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Abgract

In this study an attempt has been made to determine the factors affecting the efficiency (capacity) of a cotton picker owned by a cotton producers
group and their implications upon the cotton area harvested and the harvesting cost. For that purpose, agiven machinewith certain specifications has
been employed and a model incorporating the relevant factors, stochastically and deterministically, has been developed and used to simulate the
harvesting process and cal cul ate the cotton areaand cost, by using average weather and other relevant data. Beyond that by employing the sensitivity
analysisthe response of the model to systematic changesin parameter values and/or input variables over some range of interest were studied. The
results showed that picker efficiency is primarily affected by weather conditions (precipitation and rainfall amount) and secondarily by crop
moisture content, harvesting season length, machinereliability, traveling time between fields, etc.
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Introduction

In recent yearstheimportance of machinery management decisions
has substantially increased. This is particularly truth for high

capacity machines as cotton pickers, combine harvesters, sugar
beet harvesters etc. 1 15 %, Cotton growers have to answer

guestions regarding the type of cotton pickers and transport

systemsthey need, the factorsrelating to picker performance and
their interrelationshipsin order to maximize picker capacity and
minimize harvesting costs°. Cotton producers haveto makethese
decisions in an uncertain environment as adverse weather

conditions and other factors may delay harvesting and reduce
yield or quality of cotton. A standard procedure should be

developed to help farmersmaketheir critical management decisions
for optimizing their returns.

It iswidely known that a precise estimate of cotton harvesting
cost requires accurate knowledge of the variablesthat influence
it. Thisisnot easy to achieve, asmost of the cost calculationsare
based on “guesstimates’ only. The actual cost of using a farm
machineisnever known until themachineissold or worn out. The
situation is further aggravated due to the rapid changesin price
and technology. However, an estimation of the area harvested
and the corresponding harvesting cost, should be a useful guide
for determining the maximum acreage handled by acotton picker
at the minimum harvesting cost °-%,

Simulation technique has been widely used in many disciplines
such as aerospace, electronics, business studies, economics etc. by
many researchers for solving various complex problems 2. 3L 3858,
In agricultural economics simulation technique is increasingly
used covering many typesof farming, variouscropsand harvesting
operations, cotton harvesting, grain harvesting ect., particularly
when uncertainty isinvolved. Jonesat al. %, developed and used
amodel to simulate the harvesting management decisions on an
individual farm basis and to determine harvested area and cost.
Joneset al. ** used asimulation model to determine the optimum

timefor cotton harvesting when al bollsin thefield, open and not
open, were harvested for getting the higher grossreturn. Baskin
and Sistler 5 used also a computer model to estimate the harvest
cost as a function of the number of trailers needed for cotton
transporting. Chen et al. ° developed a cotton harvesting and
ginning model for afarming community, whileMcClendon et al.**
used alsoamode for scheduling harvesting operationsfor maximum
returns. Other researchers® developed amodd for cotton harvesting
decisions based on fixed annual use of the equipment aiming at
estimating net revenuesfor threeweather scenarios, while Ozkan et
al.* usedasmulation mode to determinefield machinery timeliness
cost in corn production. Chen et al. *° developed a simulation
model of cotton harvesting and handling systems, consisted of a
number of harvesters, module buildersand boll buggies, to study
the interactions of harvesting and handling requirements with
machinery costs, weather and cotton quality.

De Toro and Hansson % used simulation models for field
machinery operationsto determinetotal costsfor seven machinery
sets and to quantify timeliness costs and their annual variations
for machinery co-operatives. Many other researchers have used
simulation models for machinery selection 212 16.17.41, 43,49, 51-53

The objective of the present research was the devel opment and
use of a simulation model to study cotton harvesting process,
based on daily status of crop and soil workability for a series of
years, and to determine the least cost area handled by a cotton
picker, owed by a cotton producers group, under weather
conditions prevailing in the study area of Greece.

To fulfill the former objectives, the following boundaries-
assumptions were considered relevant for the model: 1) The
harvested period is 52 days, from 25" of September to 15" of
November. 2) The harvesting process commencesin themorning
when crop moisture content falls below 10 percent and stopsin
theafternoon when it reaches againthe abovelevel. 3) The number
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of group cotton fields range from 10 to 50 and vary in their size
and distance from one another, while the cotton acreage varies
from 30 to 110 hectares. 4) Cotton fields are harvested once or
twiceif theyield remaining in the field, after the first picking, is
abovethelevel of 170 kg/ha.

Material and M ethods
System description: The cotton harvesting system consists of
four components: 1) the machine component, 2) the cottoninthe
field, 3) the weather and soil and 4) the harvested area and cost.

1) The machine component consists of acotton picker model of
certain specifications regarding machine horsepower, harvesting
width, basket capacity, etc. The studding harvesting machinein
thisarticleisatwo-row cotton picker, 155 h/pwith abasket capacity
of 1.5tons of seed cotton.

Mechanical cotton picking involvesaset of separate activities,
such as machinetravelling down the row picking cotton, turning
and travelling across the row ends, travelling to and from the
cotton trailer, dumping seed cotton from the picker busket into
the trailer, cleaning out the picker, servicing the picker and
miscellaneous activities (counting therows, filling thewater tank,
talking to farmers and other workers etc.). Only the first of the
aboveactivitiesisthat of accomplishing picking cotton. The other
entire activities, although essential for harvesting, are considered
as non-productive ones. Masnagement of machine operation can
have asignificant influence upon therate of work achieved inthe
field, the cotton acreage and yield harvested, and of course upon
the cost of cotton harvesting

2) Thecotton plantsinthefield range from 100,000 to 150,000
per hectareinrowsof 97 cm apart and aplant height of 70-90cm.
Cotton fields are harvested twice during the harvesting season.
The first picking takes place when 70-80 per cent of bolls are
open, while the second picking occurs when al bolls are open.
Besidethat seed cotton moisture content must be lower than 10%
to prevent quality deterioration, if cotton isgoing to be stored for
some days before ginning. Harvesting season startsnormally from
25" of September and finishes at 15" of November, when farm
machinery and manpower is needed for cereals sowing, before
heavy rains and snows take place.

3) Weather and soil conditions during the harvesting season
play avery important roll. Precipitation occurrences and rainfall
amounts prevent harvesting process for atime period depended
upon the amount of rain, the type of soil, the temperature, the
wind velocity etc. Thus, within the harvesting season the days
suitable for harvesting are restricted more or less every year
according to therainfall occurrence affecting the machine capecity.
Moreover, wet crop results very often in the clogging of the
machine causing damagesand delaysin harvesting. Additionaly,
wet ground causeswhedl dippage, destroying the synchronization
between picking speed and machinevelosity and thisin turnleads
to stripping of unopened bolls and to excessive damage of the
cotton plants %,

4) The area harvested constitutes the model output for every
working day and for the total area harvested at the end of the
season along with the corresponding total harvesting cost, cost
per hectare and per hour based on the data used. By carrying out
asensitivity analysisthe cotton areawith the minimum harvesting
cost could be determined.
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Formulation of the model: The purpose of modeling the cotton
harvesting systemisto facilitate the determination of the optimum
area of cotton to be handled by aharvester machinein afarming
group, as well as the investigation of alternative strategies in
cotton harvesting under various circumstances.

Having defined the boundaries of the system modeled and
specified the objectives to be achieved through the study of the
system; the next step isthe construction of the model to represent
the rea system. Symbolically the model can be presented as
follows

Minimize C=f(X,Y) (1)

where C = the value to the decision-maker of supplementing a
particular policy, X = the controllable variables of the system,
Y = the non-controllable variables, f = the relationship between
the casual factors X and Y and the response variable C, the
harvesting cost. The minimization of C is constrained by the
requirementthat X >0andY >02,

The model is a simplification of the complex real situation
showing the performance of the system and used as a means by
whichthevalue C, harvesting cost, can be estimated for any given
combination of X and Y. In other words, it can be considered
simply as a procedure presented in a symbolic form and
programmed for acomputer to carry out prediction processesfor
any level of the controllablevariables??. According to Mihram 3,
“a simulation model may be viewed as an input-output device
which produces a response (output), corresponding to a given
set of environmental conditions (input)”. Theterm“ environmental
conditions’ comprisesvarious sets of elements, initial conditions
and policies that are applicable to the actual system, which the
model ismimicking. Therefore, different harvesting policiesand
cotton areas can be evaluated in terms of harvesting cost to
determinethelevel of acreage, which givesthe minimum cost.

The overall research procedure of the model used in this study
isoutlinedin Fig. 1. Ascan be seen themodel simulatesthe annual
harvesting operation, which isthe central feature of thisresearch
technique based on a sequence of daily operations. These
operations make themodel operateinamanner similar to an actua
cotton harvesting system.

The program first reads the initial conditions of the system:
number of machines used, information about machine costs,
number of harvests per field, the level of crop moisture content,
picker basket capacity, selling price of thecrop, yield losses, pendty
charge, number of yearsto besimulated, therange of fields, harvest
starting and finishing dates etc. Subsequently, the program reads
a number of tables about the acreage, yield level, row length,
rainfall amount, working or not days etc. The model assumesthat
harvesting commences on the 25" of September each year, if this
day has been classified as working day. If not the program
advances to the next day and so on, until aworking day arrives
when the harvesting startsand continue until the 15" of November.

Themodel goesfrom day to day estimating the crop lossfor the
yield unharvested and determinesthetimefor starting and ending
harvesting for the day and commencesthe harvesting processfor
thefirst selected field. The harvesting procedure continues unless
thefield is completed or a breakdown occurs. In thefirst case a
new field is sel ected and harvesting continues, whilein the second
one atime interval for repairs is generated and the harvesting

215



__sar D
‘STECIFYINITI/-\LCONDITIO!\*S{
A 4

YEAR=YEAR+1

Y
» FIELD=FIELD +1

L2
[ ] GENERATEYIELD FORTHEYEAR | |

DETERMINE WORKING DAY'S

v
REPLICATE=REPLICATE+1 e

-

v
\ SETHARVEST STARTING DATE \

7
BREAK DOWN OCCURANCE
NO |

> DAY =DAY+1
A
CALCULATE CROPLOSS
\
A 4
- NO WORKING DAY ?
YES
v
UPDATETIME
I
YES HASHARVEST COMPLITED A FIELD?
‘ ‘SELECTA NEW FIELD ‘ ‘ NO
| |CALCULATTRAVELTIME |21 ¥ HARVESTERHARVESTS 1

YES | |CALCULATERERAIR
TIME
]

YES

\ ‘DUMPHAR\/ESTE? \ }4 DUMPLING TIME

NO
NO END OF THE DAY

& YES
DUMPHARVESTER

| WRITEDAILY HARVEST SUMMARY] |

END OF SECOND HARVEST?
¢ NO
SEASON OVER?
v YES

NO

YES

[] CALCULATE PENALTY COST

l«

LAST REPLICATE

NO

YES

SUCCESSFUL, SUMMARY
Y

NO

MAX FIELD NUMBER?
YES

‘ ‘WRITEYEALYHARVESTSUMMARY ‘ ‘

LAST YEAR?

NO

+ YES

‘ FETERMINEFIELD NUMBER & AREA WITH MINIMUM AVERAGE COST ‘ ‘

v

WRITE FIELD NUMBERWITH MINIMUM AVERAGE COST

STOP

Figure 1. Flow chart of the cotton harvesting model.

starts again when the machine has been repaired. Each time that
the picker basket isfull themachinetravelsto awaiting trailer and
dumpsthe seed-cotton harvested so far into thetrailer and returns
to the field to continue harvesting.

The system statusis updated every 0.10 hours until the end of
the day, when it produces a summary of the day’swork. Then it
startsthe next day and so forth until the number of plots hasbeen
harvested or the 15" of November has been reached, whichever
comes first. If picking has not been completed by the 15" of
November al the unharvested yield is assumed to be lost and a
penalty chargeisincurred. Hereall costsinvolved, areaand yield
harvested etc., and other economic results are calculated and a
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summary is printed out asthe model’s output. The program then
continues with the next number of plots and so forth until the
range of plotsis completed. An upper limit of 50 plots and 110
hectares has been taken. Thus, for each year a series of runsfor
various numbers of plots, acreages, crop yields, and distances
between fields are carried out, and the associated harvesting costs
for each number of plots are obtained. The same procedure is
repeated for 20 years of simulated weather data, and the outputs
of al theyearsarethen analyzed and eval uated interms of cotton
acreage and the harvested cost. By comparing the successive
cotton acreage levels or number of plots and the respective
harvesting cost received it is easy to find the area of cotton
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harvesting which woul d optimize (minimize) the objective of the
function.

Thus, the use of this model permits some insight into the
interaction of the components of the harvesting system and allows
alternative input data or policies to be evaluated. Within this
framework, an attempt to eval uate the effects of weather (rains),
plotsdistances, length of harvesting season, machine breakdowns
and crop moisture content level has been undertaken.

Machine component: The progressive decrease of day length
from September to November, themachinemovefromfieldtofield
during the day, the machine breakdowns, and thetime needed for
unloading the cotton into thetrailers, thetime spent turning at the
rows end, the cleaning and servicing the machine time etc. are
some of the factors affecting also the picker capacity and have
beenincluded inthe model.

Theday length at the beginning of harvesting (25" of September)
isabout 12 hours and progressively reducesto 5 hoursat theend
of the harvesting season (15" of November). Thisdecrease of day
length has been included in the model deterministically, based on
the relevant equation derived from empirical data stem from the
study area.

The machine movesfromfield tofield during the day accounting
for 10 percent loss of thetime, along withthetimelossfor machine
breakdownsand repairs amounting for another 10 percent, which
aretwo important factors affecting machine efficiency and have
incorporated in the model stochastically. Field datafrom cotton
pickers operating inthe areawere collected and used for aperiod
of twenty yearsto construct the relevant formulas introduced in
themodel *.

Additionally the cotton unloading time, the machine turning
time at the end of the rows, the servicing and cleaning time were
alsoincluded in the model in astochastic way.

Crop component: Seed cotton harvest isaccomplished when 70-
80 percent of bolls are open and a second harvest occurs when
the remainder of the crop is open. Cotton that is not harvested
soon after the bolls are open is exposed to the environmental
conditionsthat occur during the harvesting season, humidity and
rainfall, with adverse results upon the yield and quality of the
crop 34250, Asfound by Stapleton et al. “2in afour year study, the
averageloss of cotton yield was 0.3 percent per day beginning 20
days after 50 percent of the bolls opened and reached up to 15
percent. Williford ! reported that rainfall and delay in harvest
significantly reduce lint grade and color. Hathorn et al. #, using
eight year records of cotton classification, were ableto determine
agradeindex lossfor each day of delay in harvesting. They found
agrade index loss of 0.028 index points per day for the first 6
weeks from the beginning of harvesting and 0.187 index points
per day thereafter. Thusthetrend in cotton production today is
toward early maturing varietiesand timely harvest for maximizing
thefarmer’sreturns.

Weather component: Weather is amajor factor affecting many
aspects of the agricultural production. It affects many physical
operationsin farming by restricting thetimeavailablefor carrying
out specific tasks and the degree of efficiency achieved. These
lead to uncertaintiesand render farm decision-making very complex.
This is particularly true for harvesting operations, as weather

Journal of Food, Agriculture & Environment, VVol.7 (3&4), July-October 2009

conditions determine the number of daysavailablefor harvesting
within a limited period of harvesting time. Thus harvesting

machinery should correspond to the expected number of days
available to perform field operations on a specific level of crop
acreage. It istheweather uncertainty and the unknown number of
days available for harvesting, which pose arisk for the machine
performance and the decision-makersregarding the areaharvested
and the harvesting cost each year. For this reason a number of
researchers have contacted extensive studies on machinery
selection based on climatic conditions of spesific geografical

areas 11, 12, 16, 17, 19, 21, 41, 43, 46, 49, 51—53.

To incorporate weather variations into a simulation model,
information concerning the climatic conditions of the areaunder
cosideration isneeded. The simplest way of putting weather into
the cotton harvesting simulation model is to use historical data
readily available®““, However, the use of actua weather datain
simulation models has been criticised as unecessary restriction
simulating the past and used to predict the likely performance of
the system under consideration #’. For the purpose of this study,
asimplesimulation model, which includesfrequency of occurrence
and amount of rain stochastically, hasbeen used 22, Additionally,
crop moisture content dueto night dew, which preventsharvesting
early in the morning and late in the afternoon, has also been
includedinthe model.

Cost component: Costs associated with cotton harvesting fall
into two main categories, i.e. machine costs and crop loss or
timeliness cogts % 32 %, Machine costs are further divided into
ownership or fixed costs and variable or operating or running
costs* 335, Ownership or fixed costs comprisethose costs, which
remain the same per year irrespective of amachinesusage. They
include: depreciation, interest, housing and taxes. Fixed costs may
be either cash (taxes, insurance etc.) or non-cash (depreciation)
and are fixed in total but decline per hectare or per ton, as the
annual use of themachineisincreased *3+ %, Fixed machine cost
isgiven by equation (1):

FMCOST = CDEP+CINT+CINS+t CSHALT (1)

where FMCOST = machine fixed cost, CDEP = depreciation,
CINT =interest, CINS =insurance, CSHALT = shelter.

Variable or operating costsinclude expenditure on repair and
maintenance, fuels, lubricant and labor wages & 6. As they are
directly related to machine use, it is possible for some high-use
machinesto have variable costs greater than fixed costs.

Estimation of variable costsis based on the period of machine
use. Thus, it isnecessary first to determine the hours of usefor a
machine. Then, information on the labor wage rate, fuel and oil
pricesisused to estimatetotal variable costs. Theremaining costs,
repair and maintenance, are considered together and are usually
determined as a percentage of the initial cost a machine ’.
Equation (2) givesthevariable machinecosts:

VRMCST=CREP+CFUEL+CLUR+CFLBR 2
where VRMCST = machine variable cost, CREP = repair and
maintenance cost, CFUEL = fuels cost, CLUR = |ubricant cost,

CFLBR=labor cost.
Crop loss costs or timeliness costs are reductions in potential
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return, arising because of aninability to completeafield operation
within an optimum period of time %3, Crop yield and quality are
gradually reduced after ripening, due to the continuation of the
biological processes, and the adverse weather, which may cause
acompleteloss of the unharvested portion of acrop. Timeliness
costs include, therefore, costs due to yield loss and quality

deterioration. In any casetimeliness costsare of major importance
to the machinery selection process and they must be evaluated
guantitatively and considered as valid costs of field machinery
operations 82633,

However, the large number of factorsinvolved in crop losses
makes it very complicated. For our own purposesit is assumed
that cotton yield loss commences 30 days after boll opening and
therate of lossor crop lossfactor (CLOSF) isequal to 0.002 of the
crop remaining in the field unharvetsed, for each day of delay.
Thus, yield loss per day and for a particular field is given by
equation (3):

YLOS=CLOSF* MATRTE(IDAQ)* (ACS-HACS)/ACS ®)

where YLOS=yiddlossper day, CLOS- = croplossfactor, MATRE
= percentage of cotton open on aparticular day, IDAQ = number
of days counted 30 days after boll opening, ACS = number of
acres in a particular field, HACS = number of acres already
harvested during current harvest.

All these daily losses when added together give thetotal yield
loss during the harvesting season as:

TYLOS=Y YLOS (4)
i=1
where TYLOS=total yield |oss of the season, n = number of days
sinceyield loss started.
Multiplying total yield loss by selling price of cotton givesthe
yield loss cost for a particular harvesting season, that is:

CYTLOS=TYLOS*PRCOT (5)

where CYTLOS=yield loss cost, PRCOT = sdlling price of cotton
(0.79€/kg).

Apart from the yield loss cost, there also exist a quality loss
cost resulting from consistent reduction in grade of the crop as
the harvesting season progresses, estimating by the following
relationship developed by Hathorn et al *;

TOTFL= SLOPI* FABASP

2

*TCNP1*CCOT +

+%;AMSP*TCNP2 *CCOT)/ PE (6
where TOTFL=loss per season, S_OP1= gradeindex | oss per day
during period one, that is, the first 38 days of harvesting (0.028
index points), FABASP = number of days of exposurein period
one, maximum 38 days, TCNP1= yield harvested during period
one, SLOP2 = gradeindex loss per day during period twofollowing
period one (0.187 index points), SABASP = number of days of
exposure in period two, TCNP2 = yield harvested during period
two, PE = picker efficiency (90 percent of theavailable cottonin
thefied).

Futhermore, the cotton harvesting operation was assumed to

commence on 25" September and to continue until all fieldswere
harvested or 15" November, whichever camefirst. In the second
case a penalty charge is applied to the acreage remaining

unharvested.

Intheliterature thereisno general agreement asto the method
of application and the magnitude of the penalty charge. Ryan #
and Donaldson 8 have considered penalty charge in two stages.
They assumed that contract combine harvesters could be
employed to help afarmer in harvesting the remaining acreagefor
acertaintime, at apenalty charge equal to the contract rate. If at
the end of this period the harvesting was not complete, the
remaining acreswere charged at apenalty rate equal to the cost of
contract combining.

Frisby 2, by studying a corn harvesting machinery systemsin
lowa, considered the crop left in the field unharvested after the
end of the harvesting period, as completely lost. In this study
Frisby’s? assumption wasfollowed and theyield (YA) remaining
unharvested in the fields after 15" of November was estimated
and the penalty charge (cost) was cd culated by using the following
equation:

PENCST= 3 (ACS — HACS)* YA* PRCOT (7
1=1

where PENCST=penalty cost for the season, n = number of plots
in consideration, YA= potential yield of thefield.

Having estimated all harvesting cost componentsthe cost of the
harvest was then calculated from the cumulative sum of the fixed
and variable machine costs, the yield and quality loss cost
(timelinessloss), and the pendty cogt, using thefollowing equation:

THCOST=FMCOST+VRMCST+CTLOS+ TOTFL+PENCST (8)

where THCOST = total harvesting costs.
From the above equation the average total costs per kg for the
crop harvested each year was determined as:

CSTPKG=THCOST/TCN (9)

where CSTPKG = harvesting cost per kg, TCN =total yield harvested.
Finaly, the mean average total costs over the 20 years of
simulation were determined by the model using theformula:

j=n

1 =
AMTCST = n El CSTPKG; (10)

where AMTCST = mean averagetotal costs, n=number of years,
CSTRKG = averagetotal costsinthei™ year andj" acreagelevel.

In addition to that the minimum and maximum AMTCST, the
standard deviation and the frequency of occurrence of the penalty
cost, were estimated. Finally, the program tabul ated the frequency
distribution of the AMTCST within certain cost value intervals,
the average cost value corresponding to each of the above
intervals, and lastly the expected AMTCST for each acreage level
using mathematical expectations®. All the above accounting
identities and equations have been used in the model for estimating
the cotton harvesting cost for each acreagelevel, harvesting policy,
and environmental conditions. The experiments conducted and
the results obtained for 20 years are discussed below.

Verification and validation of the model: Verification of the
present model and the sub-programs, used in this study, was
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carried out separately by running them with certain input data
and comparing their observed behavior with that anticipated. First
they were tested for the purpose of eliminating compilation and
execution errors. Subsequently, the results printed were checked
against manual calculations to determine and remove possible
logical errors. These comparisons conducted by statistical tests,
chi-squared and Kolmogorov-Smirnov tests, which show the
correctness and the logical structure of the model and the sub-
models**%,

Having satisfactorily compl eted the verification phase, the next
important inquiry was the validation of the moddl that is the
assessment of whether or not the model adequately serves its
prescribed use or to ascertain the degree of comparability between
the values of performance measures obtained by the model and
the values observed by the actual system under study. According
to Mihram®, “model validation is concerned with the comparison
of the model’s response with those of the modelled system,
wherever the conditions produsing each are essentially the same”.

An obvious approach to validate it is to compare the model
outputs against the recorded or historical dataof thereal system,
or against a subjective judgement of what the outputs should be,
given abroad understanding of the modelled system.

Inthefirst casethe model isruninthe exact circumstancesand
time seriesof theexisting real system records. The output obtained
fromthe model over simulating time, arethen compared with the
measured outputs of the real system, using statistical tests, for
the purpose of establishing the correspondence of the model
output with the historical records, using various goognes-of-fit
testS 13,38, 47'

A third stage associated with the model evaluation or testingis
referred to as sensitivity analysis. Some authors consider it as
separate stagein model testing while othersaspart of thevalidation
process. Sensetivity analysis studies the response of the model
to systematic changesin parameter values and or input variables
over some range of interest 7.

Resultsand Discussion

The simulation model outlined so far used to eval uate alternative
strategies for harvesting cotton mechanically. Experimentation
using the model for arange of decision-ruledternativesprovided
an insight into the operation of the harvesting system and the
means by which the system potential could be more efficient.
Thus, the model was used as a tool for investigating changes
made one-at-a-time. For that end, aseries of runsusing the model
were made representing the various policies corresponding to
changes in assumptions about the system when atering acreage
levels. The alternatives considered the most important and
promising ones for the existing system under study were the
following: 1) weather effect (limiting working days within the
harvesting season), 2) several cotton fieldsor one cotton field, 3)
altering the duration of the harvesting season, 4) considering
mechinereliability and 5) varying thelevel of crop moisture content
at start and end of daily harvesting.

To facilitate harvesting cost comparisons between various
acreage levelsfor agiven picker, it is convenient to consider the
revenue losses occurring due to untimely operation and weather
effects as additional cost associated with the machine used and
the acreage harvested, as already has been done estimating
harvesting costs. In this way, variation in revenue is removed,
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and it becomes constant for any level of cotton acreage, whilethe
averagerevenue curve, which equals marginal revenue, takesthe
form of astrait line. Considering the average revenue per hectare
as constant, we could then disregard it and directly compare the
harvesting costs for the successive acreage levels 127, For

convenience the cost calculations are referred to as the cost per
unit of crop harvested instead of the cost per unit of areaharvested.
Because of the stochastic nature of the number of variablesinthe
model, the value of harvesting costs and at any given acreage
level will vary from year to year. Consequently the position of the
average cost curve will be different for each year. The nature of
the harvesting cost curves and their variability under different
harvesting regimes are discussed below.

Theeffect of weather conditions (limiting working days): Among
the factors affecting harvesting operations, weather conditions
arethemost important. Rainfall occurrencesduring the harvesting
season may cause lossesinyield and quality of the standing crop
on the one hand and limitationsin the number of days suitablefor
harvesting on the other. This in turn results in restricted use of
the cotton picker during the season causing a reduction in the
acreage harvested and finally anincreasein the harvesting costs.

In determining the effects of weather (rainfall) on the acreage
handled by acotton picker and on the harvesting costs, the program
wasrun first on the assumption of norainfall or yield and quality
losses dueto untimely operations, during the 52 days period. The
resultsobtained are showninFig. 2.

Inspection of Fig. 2 reveals that the average total cost curve
per kg of seed cotton is the normal L-shape curve falling
continuously as the acreage harvested increases, becoming
asymptotic to the horizontal axis* 242”44, Dueto the samereason
thefixed cost curve aso follows the same pattern. The variable
cost curve, on the other hand, appears to decline gradually and
steadily as the acreage increases, rather than staying constant 4.
Thisisaweakness of themodel in representing reality accurately
for small acreages, due to large amount of cotton left in thefield
unharvested when the second picking followsthe first in avery
short time, not long enough for all the remaining bolls to open
before harvesting begins again. Thuswhile the expenses for the
second picking have been made, the amount of yield harvested is
lessthan it should otherwise have been and thereforethe variable
cost per unit of output is higher than it should have been. As
cotton area increases this loss of yield decreases and therefore
thevariable cost decreases.

Fig. 2 shows, the larger the cotton acreage the better, as the
average harvesting cost per unit of crop harvested decreases
continuoudly. This means that under these circumstances (no
rains, nolosses) the areaharvested can be higher than 110 hectares
and the mean value of the associated harvesting cost lower than
0.075€/kg.

However, asthe cost curvesin Fig. 2 ignore weather (rainfall)
constrains and crop losses resulting from untimeliness of the
harvesting operation, they do not say anything about the least
cost areaharvested and the minimum harvesting cost. To determine
the influence of those two factors upon the area and the cost the
program wasrun using 20 years of generated rainfall dataand the
indicesfor yield and quality losses aswell asthe penalty charge
reported before. The results obtained are presented in Fig. 3.

Fig. 3 shows that the fixed cost curve has the same pattern as
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before, that is, it fails as acreage increases. The variable cost
curve now consisting of the machine variable costs, the
untimeliness loss costs and the penalty cost, starts rising from
the beginning due to the influence of the two later factors.

Subsequently it turns up sharply as the penalty cost - the cost
(value) of the unharvested yield after 15" of November- becomes
excessive and as cotton acreage increases beyond the point at
which apicker can handleit. The averagetotal cost curve, onthe
other hand, now shows the characteristic U-shape. It passes
through the decreasing stage up to 50 hectares, as fixed cost is
spread over more and more hectares, then flattens out and

subsequently turns upward sharply due to the influence of the
penalty cost. Comparison between thetwo figures (Figs 2 and 3)
shows the market influence of weather (rains) constraints upon
the harvested area and the associated cost. By ignoring weather
and losses (Fig. 2) the area served increases beyond the 110

hectares and the associated harvesting cost decreases

continuoudly reaching downto 0.075 €/kg. Consideration of these
two factors reveals that the optimum cotton areais achieved at
about thelevel of 50 hectares (Fig. 3), that is55 percent lower than
before, while the minimum harvesting cost increases now up to
0.15 €/kg, which means 100 percent higher.

Theeffect of scattered fields: So far the results obtained reflected
the existing situation in central Greece, wherethe areaharvested
consistsof anumber of fields of various acreages scattered around
the villages at various distances. The model determined field
acreage and distance between them randomly by using the
distribution found from the analysis of the relevant data. This
scattered location of the plotsimpliesaloss of time by the picker
for traveling fromfield to field. To determinetheinfluence of the
fields dispersion upon the group areaharvested and the harvesting
cost, it was assumed that all plots constituting each successive
acreagelevel were combined into asingle plot or were contiguous,
so that traveling time between them became negligible.

The program was run again after making this adjustment, while
all other assumptionswere kept the same as before. Theresults of
thistreatment are presented in Fig. 4. Ascan beseen from Fig. 4,
pooling of land does not have any influence upon the least cost
acreage and harvesting cost, which in both cases are the same, 50
hectares and 0.15 €/kg. However, as acreage level increases,
pooling of land or contiguous cotton fiel dsresultsin aprogressive
reduction of the harvesting cost, which becomes higher at the
level of 110 hectares equals to 11.4 percent. This reveals the
advantage of one single field - the main feature of the group
farming system - for an efficient use of acotton picker and other
farmmachinery.

Theeffect of harvesting period length: Theresults presented so
far were based upon the assumption that the length of the
harvesting period was 52 days, that is, commencing on 25" of
September, themost frequent date, and ending on 15" of November.
However, there are cases where harvesting starts before or after
thisdate, depending on the crop maturity, which isinfluenced by
anumber of factors (particularly weather), affecting the length of
the production season. This means that it should be worthwhile
to investigate the effects of an early start to harvesting upon the
optimum acreage level and the harvesting cost. Thus, it was
decided to carry out anew treatment by increasing the harvesting
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Figure 2. Cotton harvesting cost in relation to area harvested (assuming:
no rains, no losses).

045

04 U —* Fixedcogt
= —m— Vaisblecost
X 0.35 T Averagecost
¥ 03 M
1]
8 0.25 1
g’ 02
T 015 T
>
= ',.\>.><£:(_,_.__‘
T o005

0 T T T T T T T T
0 40 50 60 70 80 0D 100 110

Area harvested (hectares)

Figure 3. Cotton harvesting cost in relation to area harvested
(assuming: rains, |0sses).
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Figure 4. Cotton harvesting cost in relation to area harvested
(assuming: onefield and many fields).

period length from 52 to 57 days, i.e. by starting the harvesting at
20" of September, five daysearlier than before.

The results of this treatment are presented in Fig. 5. AsFig. 5
shows, insmall acreagelevels, the 57-day period curveliesabove
the 52-day one, but as acreage increases it declines faster than
the other, intersectsit at about the 35 hectares|evel and continuous
declining up to thelevel of 65 hectares.

Beyond that point it startsincreasing asmall amount but never
approachesthe 52-day period curve. Theexplanation of thispattern
isthat by starting the harvesting 5 days earlier than before, the
proportion of bolls opened and therefore the yield harvested,
when considering small acreages, is less than it would be if
harvesting started 5 days later. Thus, while the total harvesting
cost might be the same as before, the cost per unit, however, is
higher asthereis not enough time between the two harvests for
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Figure5. Harvesting cost in relation to area harvested (assuming:
harvesting season 52 days and 57 days).

all bolls to open. In larger acreages the situation is different.

Starting harvesting 5 days earlier it allows cotton picker to harvest
alarger area and complete harvesting more frequently now than
before. Thisentiremeanslesspre-harvest yield and quality losses,
as a larger proportion of the crop yield is harvested before the
rainy period starts, penalty costs are smaller and less frequent,

and compl etion of harvesting occursmorethan before. Fig. 3also
shows that with a 52-day harvesting period the least cost areais
50 hectares as against 65 hectares in the case of 57-day period
that is an increase of 30 percent. The corresponding harvesting
cost values, on the other head, are 0.15 €/kg for a52-day period
and 0.12 €/kg for a57-day period, which meansacost reduction of
30.5 percent.

Thus, selection of early ripening variety combined with early
planting and the relevant cultural practices, should lead to early
crop maturity and thisin turn to amore effective use of a cotton
picker.

The effect of machine reliability: Machine reliability plays an
important roleinincreasing picker efficiency and contributesto a
reduction of the harvesting cost. This is trough as machine
breakdowns during the pick period of harvesting may result in
costly repairs and delays in harvesting possibly lasting several
hours and causing thus, substantial yield and quality losses,
particularly when adverse weather conditionsfollow. Asreported
by Mygdakos and Gemtos *, machine breakdown occurs every
23.7 hours on average and requires 2.86 hours on average for
repair. During the harvesting period each cotton picker undergoes
on average 12.75 breakdowns, which correspond to an average
idletime of 36.5 hours or about for days of work.

For that purpose an attempt was made to determine the
influence of machine breakdowns upon the optimum acreagelevel
and the corresponding harvesting cost. Thus, the program was
run again assuming no machine breakdowns during the harvesting
season and keeping all other assumptions the same. The results
of thistrestment were compared with those of anormal breakdowns
machine. Fig. 6 showstherelevant information.

As can be seen from Fig. 6, the two curves are very close to
each other in small acreage levels, but as acreage increases the
difference between them become progressively larger. The curve
corresponding to machinewithout breakdowns startsa bit higher
than that of usual breakdowns, for the reason mentioned before,
interceptsit again at the acreagelevel of 35 hectaresand thenlies
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Figure6. Effect of machinerdliability (assuming: no machine
breakdowns and usual breakdowns).

solely below that. The least cost acreage in the first case (usual

breakdowns) is 50 hectares; while in the second one (no-

breakdowns) is 65 hectaresthat isan increase of 30 percent. The
harvesting cost, on the other hand, is 0.154 €/kg in thefirst case
and 0.142 €/kg in the second case, which meansareduction of 8.5
percent.

All these mean that areliable picker contributes substantially to
anincrease of the area served and to areduction of the harvesting
cost. High-level machine reliability depends largely on the
operator’sskill and motivation. Careful and responsible use of the
machine, prevention of breakdowns before they occur, when
possible, by repairing theworn-out parts and extensiverepair and
maintenance can maintain ahigh level of machinereliability.

The effect of crop moisture content: All the experiments so far,
were conducted under the supposition that harvesting commences
and ends every day when the crop moisture content is
approximately at thelevel of 10 percent. Thisisapreposition to
avoid seed-cotton degradation if the crop is to be stored for a
period of time before ginning. If, however, wet cotton is to be
ginned soon after harvesting, then it should be possible to start
and finish harvesting at ahigher moisturelevel. Thus, a12 percent
crop moisture content level was selected as an alternative
harvesting policy. A 12 percent moisture content model allowsan
averageincrease of machine work up to about 3 hours per day or
about 78 hours per harvesting season. Thisisasubstantial amount
of time, which could have a significant effect upon the cotton
acreage harvested and the harvesting cost. For the purpose of
determining this effect the program was run again under the same
suppositions except that of moisture content, which is now 12
percent. The results obtained by comparing the cost curves for
thetwo levels of crop moisture content are presented in Fig. 7.

Inspecting Fig.7, the following results can be drawn. Thetwo
curvesfollow asimilar pattern asbefore. The 12 percent moisture
content curve starts higher than that of 10 percent, for the same
reason as pointed out beforeintersectsit at thelevel of 50 hectares
and thereafter lieslower than that. The abovelevel of 50 hectares
istheleast cost acreagefor the 10 percent moisture content curve
whilethe corresponding level for the 12 percent curveis about 65
hectares, i.e. 30 percent higher. Similarly, the minimum harvesting
cost valuefor thefirst caseis0.154 €/kg and for the second 0.14,
which means a harvesting cost reduction of 10 percent.

221



o
&

o
=
,

—e— Moisture content 10%
—=— Moisture content 12% /

o
&
|

o
w
.

025 -

o

a O
N
L

Harvesting cost (€/kg)
o
=2

o
&

0 40 0 & 70 8 0 100 110
Area harvested (hectares)

Figure 7. Effect of crop moisture content (assuming: moisture
content 10% and 20%).

Summary and Conclusions
In the present study a simulation model consisting of various
stochastic and deterministic parameters has been used to
investigate the most important factors affecting picker efficiency,
area harvested and harvesting cost under Greek conditions.

Weather conditions and particularly rainfall occurrence and
amount prevailing in the area during the harvesting season are
themost important factors by reducing the number of days suitable
for harvesting and subsequently the area served by acotton picker,
on the one hand, and by increasing yield losses and quality
deterioration, on the other. Consideration of these two factors
reveal sthat the optimum cotton areaisreduced by 55 percent and
the minimum harvesting cost is increased by 100 percent,
compared to the case where no rains and | osses are assumed.

The harvesting period length is another important factor
affecting the area harvesting and the harvesting cost. Increasing
thelength of the period by 5 days, resultsin a30 percent increase
of the harvested areaand a 24 percent decrease in the harvesting
Ccost.

Crop moisture content for starting and ending cotton harvesting
every day has also a significant effect upon the cotton area and
cost. Increasing the level of crop moisture content for starting
and ending harvesting from 10 percent to 12 percent, increases
the area harvested by 30 percent and reduces the harvesting cost
by 10 percent.

Machinereliability plays aso an important role upon the area
and the harvesting cost. Reliable picker harvests more than 30
percent cotton area compared to a picker with the usual
breakdowns and contributesto acost reduction up to 8.5 percent.
Finally, pooling of cotton fieldsin onesinglefield instead of many
fields, has no any effect in small acreages harvested and the
harvesting cost, but as cotton acreage increases it contributes
positively to the area and the cost.

The findings of this study are very important for the cotton
picker owners, cotton production groups, cooperatives and those
who havetheresponsibility for the agricultural policy.
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