) (-6.56) (-6.50) (-10.27) (-10.53) (-13.44) (-1.89)
1981 - - - 0.190** 0.097 0.107 -
(2.56) (1.32) (1.47)
1982 - - - 0.091 -0.204%* 0.013 -
(1.19) (-3.85) (0.17)
1983 - - - -0.154**  -0.372** -0.109 -
(-2.02) (-4.86) (-1.46)
1984 - - - -0.233** 0474 -0.090 -
(-3.13) (-6.39) (-1.22)
1985 - - - -0.215**  -0.610** -0.152+* -
(-2.90) (-8.27) (-2.09)
1986 - - - -0.227%*  -0.397** -0.144* -
(-3.06) (-5.37) (-1.98)
1987 - - -0.347+* -0.483**  -0.509** -0.392+* -
(-353) (-5.80) (-6.07) (-4.89)
1988 - - -0.055 0.001 -0.181%* -0.138* -
(-0.64) (0.02) (-2.46) (-1.89)
1989 - - -0.101 0.092 -0.037 0.016 -
(-113) (1.20) (-0.48) (0.22)
1990 0.214** - 0.187** 0.259** 0.034 0.212%* -
(2.55) (2.15) (3.50) (0.41) (2.91)
1991 -0.862+* -0.813+* -0.637+* -0.981**  -0.985** -0.805** -
(-9.99) (-10.65) (-7.12) (-12.79) (-12.87) (-10.77)
1992 -0.459+* -0.372+* -0.317+* -0.483**  -0.572** -0.364** -
(-5.47) (-5.02) (-3.64) (-6.52) (-7.75) (-5.00)
1993 -0.374** -0.400** -0.375+* -0.280**  -0.359** -0.293+* -
(-4.46) (-5.40) (-4.31) (-3.77) (-4.87) (-4.03)
1994 -0.009 -0.160** -0.025 -0.098 -0.287** -0.109 -0.061
(-0.11) (-2.15) (-0.29) (-1.32) (-3.89) (-1.49) (-0.62)
1995 -0.161* -0.130* -0.081 -0.000 -0.222¢* -0.116 0.061
(-1.92) (-1.75) (-0.93) (-0.01) (-3.01) (-1.59) (0.62)
Adj. R 0.81 0.79 0.73 0.80 0.78 0.80 0.36
n 72 62 98 158 158 153 36
DW 1.77 2.03 1.89 1.94 2.25 1.84 2.42
White prb 0.34 0.89 0.74 041 0.34 0.87 0.36
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Notes: Numbersin parentheses are t-values. Single and double asterisks (*) denote statistical
sgnificance at the 10% and 5% levels, respectively, n isthe sample sze, DW is the Durbin-Watson
datigtic, and White prb is the probability level of the White test for heteroskedadticity.
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Table 2. Parameter Estimates for Sugar per Stalk Prediction Models
Sugarcane Varieties
VAR LCP LHo cP cP cp cP LCP
82-89 83-153 79-318 70-321 65-357 72-370 85-384
INT -3.511%* -3.206%* -4,064** -3.470%* -3.932+* 2,442+ -4,081**
(-18.62) (-14.40) (-24.19) (-25.99) (-29.80) (-19.95) (-15.74)
LNJD 0.664** 0.626%* 0.764** 0.663** 0.741%* 0.486%* 0.757%*
(20.08) (15.58) (26.05) (28.49) (32.17) (22.68) (16.64)
CROP -0.024** -0.014* -0.017+* -0.029** -0.027+* -0.041** 0.004
(-3.86) (-1.86) (-2.96) (-6.54) (-6.12) (-10.07) (0.43)
1981 - - - 0.018* 0.027** 0.010 -
(1.77) (2.70) (0.96)
1982 - - - -0.011 -0.037+* -0.009 -
(-1.00) (-3.60) (-0.86)
1983 - - - -0.028** -0.022+* -0.035** -
(-2.62) (-2.17) (-3.37)
1984 - - - -0.041** -0.042+* -0.021** -
(-3.93) (-4.31) (-2.04)
1985 - - - -0.037** -0.052* -0.034** -
(-3.65) (-5.29) (-3.35)
1986 - - - -0.032** -0.003 -0.022+* -
(-3.09) (-0.32) (2.15)
1987 - - -0.005 -0.033** -0.008 -0.038** -
(-0.44) (-2.87) (-0.68) (-3.40)
1988 - - -0.004 -0.006 -0.004 -0.022+* -
(-0.35) (-0.56) (-0.44) (-2.20)
1989 - - 0.001 0.003 0.028** -0.014 -
(0.12) (0.26) (2.81) (-1.34)
1990 0.011 - 0.005 0.006 0.009 0.003 -
(1.06) (0.46) (0.58) (0.80) (0.33)
1991 -0.097** -0.113+* -0.070** -0.147** -0.079** -0.108** -
(-9.02) (-9.36) (-6.32) (-13.85) (-7.76) (-10.34)
1992 -0.034** -0.044** -0.017 -0.047** -0.014 -0.047+* -
(-3.27) (-3.74) (-1.58) (-4.54) (-1.43) (-4.58)
1993 -0.047+* -0.064** -0.039** -0.049%* -0.012 -0.033** -
(-4.54) (-5.42) (-3.68) (-4.79) (1.20) (-3.29)
1994 0.004 -0.020 0.012 -0.021** -0.008 -0.011 -0.008
(0.35) (-1.66) (1.11) (-2.05) (-0.78) (-1.04) (-0.84)
1995 -0.019* -0.017 -0.008 0.005 -0.015 -0.014 -0.005
(-1.79) (-1.43) (-0.76) (0.49) (1.50) (-1.41) (-0.46)
Adj. R 0.89 0.86 0.90 0.89 0.89 0.86 0.89
n 72 62 98 158 158 153 36
DW 2.01 2.44 2.13 1.99 2.23 1.88 2.74
White prb 0.37 0.39 0.86 0.20 0.82 0.74 0.14

Notes: Numbersin parentheses are t-values. Single and double asterisks (*) denote statistical
sgnificance a the 10% and 5% levels, respectively, n isthe sample Sze, DW s the Durbin-Watson
gatigtic, and White prb is the probability level of the White test for heteroskedadticity.
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Table 3. Sample Farm Acreage and Production Characteristics

Farm data:
Fam sze (harvested acreage)  556.9
Number of fidds 112
Smallest fidd (acres) 0.3
Largest field (acres) 19.6

Vaiety data
LCP82-89 plantcane 1fidd 1.3 acres
LCP82-89 dubblecrop 13fidds 44.0 acres
LHo0 83-153 plantcane 2fidds 6.7 acres
LHo0 83-153 dubblecrop  6fidds 31.8 acres
CP79-318 dubblecrop  4fidds 14.2 acres
CP70-321 plantcane 12 fidds 74.2 acres
CP70-321 dubblecrop 43fidds 228.9 acres
CP65-357 dubblecrop  7fidds 38.0 acres
CP72-370  plantcane 3fidds 13.6 acres
CP72-370  dubblecrop 14fidds 61.7 acres
LCP85-384 plantcane 5fidds 37.3 acres
LCP85-384 dubblecrop  2fidds 5.2 acres

Table4. Comparison of actua harvest schedule with optima harvest schedules

Actua harvest schedule! Congtrained optimal
Solution Summary harvest schedule
Returns above harvest costs $326,771 $344,131
Returns above harvest costs per acre $587 $618
Tota sugar (pounds) 3,103,709 3,250,056
Tota cane (tons) 16,964 17,373
Tota molasses (gdlons) 90,008 94,252
Acres 556.9 556.9
Average CRS (pounds sugar/ton) 183.0 187.1
Sugar per acre (pounds) 5573 5,836
Cane per acre (tons) 30.5 31.2

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