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ABSTRACT

The objective of this paper is to develop a dyndimigar programming model to analyse the effectgliferent
limiting factors on the conversion process of fammer time. The model is developed for a typicabée farm in
The Mazandaran, and is based on two models, coioveahiand organic. The objective of the model isn@ximize
the net present value over a 10-year planning loorizZThe data for analysis has collected from theichgural
Research Organization of Mazandaran province in1200he results of the analysis of a basic scenshiow that
conversion to organic farming is more profitableathstaying conventional. Sensitivity analysis shoket if
depreciation is 25% higher than conventional fixemsts due to machinery made superfluous by comrgrsi
conversion is less profitable than staying conwerdl. Also the availability of hired labour has tiong effect on
the cropping plan and the amount of area converfadther analysis shows that a slight drop (2%)adrganic
prices lowers the labour income of the farmer arakes conversion less profitable than conventioaahfng. For
farmers, a minimum labour income can be requiredstovive’. The analysis shows that constraint oimimum
labour income makes stepwise conversion the begt farafarmers to overcome economic difficulties idgr
conversion.

Keywords. Organic farming; Net Present Value; Conversionn@mvyic linear programming; Mazandaran.

INTRODUCTION

Excessive use of chemical inputs in crop productioztess is an issue that threatens the healtbrgfueners and
imposes its adverse effects on nature. Lack ofrinédion among policy makers and farmers on the @uimn
potential of organic arable production is one & tbstacles to develop organic farming. In ordestimulate the
conversion, policy makers need more detailed infdiom about the process of conversion. Severaliesuih
Europe and in US showed that economic performahoeganic farms is similar to comparable converdidiarms
(Mahoney et al., 2004; Eltun et al., 2002; Offermamd Nieberg, 2000; Lampkin and Padel, 1994). Hewe
significant differences in economic performanceuwdzetween different studies, countries and betviaen types.
Berentsen et al (2007) analysed convention a lagdnic arable farming in the Netherlands from ahmécal,
economical and environmental point of view. Thisdst showed that in equilibrium states organic faugnis much
more profitable than conventional. Mather et al020compared organic and conventional wheat prooluéh 21
years and reported a decrease of 14 percents ipettiermance of organic terms. Offermann and Nigh{2000)
concluded that organic arable farms show remarkiaigly profits relative to comparable conventiorahfis, mainly
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due to lower input costs that compensated for redlugutputs. Kocheki et al (2004) reported 30% dimop
performance for some farms in the conversion peflégty concluded by an appropriate frequency, ¢nglify of
land increases, thereby performance increases.

Different modelling approaches have been useduidystonversion, but the majority of normative sasdhave not
included the time aspect in the model (Berentseth. £2005). The inclusion of time is, however, orant since the
conversion process from conventional to organienfag takes at least 2 years. Besides one-step rsiome
(conversion of all land area at once), farmersalan choose stepwise conversion. This gives farmerg time to
adapt to the new production method and ensuresniedwoy still allowing production of conventional pikects next
to the in-conversion products during the convergieriod.

In next section the model is used to analyse diffefactors influencing the conversion, such asaestépreciation
costs, hired labour availability, organic markdteruncertainty and minimum labour income requireitne

MATERIALSAND METHODS

2.1. Model specification

In order to analyse the conversion from a convealido organic farming system over time, a dynaltinear
programming (DLP) model was developed for a typeable farm in the Mazandaran in the north of .IfEine
general structure of the dynamic linear programnmiragiel is summarised as follows (Hazell and Nori®86):

Max z:tzd[(dxt)—ft]

st.: AX<h
and =0
where Z is the discounted labour income (Rial} thie year [1, ... , 10]; i is the discount rate (%¥%tands for the

vector of activities; c is the vector of gross niasgor costs per unit of activity (Rial); f is thector of fixed costs
per year (Rial); A is the matrix of technical coefnts; b is the vector of the right-hand sideuealand

o = (/@ i))

Activities and constraints are included in eachiqzelyear) for all the relevant decisions and mafhyhem are
duplicated from 1 year to the next (e.g., annuabcactivities). The link between the years is pded by the
conversion of the land area and the objective fanct

The planning horizon has been arbitrarily limitedlD years in order to examine the conversion m®oéthe farm.
The conversion itself takes 2 years if the farmecides to convert at once, but longer in the cdsstapwise
conversion. This means that the farm has the optiaonvert completely, partially, or not at alep&nding on the
sum of the discounted labour income over the 10syplanning horizon.

The general structure of the model part for ondi@dar year is shown in table 1. This table shawat the
activities in the model are production activitiepresenting different crops, seasonal labour, @setof fertiliser
and manure, activities calculating nutrient surplugianic matter input and pesticide use. Thesgites and the
connected technical coefficients are either corigaat, conversion, or organic, depending on thgesthe farm is
in.

There are some technical constraints determiniaglyfmamic aspect of the complete 10-years model.fifét year
in the model is restricted to conventional produetonly. This restriction was imposed in order tonpare the
conventional production plan with the conversiod anganic production plan. From the second yeathl@model
can convert to organic production. In case landsga# conversion, it will be so for 2 years, ahérn become
organic land area. The model determines how muwth $hould go from conventional into conversiontHa model,
the conversion is restricted to a one-way diregtExcluding the possibility of converting back taanventional
system.
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The objective function of the model is to maximike sum of discounted labour income over the 10-g&aning
horizon, where the annual labour income is discedirib the first year. In the basic scenario, weumssa 4%
discount rate. Labour income is the household iregowhich includes revenues from crops produced,usin
variable and fixed costs. Variable costs are dicegp-production costs (variable operations, pelitise, energy
use, contract work, marketing costs and other foststs of purchased nutrients (manure and fegtii), hired
labour costs and nutrient taxes. Fixed costs imchasts of land, machinery and buildings.

The DLP model was built in GAMS (General Algebrdodelling System) programming language and solwed b
the CoinCbc solver.

Table 1. The general structure of arable farm model for one particular year

Activities Crop Seasonal Purchase Purchase Nutrient  Organic Total Fixed
production  labour of of surplus matter pesticide  costs
for sale fertiliser  manure input use
Constraints
Land availability +1 <Available land
Rotation +1 < Max. ha of each
restrictions crop or group of
crops
Labour in each +aij -1 <Available fixed
month and seasonallabour
Fertiliser and +alij -aij -aij
manure
requirements <0
Nutrient balances -aif? +aij +alij —aij
at farm level
=0
Linking production +alij -1
activities and
pesticide use =0
Organic matter +alij +aij —aij
input
=0
Fixed costs 1
=1
Objective function  Gross Cost Cost Cost Annual
margin (Rial/day) (Rial (Rial/ costs
(Rial) excl. /kg) Mg) (Rial)
cost
of fertiliser

aij — the technical coefficient that relates adiniito the constraint j.
a Corrected for nitrogen fixation by legumes.

2.2. Input data for the model

Input data for the model was taken from a typiaahwentional and organic arable farm in Mazandariéh an
average area of 50 ha. This farm can produce ctiovah and organic crops. In the case that the dambecides to
produce in the conventional way, he can choose frdmer wheat, spring barley, strawberry, ware to#a, seed
potatoes, onion, and carrot (see Table 2).
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Table2. Yield, costs, revenues, labour and nutrient reguirements of conventional crops per hectare per year (source:
Agricultural Resear ch Organization of Mazandar an)

Conventional

Crops . . \_Nutrient requirement
Revenue (Rial) Cost¢Rial) Labour need (h) N(kg) _POs (ko)
Ware potat 2400( 710C 25 25¢ 12C
Seed potat 3250( 1370( 65 12t 12C
Strawberry 14000 4200 20 110 70
Onion 22000 8300 31 110 120
Carrot 51000 40000 23 80 120
Winter wheat 7600 2000 22 210 20
Spring barley 6950 1300 25 65 20

2 Direct production costs — do not include the cadtsutrients and labour.

Table 3. Yield, costs, revenues, labour and nutrient requirements of conversion and organic crops per hectare per year (source:
Agricultural Research Organization of Mazandaran)

Conversion and organic

Crops . . . . . _Nutrient requiremet
Conversion Revenue (Rial)  Organic Revenue (Rial) st€(Rial) Labour need (h) N (kgf P05 (Kg)
Ware potato 11600 30000 9500 21 150 48
Weed potato 22000 40600 9400 70 50 47
Strawberry 10800 17100 3700 65 55 120
Onion 13300 37000 5400 35 50 43
Carrot 37000 79000 52500 25 40 57
Winter wheat 5250 8100 1850 30 125 62
Spring barle 520( 710C 160( 22 25 6C
Winter barley 4400 7400 1400 25 75 53
Spring wheat 5600 9200 1700 36 75 62
Kidney bea 635( 1190( 260( 26 5C 20
Green pea 4480 11600 2800 23 10 25
Alfalfa 3500 4000 750 10 0 133
Celeria 1030( 3540( 1130( 18 14C 74
Grass-clover 2300 3000 600 12 0 105

2 Direct production costs — do not include the cadtsutrients and labour.
® N-fixation by legumes is included separately ainauit (kidney bean 100, green pea 200, alfalfa, 528ss-clover 160 kg/ha).

In the case he decides to convert to organic fagnie has to farm 2 years in the organic way and@gdaventional
prices before he can receive organic prices (Bseanét al 2005). The organically-grown crops aessime crops
as grown conventionally plus others such as spsingat, winter barley, kidney bean, green pea,falfaind grass-
clover during and after conversion (see Table B Tatter crops are not included in the conventipien because
they are not produced conventionally in this regi@rganically-produced crops grown during the 2ryemversion
period are called “conversion crops”, and aftenewsion, “organic crops”.

All the individual crops and groups of crops haleit own rotation constraints which are mainly agnmic. For
conventional production, three-course crop rotattonsed for the whole land area, which charaeerike region.
For conversion and organic production, six-coursgp aotation is used. This more diverse crop rotatis a
requirement of organic farming. An additional caastt is the requirement of legume crops in theaarg rotation —
a minimum 1/6 of the area cultivated. This resiictassures a minimum area in legume crops whiclribaite to
soil organic matter, nutrient supply (nitrogen figa) and improved yield in following organic croggPower,
1987] and [Dabbert and Madden, 1986] ). It is alsggested by advisors and commonly practised { [Eaal.,
1983] and [De Wolf and De Wolf, 2004] ).

The model input data on conventional, conversiah@nganic revenues, costs, labour, nutrient antgies use per
crop in Mazandaran were collected from the Agrimat Research Organization of Mazandaran. Thisrin&ion
(except on pesticide use) per crop per hectaransrarised in Table 2 and Table 3. The revenues frentrops
are calculated by multiplication of crop prices aneld per crop. The direct costs of crop produttioclude the
costs of field operations (land preparation, pltagtand sowing, crop care, hand weeding and hanggstiosts of
pesticide (in the conventional case) and energy asd other costs such as interest, insurance andniral
sampling. These costs do not include the costsubfemts and labour. For conversion crops, orggamaduction
yields, organic costs, labour and nutrient use@mentional crop prices were used. For conversiops in some
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cases, higher prices can be received; howevernib a common phenomenon and no exact informatiavailable
on those prices.

Since most field operations on crops have to bfopaed during a certain period, the year is divided periods of
months. The available amount of family labour isumsed to be 1.1 full-time labour (330 Labour pey)dahich is
an average labour supply in this region for a 5@itadole farm (Agricultural Research OrganizatioMaizandaran).
The family labour supply per period is assumed @acbnstant over the year. In peak periods howewesdhold
labour can supply a maximum of 28 Labour per daynfitm. Apart from family labour there is seasonat¢tiilabour.
Hired labour can be employed any time of the yeardifferent field operations (land preparationarging and
sowing, crop care, hand weeding and harvesting)

In general, organic crops require significantly mmdabour than conventional crops, mainly due to dheater
amount of work done by hand (i.e., weed controktpeontrol, harvesting by hand) including increasedp

supervision. However, some crops such as seed arel potato need less labour in organic productorte hand
weeding is less work than chemical application.sTdieater labour demand also means more general faor
farmers, i.e. maintenance of machinery, fields, iatstration. In the basic scenario it is assumexd the availability
of hired labour is unrestricted, and that theredsadditional need for the family labour to getradhformation and
education concerning organic production methodschviequires more time and costs during the coiwengeriod

(no “learning curve” effect).

The fixed costs, based on those of a farm in thggon with a 50-ha land area — basic machinerydimgis and
typical cropping plans — are calculated separdtely the LP model. These costs are related toyhe of farming:
conventional fixed costs (380 million Rials/yearg @alid for conventional production and organieti costs (387
million Rials/year), for conversion and organic guotion years [20]. The higher fixed cost in orgafarming
arises from higher building costs and higher ofiexd costs. There was no distinction made betwamtversion
and organic fixed costs because fixed costs maiepend on the production method used and the averagping
plan on the farm. In this case, in both conversind organic production, the organic production métis applied.
In order to convert to organic farming, farmers édo adjust their technology to the new producsgstem and
invest in new machinery and buildings. Machinerydmauperfluous by conversion can cause disinvestiihtere
is little or no possibility of selling them. In tHeasic scenario, however, it is assumed that riawdistment takes
place.

2.3. Model output

The solution of the model provides a decision etpatat the farm level, including the number of hees of each
crop to be grown every year, and how many hecteresnvert in the case of conversion. Next to tp&naal
production plan it provides information on labolloeation, nutrient and pesticide purchase, nutresses, organic
matter input to the farm and the economic consecpeeaf production.

2.4. Set-up of the calculations

First, calculations are made for the basic scerasidiscussed in the previous sections. Next, sitegéty analysis
determines the effects of some additional limitfagtors on the results by means of parametric armgring. In
this analysis the break-even point, farm convergiomon-conversion, and the type of conversion tigaor
complete, and one-step or stepwise) is determimid. factors studied are disinvestment, hired sedsabour
availability, lower organic prices and minimum lainincome requirement. This results in four addidloscenarios:

1. The disinvestment scenario: The assumption waderthat, in the basic sceima no disinvestment occurs dur
conversion from conventional to organic farming. thVidisinvestment the farmer has to calculate
depreciation cost, which means an increase in foals during the years after switching to orggmaduction
Disinvestment arises if a machine (e.g. a pesticidayspy cannot be used anymore and it can also neblo
because of lack of interest. To investigate theafbf extra depreciation costs on the farmer'slathincome an
on the decision whether to ca or not to organic farming, this disinvestmeoersario is analysed. In tl
scenario extra depreciation costs for the convergears (2 years after the switch) were applied Biteakever
point is determined by a stepwise increase in @ elepreciation costs.

2. The hired-labour limit scenario: In the basicd®lp no limit on hiredabour availability was assumed. In sc
regions (with a lot of organic farming or other dainintense activities), the availability of labour che ¢
problem, maily because of the low skill requirements and tkeally boring work (done mainly by hand)
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organic farms (De Wolf and De Wolf, 2004). In orderanalysete effect of the seasonal labour availabilit
the region, the hired-labour availability is stepgincreased per month.

3. The lower organic price scenario: In the basic adenit was assumed that the farmer gets highieeprfol
organic productghan for conventional, and that the prices areagertHowever, in practice, organic mat
uncertainty and price risk is an important factothie decision to convert or not. In order to asalliow a drop
prices (i.e., the farmer cannot receivehigorganic prices) would influence the conversibis lower organi
price scenario is tested. The prices of organidipets are decreased stepwise.

4. The minimum labour income scenario: In the basicup of the model, we assumed no minimum labuwame
requirement for the whole planning horizon. HoweVarancial difficulty during conversion to organiarming
can be substantial due to lower revenues and higbss. To test this, a minimum bound is set fer ldbou
income for each year. In order to find the breakn point at which the farmer switches to orgamiaduction
this minimum bound is increased stepwise.

RESULTSAND DISCUSSION

3.1. Optimal cropping plan

The optimal cropping plan of the farm over a 10ry@anning horizon can be seen in Table 4. Thewgdtstrategy
for the farm would be to convert the whole landaai@ organic production in the second year (trs fiear is fixed
as conventional). This means 2 years of cultivatirganically for conventional prices. Afterwardse tfarmer gets
organic prices for organic production.

Table 4. Optimal production plan of the farm over 10-year planning horizon (ha/year)

Year
1 2-3  4-10

Crop

Conventional

Spring wheat 14

Seed potal 3.

Ware potato 12.5

Onion 12

Carro 7.7

Conversion

Spring wheat - 14.6

Seed potato - 5

Onion - 9.4
Strawberry - 115
Alfalfa - 9.5
Organic

Spring wheat - - 8.4
Seed potato - - 5
Onion - - 9.3
Carrot - - 12
Kidney bean - - 8.3
Green pea - - 7

In the first conventional year, winter wheat, spethto, ware potato, seed onion and carrot areugemtlin a 3-year
crop rotation. Seed potato and seed onion bringsitfhest gross margin compared to other conveattirops.

In the second year, according to the model, then feonverts at once and the crops are cultivatednicglly.
During the 2 years of conversion, a different cioggpattern is planned, with spring wheat, seedtppseed onion,
sugar beet and alfalfa, an optimal plan for thenfarfrom the economic point of view. The differesceompared to
the conventional cropping plan, consist of the amtation restrictions, which are six-course (aliganic years)
instead of three-course, the minimum legume reqerd of 1/6 of the area, the lower yields, conwardl prices,
and the difference in the costs of production fier $ame types of crops (see Table 4).

After the 2 years of conversion, higher prices available for organically-produced crops. This lie tmain
difference between conversion-year crops and goopduced in the organic year.
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3.2. Technical results

The output of the model shows that the househdiduais fully used in the whole 10-year planningibon. In
conversion from conventional to organic farmingrénés an increase in the labour demand becauskeofbre
diverse crop rotation, greater amount of manuakvamd general work during the organic productioarge

In organic years, besides carrot (which increases # to 8 ha), seed potato is the most laboungite crop. Both
crops need the most labour during July and Augusttd mechanical weed control.

500

a0 ——W— P = = B = =

300 -+
Hired labour use

200 ~ m household labour use

100 ~

U -
1 2 3 4 5 6 7 8 9 10

Fig. 1. Total labour usebefore, during and after conver sion.

Fig. 1 shows the labour requirements over the ydarsonversion years, more labour is needed fopgisuch as
strawberry, kidney bean and spring wheat thanenctinventional year. In organic years more labsuequired by
crops such as seed onion and carrot: 36 Laboudg@gmonth for seed onion and 29 Labour per day/mémt

carrot, in peak periods. By adding up all the laboeeded in the summer period for all the cropsvgrdhe total

labour requirement is around 70-80 Labour per dagtm (Fig. 2). This means that in this period, edst 7-8
additional units of labour (one unit is 10 Labowr glay/month) are needed, besides the family latkfilabour
per day/month). By comparison, in conventional jpigithn one additional labour unit is required a thaximum
during the harvesting period.

an
80
70
60
50—
40

ot

Fig. 2. Labour use per month in conventional and organic farming.

B Conventional

3.3. Economic results

The economic results (Fig. 3) show that organicpcpooduction brings two times more labour incomanth
conventional production. In light of this, mostrfaers would probably convert to organic, if not the attendant
economic challenge posed by the 2-year conversaiogh with lower yields at lower, conventional m¥cand

consequent negative labour income. Farm revenuesdmm sales of crops grown on the farm. In theveosion
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years revenue is much lower than that of conveatiand organic years, because of the differentgngpplan,
lower (organic) yield and conventional prices dgrithe 2 years. Although yields are lower in orgdaitning, the
higher prices for organic products after conversiesult in higher returns from organic crop proéuctin
comparison to returns in conventional and convergears.

1400
1200
1000 H Revenue
800 Total variable costs
600 - B Gross margin
400 - W Fixed costs
200 | B Labour income (discounted)
0 -
-200 ! 2

Fig. 3. Economic resultsfrom the DLP model at 4% discount rate.

Farm variable costs refer to the direct costs opgroduction (see Table 2 and Table 3), as wetloa$s of hired
labour, manure and fertiliser purchases. In thevemion years variable costs are two times lowem tin
conventional years. The lower variable costs inveosion years result from “cheaper” crops grownhiis period,
i.e., the lower revenues from these crops.

In the conventional year, 89% of the variable casesdirect costs of crop production, and only alsamount is
for hired labour and nutrient purchase. In the ession years direct costs are 60% and hired laaiB4% of the
total variable costs. In organic years these figame 74% and 22%, respectively. The remainingdergent are for
nutrient purchase. These differences are expldiyatie omission of pesticide use, which lowersdinect costs of
crop production and increases the labour requirénmenrganic farming. The costs of manure and liseti are
lower due to the more extensive farming and tha mmission of chemical fertilisers in organic puation.

3.4. Sensitivity analysis
Sensitivity analysis was used to determine thectffef four limiting factors on the basic modeluks. The main
results can be seen in Table 5.

Table 5. Rangesin different types of conversion for four different scenarios

Disinvestment
Break-even points (% of conventional fixed

Lower organic

price Minimum labour income

Hired-labour limit labour per

costs) day/month (% reduction) (million Rial)
No conversion > 25% 0-20 >2% <0
Partial conversion - 20-50 - 0-64
Complete conversion 0—25% > 50 0—2% > 64

(basic)

The first limiting factor in the analysis is callédisinvestment”. If the extra depreciation cosbetween 0% and
25% of the conventional fixed costs, then compdeteversion takes place. The results differ fromitasic scenario
only in the amount of discounted labour income,clitfalls as extra depreciation costs rise. If tkiteaedepreciation
cost is higher than 25% of the conventional fixedts, then there is no conversion to organic fagmin

The second limiting factor in the analysis is althired-labour limit”. The basic scenario remaurschanged when
the hired-labour availability is higher than 50labger day/month. If more than 20 but less tharals®r per

2725
Scholars Research Library



Alireza Karbasi et al Annals of Biological Research, 2012, 3 (6):2718-2726

day/month of hired labouris available, then thexestill total conversion to organic farming therert is partial
conversion to organic farming. If there is lessntl2® labour per day/month hired labour availabkntthere is no
conversion to organic farming.

The third limiting factor in the analysis is callédwer organic price”. If the prices for all organproducts drop
less than 2%, then there is still total conversmorganic farming. The results are the same #@serbasic scenario;
only the revenues are lower for organic produdtthd prices for all organic products drop morentB&o, then there
is no conversion to organic farming.

The fourth limiting factor in the analysis is caléminimum labour income”. There is complete corsien to
organic farming until the minimum labour incomeréstricted to —64 million Rials/year. If the minimulabour
income requirement is higher than —-64 but lowemtBamillion Rials/year, then there is partial corsien to
organic farming. If it is higher than O million Rs&year then there is no conversion to organic fiagm
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