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1 
ABSTRACT 

space optimization of Greenhouse Potted Flowers in Québec: A 
Linear Programming Approach 

By Ibrahim Tabche, M.Sc. 

Department of Agricultural Economies 
Advisor: Dr. Randall Westgren 

A linear programminq (LP) model is formulated to reflect 

economic, climatlc conditions, and cultural practices 

followed in the pot f10wer industry of Québec. The objective 

is to determlnE' the opt imal crop mi x tr. t maxj mi zes net 

returns and optlmlzes spa ce usage given produr-tion and 

mdrketing constraints. DeCISIon variables are composed of 

nine maj or pot flcwer varieties wi th several pot sizes 

produced for dl fferent marketing periods during the year. 

Data are collected from producers in the Montreal area in 

1990, and 15 supplemented by interviews wi th ornamental 

counsellors and cItations of governmental publications. 

Results have shown that the use of LP as a design tool 

can be of benefit ta ornamental producers and managers in 

decision making. Increasing the arnount and quality of 

available informatIon to producers can lead to improved 

decisions that increase production efficiency and space 

productivity, and thus lead to a more competitive industry. 
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RESUME 

optimisation de l'E~pace pour les Potees Fleuries dans les 
Serres du Quebec: Une Méthode de Progra~ation L~neaire 

Par Ibrahim Tabche, Maîtrise 

Département d'Agro-économie 
Consultant : Dr Randall Westgren 

Un modtle de programmation Ilneaire tenant compte d~s 

conditions economiques, climatiques et pratIques culturalen 

utilisées par l'industrie des fleurs a pots au Qu~bec est 

developpe. L'objective est de determlner la ~ombln.l1son d~s 

plantes qui permet de maximIser le revenu net ~t d'ortlml~er 

l'espace uti lisee compte 'C<:!nu donnees \~l"S contra lnt~~; dc.' 

production et de commercialisation. Les vari:Jbles Influf'nç.mt 

la prise de déc i8 ion sont composees de neu f va rI etes de 

fleurs produites dans des pots de differentes grandeurs pour 

des plusieurs periodes de commercialIsation durant l'anne~. 

Des donnE:.es ont ete collectees aupres de producteurs dans la 

région de Montreal en 1990 ainsi qu'aupres de consultants en 

horticulture ornamentale et par des lnformations provendnt 

des publications gouv0rnementales. 

Les résultats de cette etude montrent que l'utIlisation 

de ]a programmation linéaire comme methode de planifIcation 

s'avère un outil efficace prise de decision par le~ 

producteurs de fleurs ornamentales et les gestionnaires. 1,<1 

disponibilite d'informations de qualite amene le producteur 

à prendre de meilleurs decisions qui augmentent] 'ettlcacitf' 

de la production le renderoent par ~nite de surface ct qUI de 

fait ameliorer la ccmpetitivité de l'industrie. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

The greenhouse lndustry is relatively new in the province 

of Québec. Stëlrted 20 l'ears ago, i t invol ves ùbout. L) 00 

producers occupying a total area of 195 ha. of production 

under glass and plastic. Of those producers, 650 arp involved 

in the production of ornamental plants and occupY ·11;, of t.hL' 

total area covered with greenhouses in Qucbec (CarriE.'·r, 

1988) . 

Most. of the ornamental production in the province of 

Québec IS concentrated in the area of Montreal, ln dcsignated 

regions 6,7,10 where about 70% of the production area exist 

(Carrier, 1988). Central Quebec (regions 4,5,11) has 15% of 

the productIon area. The agricultu-~l rcgions of Quebec arc 

shown in Figure 1.1. 

Ornamental greenhouse productlon lS divlded into several 

categories: annual (beddlnq plants) 1 potted flowers, eut 

flowers, house plants, and bulbs. Annual flowers have the 

largest co-"ered greenhouse area, whereas potterl f J owc ~s l 'IN j th 

300 full and partial production enterprises, use il tota 1 

covered area of 97,000 square meters (Carricr,19H8). 

In a study published by AgrIculture Canadù in 1')114, 

ti tled " La Rentabil i te des Productions Serri col es dU 

Québec", the problems facing greenhouse producers wcre quoted 

by Lebeau (1984a) as follows, 

"I consciously simplify the problems of greenhouse 
producers into three main points : 1) Weak pl ant producti vi ty 
per unit area, 2) Very high global consumption of labor, 3) 
Very hiqh heatinq costs." (Lebeau, Universite Laval, 1984, 
p.384) 

In addition to the above mentioned problems, producers 
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also face strong competition from products imported 1 rom 

areas wi th lC"rler production costs such as the Uni ted SLl t ('~;, 

Latin America, and Europe. 

These and other problems threaten t.he future proqress ,md 

development of this important industry WhlCh qener~'cd, 

according to the "Federation Interdiscip Iln,11 re cie 

l'Horticulture Ornementale" (FIHOQ), 6:>0 mIllIon doll.ll-~-; ln 

total sales anù services in 1984 (Anonymous, lCJB<J). A~; 

profitable production depends on both technic<ll and 

managerial skills, improving technical knowledqe <"nci t.he 

decision making abili ty of managers and owners ('cul J l nsun' 

long run profitabllity and business growth. 

In other words, sorne of th~ possible solu~ions ta 

indust:::-y difficul ties include, in addition ta the use of 

improved production techniques and technol oqics, th" 

application of better managerial skills to Improvc the 

quality of decisions. Production decisions includc varlctlCG 

ta plant, quantitles, pot sizes, and timing of prod\lct Ion. 

These decisions should be driven by the context of market 

demand, acceptable profit marglns, and available productlon 

skills. Market demand involves three factors: 1) the plant 

vari€ty desired for certain holidays and occasions, ~) 

consumer preference for type, pot Size and color, 3) "ncl 

priees. 

The development of the theory and tools of op0rat i on:~ 

research in general, and mathematlcal progrdmmln~ in 

particular, have brought a useful and power f ul ~;c~t (j 1 

decision aids to agricultural production. Couplcd with th" 

availability of advanced computer hardware and software, th 1:; 

development has enhanced the ability to solve comp10x model~ 

in decision making. Linear programming, a technique widcly 

used in agriculture, could form the basis for cl dCCU>lon 

support system for improved decision maklng ln the pot flawcr 

industry. 

3 
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1 

1.2 Hypothesis 

It is hypothesized that it is possible to formulate a 

linear programming (LP) modE."1 that simulates the economic 

conditions and cultural practices followed in the pot flower 

industry in th~ province of Québec. The use of the LP model 

in production design will lead to inferences about pr~duction 

efficiency, optimal product mix, and lower costs. 

1.3 Objectives of the st~ 

The obj ective of this study is to construct several 

computer models using linear programming which simulate 

cultural, cl imatic, and economic conditions facing greenhouse 

pot flower producers in the province of Québec. These models 

will be used to determine the optimal production plan and 

distribution of greenhouse space among several varieties and 

pot sizes of pottAd flowers to maximize profits for different 

pGriods during the year including the major holi.Jays. In 

addition to the optlmal production plan, the analysis will 

include a sensitivity analysis for varying prod~ction 

constraints and priees. 

1.4 Scope of the study 

The study is based upon data collected from greenhouse 

producers in the area of Montreal in 1990. The study concerns 

the following potted flower plants: African violet, Azalea, 

Begonia, Chrysanthemums, Cyclamen, Easter Lily, Geraniums, 

Hydrangea, and Poinsettia. 

A number of single period linear prograrnrning models will 

be built, each representing a different set of production and 

marketing constraints. Production constraints include 

availability of labor and space, while marketing constraints 

include pot size and holiday quotas. Other minor ~odels will 

include the development of optimum production plans for 

specifie occaSlons. 

4 
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1 
1.5 Overview of the Québec Pot Flower Industr~ 

It will be useful to discuss two issues, the effect of 

cl imate on practices and market cond l t ions, to reach il 

comprehensive underst.andj ng of the background of the pot 

flower industry Qf Quebec. rt should be noted however, that 

although this section will focus on t.:.t:> pot fl ower industry, 

most of the disc~~ssions would appl y to other ornamenta l 

production in Québec. 

1.5.1 Climate Effect on Produ~ti~Q 

The cold weather prevailing in the region of Montreal and 

the province of Quebec in general, relative ta the Uni ted 

states and other parts of Canada like ontario and Brltish 

Columbia, has discouraged sorne practices and favoured the 

adoption of others. Of those practices we can note the 

following: 

1-The production season has been 1imited or reduced to 

certain periods of the year of moderate temperatures, 

since producers were reluctant to provide products at 

tirnes of year when production costs are high due to high 

heating costs while imported products, from the United 

states and other parts of Canada, had easy access to the 

market. 

2-The production of sorne plant varieties with a long 

production season like Cyclamen, which requires a period 

of about eight rnonths, were discouraged for their high 

heating costs. Consequently, plant varieties with less 

heating requirements or short production seasons such as 

Geranium and others, were more popular. 

As a consequence of these problems, producers have 

resorted to the following practices: 

1-Several producers have been importing semi-finished 

5 



plants of several varieties includirq Azalea and Hydrangea 

and finishing them in Québec. 

2-Producers have delayed their planting dates until early 

sp~ing to reduce heating costs. 

J-Producers grow smaller pot sizes in arder ta maximize the 

number of pots per greenhouse unit area. This divides the 

cost over a larger number of plants. 

4-Increasing numbers of producers are using higher levels of 

mechanization to decrease total operating costs. Production 

costs will be discussed in more detail in section J.J. 

1.5.2 The Market Condjtions 

Although tew studies have been done on the market 

capacity to absorb production of potted flowers in Québec, 

this market is characterized by sorne distinctive features 

which affect market size. 

l-season-specific demand : This is shown in the large 

increases of volume iemanded for holidays in comparison to 

other parts of the year. In fact, several producers have 

indicated that the demand level at these times, which 

accounts for 4 to 5 times the regular demand level, exceeds 

supply and therefore has to be supplemented by imports. 

2-Product-specific demand : Demand is for specifie products. 

Sorne plant varieties are more in demand than others at 

part icular occasions, for example, Poinsettia for 

Christmas, Lilies for Easter, etc. 

Those factors do not lead to stable production and marketing 

plans. 

1.5.3 Market Potential 

Several ornamental counsellors interviewed in 1990 

believed that the market was not weIl exploited and that 

6 



there are two opportunities that neecl to be furthcr 

developed. The first is the need ta market pot flowers 

outside holiday periods especlally Mums, P01I1Settlas, and 

African Violets. ThIS practice ls morf> L'ommon ln Europe whcrc 

pot flowers are marketed aIl year round. The spcond pOInt 

stresses the importance of fu1f1111ng the d(~milnds of the 

ethnic communlties of Montreal. The presence of thesc 

communities which have different tastes and holiday dates, 

could provide an additional market where producers could fi11 

the demand gap. 

1.5.4 Trends in Production Management 

As a consequence of thé above mentioned cl imate and 

market conaitions, producers have reallzed that any effort to 

increase production has to be coupled with an increased level 

of efiiciency. This could be achieved by two means: the use 

of adVancEd cultural techniques and/or by improved mélnagement 

practices. In this manner, several producers have resorted, 

on a small scale, to advanced technolog ies 5uch as the 

application of hydroponic methods, use of thermal blankets, 

application of carbon dioxide enrichment, and env1ronmental 

computer control. Such cul t.ural advances have helped to 

extend production periods and reduced operating costs. 

In order to improve their management, producers have 

resorted to practices that could either reduce costs or 

increase returns. Sorne of the practices currentl y used 

include continuous production during the summer sca50n cvcn 

when profit i5 low. This is justified sinee it would he]p ta 

recover SOrne of the winter' , high heatinq costs, mélxlmize the 

use of fixed cost inputs (plastic cover), and malntain a 

steady operation inside the greenhouse. The rule, however, lS 

to maintain operation as long as there was a break-even in 

recovering variable operating costs. 

Most producers have realized the importance of improving 

their decision making ability. The use of computers in the 

7 
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planning and design process, appears to be an attractive 

option. In the United states and Europe, several researchers 

have developed decision support systems for production 

planning in the pot plant nurseries (Gortzig, 1976; Basham 

and Hanan, 1981; and Saedt and Annevelink, 1988). In Québec, 

however, computer usage in nurseries, has been limited to 

word processlng and database operations. 

Despite the current problems, several producers 

interviewed were optlmistic about the potential of Quebec 

producers to export to other parts of Canada and the united 

states with proper management. However, the chances to 

compete internationally can only occur with an increase in 

efficiency and productivity. 

1.6 Organjzation of the study 

Chapter 2 will present the review of literature on 

economic studies and linear programming models in the field 

of ornamental horticulture. Chapter 3 which is composed of 3 

sections, will describe the methodology used in the analysis. 

The first section will discuss the data collection process 

and calculation of lnput parameters. Section two will examine 

the calculation of j nput production costs. Section three will 

present a detailed description of the linear programming 

methodology and will discuss the structures of the models 

which include the decision variables and constraints. Chapter 

four will then illustrate and discuss the results of the 

models described in chapter three. Fin3lly, chapter five will 

present a summary of the study with concluding remarks and 

sorne recommendations for further research. 

8 
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CHAPTER 2 

REVIEW OF LITERATURE 

2.1 Introduction 

This section will discuss the relevant li terature n' l ,lt('d 

to the pot floWE'r industry in Quebec. The rev i ew w il 1 hl' 

divided into two section...;. The first section will 1'OV1('\,' 

previous economic 3tudies and WIll descrlbe the cond 1 t Ion:; 01 

the industry, markl't capaci ty, and sorne prey 1 ou~; 1 y "llqq(,~-,t (.t! 

solutions to the present problems. The second ~.l'ct i ot! \,; 1 1 1 

coyer earl ier applIcations of the 1 1 nell1' proq !",llnm Jill) 

technique in the pot flower industry. 

2.2 Economie Studies of the pot flower industa __ Ln_ QwÜ~ ... ç 

Lebeau (1984a) hc1s indicat.ed that previow.; (>conomlt' 

studies performed by qovernment.al agenc '-es hdve shawn tll() 

greenhouse production sector 1.n Célnada, tlnd Ç)ucbcc' 1 n 

particular, ta be facing precar J ous fi nanc id 1 crmd 1 t Ion:,. 1 n 

a study performed te evalliate the profltablllty ot gr0('nhnu',(' 

production under vat"ious flordl dnd vegetablc product 1 on 

systems (traditional and n'odern), using several fuel typo'., 

Lebeau concluded that modern production systems u~inq 

techniques such as hydroponics, artiflClal 11ght.lnq, c,lrhon 

dioxide enrichment, and mecnanl zat 10n of pro(hwt 1 on 

processes, yielded posltive returns in contrd~;t tel 

tradi tional production pract ices wh lch were fo 1 lovJr:cl hy t 11(, 

majority of greenhouse produ::ers ln Quebec. TtlP l<lttf'r 

practices did not enable producers to repay the j r ln 1 t 1 li J 

investment. 

profitable 

production 

Furthermore, floral production was marc 

than vegetable production as it has mor0 

options and faces less domesti c campet l tian. 

Improving productivity was the most Important factor 

influencing the recovery of invested cap i ta l, cvcn v/hf'n 

considering savings made by less expensl vc fur: 1 tYIJP:; ;ln'! 

9 



1 
more efficient fuel systems (Lebeau, 1984a). Tradltional 

greenhouse producers have to rely on external sources 0 f 

incorne, whereas dynamic and l.nnovat1.ve producers, who use 

more eff icient productIon techniques, will have a better 

structured commercIal production with lower costs. 

carrier (1984), rep~rted that a study performed by the 

"Oirectlon des etudes economiques du MAPliQ" in 1982, showed 

that 56% of producers interviewed attribJte probleDs facing 

the greenhouse sector to production, whiJe 32% believed that 

marketing was the main obstacle. Production problems inc]ude 

the hlgh costs nf heating and labor which made up 8 5~ of 

total varlabJ e costs. Furthermore, greenhouse workers are 

characterlzed by low productivity as t.hey are mostly non­

specialized. The harsh working conditions combined with low 

salaries and seasonal employment did not promote interest in 

greenhouse jobs, preventing greenhouse workers from reaching 

optimum efficiency (Carrier, 1984). Marketing problems, on 

the other hand, varied according to the product type and 

region. These problems stern from the absencf.' of product 

quality standards, lack of j01.nt action by producers as only 

15% belong to marketing syndicates, and poor disseminat lon of 

price inforrndtion. solutions include better grouping of 

producers to maintain a stable product supply with higher 

concentraLion levels. Grouplng can aiso reduce the negative 

effects of irnports and unfair competition and practices among 

producers, produce unified standards in production and 

packaging, and enhance promotion. 

2.2.1 Market capacity 

carrier (1988) states that a]though the market is not 

very large, sel f suff iciency ha~,; not been at:tained. The 

degree of self-sufficiency varies for different varieties of 

pot flower. For example, in 1983 it ranged from a high of 96% 

for African Violets, and 92% for Geraniums to as low as 31% 

and 16% for Azaleas and Easter Lilies respectively. Cheap 
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imports, however, rnight not be the solutIon. ln fact, Carrier 

reported in 1984 that lrnports, ln many cases, dld not respond 

to the speciflc quality requirernents of lhe local market. 

Consequently, a local specialized productlon would respond 

better to t.hat. 

2.2.2 Suggested SolutIons 

Several solutions have been sUfJgested ta Increase the 

efficiency nf greenhouse producers. Carrier (1984), has 

stressed the need for a better orientatlon of research in 

several aspects of cultural practices and tcchnological 

advances to reduce production costs. However, thlS has to be 

coupled wi th bett.er informati on and communicatIon amonq 

counsellors, researchers, and producers. l ncreased 

rnechanization, and the use of computers as a decIslon ald 

might be an attractive option especial1y to large enterprlses. 

Carrier (1984) contends that there would be a future ta 

expand production of several pot flowers such as Geranium, 

African violet, Begonias, and others. ln 1988, CarrIer urgcd 

producers to pursue innovations in production and marketing 

techniques which could lead to expand consurnption. In this 

rnanner 1 producers should follow the change in consumers' 

tastes, or work on consumers att i tudes by developing new 

preferences. This incl ude new ..::olors, pot sizes, and new 

varieties. In brief, Carrier (1988) believed that, in the pot 

flower industry, there would always be a future for 

rnoderately sized and priced products. 

In summary, the literature has indicated that high input 

costs, perishable nature of the product, and the short and 

specifie marketing periods combined with lack of sufficient 

expertise, and under-utilization of the greenhouse have led 

to low productivi ty ln the greenhouse industry. Proposed 

solutions ta increase productivity include the use of 

increased levels of mechanizatlon and introduction of 

innovative production and marketing techniques. 

11 
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2.3 Linear programming Models 

It is essential to start with a brief introduction of 

linear programming (LP) before discussing previous models. A 

detdiled descrIptIon of the methodology will follow ln the 

methodology chaptcr. 

2.3.1 Linear_ Programmi~~Introduction and Im~ortance 

Heady and Candler (1958) have described l inear 

programming as : 

" A procedure which provid4s normative answers to problems so 
formulated. By normative we refer to the course of action 
whi"-l ought to be taken by an individual business uni t, area, 
or other economic sector when (a) the end or objective takes 
a particular form, and Cb) the conditions and restraints 
surroundinq the action or choice are of a particular form." 
(Heady and Candler, 1958, p.8) 

Hazell and Norton (1986) have defined linear programming 

as " a method of determining a profit maximizing combinat ion 

of farrn enterprises that is feasible with respect to a set of 

fixed farm constraints." (Hazell and Norton, 1986, p.lO). 

Agrawal and Heady (1972) reported that l inear prograrnrni ng 

falls under the broader category of mathematical prograrnrning 

which also includes nonlinear programming and dynamic 

programming. However, linear programming has been the 

simplest and most widely used technique in agriculture. It 

was developed after the second world war to deal with complex 

planning and investment problems. 

Agrawal and Heady (1972) reported that linear programming 

has been used in agricuJture since its very inception. Heady, 

in 1954, was the first to apply linear programming in the 

field of farm management and agricultural economics (Gortzig, 

1976). Barker (1964), concluded in a study on the use of 

linear programming in farm management, that it assists the 

farmer in decision making by providing quantitative estirnates 

of returns for speclfied alternatives dnd levels of resource 
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1.1se. King (1953) reported that lincar proqramr.li nq h~l~~ pro\'('11 

to be one of the most p~werful tools for ,lna1ysls ot r('~,l)lll'l·t· 

allocatlon cholces at the flrm dnd sect or 10ve1. 

Linear programm 1ng is appl icabJ e to al mos t L1ll t i e Ilb () t 

agriculture where the ind1vldua1 Llnn 1~~ tl10 unIt nt 

observat lon. Th i s Incl udes minimi Z l ng cost 0 f t eed rat lCln~, 

for livestock, and tarm plannlnq (optiml~lnq crap rot~tlan 

plans, machl.nery use and others). Farm pianninq W,1S Inltl,lted 

by Heady and I"ove ln 1954 (Agrawdl and Heady, 107n. Further' 

applicatlons of llnear programmlng ta f,lrm m"n,lljCmcnt Cdn h.' 

found in Aqrawa land Heady (197:2), anci Ra(' (1 C) 7 1). Mo n.'llV(· J' , 

LP has been uscd on a macro lEve1 to so l vc prob 1 f'111:. 111 

agricultural marketlng, spatlal c1nalysls, and tr,lnsportclt Ion 

models. 

Hales (1972) believed that LP was a va1uable techniquC' ln 

horticultural crop production management due ta che noture ot 

horticultural businesses, which 1S charactcrlZf'd by d 1~rlj0 

number of enterprlses, and complex ldbor and marketlnq 

operations. However, Gortzig (1976) rcportcd th,lt LP h'-l!~ tH'f'n 

more extenslvely applied in generi..l agriculture th,ln ln 

commercial floriculture management. 

2.3.2 Es~ablished LP Models in the Pot Flower rndq.2.!~~ 

An extensive search of the literature did not revcal any 

established LP models used in ornamental production ln 

Canada. However, the situation was different fur th .. tJnltr·rj 

states and Europe. 

Gortzig (1976) reported that few appl icatlol.s ot LI' hrl\f("· 

been developed for floriculture production management in th0 

united states before 1976. Besldes some app l i c;~t l on~, b'l 

several cooperative extension agents and unlverslty center!; 

(Mississippi state and Pennsylvania), the au thor re f erred to 

a single pub] icatlon by Vaut et al. (1971) who slmll1att-'d d 

small family operated flower production enterprise. 

This assessment of few applications was sharcd by ~owol 1 
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et al. (1982) who referred to an addn:'lonal model done by 

Boyd et al. (1982). However other works published after 1982, 

have becn identified. This includes, in addition ta the works 

of Sowell et al. (1982), Basham and Banan (1983), Lippert 

(1983), ~oJeston and Schumacher (1983), and Saboté1 et al. 

(1987) . 

In a study on the economlCS of pot flower space 

allocation, Sowell et al. (1982) applied linear progranming 

to optimlze productlon management decisions for commercIal 

[lower productlon in North Carolina. Specifically, the intent 

was to demonstrate the uscfulness of the technIque as a 

rcsearch tool to examIne alternatIv2 ma~~gement schemes. The 

model lncluded three sets of crops: Chrysanthemums, Easter 

Lllies, and bedding plants. These crops given different 

varIetIes and marketing dates, constituted a total of 881 

different decislon variables. Resource limitatIons included 

availabillty of skil1ed and unskilled labor, space 

ava Ilabi Il ty 1 market restrictions such as plant typf~ and 

color preference, and market quotas WhlCh included minimum 

and maXlmum Ilmlts on productIon as requlred by contracts and 

market absorptlon for bath calor and type. 

Weston and Schumacher (1983) reported that l inear 

programmi ng has a signi f icant future in the fI oricu l ture 

industry due to it's tlexibility in accommodating different 

crops, tjme perlods and market restrictions. A linear 

programming des ign was presented ta i Il ust rate the 

appl icatl on of the technique for a glasshouse product ion 

plan. The mode1 focused on how formulation Jf LP proceeded ln 

both a SIngle and multiple product case. However, the 

expanded model, containing ten products 1 assumed that the 

greenhouse had three physical areas with different night 

temperatures. The model had to find the optimum crop mix ta 

satisfy tempe rature restriction and plant movement between 

the glasshouse compartments along the production year. Weston 

and Schumacher (1983) believed that the value of the model 
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was in its ability to model crops grown as a function of the 

night-time tempe rature and producti on per iods w i thin the' 

year. 

Lippert (1983), reported that productlon planninq in pot 

plant nurseries is often dlfflcult ta estimate duc to the 

broad number of production alternatlves. Moreover, the 

problem becomes more compl icated if [inancia 1 conSe(]lIellCeS of 

the planni~g are considered. However, LP had proved ta be an 

efficient tool for solvlng complex planning problems in pot 

plant nurseries. Llppert (1983) illustratcd brlefly the 

princlples of LP and descrlbed an examplc, dnd concludl'd th.lt 

in order for the Li> pl anning ta be w ide] y u!..~ed 1 i t Wd~~ 

essential to "have a good pre-pragram ta bui Id up the matrix, 

and il pCIst-program 50 that the LP solution is practical to 

work with." (Lippert, 1983, p.121). ln other wordL;, th ... 

process of data input and report.lng of resul ts should b(~ 

easily accessible to farmers and other users. Commentinq on 

the work of Lippert, D]och (1983) concluded that [or d 

production plan ta he successful lt is necessary to look upon 

it as an integrated part of the whole farm management plan 

and not as an isolated part. 

Basham and Hanan (1983) found that greenhouse producers 

specializing in potted plants have one of the most complex 

scheduling problems in agriculture. Therefore, the use of LP 

and computer systems is essentlal tor the des ign of cHl 

operating schedule for such enterprJ sc. Basham dnd Hdn<ln 

(1983) appl ied LP to a lloca te space wi th in d gre(>nhou~;e to d 

range of crops 50 as to maxim.ize profIts. They concluded thilt 

successful application of ttllS practice depends on the clo~~0 

cooperation between the decislon Maker and the Jnalyst. 

Sabota et al. (1987) concluded that IIsuccessful nursery­

men must continually re-evaluate and develop more efficient 

production methods." (Sabota et al., 1987, p.506). ln this 

manner, LP can improve the decision making ablilty of 

managers by providing more Information to make better 
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informed and up to date decisions. The authors developed 

multi-period models for three different sizes of nurseries to 

determine the optimum product mix plan to maximlze profits. 

Constraints included equipment, materials, and labor. 

Gortzig (1976), applied the LP technique to study a 

series of management decisions concerning alternative 

cropping systems to find optimal crop mlxes that maximize 

profits subject to input availability. various systems 

studied includeJ, in additlon to pot flowers, single crop 

systems with several production options for each of 

carnations, Snapdragons, Chrysanthemums, Geraniums, and 

poinsettias. other systems included eut flowers 

specialization, bedding plants, and a diversified crops 

program. It was concluded that the potted crop specia:ization 

model ranked second in profitability to the diversified crop 

program. 

Saedt and Annevelink (1988) have reported that a decision 

support system has been developed in the Nether1ands, for pot 

plant nurseries. This system, which constructs or modifies 

the production plan by simulation or optimization using LP, 

is being used by a number of nurseries. The system was 

considered an adaptive planning system since it takes into 

cOl1si deration changing space - requirements, variations in 

se11ing priees, occurrences of p~dfit diseases, and de1ays in 

inputs supply. Saedt and Annevelink (1988) concluded that the 

system still had sorne weak points which included long 

decision lntervals (4 we~ks), and other structural issues. 

In summary, previous literature has indicated that the 

use of LP to optimize spa ce use for floricultural products 

and pot flowers has been an effective tool for the planning 

process. Moreover, it can increase production efficiency and 

productivity in the greenhouse industry. 

Based on this conclusion, data will be collected to 

formulatc d single period model that will simulate economic 

conditions and cultural practices followed in the pot flower 
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industry in Quebec. The followed methodology which includc 

the data cUl~ection process and the model's components, will 

be discussed in the next chapter. 
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3.1 Introduction 

CHAPTER 3 

RESEARCH METHODOLOGY 

This chapter will be divided into four sections. The 

first se,;tion will discuss procedures used to estimate the 

input data as weIl as the process of data collection. The 

second section will present the methodology and assumptions 

used to evaluate the costs of production which include fixed 

costs, and variable costs such as labor, heating, and 

materials. The third section will describe the technical 

coefficients and assumptions used to build the m00el, while 

the fourth section will describe the technic-'ue of linear 

programming (LP) with a detailed descriptio.o of the pot 

flower LP model and it's components. 

3.2 Estimation of the Input Data 

3.2.1 Data Coljection 

The data required to build the model includes priees, 

conslraints, and other technical coefficients, which were 

partially obtained from census reports and other costs of 

production reports prepared by governmental agencies. 

Supplemental data were obtained from discussions and 

interviews with marketing specialists and horticultural 

counsellors from the "Ministere de l'Agriculture, des 

Pêcheries et de l'Alimentation du Quebec", (MAPAQ) and other 

related research centers ( Institut de Technologie Agro­

Al imentaire (ITA), and Institut Quebecois du Developpement de 

l'Horticulture Ornementale (IQDHO). Additional information 

was acquired through a questionnaire sent to several 

representative production firms in regions 6,7, and 10. 

The questionnaire, listed in Appendix A, aimed to gather 

detailed information regarding the costs of production, in 

addition to other related information such as specifie 

cultural practices followed, market demand and constraints, 
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common pot sizes, and spacing requirements for the plant~ 

under study. Data publishcd by the CREAQ, MAPAQ, Statistlcs 

and Agriculture Canada were cite~ for additional referenccs. 

3.2.2 General Procedures 

The data collected were used to slmulate economic and 

cultural practicE;s for a model greenhouse, locatcd in th!.' 

area of Montreal. The modelled greenhouse, wi~h a bcnch arc~ 

of 2000 square meters, is made up of several gut tcr-connf'ct L'd 

houses, and is covered with a double polyethylene> li1yer. The' 

planting area represents about 80% of the prOVlnCli1l avoragE.' 

greenhouse size in 1988 (statistics Canada, 1()nc)). (1) 

The model greenhouse is irrigated wItl' a drlp l rr lqllt ion 

system and heated using a bi-energy system, whicl1 UGes botll 

electricity and number two oil, in a 40:60 proportIon. It 

should be noted that the data ~ere collected in 1990 and 

reflects the production costs incurred in 1989. 

3.3 Production Costs 

Production costs depend on Many factors which di t fer 

between production f irms. Such factors include locat lon, 

size, managerial skills, time of the year, greenhouse typE.' 

and age, facilities available, crops produced, product lon 

plan, and others. Several assumpt ions were mc1de concern i n(j 

the production costs and cultural practices toll owc>d. The' 

discussion of these cultural practices, presentcù in ~cction 

3.3.1, will help to outline the production costs. 

The production costs, which are composed of both fixcd 

and variable operating costs, are discussed in sections J.l./. 

to 3.3.3.3. 

1 Statistics Canada has reported that the average size of 
greenhouses operated in the province of Quebec for the 
year 1988, averaged 2557 square meters. 
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3.1.1 Plant cultural Practlces 

Cultural practices and production scheduling vary 

tremendously among producers due to different management 

skills, experience, greenhouse location, and facilities 

available. It is beyond the scope of this stùdy to outline 

such exact production schedules and practices. However, those 

data would be needed t.O outl ine labor hour requlrements, 

heating costs, and spaclng assoclated with the plants under 

study. For this reason, cultural practices followed for these 

plants will include sorne general or common praetices that 

will be followed for aIl the plants, and other specifie 

praetiees, that vary from one plant to another. The general 

praetices inelude the frequeney of irrigation, and the 

appl i eati on of fert il izers, pesticides and growth regulators. 

other specifie practices associated with the production of 

these potted flowers, such as pruning, pinching, lighting or 

shading, and others will be mentioned in the production 

practice schedule. 

].3.1.1 General Practices 

A detailed description of the general practices followed 

for aIl the plants are listed as follows 

1-Frequency of irrigation : The frequency of irrigation 

depends on many factors su ch as the plant requirement 

which vary according to growth stage, climate, po~ size, 

and potting media. In this study, irrigation will be 

supplied daily through a drip irrigation system except for 

the first and last weeks of the production cycle where it 

wIll be supplied every two days to enhance rooting in the 

beginning, and to increase hardiness for marketing in the 

end. Different water requirements due tG the above 

mentioned facto.3 will be accornmodated by varying the 

length of the irrigation cycle ta give more or less water. 

The irrigation system will have check valves to control the 

water distributIon. 
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2-Fertilizer application: Fertilizer application v~rles 

according to various needs of the plants, qrowth st~qc, 

planting media, che~ical compositlon and solublllty ot th" 

product. In this study it will be assumed th,1t CX('''pt fOl 

the initial fertil i2er appli Cël.t "on t h,lt \V l 1 1 bt' 

incorporated in the soil, a constant feedinrt tht"llUqh the 

irrigation system (fertigatlon) will be followe~ excert lor 

the first and last week. In this méH1net-, cl ~.q.ld r",1te 

fertilizer tank will be connected ta di fferent [;('ct lDn~; 01 

the main water pIpes to be distr ibuted to var j ou~~ ~;cct 1 on~; 

of the greenhouse by different drip networ}:s. It shou1d oe 

noted that no fertil izer name or ra te will bC' mt'nt lorwc! duC' 

to the various c.Jmblnatlons of chemicals pre~,c'nt on th!' 

market. 

3-Pesticide appl ication : Pesticl de dppllcatlon depend~) on 

the type of pest (weed, fungl, or insect) 1 propilqùtlon 

method, and growth stage. A pest preventive proqr,1m that 

employ the use of fungicides, insecticides, and acarlcid('~, 

will be appl ied via the drip lrrHJé1t Lon system ilt 14 cI,lY:; 

interval. If other problerns emerge / speci r ie pe~;t i C 1 <I('~~ 

will be used and sprayed by a manual sprayer. Ca rc' :;hou 1 d 

be taken in arder not to spray any pestICIdes durinq the 

flowering stage to avoid in] ury of the in f l orc'~;cC'ncp. 

Again, it should be noted that no pesticide n,lme or t"dt/' 

will be mentioned due ta the variety of tré1dc n,Jme" ilnd 

chemical compositions of products available on the rndrJ.:0t. 

4-Growth regulators : The applicatIon of growth requltltor::; 

depend on the plant vigour and growth stdgC, the purpo~0 nt 

application (to retard or cnhancc vc>qet.dt l V(> or 

reproductive growth) 1 the product l on or cu l tura l pt-<lct 1 cc:; 

followed, and product concentration. In this mannpr, 

specifie growth regulators will be applied ta different 

plants at different time Intervals as required by the 

production practice followed. This application will be donC' 

manually using sprayers. 'l'he main category of growth 
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regulators used will include growth retardants. 

5-Pot size : It will be assu~ed that one final pot size will 

be used from the beginning of the productlon cycle until 

the end. ThlS practlce will reduce the labor hours needed 

to repot the plants. However, plants will be respaced 

frequently according to the plants' growth stage and 

requirements. It wlli be assumed that a 5 cm larger pot 

wlll requlre one addltional week of production. 

1.3.1.2 Speclfle Pr~ctiees 

These include the set of cultural practices specific to 

each of the potted flower plants under study. This will 

j nclude pruning, plnching, lighting or shading, respacing and 

others. These practices will be described along with plant 

requirements. The llst of plant varieties used ln thlS study 

is llsted ln Table 3.7 (page 44). The schedules of cultural 

practlces will be presented in Appendix D. 

J-Africdn Violet 

The African Violet (Saintpaulig ionantha) is considered 

one of the most popular hobby plants. Consumers S~0W a high 

demnnd for this flowering plant because it can thrive with 

minimum care. It has a high tolerance to low light intensity, 

warm temperatures, and dry atmospheres. For these reasons, 

the plant is one of the few potted flowers, besides 

Chrysanthemums, that can be grown for sale on a year round 

schedule. It is noted, however / that the peak demand of 

Violets is during the main holidays. In this study Violets 

will be produced for sale on a bi-weekly schedule through out 

the year including the major holldays. Sorne of the cultivars 

used in Quebec inelude Optimara, Rhapsodie, and Antoflorens. 

In Quebec, many producers have found difficulty in the 

production p~ocess. In fact, it is believed that there are 

only 2 or 3 major producers for this plant in the province. 

Producers can start from either seeds, leaf cutting, or 
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seedlings. In this study, imported seedllngs wlll bc u~cd. 

The plant requl.res an average of 10 weeks of produ\.:t l on. Th l~; 

depends on the season of productIon WhlCh could v,1ry th(~ 

production perlod between 8 to Il weeks. In thls ~,tudy, ,1 

production period of la weeks on average, WIll bc uscd. 

African Violets, unI i ke other pl ants, seom to q n)\-J h't t l' r 

\.vith a warmer night tempe rature and a coolor dZ1y tt~mpcr,ltlln"'. 

Addi tiona 1 1 ight on short days, pl ays an unporLmt l-ut (' 1 n 

flower initiation and plant growth. Tho pL1ntltHl nH'dlllJ1l 

should be 100se, weIl dra ined, anrl r lch U1 orqzHl1 C m,1 t t t.:' t ttl 

help kee~ the roots wet. The plant enJoys a good lertlilty 

rate, but care should be taken to avold Incrcas l nc] t t1C !:,\ 1 t 

level since Violets are sensitive to hJgh soluble ~;,llt 

levels. The most important pot si ze produced for the Oucl)oc 

market is the 10 cm pot. Those pots are spacod pot to pot tor 

the t irst 2 weeks after which they are respaccd ta occupy ,ln 

area of 0.40 square meters until marketing dotes. Table 1 in 

Appendix 0 shows the schedule of cultural practlces tollowed. 

2-Azalea 

Azalea (Fhododenç1ron obtusum) is imported as a sem 1-

finished plant to be forced in Quebec. Azalea cultivar~ hnv0 

a large variety of colored flowers wi th var lOU;, S 1 ze~; ,me! 

shapes. The plant 15 produced for sa le for the 1 ou r- ho 1 1 cl" Y 

marketing periods. Producers could propagate the pl~nt tram 

seeds or cuttings. I~ this study, imported pro-buddod 

finished plants will be used. These plants require from G ta 

8 weeks of forcing before marketing. ln this study, i) 

production period of 8 weeks will be used. 

Since Azalea is a long day plant, llght rl~ys <ln 

important raIe in flower initiatIon. During the winter the 

daylength must be extended by the use of artiflCirll llghts. 

Other special treatments include the application of 9rowth 

regulators to enhance flowering. This is done once every week 

after two weeks from the starting date. Other special 
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treatments include pruning of side shoots ta maintain a weIl 

brdnched plant. The plant~ng medium should be porous with a 

high percentage of organic matter (mainly peat moss 

50%-100%). A plantinq medium with a pH level between 4.5 ta 

5.5 should be maintained as higher pH levels might cause leaf 

chlorosis. The plant requires a constant supply of nutrients, 

but care should be taken to avoid using ferti llze.cs that 

increase the sail pH and soluble salt level. l'he most 

important pot Sizes p.coduced for the Quebec market are 15 cm 

and 17.5 cm. Other less important pot sizes such as Il.25 cm 

pots are dvailable. The 15 cm and 17.5 cm Slzes will be used 

in this study. Those pots are spaceci directly using the final 

spacing. This is 30 by 30 cm for the 15 cm pots, and 35 by 40 

for 17.5 cm pots. Tables 2 and 3 in Appendix D show the 

schedule of cultural practices followed for Azalea. 

J-Begonia 

Tuberous Begonia (Begonia tuberhybrida) is considered one 

of the most versatile of aIl commercial potted plants. The 

plant has a tremendous variability in flower size, form, 

color, and texture. other Begonia species could be grown as 

foliage or bedding plants. This classification differs 

according ta the root systems. The plant is mainly produced 

for the spring season and Easter and Mother's day although it 

can be produced for Christmas, but producers in Quebec avoid 

this because of high costs. In this study, Begonias will be 

produced for sale for Easter and Mother' s day. Several 

varieties are used in Québec, sorne of which include the 

Nonstop varieties. Producers could start from either seeds, 

tubers, or cuttings. In this study, seedlings will be used. 

The plant requires an average of 10 ta 12 weeks before it 

becomes ready for marketint; in spring. In this study, a 

production period of 10 weeks on average will be used. 

Light plays an important role in flower initiation and 

plant growth. In this manner, additional artificial light 
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have to be suppl ied ta the plants dur lng ('>:\..~C's~-; l \'1-' 11 qht 

reduction in wlnter WhlCh can reduce qrowth dnd dt !('l't pLlnt 

formation. On the other hand, tuberous Reqon 1.1 reCJlIl re:; 

shading from intense light between April and Scptcmber. The 

planting medlum should be porous and weIl dr~lned wlth hlqh 

percentage of organic matter such as peat moss (~~-50~) to 

help keep the roots moist at '-111 tlmes, ~,lnC0 <1 'v.',\t01' 

shortage mlght harden the growth and dry the' 101 l,HF'. Cd n-' 

should be taken to dvoid increaslng the soluhlp ';,llt I(,vl'l. 

Ten and f 1 fteen cm pots are the mosL w Ide l y P rOdlll.'l'd 1 ()l- t Ill' 

Quebec market. Those pots are spaced pot to pot 10r the f i r~;t 

3 weeks after which they are respdced at 20 by ~n cm for th0 

10 cm pot, and 30 by 30 cm for the 15 cm pots. Tables .j ,md 

5 in Appendix D show the schedule of cul turill pri1ct ic('~; 

followed for tuberous Begonia. 

4-Chrysanthemum 

Chrysanthemums (!)endranthema grand i f lorum) i.1 ri: cons l dC'rC'd 

to be the most important potted flowers produced ln Quebee i1~ 

far as wholesale value is concerned. This plant is one of the 

few potted flowers that could be grown for sale on i.1 year 

round schedule. Although this practice is more common ln 

Europe, severa l ornamental counsellors Interv i eweel be 1 l C'V(' 

that the market is under-exploi ted ln Quebee. DepPIHi l nq on 

the cultivar's growth charaeteristics, mums cl n' ~;olù d'. 

potted flowers or as cut flowers. In this study, mums ItJi 11 1)(' 

produced for sale every two weeks throuqh out the Y('(l r 

including the major holidays. There are a large numher of 

varieties used in Québec. Those vary dccording to color, type 

and growth characteristics. The yoder Company, one of th0 

major producers of cuttings, classified the demand in lJorth 

America according ta color and plant type. In terms of color 

it was estimated that demand was 40% for l'cl JOItI, 27% for 

white, 21% for pink, and 10% for red/bronze color. As for 

type, preference is given to decorative plants (68%), where 
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the center bud is pinched, daisy (23% ), and 7% for anemones. 

Most producers could start from rooted or unrooted cuttings. 

In this study, rooted cutting will be used. 

The plant requires an average of 9 to 12 wee}:s before it 

becomcs ready for marketing depending on the season of 

production. In this study, a production period of 10 weeks on 

averdge will be used. Mums are classified according to their 

response to tempe rature and light. In this manner, 

thermoneutral or thcrmonegative cultivars, WhlCh require a 

temperJture less th an 16 Celsius degrees to initlate flower 

bud development, could save on the energy costs in Québec. 

Light plays an Important role ln flower Initiatlon. Short 

days WIll enhance the process while long days can be used to 

enhance vegetative growth and delay flowering. other special 

treatments include pinching and application of growth 

regulators. The former practice is done to control plant 

height and increase lateral buds and branching, while the 

latter practice is done to control plant height and growth. 

In addition to other fertilizers, Phosphorous is pc>l:ticularly 

needed for proper plant growth. Ten and fifteen cm are the 

most common pot Slzes produced for the Quebec. However, there 

is greater demand for the 1~ cm pot. The 15 cm pots contain 

five plants per pot, while the 10 cm pots have only two 

plants. Pots touch for the first 2 weeks of growth after 

which they are respaced te a 30 by 35 cm for the 15 cm pot, 

and 20 by 25 cm for the 10 cm pot. Tables 6 and 7 in Appendix 

D show the schedule of cultural practices followed for 

Chrysanthemums. 

5-Cyclamen 

Cyclamen (Cyclamen indicum) is a small plant with an 

attractive flower. Several ornamental counsellors bel ieve 

that the developrnent of improved cul ti vars which have a 

longer shelf life and fast flowering time, cornbined with the 

development of accelerated production techniques, which 
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require a shorter production cycle (8 to 9 months rathcr th,,!) 

12 to 15 months), have re-established Uns pLlnt ,1~; ,In 

important commercial product. In Europe, CycL1m('n~; ,Ill' 

produced year round. But in North America ,Inl! I,.)llt. ... bcl', thL'" 

plant 1 s ma inl y produced for Chr isti11û,s. Othet" lc~_;~; 1 mf'ol-t <1 nt 

occaSions include sprlng holidays slil..~h <1S VlIlcntlnc, l:,I~;tl'l 

and Mother 1 s day. In this study 1 Cyclamens will bo prod\lcc'd 

for sale at Easter, Mother's dRY, Valentlnes, "nct Chrl~tm<1s. 

Producers could start from either seeds, or ~;cedlin(F;. ln 

this study, seedlings will be USE.d. The pLll1t rcqtlltc~; .Ill 

average of 7 ta 8 months before l t becomes reddy lor 

marketlng. In this study, a proclllct.lon periml 01 l() w('("'k~, 

will be used. Slnce llght plays an Importdnt raie- ln t lOWC'1 

initiation and plant growth, llrtlflClill llCJht~J WIll be lIë.0(j 

during the winter nights to enhdnce ~rowth. Othor speeinl 

t :E:.~tments include the appllcat ion of (]rowth regu l é1tor:; t 0 

induce early and more uniform flowerlng. Thl" ts donc 1.S to 

2 months before the deslred bloominq date. The plL1ntinq 

medium should be porous Wltt-- ù hlCJh pcrcentéHJe' oi orqlnll' 

matter to help reta ln su f f lC lent WL1 ter. Apl ,1nt 1 nq mf>c!lllm 

with a pH abQve 5.5 should L~ mi3lntc:uned. The plL1nt reqlllrf>:. 

a constant moderate suppl y 0 f nut r lent~;, but cx<:C'~;~; 1 V(' 

nutrients slow growth. Care shQuJ d be ti1ken ta ,iVO 1 d 

increasing the solublp. salt level to a hiqh extent. Thf> mo!;t 

important pot size produced for the Quebec market is 1~ cm 

al though a 10 cm pot is not uncommon. Those pot s ,) rc ~rdL'(~d 

pot to pot for the first 10 I."ee}:':; ,lfter wtllch th0y ;In' 

respaced at 30 by 30 cm for the lS cm pot, Cind ?O hy )0 ('fTl 

for the 10 cm pots. Tabl es 8 and 9 ln Append l x [) shovJ the 

schedule 0f cultural practlces followed for Cyclamen. 

6-Easter Lily 

Easter Lily (Lil~m longifloru~) is the main plant 

produced for Easter. The most commanly used cultivars in the 

united states and Canada are Ace and Nellie White (Senecal 
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and Bigras, 1987). Most producers buy vernalized bulbs and 

fInIsh them ln thcIr grcenhouses. Since larger bulbs produce 

more f lowers, bulbs are graded according to Slze 

(clrcumference) The plant requlres an average of 110-120 

days before l t 1S ready for marketIng, In "ChIS study, a 

perlod ot 16 wecks wlii be used for the productIon cycle. 

Special treatments Jnclude daylength extension during 

wlntcr, and the applIcation of growth regulators to obtain a 

shortcr and more unI form products. Planting media should have 

d pH of ~.o and lilow for a good draInage. The most common 

pot size produced for the Quebec market lS the 15 cm pot 

dlametcr. As for tcrtillzatlon, nitrogen, calcIum and 

phosphorus are the most important elements fer this crop. 

Pots were Inltlally spaced size by size (15 cm by 15 cm 

center to center) for the first 6 weeks after which they were 

respdced to 20 cm by JO cm (0.06 square meters). Pesticide 

application should not be applied when flower buds start to 

appear. The schedule of cultural practices of Easter Iily is 

presented in Table 10 of Appendix D. 

7-Geranium 

Geran l um (Pel a rqon 1 UTl1 hortorulIl) is the plant that is most 

widely 501d for Quebec gardens. It i5 sold as a potted flower 

plant or in trays for landscaping. The quantity produced has 

increased yearl y over the last 10 years. The method of 

producti on known as "fast crepIt i5 the most prof i table and is 

the most commonly used in Quebec. This method consists of the 

optimal combination of plant stock variety, medium, ferti~ity 

level, and tempe rature manipulation. The geranium is produced 

t or spr .lng, especiall y Easter and Mother' s day. In this 

study, the geranium will be produced to be marketed at bi­

weekly intervals between the period of March 19 and June 18 

(eight times). There are a large nunber of varieties used in 

Quebec, sorne of which include Oglevees, Fischer, Kim, 

Veronica, and Yours Truly. Most producers start from rooted 
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cuttings bought from the local market, hO\vever l ,1 HW 

producers buy mother plants to produce theïr O\oJl1 cutt InCJS ln 

the spring. In this study, a rooted cuttin<) bO\lC]ht from tlw 

market will be used. The plant requires ~n ~vcr~qc of G to R 

weeks before it becomes ready for marketlnq ln the sprinq. 

Temperature and l ight play an l mporti1nt ro lei Tl t Ile 

timing of product10n. Liqbt affects flowor lI11tldtHln, .lnd 

the plant will not flower until It ha~:; accumuL1tC'd ,1 cL'rLlÎn 

number of light hours. ~igh temperi1turc, on the other h~nd, 

has a positive effect on the flower bud inltlc1t:lon one! 

elongation. other special treatments include the dpplici1tion 

of growth regul ators to control vegetélt ive q rowt Il ,lne! cnll,HW(' 

the development of side shoots. The Geranlum Cdn w 1 th:,t.lIlCl d 

plant ing medium wh.l-:h 1S less porous th~n othC't poth,rj 

plants, but the piant requin~s ,ln elevéltf'd ';upply 01 

fertilizers. Phosphorous and Magnesium arc p;lrtlCllldrly 

important. The most important pot sizes produc0d for the' 

Québec market are the 10 and 15 cm. Tt 15 not uncommon for 

many producers to use a 11. 25 cm pot size but the' 10 cm '''''d~; 

found to be the most common. Other produccrs tend t 0 use.' tlw 

larger pot si~e ta produce a better quallty plant wlth hi0h0r 

selling price. Hmvever, the larger plctnt~ n~qll i rc~; tvl() 

additional production weeks. In this study, bath tll(' 1 () ,1;-,<1 

15 cm pots will be used. These pots are spaccd pot to pot for 

the first two weeks after which they are respaced t_o ,\ l 'J by 

15 cm for the 10 cm pot, and 20 by 20 cm arrangement for the 

15 cm pot. Tables 11 and 12 in Appendix D show the ~chcdl110 

of cultural practices for Geranium. 

8-Hydrangea 

Hydrangea (Hydrangea macropl1Y.lla) i5 a potted plant 

characterlzed by a spectacular inflorescence. Flower cülor 

can be pink, blue, or white. Several ornamental counsellor" 

believe that the cultivation of this plant is in decline duc 

to it's long season of production and difficulty to conservc' 
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the flower for a long periode The color preference in Québec 

is mainly pink (85%) followed by blue (10%), and white (5%). 

(Senecal and Bigras, 1986). This plant is mainly produced for 

Easter and Mothers 1 day. There are a large number of 

cul ti vars grown in Québec, two of the more popular ones 

include Merritt Supreme, and Rose Supreme. Due to the 

difficulty and hlgh cost of productlon, most producers in 

Quebec buy finlshed plants from the united states or ontario 

and force them in Quebec. In this study, a finished plant 

will be used. Forcing requires an average of 12 to 14 weeks, 

depending on the greenhouse temperature 1 before the plant 

becomes ready for marketing in spring. In this study, a 

production period of 13 weeks will be used. Aluminum and pH 

level are important factors that influence flower color. 

Flowers have a blue color if aluminum is abundant, and pink 

if supply is low. PH will control the availabil i ty of 

dl uminum which will be more avallable at lower pH levels. 

Light plays an important role in flower initiation and long 

da ys delay flower formation. 

Other special treatments include the application of 

growth retardants to control plant height. The planting 

medium should be weIl aerated with a high water holding 

capaci ty since water def iciency severly slows crop growth and 

damages tissues. In addition to other fertilizers, 

Phosphorous is particularly needed for proper plant growth. 

The most common pot sizes produced for the Québec market are 

the ]5 and 17.5 cm pots. Those pots are spaced pot to pot for 

the first 4 weeks after which they are respaced at 40 by 45 

cm, and 45 by 50 cm for the 15 and 17.5 cm pots respectively, 

for the rest of the forcing cycle. The 17.5 cm pot requires 

an additional two weeks of production. Tables 13 and 14 of 

Appendix D show the schedule of cultural practices foll0wed 

for Hydrangea. 
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9-Poinsettia 

Poi1settia (Euphorbia pulcherrima) is considered the m~ln 

potted .""lower plant produced for Christmas. In the Un i ted 

states, it is considered to be the leading pottcd flower in 

terrns of wholesale value. In Quebec 1 i t ranks second a fter the 

Chrysanthernum (Dansereau, 1990). It's popularity hllS boc'n 

attributed mainly to the use of impr oved var 1 et 1 cs Will ch "-CCI) 

their leaves and flowers for longer periods of t i me. How('v(' t 1 

doubts have risen concerning the profitabllity of thiG pl~nt 

because of the large supply cornpared ta demllnd on on0 ~; 1 cie 1 

and due to 'L~~~ high heating costs in the production poriod, on 

the other hand. The most commonly used cultivars in Qucbcc arc 

Annette Hegg Dark Red (80%), Pink (5%) and White (~~). 

Most producers start from locally produccd cuttlnqG 

purchased in July or August. cuttings can be bought w 1 t.1l or 

without roots, pinched or unpinched. In this study, wc wlll bf> 

starting from a rooted pinched plant. The plant requ i re~; ,ln 

average of 110-120 days before it being marketablc in carly 

December. since Poinsettia are short day plants, liqht playn 

an important role in flower initiation. other spec Lil 

treatments include the application af growth regulators ta 

shorten the plants, strengthen the stem, and intensi fy tt1L' 

colors of the leaves and flowers. An unpinched cutt U1g ~,h()lll cl 

be pinched about 15 days after potting ta remove the termln~1 

bud and increase branchlng. 'l'he planting medium shau 1 cl Iw 

porous and weIl drained. The plant needs continuous fert i Il Z<l­

-tion, however, chemicals that increase soil salinity should 

be avoided due to root sensitivity. The most important pot 

sizes produced for the Québec market are those of 15, 20 and 

25 cm. The 15 cm pots contain one plant whereas the 20 cm may 

conta in 2 to 3 plants and the 25 cm pot has 3 to 4 plantG. 

Pots touch far the first month after which they are moved ta 

a 30 by 35 cm, 50 by 45 cm, and 55 by 60 cm for the 15, 20, 

and 25 cm sizes, respectively. Tables 15 to 17 ln Appondi>: f) 

list the schedule of cultural practices used for Poinsettia. 
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3.3.2 Fixed Costs 

F ixed costs are the costs incurred regardless of the 

number of plants or crop varieties produced in the green­

house. These costs include managerial salaries, taxes, 

insurance, depreciation 1 interest on loans, repairs, 

greenhouse structure, heating and irrigation systems, office 

expenses, and repairs and maintenance. 

These costs differ among various greenhouse firms 

dC'pending on the production methods followed, managerlal 

skills, styles and preferences, plants produced, as well as 

the location of the greenhouse as it affects rent, labor 

wages, and heating requirements. 

Moreover, since the calculation of the fixed costs would 

not affect the results obtained from the optimization 

procedure, which depends on the variable costs, the fixed 

costs required for the modelled greenhouse were not 

specified. Further information on fixed costs of greenhouses, 

are ci ted in the publication of "Le Comité de Réferences 

Economiques en Agriculture du Québec" (CREAQ, 1989a). 

3.3.3 Variable Costs 

The variable costs are composed of heating, material, and 

labor costs. These costs were estimated per unit of plant 

variety produced for a certain occasion. These costs, listed 

in Appendix C, were estimated and calculated as follows: 

3.3.3.1 Heating Costs 

One of the major costs in the production of pot flowers 

in greenhouses under northern climates is maintaining proper 

temperatures inside the greenhouse. As energy sources have 

become more costly, heating expenses associated with 

production have increased. 

The total annual heating cost is divided into the system 

and fuel costs. While the system costs are considered part of 

f ixed casts, fuel costs are added ta aperating costs. 
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Fuel casts vary depending on the location of the grecnhou[;C', 

ternperatures required, crops produced, and <jrecnhollsP 

structure. These costs \.;i11 be incl uded in the var l ëÜ.' le costs 

as the co st of heating per plant unit. This wùs estirnatC'd 

depending on the tirne the plant was present in the grecnhollse 

and area occupied. 

The variable heating c'.)sts were based on the hCi1tl ng 

requirements as tabula ted by the "Cami te de I~e fe rC!1CC~, 

tconomiques en Agriculture du Quebec" (CREAQ) for the region 

of Montreal (1987). The rnethod used by CREAQ to estlIndtl' tlH' 

heating requirements takes inta consideration metcoroloqicùl 

data sllch as solar radiation, average day anù n l<Jht 

ternperature, fuel type, and greenhouse structure (single or 

attached) . 

The CREAQ tables (Appendix B) show the rnonth 1 y 

requirements for nurnber 2 ail in li ters per sqUd re mclt~r 

needed to achieve a certain night temperature ln dn ~ttilchpd 

structure in the region of Montreal. Heating R<:qu l rementf.~ 

depend on the required ternperature di f f crcnce bctwc(~n di1Y <1 nd 

night inside the greenhouse. In th i5 case, the mode 11 cd 

greenhouse was kept at 18 degrees Cel s i us. A convers ion t,1b 1 e 

(Appendix B) was prepared by CREAQ (CREAQ, 1987), to ch,wgr> 

the required energy from 011 ta other forms of 0!10rrJY 

including electr lci ty. This is part iculary importrll1t 0; l nec il 

bi-energy system. which depends on 011 and electrlClty ln il 

60:40 ratio respectively, was used. The prlee of d liter of 

oil was calculated to be 22 cents, while the priee of i1 

kilowatt-hour (Kw-Hr) of electricity was estimated ta be 4.81 

cents (D-rate, Hydro Québec, 1990). Based on this data, the 

heating costs for different perlods of the year arr 

calculated and presented in Table 3.1. Tt is noted that mo~;t 

of the heating costs accur in a few rnonths of the yCi1r. 

In arder to calculate the heating cost associated with 

the production of one plant unlt, the area occupied by the 

plant was rnultiplied by the heating costs of both electrlcity 
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TABLE 3.1: HEATING REQUIREMENTS & COSTS PER PERlOn AT 18 C NIGHT TEMPERATURE FOR MONTREAL REGION 

ENERGY REQUIREMENT ENERGY COSTS TOTAL 
PERIOD DATE ELECTRICITY Oil ELECTRICITY ! Oil 

(Kwh/m~2) (lit.lm A 2) (cents/rn"'2) (cents/m A 2) 

1 st 2 weeks Jan 8 - Jan.21 20.1768 37394 97.05 8227 1 17932 
2 nd 2 weeks Jan 22 - Feb 4 19.3144 35794 9290 7875 1 171 65 

3 rd 2 weeks Feb 5 - Feb 18 17.1584 1 3.1794 8253 6995 
1 

15248 
1 4 th 2 weeks Feb 19 - Mar 4 15 5976 28902 7502 6358 

1 

138 61 
5 th 2 weeks Mar 5 - Mar 18 11.6956 2 1672 5626 4768 10393 
6th 2 weeks Mar.19 - Apr 1 11 3242 20984 54.47 4616 10063 
7th 2 weeks Apr 2 - Apr 15 64960 1.2040 31 25 26.49 5773 
8th 2 weeks Apr.16 - Apr 29 64960 , 2040 31 25 26.49 5773 
9 th 1 week Apr 30 - May 6 1.6544 03068 796 6.75 14 71 

10 th 2 weeks May 7 - May 20 27776 0.5152 13.36 11.33 24.69 
11 th 2 weeks May 21 - Jun 3 1 23765 0.4408 1 Î.43 9.70 21.13 
12 th 2 weeks Jun 4 - Jun 17 

1 
0.3058 o 1680 436 3.70 805 

13 th 2 weeks Jun 18 - Jul 1 

1 

08619 0.1599 4.15 352 7.66 
14 th 2 weeks Jul2 - Jul15 0.2912 0.0546 1.40 1.20 2.60 

15 th 2 weeks Jul 16 - Jul29 02912 0.0546 1 40 1 20 260 
16 th 2 weeks Jul 30 - Aug 12 0.6680 0.1242 321 273 595 
17 t~ 2 weeks Aug 13 - Aug 26 0.7308 0.1358 3.52 2.99 650 
18 th 2 weeks Aug 27 - Sep 9 1.7172 0.3185 8.26 7.01 1527 

19 th 2 weeks Sep 10 - Sep 23 2.2652 0.4200 10.90 9.24 20.14 

20 th 2 weeks Sep 24 - Oct 7 4.1293 0.7658 19.86 1685 36.71 
21 st 2 wee'<s Oct 8 - Oct 21 5.9934 1.1116 28.83 24.46 5328 
22 nd 2 weeks Oct 22 - Nov4 7.4322 1.3780 35.75 3032 66.06 

23 rd 2 weeks Nov 5 - Nov 18 11.0292 2.0440 53.05 44.97 9802 
24 th 2 weeks Nov 19 - Dee 2 120854 2.2398 58.13 4928 10741 
25 th 2 weeks Oee 3 - Oee 16 

1 

184226 3.4146 8861 75.12 16373 

26 th 3 weeks Dec 17 - Jan 7 29.8269 5.5282 143.47 121.62 26509 

YEARL Y SUBTOTAL = 1881.70 
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and oil, in the assigned proportions, for the per iod the 

plant was present in the greenhouse. 

As for the fixed system costs, CREAQ reported that the 

co st 0f a bi-energy system, which uses both electriclty and 

oil, was estimated to be 55.60 dollars per sCludre rnett'r 

(CREAQ, 1989a). This value could be multiplied by the tolal 

area of the greenhouse, to find the total f~xcd costs of thp 

heating system. Annual fixed costs could then be dctcrmlncd 

by dividing the total fixed costs by an estimated life of the 

system. 

3.3.3.2 Labor Costs 

Labor costs were measured in terms of the tirne needed to 

produce a unit of crop, hence it was necessary to estirnatc 

the labor hours involved in the production of a plant unit. 

However, since most growers interviewed were unable to statc 

with confidence the labor requirements needed (in tcrms of 

time) for the production of a plant unit, prodtlcer[, wcrc 

asked, instead, to approximate the amount of timo nccdcd for 

certain cultural practices such as planting, spacing, 

pruning, and others. The time required depended on the 

worker's skills, past experience, aVë..ilable facillties, plant 

variety, and pot size. 

Averaging the producers' approximations with other 

estimates from consultation with ornamental counsellors and 

horticultural specialists, the amount of tlme needed for cl 

certain cultural operation was estimated accordinq ta the pot 

size. This estimation, listed in Table 3.2, was used for aIl 

the pot flowers under study. This table lists the tlrne need~d 

to perform certain operations such as potting, spacing, 

pinching, watering, pesticides and fertilizer applications, 

harvesting, and other maintenance activities. 

Labor requirements for different pl ant var i et ies ln 

different periods of the year, were estimated according ta 

the schedule of cultural practices cited in several 
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TAULE 3.2: LAUOR REQUIREMENTS PER TASK r:OR DIFFERENT POT SIZES --

peratlon\ Tlme o 
OF 
FW 

GR 
IR' 
PA 
PKG 

PG 

PM 
Pt->: 

- -- - - - - ----
: Drcnch Funglclde 

Fertigate & Imgate 
. Spray growltl regulalor 
Imgale 

. Pesllcldû Application 
'Pad{agc plant 

. Place ln greenl10use 
D:Prepare media & 1111 pot 
Plant cutting (rooted) 

Pmch or prune PI' 
RS. 

SA 
S&H 
SH: 

Respace plants 
Soak bulb J(l acarlclde 
'Shipplng & handlmg 
Shade plants 

US Unshade plants 

la cm 
(sec) 

-- -
5 
3 
3 

1.5 
3 
9 
5 
3 

4.5 
5 
2 
6 
5 

1.5 
2.5 

15 cm 17.5cm 20 cm 25cm 
(sec) (sec) (sec) (sec) 

6 65 7 8 
3 3 3 'j 

v 

4 4.5 5 6 
1.5 1.5 1 5 1.5 

4 4.5 5 6 
12 13.5 15 18 
6 6.5 7 8 
4 4.5 5 5 
6 7 B 10 
7 B 9 10 

3 3.5 4 5 
6 6 6 6 
6 6.5 7 8 
2 2.25 25 3 
3 3.25 35 4 
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ornamental production books and technical references. Tlw 

schedule of cultural practices used for the studicd plants, 

listed in Appendix D, y,vas discussed in detall 1 n S0Ct Ion 

3.3.1. A summary of the total time needed per plant unit 15 

listed in Taule 3.3. It should be noted that labor wagc was 

estimated at 5.50 dollars per hour. 

3.3.3.3 Material Costs 

Material costs make up a major part of the variable costs 

of production. These include the costs of plants, pots, 

planting media, fertil izers, pesti cides, and pack,lq 111<1 

materials. Material costs were calculated uSlnC) producor~; 

estimation and other published governrnental data (CHEAQ, 

1989b) • 

Total rnaterial costs for the plants under study are listed 

in Table 3.4. These costs are presented in more detail in 

Appendix c. 

3.4 Model Input Coefficients 

This section illustrates in detail the stops and 

assumptions taken to simplify the construction of the model 

input coefficients. This will also include the discussion of 

the plants production practices. 

3.4.1 periods Marketed 

The production year was di vided into 26 per i ods ('é1ch 

covering a two-week time except for two periods on0 wlth on0 

and the other for three weeks. The year was dividcd ln this 

manner in order for the periods to cOlncjde with thp 

marketing dates associated wi th the hol idays. It w'é1S f 0l t 

that a period of two weeks would be ~ufficjent sincc a longer 

period such as one month time would be too long for accuracy 

while a one week perioi would lead to a very large matrix. 

The division of the year into periods W2.S i11 ustratcd in 

Table 3.1. It should be noted that the four ma j or hol iday!; 
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TABLE 3.3: LABOR REQUIREMENTS IN SECONDS FOR PLANTS IN DIFFERENT PERIODS - -- -
1 st 1 2 nd 3 rd 4 th 5 th ! 6 th 1 ? th 8 th 9 th 

Period/Plant 2 wks 2 wks 2wks 2wks 2 wks 2 wks 2 wks 2wks 2 wks 
Atncan Violet, 1 0 cm 0 0 0 0 50.5 47 45 45 375 
Azalea, 15 cm 0 0 0 0 0 46 61 54 45.5 
Azalea,17.5 cr!J 0 0 0 0 23.5 42 63.5 555 30 
Begonla,10 cm 0 0 0 0 50.5 47 50 50 37.5 
Begonla.15 cm 

~I 
0 0 38 46 49 53 53 41 5 

Cyclamen,10 cm 0 40 905 1 90.5 905 905 92.5 905 
34.5 34.5 34.5 375 37.5 34 5 31.5 

Cyclamen,15 cm 0 455 105.5 1055 105.5 105.5 108.51105.51105.5 
35.5 35.5 35.5 39.5 39.5 35.5 35 5 

MumS,10 cm 0 0 0 0 35.5 102 109 1041 37.5 
Mums.15 cm 0 0 0 0 56 126 127 120 41.5 
Easter 1I1y,15 cm 0 62 46 46 53 46 46 46 41.5 
Geranium,10 cm 0 0 0 0 0 50.5 53 48 375 
Geranium,15 cm 0 0 0 0 41 40 57 50 41.5 
Hydrangea,15 cm 0 0 37 48 57 89 123 123 41.5 
~yarangea,17.5 cm 0 0 54 55.5 59 94 131.5 131.5 43.5 
Poinsettia.15 cm 0 56 53 88 116 120 46 46 41.5 
Poinsettia,20 cm 47 41 56 98 131 136 47 47 455 
Poinsettia,25 cm 67 58 53 152 146 152 48 48 49.5 

.. 

Mktng Total 
Date· 

5 230 
6 2125 

65 221 
5 240 
6 2865 

5 834.5 

6 1049. 
5 393 
6 473.5 
6 392.5 
5 194 
6 235.5 
6 524.5 

65 5755 
6 5725 
7 6555 
8 781.5 
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for the 1989 production year, fell on the fo11owing dates: 

Christmas on Deeember 25th, Va1entine's Dayan February 14th, 

Easter on Mareh 26th, and Mother's Day on May 14th. The 

marketing periods for these ho1idays were about one week 

before the holiday date. 

3.4.2 Priees 

since most producers sell their products to wholesalers, 

the value used for the priee of the pot flowers was U10 

wholesa1e price adjusted by a 5% loss factor. The value of 

10ss factor was the average figure reported by produccrs 

interviewed. In 

mul tipI ied by a 

factor. Priee 

this manner, the wholes~le priee WilH 

factor of 95% to account for the ',';, 1 o~;~; 

data were collected from produccrs and 

ornamental marketing unions. Moreover, it was assumed thnt 

prices of plants produced for the holidays will be sold at a 

5% higher rate than at other times of the year. This price 

increase was concluded from discussions with counsellors of 

the marketing unions in Quebec. rrhe ad j llsted pr iCL'f; <l rc 

listed in Table 3.5. 

3.4.3 Plant~acing Reguirements 

Plants require different pot spacings durinq the 1 r 

growing cycle. Spacing should provlde optimum air circulation 

and light distribution for the ~hole plant in aIl seasons. 

In this study, plants started from seedlings were kcpt nt 

pot ta pot adjacent spacing and shifted to larCJ0r ~-;ré1Clnq~; 

after several weeks. On the other hand, plants WhlCh wore 

f inished in the greenhouse, were spaced a t the f 1 n,Il ~-;pa(; 1 nq 

from the beginning. Table 3.6 llsts the spaclngs followcd for 

the studied plants according to age. 

It should be noted that a more efficient use of srace 

through close (dense) spaeing, could lead ta a ]ower heati~g 

cost per plant. However, this would increase space 

competition among plants and lead to an inferior quality 
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TAULE 3 4 lOT AL MATERIAL COSTS OF PLANTS PRODUCED IN CENTS PER POT 

1 Plant 
-

Pot Matenal Plant Pot Matenal : 

Yé!!-~~~~_- Size Cast Vanety Size Cost J 
- - -

Afrrcan \; lolel la cm 71 00 1 Easter Lily 15 cm 191 25 1 

Azalea 15 cm 554 50 1 IGeranlum la cm 8530 1 
Azalea 175 cm 697 00 Geranium 15 cm 14000 
Begonia la cm 6800 Hydrangea 1 5 'l,In 35650 
Begonia 15 cm 12325 Hydral"'gea 17 5 cm 375 00 
Chrysanthemum la cm 7850 POinsettia 15 cm 151 25 
Chrysanthemum 15 cm 195.25 POinsettia 20 cm 30500 
Cyclamen la cm 9850 POinsettia 25 cm 431 30 
gx~lamen ________ 15 cm 15525 

[AilLE 3 5 AD/USl ED SALE PRICE OF PLANTS PRODUCED IN CENTS PER POT 

PIanI 
Varlet y 

Pol 
Size 

OL/DAY PAICES H 
Afncan V 
Azalea 
Azalea 
Bego ma 
Begonia 
CtHysan 
Chrysan 
Cyclame 
Cyclame 
Easler L 
Geranium 

lolel la cm 
15 cm 
175 cm 
10 cm 
15 cm 

IhemlJrn 10 cm 
Ihernurn 15 cm 
n 10 cm 
n 15 cm 
ily 15 cm 

la cm 

Sales 
Pn~e (c) 

131 00 
82450 

1018 50 
194.00 
388 00 
21825 
38800 

21825 
43650 
33950 
15520 --------------

--
Plant Pot Sales 

Vanety Size Prlce (c) 
-

Geranium 15 cm 339.50 
Hydrangea 15 cm 582.00 
Hydrangea 175 cm 77600 
POinsettia 15 cm 388 00 
POinsettia 20 cm 58200 

1 POinsettia 25 cm 82450 
Ali YEAR PAICES 

Afrlcan Violet 10 cm 12445 
Chrysanthemum la cm 20734 
Chry'5anthemum 15 cm 368.60 
Geranium 10 cm 14744 

Geranium 15 cm 32253 

TAilLE 3_6 SPACE REQUIREMENTS FOR PLANTS PRODUCED IN SQUARE METERS 
r-PLAN-ï-

VAAIETY 

Afncan Vlolet.1 0 cm 
Azalea, 15 cm 
Azalea, 17 5 Gill 

Begonla,10 cm 
Begonia, 15 cm 
Chrysanthemum,10 cm 
Cl1rysanthemum, 15 cm 
Cyclamen,10 cm 
Cyclamen,15 cm 
Easler Lily, 15 cm 
Gerarllum,10 cm 
Geranium, 15 cm 
Hydrangea, 15 cm 
Hydrangea, 170 cm 

POlnseltla, 15 cn 
POlnsettla,20 cm 
POlnsettla,25 cm 

r 

1 

FIAST ! NO OF 
SPACINGI WEEKS 

O~2 o 0 
o 0 

001 1 3 
00225 3 

001 1 
00225 2 

001 10 
00225 10 
00225 

~I 001 
00225 3 
00225 3 
00306 4 
00225 4 

004 4 1 

00625 4i 
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--
SECON NO. OF TOTAL 

SPACING WEEKS WEEKS 

004 8 la 
0.09 8 8 
014 85 85 
004 7 10 
009 8 11 
005 8 9 

0105 8 10 
004 1 18 28 
009 20 30 
006 10 16 

00225 6 8 
004 6 9 
01 B 10 13 

0225 10 14 
0.105 12 16 
0225 13 17 
0.33 14 18 



1 
plant with a lower selling priee. On the other hand, largcr 

spacings between plants, due to a single large spacinq 01 

successive movements of the plants, would Incrcasc labor ~nd 

heating costs per plant unit, but result in a hlqher seI1ing 

priee due to better quality. This issue rC'pl:e~;cnb, one 01 the 

difficulti2s in the design of pot flower productIon. 

This compromise in resource ailocat Ion and CO!,t 

distribution depends on severai factors such as I~bor 

availability, heating costs, plant varieties (Iatc or short 

season), greenhouse location, market demand and purchasinq 

power, and time of the year. 

In this manner, larger spacings could be Ilsee! whf'n twt 

returns are expected ta be high while smaller spac i nq!, ,1 rl .. ' 

used for the reverse case. l t should also bc not_cd thél t 

larger spacings would reduce the number of plnnts per unit 

area. This would affect the expected profitability of the 

fixed greenhouse space. 

3.4.4 other Assumptions 

The following additional assumptions were considered ta 

increase simplicity : 

1) The greenhouse temperature was maintained at 18 

degrees Celsius for the whole year. In summer, thlS was 

achieved by increased ventilation and shading. 

2) The study started from an empty greenhouse, void of any 

ongoing production. 

3) The simulated study used a single spa ce layer for 

plantation in the greenhouse. Tt should be noted that the 

use of multiple layers, is not an uncommon practice. 

3.5 The Linear programming Technique 

LP problems have three components: an objectIve function 

that aims to maximize net profits or mlnimize costs, decision 

variables or activities which represent alternatIve methods 
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to attain the objective, and constraints or restrictions on 

resource availability and use. 

The structure of the LP model has been illustrated by 

Hazell and Norton (1986) in mathematical statements as 

follows: 

Maximize 

n 

Z=L CjXj 
J=l 

for aIl j=1 te n 

such that 

n 

L AijXj~Bi 
Je1 

for aIl i=1 ta m 
and j=1 te n 

and 

where 

Xj~O 

for aIl j=l ta n 

Xj = the level of the j th activity, (j=1 te n) 

Cj = the ferecasted gross margin of a unit ef the j th 
activity (j=1 ta n) 

Aij= the quantity of the i th resource required te 
produce one unit of the j th activity, (i=1 te mi 
j=1 te n) 

Bi = the amount of the i th resource available, (i=1 
ta m) 
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In other words, this impl ies that the opt i m,1l pl.:m ~;h()ll 1 d 

include a set of act.lvity levels (Xj) to yleld the larqcbt 

sum of gross margins (Z) such that it does not exeeed éln}' 

resource constraint (Bi) or include any negativc activity 

levels. The use of these components in the pot flowcr mod01 

is illustrated in section 1.5.1. 

3.5.1 General structure of the Suggested L~_~Qd~l 

The model consist of the following componcnts: .ln 

objective funetion, 9 sets of deeision v~rldblcs whi~h 

correspond to the nine plant varieties under study, ;Înd 

production and marketing constraints. The baslc matrix 

contains 128 eolumns and 52 rows. The model eomponents will 

be discussed in the following sections. 

3.5.1.1 The Decision Variables 

The decision variables are those whose va L ue~~ d rc' 

determined by the l inear programming opt imi zat i on proce~~f~. [n 

this case, i t is the nurnber of plant uni ts 0 f a r:erta in 

species with several pot Slzes, that is to be mrlrketed at 

specific periods of the year inelucting the holidayu. 

Table 3.7 summarizes the list of deeision vdrlclblc:. u~~cd 

in this model, which inelude the pl ant va r lot i r;s, pot ~. i ?('~. 1 

and marketing periods speei f ie ta that van ct y. 1\ dot dl 1 (.<1 

listing of the deeision variables of the model lB founel ln 

Appendix E. 

3.5.1.2 The Objective Function 

The objective funetion in the pot flower model rcflcct~ 

the aim of maximizing the differenee between the market vi'll ur· 

or the se1ling priee of the erops produced minus the sllm of 

the operating costs assoeiated with those erops, within thro 

production and ~arketing constralnts. 

Gross margin can be defined as the net ret 11rns to 
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TABLE 3.7: LIST OF DECISION VARIABLES - --
PRODUCTION POT SIZES MARKETING DATES 
OPTIONS (cm) 

AFRICAN VIOLET 10 Ail year tncludtng VV,EE,MD,XX 
AZALEA 15,17.5 VV,EE,MO,XX 
BEGONIA 10,15 EE,MO 
CHRYSANTHEMUM 10,15 Ali yea p lric!uding VV,EE,MD,XX 

ICYCLAMEN 1.0,15 VV,EE,MO,XX 

EASTER LILY 15 Easter 
GERANIUM 10,15 Spring (19 Mar.-18 June) + V,E,M 
HYDRANGEA 15,17.5 VV,EE,MD,XX 
POINSETTIA 15,20.25 Christmas 

_._-_._- -

VV: VALENTINES, EE: EASTER, MD: MOTHER'S DAY, XX: CHRISTMAS 
(1) : Prefinished plant 
(2) : Aooted cuttmg 

PLANTING COUNT 
MATERiAL 

Seedling 26 
P.F.Plant (1) 8 ! 

Bulb 4 
R.CuttIng (2) 52 
Seedling 8 
Precool Bulb 1 
R.Cutting (2) 18 
P.F.Plant (1) 8 
R.Cuttmg (2) 3 
TOTAL: 128 

--



l 
overhead, management, capital investment and marketing. Tt 

may also be considered the incarne which the manélgcr/owncl" 

receives beyond his salary compensation for his mélnagcmcnt 

skills. 

The linear programming objectlve function is st~tcd 

mathematically as follows : 

where 

9 

9 9 4 

MaxE GMn1k=E TRnrk-E TVCn 1k 
n=1 n=l n=l 

for all i=l ta m 
and all k=-l ta ;>c, 

I GM n = the summation of the gross margins from aIl 
n=l ik uni ts of plant var ü:ty n of pot si ze 1 produccd 

9 
~ TR n 
n=l ik 

9 
~ TVC n 
n=l ik 

for market in period k, for all plant vë:lr1ctic~~. 

= the summation of the total returns from rlll 
units of plant variety n of pot ~~lze i prorluL'!'rj 
for market in period k, for aIl rl~nt 
varieties. Total returns (TR), 1.S cqua 1 to the' 
weighted selling pr1ce of one plant unIt of 
variety n of pot size i proùuced for p0r] ad k 
times the number of plant units of that vari0ty. 

= the summation of the total varii1ble co~:;t~, 
from aIl uni ts of plant var iety n 0 f pot ~; 1 Z(' 

i produced for market ln period }: Lor d Il pl.lnt 
varieties. Total varli1ble costs (TVC) , l~~ 0QUd 1 
to the SUffi of labor, hcatInq, and matC'rldl 
costs of one plant unit of variety n of pot 
size i produced for per i ad k t ime~~ the num}w r­
of plant units of that varlety. 

In other words, the objective is ta maXlmlze the sum of 

net returns which is equal to the sum of weighted se1linq 

priee per pot for aIl plant varieties times the number of 

pots produced minus the sum of total varIable apcrat 1 ng C()~;t~, 

per pot times the total number of pots produccd. A d0t,l il r:d 

listing of the equation of the object1ve function of the 
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model i5 found in Appendix E. 

3.5.1.3 Constraints 

Constraints are restrictions imposed on the set of 

allowable alternatives due to limited available resources or 

r8strictive decisions. Constraints in the linear programming 

model are of different types. Sorne represent limited 

production resources such as planting area, greenhouse space, 

and labor hours, while others represent market restrictions 

5uch as quotas and maximum market absorption rates. In this 

manner, the presentation of the constraints identifies two 

groups as follows: 

A- Total Available Resources: Labor and area. 
B- Markeling Constraints: Pot size and holiday quotas. 

A-Total Available Resources 

This group of constraints incl udes available labor hours, 

and greenhouse planting area. It insures that the total 

amount of labor hours and space utilization required for aIl 

the crop varlAties in aIl periods do not exceed the amount 

available for that period. 

1-Available labor Hours 

Labor requirements can be filled from two sources: 1) full 

time employees who work 40 hours per week, and 2) part time 

employees that could be hired in rush periods (February to 

the end of May) and could work up to 40 hours per week. The 

available hours Include 3 full time workers, and an 

additional 2 part time workers, working 40 hours per week 

during the periods extending from February 5th to June 3rd, 

and from October 22nd to December 16th. Since the year is 

divided into 26 marketing periods, there are 26 labor 

constraints, each corresponding to a period. 
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The mathematical statement of this group constraint i5 stdted 

as follows : 

where 

Ln = 
ijk 

for all i= 1 to m 
j=l to 26 
k=l to 26 

Number of hours of labor required durinq 
period j for production of one unit ol plilnt 
variety n of pot size i for marketing in 
period k. 

Xn = Number of plant units of variety n of pot size i 
ik produced for marketing in period k 

TTL = Total hours of labor available during period j. 
j j == 1 to 26 

The detalled listing of this constraint group is found in 

Appendix E. 

2- Available Greenhouse Planting Area 

This group of constraints is related ta another limited 

resource, the production area. This group insures thdt the 

sum of the space used by the crops ln the grecnhouse onch 

period 

period 

does not exceed the total space aVc111able 

(2000 

constraints 

periods. 

square meters). Consequent l y, ttwrc <ire ?J) 

in this group corresponding to the numbcr of 

The mathematical staternent of this group constraint i5 stated 

as follows : 
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where 

Sn = 
ijk 

TTS 
j 

9 26 

L Sn1)k*Xn1Jr$L TTS) 
nol Jcl 

for aIl j=1 to 26 
i=1 to m 
k=l to 26 

Space arca in square meters required during 
period j for production of one unit of plant 
variety n of pot size i for marketing in period k. 

= Total space area in Square meters available in 
period j. j = 1 to 26 

The detailed listing of this constraint group is found in 
Appendix E. 

B-Marketing Constraints 

This group of constraints imposes l imi ts on the number of 

plant units of certain plant varieties produced for various 

holidays. It includes two sets of constraints: 1) pot size 

quota which imposes a maximum percent age of plants of pot 

size i within a certain variety, and 2) holiday quota which 

controis production 

estimates of these 

distribution among holidays. 

limitations were calculated 

interviews with ornamental counsellors and producers. 

1-I:'ot Size Quota 

The 

from 

This constraint insures that the production of a certain 

plant variety is distributed according to a certain percen­

tage of different pot sizes. This limits the maximum number 

of plants produced of a certain pot size. Such a distribution 

reflects the market demand and product absorption rate. Tatle 

3.8 l ists the pot size constraints for different plant 

varieties. 
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TABLE 3.8: POT SIZE QUOTA FOR ALL PLANTS -

PERCENTAGES OF POT SIZES 
PLANT 10 cm 

AFRICAN VIOLET = 100% 
AZALEA 
BEGONIA >= 80~/O - ._-
CHRYSANTHEMUM <= 30% 
CYCLAMEN <= 30% 
EASTER LILY 
GERANIUM >= 50% 
HYDRANGEA 
POINSETTIA 
= Equal to 
>= More than or equal to 
<= Less than or equal to 

15 cm --

>= 700;0 
<= 20°/0 ---
>= 70% 
>=- 70% 
= 100% 
<::::50% 
<= 15% 
>= 75% 

---
17 5 cm 20 & 25 
f= --=- :-.:-:=:--==-:-:-

-- - ----
<= 30'1'0 

-----

-------- -----

- -----

-------

----- ----

-----
>=85% 

<= 25% 
~---
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The mathematical staternent of this group constraint is stated 

as follows : 

where 

Xn = 
i 

Pn = 
i 

Xn~ 
----~Pn~ 

t (Xn~) 
l al 

for all i=l to rn 
n=l to 9 

Total number of plant units of variety n and pot 
size i produced for the whole year. 

The desired percentage of plant variety n 
of pot size i. 

2- Holidays Quotas 

This constraint divides the production volume of certain 

pl ant varieties among various hol idays of the year. This 

distribution reflects t.he relative importance of the hol iday. 

In this manner, the production will be distributed among the 

four main holidays, in the following manner: 40% for Easter, 

30% for Mothers Day, 20% for Christmas, and 10% for 

Valentines Day. However, it should be noted that this 

distribution, or maximum limit irnposed, concerns the plants 

produced for the four occasions and not the plant varieties 

produced for one or two occasions such as Poinsettia for 

Christmas, Easter Lily for Easter and others. The l ist 

include African Violet, Chrysanthemums, Azalea, Cyclamen, and 

Hydrangea. 

The mathematicdl statement of this group constraint is stated 

as follows : 
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where 

for all i=1 ta m 
n=1 ta 5 

Xn ::; 
ik 

Total number of plant units of variety n anù pot 
size i produced for marketIng ln pcriod k. 

PB Production probability for occasion B. 

B = Holiday marketing period, VV=Valentines, EE~E~ster, 
MD= Mother's Day, XX= Christmas. 

3.5.2 Linear programming Models 

Several models will be formulated ln this study. The bd!'P 

model is designed to find the optimal product mix for ~ full 

production year as restricted by only two sets of prodllction 

constraints, labor and space. The ommiss ion of m<1 rket 1 nq 

constraints, whose effect is studied ln additlonnl mod01~, 

will be based on the assumption tha~ the productIon of the 

modelled greenhouse is small enough sa as not ta ~f1ect the 

whole market output. other mInor model s w il] SI mu Lit r· 

increasing factor costs such as heatIng, labor, matcrLI1!;, 

and will account for varying sale prIces. ThIS WIll lwlp t() 

show which input cost has the largest et fect on totd] fi ro','~ 

marg ins. In addition to that, opt Imal pldns vn 1 1 br· 

determined for several periods of the year ta compare the 

profitability of various holidays and seasons. This WIll 

help to design production plans for the producers wIth pdrt 

time operations. 

In other words, these models increase ;1V<111abl(' 

information that can lead to better declsions, 

demonstrate the flexibility in modelling to satlsfy variou!j 

objectives. In summary, optimal plans will be determinpd for 
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three sets of cases as follows: 1) various periods of the 

year, II) varying input and sale priees, and III) marketing 

constraints. 

I. VarlOUS periods whieh inelude 

l-The whole year. (Main model) 

2-The 4 main holidays of the year. 

3-The spring period whieh will be divided into 3 parts: 

A-All Spring Holidays: Valentines, Easter, and Mothers 

Day 

B-Late Spring Holidays : Easter and Mothers Day. 

e-All spring period extending from Valentines to Mothers 

Day ineluding the holidays. 

4-The winter holidoys: Christ~as and Valentines 

5-single holidays: Christmas, Valentines, Easter, Mothers 

Day. 

II. Varying input costs and sale priees 

1-10 to 40% inerease in the eosts of heating, labor, 

and materials. This ehosen range is believed to be a 

possible range of variation for the coming five years. 

2-l0 to 40% increase ln the sale priee . 

. 111. MarketiT.l9-constraints 

l-Pot size quota. 

2-Holiday quota. 

3-pot size and Holiday Quotas. 

Over aIl, there will be 29 model formulations in the 

simulated pot flower greenhouse. These are illustrated in a 

flow chart format ln Figures 3.lA and 3.1B. 

It should be noted that the formulation and solution of 

the LP model will be performed using the "Quantitative 

Systems for Business" (QSB) software package. 
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3-Easler and 

H\,IIIN ~()()[L 

ALL YEM 

2 'IIOL!DAYS 
ONLY 

--"--.... ----.. Ea<;ter',M Day 

f.bther Day ~:_--f 

4-Ya 1 rrill-flp-<;-, -1 
5-Yalenllnf'r, =1 

---~ lIll M.Day 

6-WIN1Er! 
XX & VV 

7-Cltrn S TMAS a-VALENTINE ~ 10-I-olIIEII-;Sl 

~ DAY~ 

FIGURE 3.1A: FLOW CHART OF OTHER MO DELS 
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l-MAIN KIOEl 
...... ----t SPACE.LABORI-----M 

( 1'4 )+'0 iëDS1J 126) +10 X 

t t 18)+10 X CaST 122 )+10 x casTl 

1'5)+20 l COST 1 127} +20 X 

t t 
t t 19)+20 X CaST 123)+20 x COSTI 

16)+30 ~ caST 128} +30 X 

t t 
t 20}+ 30 X CaST 124)+30 x COSTI t 

17}+40 l COST 129} +40 X 

t t 
21 )+40 X CaST 25}+40 x COST 

FIGURE 3.1B: FLOW CHART OF OTHER MODELS 
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3.6 Summary 

The simulated model aims to optlmlze the use ot green­

house space for pot flowers, in order to maXlml.~e net prof 1 t~; 

within the limitations of available space, labor hOllrs, and 

market restrictions. An optimal product ion pl <ln will bp 

generated ta deteni'dne the number of plants of a certi1 in 

variety and pot size, produced for certain marketlrlC] perlod~-;. 

In addition ta that, the model will Imply sorne conclusions 

regarding the following points: 

I-The importance of LP as a tool ta Improve production 

decisions in the pot flower industry, through i1 well 

structured plan, that reflects the level of resource uso 

and productivity. This includes a sensltivlty ilnalysir, 

which estimates ranges of net profits and constri1lnt 

variations that would preserve the optlmum pleln. 

2-The profitability and importance of off-season crops WhlCh 

are produced outside the holiday occasions. ThIS would show 

whether the market could still be explol ted tlnd prof J b, 

made. 

3-The relative profitability of different marketIng dates, 

and production sizes under local conditions. 

4-The profitability of pot sizes other than the traditionr1l1y 

dernanded ones, which reflects the importance of prndurln~ 

better quality crops, and represents one way of ndding 

value to the crops. 

5-The importance of cost accounting which InCrei1Ses th0 

understanding of the factors affectlng the profltabllity 

equation. This includes a comprehensive knowledge of th(> 

input costs involved in productIon. Such knowledC]c wIll 

reflect ineff iciencies, and lead to bet ter contra 1 01 

costs 1 use of improved production techn 1 gues, techno 1 oq 1 ,..~; 

(mechanization), and marketing practlces . 
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4.1 Introduction 

CHAPTER 4 

RESULTS AND DISCUSSION 

This chapter will present a discussion of the results 

obtaineà from the main linear programming model. This will 

include the optimum plan of production followed to optimize 

space use and maximize net returns of pot flowers. In 

addition to tha~, a detailed discussion of the plan's 

sensltivity analysis, which reflects resource productivity, 

wlil be presented. Results of other models will be listèd and 

dlscussed. 

4.2 The Optimal Plan of the Main model 

The optimal plan shows the optimal combination of plant 

product mix, to yield the maximum net returns after total 

variable costs, in the production year. 

This plan, listed in Table 4.1, shows the nurnber of plant 

units produced of certain varieties. However, It should be 

noted that the se figures should be rounded to glve complete 

unit values and not decimal figures, but they were left in 

this manner for rnathematical purposes. 

The plan shows that Azalea of pot size 15 cm, produced 

for Christmas, was the crop with the highest level of 

productjon for a single period with 20091 units. On the other 

hand, Chrysanthemum of pot size 15 cm, marketed in the 23rd 

perlod (November 5th) was the plant with the lowest level of 

production with 101 units. Overall, the plan lS composed of 

three plant varleties wlth different pot sizes: Geranium, 

Chrysanthemum and Azalea. Geranium 15 cm, was the plant most 

widely produced for the year with a total of 37853 units. Tt 

was followed by Azalea 15 cm (36048 units), Chrysanthemum 15 

cm (16367 units) and 10 cm (3625 units), and Azalea 17.5 cm 

(3579 units). 

The production or sales plan during various periods of 

56 



• 

TABLE "'.1' OPTIMAL pnODUCTION PLAN 

PLANT POTSIZE IPEnlODIQUANllTY PLANJ----- I;~)l SI?{li 1lïîll)l1!ÜUANlll) 

VARIETY (Cm) _ 1 ____ t ~UIlI~L 0 ~~~I~ r~ _______ J~;I~~ ___ I--_ _ __ _JLlIH~',l 
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the year is shown in Table 4.2. This table shows the periods 

with the largest production. In this manner, the Christmas 

period was the busiest marketing peri ad of the year. Such an 

illustration could help ta allocate the equipments for 

distribution along with sufficient labor. 

The number of pl3.nts produced for the optImal plan 

reflects the relatIve profitability of those plants, and is 

also a function of ~~e allocation of available resources and 

binding constr~ints during the year. The total net returns of 

this plan, after subtracting the ~otal variable costs, 

amounted to 150,501.10 dollars. 

This plan will remain valid as long as the values of the 

objective function, which represent the net returns for a 

plant unit of a certain varlet y, remain within the mInimum 

and maximum range as calculated by QSB. The same idea would 

apply ta the range of values of the right hand side, which 

represent the values of the constraints. The value of these 

ranges, listed in Appendix E, will be discussed in section 

4.4. 

4.2.1 Penalty Costs 

The compucer output, presented in Appendlx E, Ilsts the 

values of the penal ty or reduced costs for those decision 

variables (plant type * pot size * marketing period) which do 

not appear in the optimal solution. These values represent 

the amount by which the objective function value would be 

reduced if the plants were forced to enter the optimal plan. 

Table 4.3 ljsts the values of these costs. This table shows 

that about 44% (48 plants) of the remaining plants (110) 

would enter the optimum plan If their net returns increase by 

values up ta one dollar (total of the first two columns of 

rrable 4.3). 

4.2.2 Costs of the Optimal Plan 

The total costs incurred to produce the optimal 
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combination of plants, ~s listed ln Table 4.4. ThiS t~b10, 

which helps to show the co st structure of the opt 1 m,'lI pLln, 

is important as it ~hows the distribution of l~hor, mat~rlal, 

and heating costs among di fferent plant V,1r 1. t ll .... ~~. Tt W,l~; 

concluded that Azalea 15 cm, produced for Chrl~tm3~ (~fXX), 

had the higher percentages of input costs and net r'C'tu rn~; . 

This could be justlfied since this plant w~s thr> on(' produccd 

in the largest quantity for a sIngle pcriod. 

The same information can be dlspldyect ln d dlttt'n'nt 

pattern. This is shown ln Table 4.'.> Wl11Cl1 prp:;pnt:; d 

f inancial plan per period for the opU ma 1 prorluct m lX. Th 1 ~; 

plan shows the distribution of input costs, n,1mf> 1 y 1 elbor, 

heating, and material costs between different perlod~;. In 

this manner, it WdS shown that except for d few pr>riocb, 

mater ial costs constl tuted the 1 a rgp~;t ~Jhc1 re nt PXPPI1: .(". 

among input costs in most perlods. 

Moreover, thlS plan wIll help tu indlcatp perlod:. wlth 

maximum and minimum total variable lnput co~;t~; clnd retl!rn~~. 

This tdble shows that the largest percentdge (ln.',';,) of tlH' 

total input costs was incurred in perlod 27, wh ich t,lI I:~ 

between October 22 and Novembcr 4, while the low('!~t 

percentage (0.3 %) was incurred ln per iods CJ, l'l, and ;J 1. l\!; 

for net revenues, the largest figure, ltS1,'-)()().10 dullrtt"'., v/d'; 

generated in the Christmas perlod (2(»). Th]!. l'. )u:,t Iltr·rj 

since Azalea 15 cm, the plant V.JI th the 1 dt"qP!,t n\lml>pr nt 

uni ts, was produced for that pen od. It shoul ct hc· not(·(j t h,-it 

the sum of the total revenues, reported ln 'l'db J (' ,1. 'i, vIol'. 

0.16% greater than the value reported in the optimc1J plcln. 

This was attribut0d to minor calculatlon crror~ WhlCh 

resulted from the process of roundinq off nt Vi1rlOll~. ~~til(;(·'~. 

~'igure 4.1 shows the variatIon of net rr·tnrn c
; dUrlnrj 

dlfferent periods of the ycar. The dl~;trlbut 10n nI t,)t.ll 

inptlt costs in the optimal plan, 11sted ln thr· Id';t rml (JI 

Tables 4.4 and li. S, Indicates tha t mater i a l coct~j compr l !;(.(j 

the largest share of input costs W i th a 83.09 % shf1 rc. Th l !; 
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FIGURE 4.1: NET RETURNS PER PERIOD IN 
THE OPTIMAL PLAN 
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was followed by labor (10.8%), and heating costs (6.11%). The 

distribution of input costs in the optimal plan is shown in 

Fiqures 4.2 to 4.4. 

4.3 Resource Use and Opportunity Costs 

The optimum production plan satisf ied the obj ecti ve 

function subject to the constraints of available resources 

and other marketing restrictions for aIl periods. In this 

manner, production resources, such as labor and space, were 

usùd at var10US levels for different periods. These levels 

calculated by QSB, were 11sted in the model output presented 

in Append1x E. This 1S also shown in T~bles 4.6 and 4.7. The 

(irst two tables show the space area used per per lod to 

produce each plant varlet y 1ncluded in the optimal plan. This 

detai1ed illustration is he1pful to show space distribution 

among dlfferent varieties along the year. In addition to 

that, Table 4.6 presents the total space used per period. 

This shows that except for few periods (5,22, and 25), the 

greenhouse space WdS not tully exploited. This vacant space 

could be used for other f1111ng plants such as house plants, 

however, labor aVd11ab11ity and costs in addition to material 

costs have to be taken Into consideration since the optimal 

plan will be changcd. It was noted that space was least used 

ln the Chr1stmas and new year period (26th) because this 

period is characterlzed by high heating costs. 

Table 4.7 show the level of labor hours used per period 

tor the plants Includcd in the opt1mal plan. This Indicated 

that Azalea 15 cm produced for Christmas, requlred the 

greatest amount ot labor hours durlng the year. This amounted 

to 1185.9 hours and represented 16.06% of the total labor 

hours used durlng the year. On the other hand, Chrysanthemum 

15 cm, produced for the 23rd period, used the least number of 

labor hours at a rate of 13.32 hours which represented 0.18%. 

It was also observed that the available labor hours 

constralnt was bindlng in more periods than the available 
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FIGURE 4.2 : HEATING COSTS PER PERIOD IN 
THE OPTIMAL PLAN 
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FIGURE 4.3 : LA BOR COSTS PER PERIOD IN 
THE OPTIMAL PLAN 
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FIGURE 4.4: MATERIAL COSTS PER PERIOD IN 
THE OPTIMAL PLAN 
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space constraint. In this manner, labor was fully used ln 15 

of the 26 perlods per year as compared to 3 periods for 

space. This is also shown in Table 4.8 which lists the amount 

of surplus labor hours and space area ln real flgures and 

pcrccntage forms. ThiS indicates that mdximum labor and spacg 

surpluscs were found in period 26. On the other hand, mlnimum 

labor and space surpluses, were found in periods 15 and 23 

respectlvely. ThlS is aiso shawn ln Flgures 4.5 and 4.6 which 

lliustratc re~pectlvc]y the usage levei of greenhouse area 

and Iabor hours per period in the optimal plan. 

4.3. 1 OpportllnLt.Y- CostJ? 

The QSB output, present in Appendix E, lists the values 

of the opportulll ty costs or dual priees for the maximum 

available resources or r~ght hand side values. This gives the 

rate of jmprovement ln the objective function value as the 

level of a\.'Qi lable constraint is increased by one unit 

keeping all other resources fixed. In other words, this priee 

reflects the marglnal value product from a unit increase ln 

the resource. The dual priees of the labor constraints, shawn 

in Table 4.8, indicate that a one hour inerease in available 

labor for the second period, would yield the maximum value of 

78.76 dollars to increase the objective funetion. This is 

much tll gher than the hourI y labor V/age (5.5 dollal'-s), and 

hence add i t iona 1 I abor should be tn red S lnee marg inal revenue 

(MR) lS largcr than marginal co st (MC). The same conclusion 

of hir l ng add l t lona 1 L1bor could still be val id for 11 

additional periods Slnce MR > MC for these periods. However, 

ehanging the level of labor hours would increase the value of 

the objectlve function as long as the level of resource 

change would still fall wlthin the ranges of sensitivity 

analysis for the optimal plan. These ranges wlii be 

discussed in the next sectlon. It should be noted that a zero 

dual priee would reflect a :lOn-binding or surplus constraint. 

As for space whleh was fully used for only three periods, 
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i .. TABLE 4.8: LABOR AND SPACE SURPLUS W1111 DUAL PRICF PI'\{ pERIO!> 

. _~~~~;~;):rip~,,:; s~~~~~~ .•. ~~~. __ D;:~,~', ~:;û 
LABOR 

f---
Surplus 

Penod (hours) % • 

1=== - -
1 000 00 o 1 57 1 141883 7094 000 

-- ----- - - - --- -- --- ---- - -
2 000 00 o 78 76 2 934 80 46 74 000 

1---- ----------- ---- - - ------ --- - - - --

~ -·-J~H~(~~-: .1~~~ E.- ~~ ~~ -. ~ ~~ 
3(VV) 6065 15 1 -----
4 103.14 257 

1---- -------
5 0.00 00 

0--= 22 79~t~ ~~(EE) ~- ~i~1---G5 El 58 ------------
6(EE) 0.00 o Q --

-
000 

-
7 000 00 o 26 41 7 133 31 6 67 000 --- -------------- ------ ------ - - - - ---- - -
8 0.00 00 o 68 63 8 334 32 16 72 0 00 ------ --------- ----- - - - -----

9 406R 203 4 0 00 9 1 86 1 8 9 31 0 00 
----- --------------- - - - -- -- - --- -

2 _~9 __ ~2(MQ) _~_~!~_§? _~? __ ~~_ _ 0 00 ~(MD) 
---------

159.29 39 8 
11 13464 336 6 0 00 11 1208 81 60 41\ a 00 r---
12 000 00 

------~--- - ------- ------ - -- ---- ---- -- - 1 

~-=~Hh ~~-_:ut~iH~~Hi --H~ 13 t 14 22 5 9 1-----

14 ___ 0.~2.. __ ~ 
15 

!----
16 
17 

-
18 
19 

1-----

20 --
21 
22 

r--------. 
23 

1-------

24 
25 
26(XX) 

469 1 9 5 000 15 1312576563 000 
--------------- --- ----- - ~-- -- - -- --. a 00 00 

0.00 0.0 
000 00 
000 01 --------
000 0.0 

a 13 32 16 1264 53 63 23 
---- --- ---- - - -- -- -a 5 68 17 1070 39 53 52 

000 
000 

----- ------------- --- -- - - - -
a 9 58 18 1191 29 59 56 000 
o 1 22 19 1341 01 6l 05 0 00 ------ -- - ---- - --- - ~-- -- - - -
a 12 32 2lJ 1224 76 61 21\ 0 00 

f---------------11-+------- ------ --- - - - . ----
80 39 33.5 a 0.00 21 139626 6981 0 00 
29.24 7.3 1 0 00 22 0 00 a 00 1 69 

-~--- ----- - --- -- --- --------.-- - - - -- ----
0.00 00 a la 88 23 10 56 0 53 0 00 -- ------ ------- --- ---- - --------

83 02 20 7 6 a 00 24 133 22 6 66 a 00 ------- - ---- -------- ---.- -.-
000 00 a 1 89 25 0 00 0 00 18 011 

--------- - ------ ----- ----- - - ---
144.18 400 - 5 0 00 2~~XX) 1 ___ 165~_~? __ ~_~ 9':; 000 

* . PERCENTAGE FROM AVAILABLE 
VV: VALENTINES EE: EASTER MD MOTHERS DAY xx c~mlS 1 MAS 
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FIGURE 4.5: USE OF GREENHOUSE PLANTING 
AREA PER PERIOD 
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FIGURE 4.6: LEVEL OF LABOR HOURS USED 
PER PERIOD 
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it was concluded that the maximum dual priees or returns per 

additlonal square meter were found to be 18.04 dollars ln the 

25th perlod. Othee lower ret.urns were calcul ated at (). 2] 

dollars for the fifth period, and 1.69 dollars for the 22nd 

po9rlod. Therefore renting or buying additional space for 

plfwting would be a profitable dedsion, if total returns 

exceeded the cost. However, ln thls case, additional factors 

have to be considered such as land availabllity, location, 

and tixed costs. 

4.4 Sensitivity Analysis 

Sensitivity analysis, or post-optimality analysls, shows 

the range over which the optimum production plan remains 

optimal. ThlS analysis helps the management to Increase the 

level of certalnty facing any changes in the coefficients of 

the objective function which represent net revenues, or 

changes in the right hand side or constraint levels. 

In other words, findlng the allowable maXImum and minimum 

ranges retlects how sensitive is the optimal solutIon to data 

changes. The allowable ranges for available labor are 

presented ln Table 4.9. This indicated that the minImum 

allowable range for labor varled between -40.05~ in the 26th 

period, as compared to the original available limit, to 

-0.91'j:; in the 19th per lod. As for the maximum allowable 

range, it varied between +1.08% for the 2Jrd period to 

+infinity for several periods. 

Table 4.10 shows the sensltivity analysis range for 

available space area. The minimum allowable limlt ranged from 

-0.34% in the 22nd period to -82.95% for the 26th perlod. 

However, 

flexible, 

the maximum l im] t of space was found to be more 

as 24 of the 26 perlods were at +infinity. The 

sensitivity analy~is for the objective function values are 

listed in Tables 4.11 A and 4.11B. These show the allowable 

change in the net profits tor every plant, keeping aIl other 

data fixed, to keep the optimal plar, valid, or ln other 
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TABLE 4.9: SENSITIVITY ANALYSIS fOR A VAILABLE LABOR 

HOURS IN RHS • 
'period 

1 

_ 2 

3 
4 

5 
6 ' 

7/ 
8 1 

9 1 

10 1 

~ ~I 1 

13 
14 1 

15 1 

16 1 

Î 7 

18 
-Q 
'-
20 
')" 
~I 

,.,n 
"'.:; 

23 

Minimum Original Maximum 

Llmlt % Llmlt Llmlt % 

157 57! -34 35 240 243 43'J 1 43 
237 17 -1 18 240 267 90 11 63 

33935/ -15 16 400 + INFiNIT ,+ INFINITY 
29686 1 -2579 400 + INFIN!TY,/+ If'-IFINIT'r' 

36749 1 -8 13' 400 420 49 , 5 12 

380351 -4911 400 4~9161 479 
37112 -722! 400 46524! 1631! 
360161 -9961 400 41895: 4741 
15932 1 -2034 i :::00 + i~~Fi~4IT~+ INFINITf1 

24071 1 -3982 400 + I~JF!NIT'YI+ INFlt41T'r1 

26536 1 -33 ES 400 + IrJFi~JITY + INFINJT~ 
22711 -537 24Cl 26125, 885: 
~25 78 

22952 

235 31 
231 60 

:30 11 
23751 
.23781 

161 48 

159 61 1 

37076 
394 18 

-592 24D '+ I~JFINIT\"~+ :rJFI~JIT(] 
, ' '1 

-4 37 1 2!O 1 243 73 i 1 55 : 

-1 95: 2~:J + I~JF:'Jlni+ 1~;mJln~ 
-3 50' ::: W 2'17 40 3 C8 

-4 12 

-"' G4 

-091 

-3272 
-33 50 
-731 
-1 45 

n." ... _ .... --
:·~o 

;::·10 
21C 

.245 6·l 
243 ~ C 

2·14 :36 

25045 

+ l~JFIÎJIP~ 

1 "0 1 
,(,.-

1 82 1 

436 ' 

24(; '+ \~lFiNIT'( + 1~~FINITYi 

4CO ... INFI~J!T'r~+ INFlr-JIT'Y' 

4CO 424 34 1 08 

:::4, 31698 -2J 76 4~'J '+ :rJF,~'TY+ :NFINITY 
"c; 394 85 -1 49 420 4e828 : 207 
26, :~:: 52 -40 C5 :;6:;.,. :~~f=,/\.lll'-+ INFI'~ITY 

• TIr.1E t..:0iITS '.VERE CHANGED TO rOURS 

-
~ 

TABLE 4.10: SENSITIVITY ANAL YSIS FOR A VAll..ABLE GREEN 

HOUSE AREA lN SQUARE METERS 
l~p-e-fl-O-d~I------ , Original MaXimum 

Llmlt Lllm! % ---
2000 +Inflnlty +Inflnlty 

-4674 20~0 +Inflnlly +Inflnlly 

-5032 2000 +Inflnlty +Inflnlty 

-4439 2000 +Inlmlly +Inllnlly 

-14 05 2000 2061 26 3 06 
-858 2000 +lnflnlty +Inflnlty 

-667 2000 +IJlI,nlty +Inflnlty 

8 i 1665 678 -1672 20ClO +Iilflnllj +Inflnlly 

--931 2000 +Inflnl!j +Inllnlly 

-75 54 2000 +!nflrlly' +Inflnlly 

11 ! 791 1940 -6044 20:18 .. Infinllj .. Infini!! 

12 i 738 C972 -63 ~ 0 2(;00 -i":nftnl~y +Inflnl!y 

13 i 550 4908 -72 48 2000 +Inllnlt, , +Inflnlty 

14 : 938 0598 -53 10 2';QO +ln1111111 1 +Inl:n:tj 

15 1 687 4~ô7 1 -6563 20::'0 +1'If:nlt 1 +!nllr.lly 

16 ,-:354747 -63 23 Z:SJ ! +11~flnltf +lnl,r.I!f 

17 , 929 6C82 -5352 :COO +:rllll1ll'l +Inflr.,ly 

18 2C8 7868 -5956 2')00 +!nllrlltf +lnll"l\j 

19 ' 658 9926 5~ r.~ - ( ..... ".: 2:00 1 +!nfrnlty 1 +Infw,lf 

ZO 7752425 -61 :::.~ 2080 +Infln/!y +Inflfll!y 

21 : E03 74C6 -59 2-; "'r"'''''' L..J .... J +Irj'r.ltl +Ir.'mllf 
22,1993218 -J 34 21'"'1 ..... 1") 

~~- 201251 +lnf.n:l)' 

23 1 î989 435 " ~ ~ -.) :,; "',"'"'I f'''\ +Ir,f.r,ty +Inf.ilty' ,(.. ... \"...; 

24 ' 1866 777 -E ;;S '"'rrf"\ 
L ...... ....' +Inf.n'tl ... Inl,n ty 

.:..::: 1984 509 -'"" 1 1 
"""'rr 
L..J..J ... 2SJ7 93 033 

,,~ 

.:..':' 34'; 982:) -8295 r .... r-,... ,,- __ J 
+!n~:nl~y' +lnLr.I'y 
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1 ABU: 4 Il A Sr:NSlf Ivn y ANAL YSIS r OR OUJECTIVE rUNe lION 

[ 
{X;,----- Mmlmurri- O;lg~rlaï- MaxHnumT1 (XI)~lnlmUm Ortgtn-a-I--M-a-X-I-murl\ 

Llmlt CoeffICient LHntt 1 1 Lllnlt Coefflclenl LHnl1 _--1 

~: ; -=:~;:~~~ - --, =~- ~r -- ---:~-~~-nl~: -:-~II=:~:S- --~~ ~~-- ~ ~~ ~~ li 

VI VV -lnfHllly -4 45 15869 MI 9 -Inllntty 52 18 306 63 

VI 4 -InIHl/ly -10 61 110 74 1 MI MD -Inlmlly 67 13 360 70 1 

VI 5 -Infrrllly -914 10337 IMt 11 -Inlmlly 5804 335 18 

VI EE -Infllllly 0 41 154 64 /,1t 12 -Inlllllly 61 16 267 78 

VI 7 -ln!IIl/ly -3 22 188 66 Mt 13 -Infmlly 63 64 188 84 

VI 8 -Inflntly 076 11630 Mt 14 -Inflnlty 6560 6821 

VI 9 -Inflnlly 01 13 184 92 Mt 15 1 -lnflfllly 66 70 83 40 

VI MD -Inlmlly 12 73 193 71 Mt 16 -Inlmlly 6767 105 32 

VIII 
VI 12 
VI 1.3 
VI 1 Il 

VI 15 

VI 16 

VI 17 

VI 18 

VI 19 

VI 20 

VI 21 

-ln!HlIty 9 09 168 06 Ml 17 -Infmlly 67 82 77 54 

11 64 14263 IMt 18 -Inllfllly 6788 8336 
1381 13539 Mt 19 -Inlmlly 67 27 79 97 

1542 7870 Mt 21J -Inflnlty 6639 85 59 

-llIfllllly 
-lnfHllly 
-Inlllllly 
-Inflnlly 1 G 50 4255 MI 21 -Inflnlly 6484 74 60 

-ln!lIllly 1727 4845 MI 22 -Inllntly 6375 72 04 

-llIfllllly 1;'49 6349 MI 23 -Intmlly 5988 6018 

-Infllllly 17 54 41 23 MI 24 55 59 55 90 58 94 

-11l!lIlIly 17 08 52 53 MI 25 46 82 52 30 53 27 

-Infllllly 1 G 38 39 45 Mt XX -Infllllty 59 68 133 55 

-Infllllty 15 12 5243 Mf -Infmlly 3762 225 52 

VI 22 -Inlmllv 13 24 37 40 Mf 2 -llIfm,ty 2887 21940 

VI 23 -Inflllity 11 12 38 72 Mf VV -Inflllll)' 4440 290 15 

VI 24 -lnfl/llly 796 3590 Mf 4 -Inflnlty 26 50 28980 

VI ::>5 -lnflrllty 1\ 96 3791 Mf 5 -lnl1rl11y 31 63 28677 

5693 37099 

4515 28756 
Vt XX -lllfl/lity G 93 9448 Mf EE 11-lllflfllty 

MI -lnlll11ty 39 05 122 12 Mf 7 -lnl1nlly 

Mt 2 -Inlullty 3498 10828 Mf 8 -Inflnlly 5553 25626 

Mt VV -lnfllllly 4727 181 27 Mf 9 -lnfulIty 64 34 38537 

8820 44227 

77 18 40898 

8383 32948 

Mt 1\ -Inflllity 34 23 232 2G Mf MDElllflnllV 
Mt 5 -inllnlty 35 80 245 78 Mf 11 -Infllllly 

~~ __ ~_E __ =I~!'~r~~~ ______ ~~ 4_~ __ ~~~_~_~_J Mf __ !~ -Ir Ifmlt)' __ 
• EXPLANA nON OF VARIAUUS SYMIlOLS - ---- --------- --- -------------------------------------
1 Fuslleller Indlcales plant varlüty --
Â -AI,~~;~~-v,~-;;;_ï---- - - - -B~B~g~-I~I;-=oc-= =-0--=-_-=--=0_-<:-Cyëïamen-----

H Hyadlangea G GeranllHTl M Ctuysan!hemum 

Z AZdlea 
Il Second Iclter mdlcatcs pot SIIC 
-:;:--:.-- - --:::::;:----:-=-=---=:::::--- --- -~ --=-::::==...:;--=-----
f Flftfwn cm t T en cm 
III Lasl two letlcrs/dlljlts mdlcate marketing penod 
-- - - ---_::--::--==::..- ---:::...- -- -- - --

EE Easler MD Mother's Day 
XX CllIlslmas 

IV.O!llCr Notallons 
-= - - - =::====-==-:::-=-----:_- - -

s Seventeen & hall c 

-
VV Valentlne~ 

ELEE Easter Lily lor Easlcr PNI' POinsettia Iifteen cm 

~Ntw. POlnseltla_ twen!y cln _____ ~P~N~t~f~P~o~l~n~se~t~tl~a~lw~e~n~t~y~f~lv~e~c~m:~ ______ J 
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TAnU:. 4.11B. SENSITIVI1 y ANALYSlS fOR ODJECIlVE FUNl'IION (Clllllllllll'd) 
r: 

MlrlImutll Or Iglna lX') 
Lirnlt CoeUlcl 

-

1 M-a;lnlUfTI [(X;)- M-;n~Üt~ 6;;grnai- -- ~1ax;flllfl1î 
ent Urm! Llfllit CoeffiCient LUIlII 1 

---=--==-:::::-::-:= - -:..:::~ -:::..-::---- ---- - --- -.= - -- ---- -- -

MI 13 -Inlrnlty 901 8 22051 CI MD --IIlIIIl'ty :~5 79 5f30 05 

MI 14 -Inllfllty 93 62 132 18 CI XX -llllllllty 71 13 395 82 

MI 15 9432 96 36 10380 EL EE -lllflrllty 32 bf3 211 3~ 

Mf 16 -ln!lnlly 98 39 12691 GI VV -11l!lIlrtv ~)6 G9 9·l47 

MI 17 95 11 98 90 9976 GI E=E -Inllnlly 2967 1·1923 

MI 18 9858 99 03 101 65 Gt 7 -Infllllly 23 2f3 t.l9 O~ 

MI 19 9493 978 2 98 19 GI 8 -lllfllllly ~5 22 111 95 

Mf 20 -Infrnity 95 98 10205 Gt 9 -llllllllty 2661 175 58 

MI 21 9223 92 67 97.86 GI MD -lnflr1lly 3500 lG897 

Mf 22 8309 87 75 8897 GI 11 --lllllnlty 2888 1 :,0 ::'2 

MI 23 8036 82 22 87.52 Gt 12 -Inllflrty 2992 1:'037 

MI 24 -Inlrnity 73 93 7532 G1 13 -Infllilty 3086 72 07 

MI 25 -Infrnlty 66 1 3 73.51 GI VV 13408 1 3f3 74 ??594 

Mf XX -Inlrnlt/ 73 56 24770 Gf EE 1393G 141 85 11\3 G9 

zr VV -In!l'llly 174 72 184 26 Gf 7 -lllfrfllty 1? 156 17403 

zr EE 14984 186 54 18820 GI 8 129 17 131 23 13828 
ZI MD 20375 212 09 214 53 GI 9 -Infmlly 13·1 17 18891 
zr xx 17879 198 37 20902 Gr MD -Inllliity 15284 ?0631 

zs VV -Inlinlty 183 48 268.77 GI 11 -llllllllty 1 38 61 17G 19 

Zs EE 197.62 201 23 22344 Gr 12 12341 141 04 171 23 

Zs MD -Inllnlty 244 00 25249 Gf 13 13865 14278 15693 

Zs XX -Inllnlty 224 68 29695 HI VV -Inllllity -8 81 44305 

Bt EE -Inlrnlty 70 57 154.64 Hf EE -Infrfllly (j 13 33G 65 

Bt MD -Infrnlty 78 45 185 10 Hf MD -Inlllllty 5974 4C791 

BI EE -Inlrnlty 163 93 19280 HI XX -Inllfllly 1\740 1\ 12 13 

Bt MD -Inlrnlly 191 24 24450 Hs VV -Infllll!y 10527 529 84 

Ct VV -Inflnily -53 49 25852 Hs EE -Inllfllty 13461 40G 12 

Ct EE -inflllity -61 29 27805 Hs MD -lnflrllty 21422 577 51 

07 351.18 Hs XXJ-lnllflllY 20143 50C 72 
10 235 95 PNf -Inflrllty 93 35 270 0'1 j 
26 401.84 F'Ntw -Irlllnlly 55 32 514 75 

5 _ 44505 J_ P~~~ __ :i~~lY ______ ~?_ ~ _____ ?~~_?~ 

Ct MD -Infillity -46 
Ct XX -Inllnlty -29 ' 
CI VV -Inlrnlly 14 

Cf EE -Inlillity -4 1 

• : EXPLANATION OF VARIABLES SYMIJOLS -------------------- ---- - ---- --
I.Frrst Istter indlcates plant vanety . 

=-===~~=~~~_------ C -_- =-0- -~ - - -~ 

A: Afnean Violet B Begonia 
H. Hyadr angea 
Z: Azalea 

G Geranium 

Il Second letter indiC ales. pot siza : 

C Cyclamen 
M Chrys3ntllClmrrn 

_ _ _ =_=_===========-~_=_=-"'_'_:__=_-==7"'::'___:_:'-=-::-
1 : Fllteen cm t Ten cm S' Süvünlüen & l1all Cil 

IIf.Las! Iwo I~tters/dlgits indlcate marketrng p_~r=io=d========,_=_,__ -= __ ~_'-~=-_ :-:-:c-=--o-o-_-

EE: Easter MD. Mott18r's Day VV' Valenlines 
XX : Christmas 
IV.Other Notations 
~==========~=========.-======--=-=-~-,- -- - --- ---- ------
ELEE: Easter Lily lor Easter PNf Pornseltla Illteen cm 
PNtw: Poinsettia twenty cm PNtf. Poinsettia twentYJlve cm 
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words, sa as not ta alter either the variables or their 

values ln the optimal mix. The mlnlmum coefficlent was 

-infinity for most variables (110 out of 128), whereas the 

range for maximum coefficient varied from a low of 0.3 cents 

for Chrysanthemums 10 cm produced for the 23rd perlod (Mt23l, 

ta a high of 655.36 cents for Poinsettia 25 cm (PNtf). 

4.5 Results of Other Models 

Othcr rnodels were formulated, based on the main model, ta 

simulate increasing factor costs and to compare the 

profitability of various production periods within the year. 

This comparison would allow part time producers ta choose a 

favourable production season that maximizes thei r net returns 

depending on their cost structure. Other models reflect 

additional marketing constraints. The results of these 

models, listed ln flow chart form in Figures 4.7A and 4.7B, 

are discussed in the following sections. 

4.5.1 Models with Marketing Constraints 

Three additional models were built to simulate marketing 

constraints that include pot size and holiday quotas. The 

results of these models along with the values of the 

obiectivc functions are presented in Tables 4.12 and 4.13. 

S imu lat i ng the constraint of pot si ze q\lota, mode l 12 has 

shown that the distributlon of pot Slzes in the optimal plan, 

satisfied the designed percentages. In this manner, pots of 

Chrysanthemum 15 cm, restricted at a quota of over 70%, were 

91.79% of the total Chrysanthemum pots produced. Geranium 10 

and 15 cm were produced at 50% each, and Azaled 15 cm 

constitutcd 100% of aIl Azalea produced. The latter two 

plants satisfied the pot size quotas of 50% and above 70% 

respectively. 

As for the holiday quota, which divided the number of 

plants produced for the four maj or hol idays according ta 

designed percentages, model Il showed that only Azalea 17.5 
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Gf: Geranium, 15 cm 

Mt' Mum5, 10 cm 
Mf. Mums, 15 cm 

ZI Azalca. 15 cm 
Zs AZülea, 17.5 cm 
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TABLE 413 SUMMARY OF MARKETING CONSTRAINTS MODELS 

l~Ot4STRAltn n_ 1 11 (1) ------1-- M1~~;)L 13 (3) J 

l 
'ESTIMATEO IREQUIREO LESTIMATEO :REQUIREO .ESTIMATEO iREQUmED 1 

1 POT SIZ~ QUOTA - - 1 Iii 1 - 1 
t 1 1 

ICIHysanthemum. 10 cm 8 21 O!~ <= JUùo ! O~O '1 <= 30°/0 
Chrysanthemum. 15 cm 91 79Q" >= 70°0 t 10000 >= 70 0'0 

Azalea. 15 cm 100% >= '(Po 1 70"0 >= 70"0 
Azalea, 175 cm 0% 1 <= 30% 30°0 1 <= 30% 
Geranium, 10 cm NOT REQUIRED 1 50% = 50Qo 1 50% = 50% 

iGeranlum, ~ 5 cm 50% = 50% 1 50% l " 50% 

!
HYdrangea. 15 cm 00'0 <= 15% 1 0°,0 <-= 15% 
Hydr angea. 17 5 cm O'l'o >= 85% 100% >= 85°/0 

POinSettia, 15 cm 0 01
0 >= 75% 1 100% >== 75°,<> 

POlnsettla,other 0% <== 25% 0% <== 25% 

Il HOLIDAY QUOTA r ! 
Valentine Day 10% == 10% 1 10% 1 == 1 O~/O 
Easter 40% Il = 40% NOT REQUIRED 40% = 40% 
MoUlers day 30%". 30% 30% == 30% 
Christmas 20% = 20% 20% ~ = 20% 
(1) MaDEL 11 INCLUOES THE HOLIDAY QUOTA 
(2) MODEl 12 INCLUDES THE POT SIZE QUOTA 
(3) MaDEL 13 INCLUDES 80TH QUOTAS 
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cm, was produced for the four main holldays. Conscqucntly, 

the number of Azal ea unI ts produced for thcsE" OCC,lS Ions, 

indicated that the holiday quota, of 40%, JO~, ~o~, dnd lO~ 

for Easter, Mother 1 s Day, 

respectively, was fulfilled. 

Model 13 simulated bath the 

Chrlstmils, ilnd \' dl ent lr1CS 

pot Size and holiday quotas. 

As a resul t, Chrysanthemum 15 cm, Hydranqca 17.~} cm, ,H1Ù 

Poinsettia 15 cm made up 100% of the produced pot ~IZ0S ot 

the relevant varietl es. Gerani ums, on tllC' ott10 rhd nd, werf' 

di vided equally for the two pot SI zes, whereas A.:,ll Cd 1 C} cm 

consti tuted 7 0% of the total Azal ea produced. As t or the 

holiday quota, thcre wcre four plants produccri for th0 m.!ll1 

holidays, African Violets la cm, Azalea l~) and 17. r:> cm, and 

Hydrangea 17.5 cm. Again the productIon of these plants w~s 

distributed among the holidays accord ing ta the desIqncd 

quota. Therefore both of the quota marketing constraints wcre 

satisfied. 

It was noted that the value of the obJective tunctlon tor 

the holiday quota constralnt (l20,Og4.S0 $) was }OWf>r ttlcll1 

that of the pot Size constralnt (144,192.30 $). ThIS value 

was lowest when bath constralnt'. were consldered toqethcr 

(81,106.40 $). 

4.5.2 simulation of Input and Output Price Incr~_~~~.c: 

sixteen models were bUllt to simulate Increases ln the 

selling price and input costs such as heatlng, ldbor, dnd 

materials. These increases ranged from lOCi, ta 40';, of ttl(' 

original values for nach of the Inputs. ThlS woulel ~how the 

degree of varIation and sensitIvlty of the total net rctllrn" 

of the main model, with respect ta changes ln lnput cost~>. 

Table 4.14 11stS the values of the objective functions for 

different input costs. ln this manner, It was noted that 01 

the input costs, changes in materlal costs had thp l clnJ(>~:t 

effect on the value of the total net returns. A 10% Incr~~se 

in material costs decreased the net returns by 20. '3 % 
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TAULE 4 14 VALUES or OllJEC 1 IVE HJNCTION 1 OR DIITERENT INPUT COSl S & % CIIANGF 

P~~~~~A-GE ~~~~I~=-%-;~--lABOI1 %-. pl~I~~~~-I) %' HEAT %' 1 
----10% --- -'19-963-3 r -20301464477 --2 7l206215 8[370-148223-2 -15 

20 % 97374 9 -353 1424344 -54126-11979 755 145935 1 -30 
30 % X X 138486 2 -8 0 1322000 4 1114 0 14366{1 Î -4 5 

___ 4_0_~~___ _~536 ~_ -56 6 134543 9 -10 6 43045~ 86 0 141698 3 -5 8 
ORIGINAL MODEl "" $150,501.10 

- ----------------- ------------------
•. AS PEnCEN1AGE CHANGE FnOM THE VALUE OF OF~IGINAl MODEL 

(1)' SALE PRiCES AnE INCIlEASED BY RESPECTIVE PERCENTAGE 

TABLE 4.15. OPTIMAL PLANS FOR SEASONS AND SINGLE IIOLlDAYS ----- --------
PLANT PLANT UNITS PER MODEL (1) 

4 VARIETY ------ 2 r --3 ___ _ 5 
---

lfVV _____ ----1==-- ==- ---
lfEE 5428 7 5428.7 

-
lfMD 19642.1 21776 0 19642 2 192406 
------ ----- ------- -----
lfXX 209649 - --
ZsVV 9469 1 9469.1 

- ------
lsEE 3369.4 1362.1 --f------
GIVV 50293 
---------- ~--- ---- ------ -----
GrEE 128442 20169.8 8255 2 82552 
--------- ----- ----- -- - -----
GfMD 5805 2 1004 0 5805 2 46048 - ---
GIB 21039 
"::~==--:;---==-=- -~==--=-=- -_...::=- --~ - -

2 ?~~J~L _!.23~?. ?~071.1 ~~_'!.~ 
O.F V .. OBJECTIVE FUNCTION VALUE 

898168 

Pl MOC2~1". QJ~~_Q.RIr:.TION 
MODEl2 VV,EE,MD & XX 
MODEL 3 EE & MD 
MaDEL 4- VV,FE, & MD 
MOLJEL 5 VV UNTIL MD 
MODEl6 XX & vv 

MODEl 7: XX 

MODEl 8' VV 
MODEL 9 EE 
MODEl 10 MD 

L?) EXP1ANA1.lQN Qf VAJ31ABlES SYMBOLS 
GI GeralllUlI1, 15 CIll ls' Azalea, 175 cm 

Zf Alalea, 15 CIll 
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compared to 2.7% and 1.5% for labor and he,1t Inq L'o~;t~; 

respectlvely. 'This table indicates that heatinq costs wcr0 

not the most sensitive Input in the production costs. 

An increase in the 5elling prices had a large posltlvv 

effect on the net returns. ThIS rdnged 1 rom a ]7'~. tnr d IO':, 

increase in price to a 186';, InCrl',lC;(' fnr .1 ~l)':, pt"ll'(' 

increase. This ShOWf~d that. increas l nq t hC' proc1w:t pr 1 CC' \vOlll d 

have a larger ctfect on the net rcturns th,ln dC,"tC(lS11Hl dny 

of the input costs. This resul t reflects the 1 mportdlH'C' 01 

adopting means that can increase prices, 5uch as the ,ldd i t i 011 

of value to crops, or other ways that wl.l] increase the 

demand levels. 

4.5.3 Models for Other Occasions 

Nine models ""ere formulated to maximize net r('t.lIîn~3 lot 

various periods of the year. These periods i ncluci0c1 ~,(',l~-;C)n~; 

such as spr ing and winter, and the four mél in ho 1 i (Lly~;. "'he' 

optimal plan was cllso obt::tined for cl production y0dr which 

included only the four main holidélys (model 2). 'l'hl' îc';ult~, 

of these models, were 1 isted in Tab le 4. l'). Tt Wi'lS ~;hown t h,ll 

the latter model, wlth four production perio~s, hélci lOWVl n0t 

returns (123,997 $) than the oriqu1al model (l'JO,'J10.)() '~) 

which included 26 periods. In this mé.1T1ner, the vdl\j,' (Jf UV' 

hol iday per ind amounted to about El 2.4 'l,of the v él1ll0 () f thr' 

original model. 'This can be explained by the f Clet thdt thr· 

main model included larger choice of decision vélr)élble~. 

In comparing the spring mode];.;, i1~ was 10und thilt mod,,! 

5, which incl uèed aIl the sp CJ ng perl ods (Val ent 1 nCO:J t 1 J 1 

Mother's Day), Yleided larger net rf'tllrn~3 th,H) morlnl~, .~ dl1'J 

4, which included part~; of the ~;pr i nfJ. Tho r;dme rr'd~-,on <1:; t he· 

previous case could eXplalt1 thls result. 

As for seasons, the sprlng model 

optimized productIon plans for J:astor 

(model 1) 

and Hothe r ' ~J 

"Jhl(:h 

resulted in larger net revenues than the wlnter mod~l (model 

6) which involved the Christmas and Valentines holidays. Thi~ 
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could be attributed ta higher production costs ~n wInter. 

In the case of individual holidays, the productIon plan 

for Mother 1 s day (10) yielded the highest net returns of 

50,531.70 dollars. Production for Christmas (7) rankcd second 

in incorne with 44,082.20 dollars. It was followed by Easter 

(9) and VaJentines (8) with 36.700.7u ~nd 27,911.10 dollars 

:l:'especti vely. 

4.h Summary and Discussion 

The main linear programming model to maximize net returns 

in pot flowers, indicated that Azalea 15 cm, marketed for 

Christmas, was the plant with the highest level produced for 

a single period wi th 20091 uni ts. This figure arnounted to 

20.61% of the total yearly production. As for variety, 

Geranium 15 cm, produced for five main periods durlng the 

spring, accounted for the largest production during the yedr 

(38.83% of total production), while Azalea 17.5 cm, was the 

variety with the lowest production (3.67% of total 

production) . 

It should be noted that a long season of production 

coupled with high heating costs, have discouraged the 

complete production process of Azalea in Québec, and resul ted 

in the import of semi-finished pla0ts to be forced locally. 

Therefore, the rnod~l results depend on the presence of low 

priees of the imported product. In contrast, Geranium, the 

variety with the highest level of production in the optimal 

plan, has a relati vely shorter season of production (6- 8 

weeks) wi th lower production costs. This plant which i5 

produced totally ln Québec, has a wide populari ty among 

producers and consurners. In fact, severa] ornarnenta l 

counsellors (Senecal, 1989) have indi::ated that the 

production of this plant was ldrgest among many ornamental 

plants in the province. However, it should be noted that this 

plant has been more widely used for landscaping purposes than 

as a pot flower. 

86 



Geranium used for landscaping is largely sold in trays or 

10 cm pots. The optlmal plan, which suggested the production 

of 15 cm Geranium pots, might have indicaLed the importance 

of marketing better qLi,lli ty plants, as far as plant and 

flower size were concerned. 

Moreover since Geyanium was La be produced for periods 

eight (16th to 2qth ot April) r twelve and thirLeen (June 4th 

to July lst), which are not hol iday peri ads, draws the 

attention ta off-season ~d~keting periods. These two factors 

might constitute reasons for the success of the 15 cm pots of 

Geranium. 

The same result was found for Chrysanthemum, which was to 

be proùuced for several non-holiday periods throughout the 

year. This approach is more common in Europe, where plants 

are marketed aIl year round. However, it should be noted that 

the importance of these marketing periods, as calculated by 

the optimal plan, reflect the cost and resource distribution 

as performed by the optimization process, and not the 

importance of the dates per se. 

This indicates that irnproved and aggressive marketing 

techniques, such as djscount packages and priee concessions, 

might encourage production and increase profits during those 

periods where production eosts and resouree allocation are 

optimum. 

Cost accounting performed in this study, which showed the 

distribution of costs among different inputs, has revealed 

interesting results. The material costs accounted for major 

portions of production costs (83.1%), while heating costs 

accounted for 6.1%. However, this could be attributed ta the 

method used in this study, which ealculated heating costs 

depending on the area used per plants. However, unless the 

greenhouse could be built in a way to separate or isolate 

heated compartments every period (2 weeks) based on the used 

~rea, the heating eosts should be calculated for the whole 

2000 square meters. Consequently, the total heating costs 
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were estimated at 37,633.90 doll~rs per year. This 1 19urc w~s 

calculated based on the energy requlremcnts 11steJ ln T~b10 

3.1. This figure amounts to 9.63% of the total costs but it; 

still below labor costs (10.37%) and materlal CQsts (RO~). 

This method of caL .. :ulation will rcduce t_hl' totd 1 nct 

returns to 135,714.70 dollars. with total costs ln mind, this 

indicates that the ratio of net benefits ta total opcr~tinq 

or variable costs lS about 34.7J%, WhlCh rcflects ~ 

relati vely h igh rate of return. A comprchens j vc cv.! lu,ü Ion 0 t 

profitabjlity, however, has to includc portIons ot the fl~0d 

costs. 

The optimal plan aiso reflected the rate of resourC0 tl~W 

and productivity. In this respect, It was concludcd that the 

greenhouse space area was not fully used in most p0riods, in 

contra st ta available labor hours, which were fully used in 

15 of the 26 periods. 

Additional units of labor hours ln deficient periods, hrld 

high values of marginal productivity. This ranged from 78.70 

dollars per hour in period 2 to 1.22 dollars in period 19. 

The wage rate of 5.50 dollars per hour, was exceeded in Il of 

the 15 periods when labor was deficient. This encour~ges the 

hiring of addi tional part t ime workers to increase net 

returns. The plan would remain viable as long as available 

labor hou:::-s do not exceeè the range set in the' ~;0n" i t 1 V 1 ty 

analysis. The ~ituation was different for space, ln WhlCh lhe 

value of marginal productivity ranged from a maximum nf 18.04 

dollars to 1.69 dollars in three space deficlent poriods. 

The analysis also included a sensitivity analysls, which 

indicated the ranges of plant net profits, and variations in 

constraints levels that would keep the the opt imum pl an 

feasibie. These were listed ln Tables 4.9 ta 4.118. 

Markê!t.ing constraints, such as pot size and ho 1 idny 

quotas were added to the ma in mode 1. Th8 va l ue~; () f thc~;p 

constraints were estimated based on interviews with producers 

and ornaroental counsellors. The pot size quota, divlded the 
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production of a certain plant variety among different pot 

slze5, ln a designed percentage. The opt~mal plan, produced 

Chrysanthemurns 15 and 10 cm, into 91.79% and A.21% p~rtions 

respect1vely. Geraniums 15 and 10 cm were divided equally, 

while Azalea 15 cm made up 100% of the produced Azaleas. 

rhc holiday quota, on the other hand, dlstrlbuted the 

production of the plants commonly produced for the four main 

holidays into a distribution of 40%, 30%, 20%, and 10% for 

Easter, Mother's Day, Christmas, and Vc.lentines respectively. 

The optimal plan, which produced one plant v::>riety common for 

the four holidays, Azalea 17.5 cm, satisfied this requirement. 

Net rc·turns for the models Wl th addi tional marketing 

constraints were found to be lower than the main model, which 

only had space and labor constraints. However, the model with 

the pot size qJota yielded higher net returns than the model 

with the holiday quota. 

Other models which maximized net returns for differe~t 

periods of the year, indicated that the spring model, which 

included Easter and Mother's DaYI had higher net returns than 

the winter me je l, which included Christmas and Valentines. 

This could be attrlbuted to higher production costs during 

the winter season. As for individual holidays, production for 

Mother' s Day yielded tne highest net profits. This was 

followed by Christmas, Easter, and Valentines. 

'l'he value of the objective function was analyzed for 

varying percentages of input costs and se11ing prices. It was 

concluded that variations in material costs had the largest 

effect. A 10% increase in material costs reduccd the net 

returns by 20.3% compared ta 2.7% and 1.5% for labor and 

heating costs respectively. Increased selling prices, raised 

substantially the value of net returns. This varied from 37% 

for a 10% price increase to 186% for a 40% price increase. 

This analysis has thus increased ~vailable information, 

and contributes ta better decisions being made in the 

production of greenhouse pot flowers. 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Summary an9 C0nc1~ion 

This study simulated the economic conditions and cUltllt,11 

practices followcd in the production of major pot flawers in 

the province of Quebec. This was done tu apt 1 mi 7,0 t tH' w;o 01 

greenhouse space and max imize net returns. J\ Il nO,l t 

programming model was formulated to inves~igate the opt 1 m,Il 

crop mix given limitations of labor and spacc rlV,lll~blllty, 

and market restrictions. In this process, vati~blc production 

costs, which include labor, ma ter i Lil, and h0,lt 1 nq 1 W0rf' 

estimated from interviews with producers ,md onl,1montd 1 

counselJ ors in the area of Montreal, dnd at_hor qove rnmont cll 

publ ications. It should be 7'0ted t.hat the d ü~cu~;sod modo 1 l'; 

a normative one, therefore the results lmply aptlm~l Ity lor 

the given set of priees and resources. 

Results of the optimal plan showed that Azalea 15 cm, 

produced for Christmas, had the largest production level for 

a single period (20.61% of total output), while Geranium l~ 

cm, was the crop produced with the hlghest levc 1 101- t_he 

whole yedr (38.83% of total output). 'T'he pL1n ,ll';() 

recommended the production of off-season cr')p~j wh leh wou' 

produced for periods other than the holiday pOrIods. Thl~, 

included Chrysanth~mums 10 and 15 cm, and Geranium 15 cm. 

Moreover, non-traditional pot sizes, such as GeranIum 15 cm, 

and Chrysanthemums 10 cm were ineluded in the plan. lIowevcr, 

it should be noted that the conclusion ta inelucle off-c;ed'-;on 

crops and non-traditional pot sizes in the optimal pliln, v/erc' 

due to the relative profitability of these pl antf; whr·n 

marketed for a specifie period, and the satisfaction of 

resource constraints in these periods. Considerable care has 

to be taken in the formulation process sa as to reflect 

production conditions related to the inves~igdted production 

firrns. 
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The opt imal plan reflects levels of resource use for 

different seasons and assigned values for resource 

productivity. This l~creases the understanding of the related 

factors affectinq profitability, and shows timlng of resource 

use that constrain productlon efflcienc,!. SuccessJ ve 

application of this technique in Quebec can lead to a better 

allocation of production resources, dnd Imrroved declslons 

and pràctices. These practices Include the chOlce of mother 

plants, levcl of mechanlzation, productIon technIques, plant 

spaclngs, and levels of labor use. 

The model's sensitivity analysis, which includes various 

levels of input and output price changes, indlcates the range 

of values for which the plants' net returns and levels of 

resource use, could vary ta keep the optimal p~an valld. ThIS 

increases the level of certainty and quality Ilf JnfOrmatlon 

for management. In other words, it shows the robustness of 

the optimal production plan in the face of unccrtain prices 

and resource availabilities. ~rhis study alse provides a 

general idea concerning the relative profitability of 

different periods and holidays of the year. 

In conclusion, the use of linear programmin0 as an 

optimizing technique to allocate space use ln the pot flower 

industry, has the potentjal to be a powerful tool to improve 

the quality of declsion making in the greenhouses of Quebec. 

Improving the productivity of the greenhouse space due ta 

more eff icient use of greenhouse facil ities, will reduce 

production costs, and increase profitability. Moreover, LP as 

a fl exible management tool is very important for the pot 

flowers which are designed for various holidays of the year. 

S ince sorne of the hol iday dates vary between years 1 and 

affect the cast structuré of plants, a flexible design tool 

dS LP, was found to be rnost appropriate. 

Moreover, the use of LP, which contributes ta improving 

the producer's managerial abilities, will allow the green­

house growers, which ope~ate in a rapidly growing and 
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competitive environment, to remain viable, compt:'tltivl', .11,,, 

successful. 

5.2 Implications of Research 

The following points, achieved ln this study, are 

considered to be contributions to knowledge: 

l-This study represents one of the ways to III w;tr,Üe the 

use fuI ness of the computer dS a hort 1 cu l t \ll'a 1 p rodllct ion 

aide Producers could Implement thlS tpchnlqU(: ln evel'}'ddy 

planning to improve declsions with mInImum c()~~t~~. IIm"l'vr'l 

a good pre-program to translate operatlng data Int= the 

proper format and a post-program to exp} al n out put d" t.) 

are neressary for efficient use of thls tf'chnlque. 

2-The application of LP in the pot flower Industr~, lS 

believed to be the first trLll ln thl~~ f lcld ln the> 

province of Quebec. It is hoped that trll~~ mlqht open ttH' 

door for ~urther LP applications and research ln orname>ntal 

production in this province. 

3-The process of model formulation, illustratcd ln thi~ 

study, required a sound knowledge in cost accounting. Such 

kr..owledge woul d allow producers to a Il ocatc product i on 

costs for each plant product; to better eval uate product lO/l 

pra~tices: and to understand resource prodllct i VI ty d nd 

associated limitations. 'rhus gathering this lnfor-m,ltlon ln 

the process of model formulation, w i J 1 ;lct (l~; an 

information syst:em to direct correct ive cost reduct 1 on 

actions (such as methods of productlon, or plant qu~ntlty, 

or variety). 

4-This study showed the usefulness of LP as an improved 

decision making abil ity tool to increase the (Imollnt of 

available information for greenhouse managers in the floral 

industry. This included the optimal product mix, values of 

resource use and productivity, quantities 01 input use, 

estimates of net profits, and sensitivity of results. 
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~.1 Recommendations for further Research 

Based on the above summary and conclusion, the followlng 

recommendations for further research can be made regarding 

the use of LP ln the pot flower Industry: 

1) To include additional secondary pot flowers Guch as 

Asiatic lily, Rose bush, ImpatIens, and sorne bulb 

plants like Tulips, Iris, ar.d others. 

2) To slmuldte several productIon layers ln the greenhouse. 

Slnce many grcenhouses use hangIng baskets, multIple 

layer benches, and to use the space under the benches. 

3) To include ot~er filling plants with pot flowers su ch 

as house pldnts and bedding plants 50 as to maxlmize the 

use of space in aIl periods. 

4) To formulate a multIple period model whic~ permlts an 

optimizatlon process for two or three year perlods. 

5) To include other non-traditlonaJ pot sizes of plants to 

the list of productIon variables. 

6) To study the effect of using a larger number of plant 

spacings during the product~on cycle. Thls may show a 

better use of space but w::"ll resul t in higher labor costs. 

7) To compare results of the LP model with other forms of 

mathematlcal programming such as integer programming. 
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Nom de la P~pinière 

Endroit 

Nom du gérant 

Date 

No. d' employ~s 

Surface Totale 

Surface Plantée: 

Type 
(Vitre/plastique) 
Epaisseur(S/D) : 
(Single/double) 
Age Couverture 

Forme ** 
Chauffé' par 

Ventilation 
(Fan/Natureille) 
Autre Remarques: 

'" INFORMATION GE~ERALE 

Temps plein : ,,~ hrs/semulne 

Temps partiel: ,~ hrs/semaine ----

*- Surface Plant~e : Dimension des bancs : Long.= 
Passages Long.= * Larg.= 

** Forme: Gothique OU semi-circulaire 

* Lnrg.:: 

==========~======~======================~=========~===========~~==-= 

Violet Africaine 
Azalées 
Begonias 
Chr y sa nt hème s 
Cyclamen 

Liste des Plantes Pr~sentcs 

Lli de Paques 
Géranlums 
lIydrangée 
Poinsett1a 
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Item 

Varlet63 plus Importantes 
Specifications 4 
Commenc6 en (bouture,bulbe.) 
Source (Local/Importe .. ) 
Sai~on de Croissance 

delà 
Jours 

SUlson de mise en march~ 
Nombre de plants par pots 
Grondeur de pot plus import. 
1J1<;tnnre d'espacement 

n--- age en jours 
- r , 
il -- - nge en Jours 
n -- ~Re pn jours 

Grlllldpur de PrOdUc.tlon ** 
co~rs DES MArfRIAUX 

BoutureeS) plus multiplier) 
fl'rre/pot 
l'ot 
Fprti lisants/pot 
PeRtlcldes/pot 
Emballage 
Main d'oeuvre/pot 
Chauffage/pot 
Trar."port/pot 
Entretien/pol 
Elpctririté/pot 
Usage de C02/pot 
Coûts Chee/pot 
Autres (Pr~cisez) 

AUTRES INFORMATIONS 

M~lange de Medium Utilis~ 
Pourcen! ages % 
Additioll ou medium 
Hesoln en Main d'oeuvre 

(heures/IOO pots/semaine) 
(heures/IOO pots/saison) 

~ombres d'heures de gestion 
(/100 pots/semaine) 

(/100 pots/saison) 
Salaire/heure 
Man Il'vre exprimnt Salare/hr 
Prix de vente moyen 
% moyen perte dans producton 
Demande 
Temp.moyenne de la serre 

• 
Nom de la Plante Nom de la Plante 

==~======a~===============~====================================================_=~ * Specifications: Saison courte,longue,chaude,froide .* Grandeur de Production: Grand (plus de 20,QOO),Moyen( entre 10-20,000) 
Petit (moins de 10,000) 
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Appendix B 

Tables of CREAQ : 1) Heatinq requirements for the region of 
Montreal 

2) conversion table for different energy 
sources 
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TABLE 8-1: HEATING REQUIREMENTS FOR L,JOINT GREENHOUSE 
rOR THE MONTREAL REGION 

---
Co n.s omma t ion mensuelle de combu&Ubl., par unlt~ de surface 

--- 1 
Temptrat\lre Int~r1eure 1 Jan fév mirs avr mal JUin JUil aoOt sepl oct nov dtc 

Jour NUit 

1 
- oC - - 1 lm' -

26 2& 18.3 14 3 11 • 7.3 4 .• 2.4 1 7 2.3 4.1 7. & 11.4 \ 7 .1 
21, 17 (, )} 7 Il C &.8 4 a 2.0 1.3 I.~ J.6 7.0 10.7 \6 .• 
22 16.9 Il 1 10.4 b.) 3 b \ .7 1.0 1 4 LI b.3 le a 15 7 
20 1 ~. 2 11 b 9.9 5 ') 3.2 1 ) 0.7 \ \ 2.6 5.7 S.4 \5.0 
\8 15 5 12.0 9 ) 5 4 2.8 1.0 0.5 0.8 2.1 5. \ 8.7 \4.3 
\6 1 •• 8 Il 4 B.7 • 9 2 .• a 8 0 • o .• \ 7 4.5 8.0 13 (, 
\4 14.1 \0.8 8 2 4.5 2.1 0.7 0.3 o 4 ],4 4.0 7 4 .2. ') 
\2 \3.4 10.2 7 (, 

• .0 \ .8 0.6 O. ) o • 1.1 3 • &.7 12.2 
\0 \2.7 'Jo 7 7 0 L& 1.& 0.5 0.2 0.3 1.0 La 6.1 \1.5 

24 24 \7.1 \),4 10 7 6.5 3.7 1.9 1.2 1.8 3.4 &.7 la .3 \6.0 
22 1& •• 12 .8 \0 \ 6. \ 3.3 \.5 0.8 1.3 2.9 & 0 9.7 15.3 
20 15.7 \2 2 9.~ 5.6 2.9 \ .1 0.& 0.9 2.4 5 •• 9.0 14 •• 
18 15.0 11.6 9 0 5.1 2.5 0.9 0.4 0.& 1.9 4.8 8.1 \3 9 
1& 14.4 Il 0 8.4 • .6 2.2 0.6 0.2 0.4 ],5 4.2 7.7 13 .\ 
14 13.7 \0.4 7.8 4.2 1.8 0.5 0.2 0.3 1.2 3.7 7.0 12.4 
\2 13.0 9.9 7.3 3.7 1.& O •• 0.1 0.2 0.9 3.1 6.3 Il. 7 
10 12.3 9.3 6.7 J.3 1.4 0.4 0.1 a 2 0.8 2.7 5.7 11.0 

22 22 16.0 12 4 9.7 5.8 3.1 i.4 0.8 1.2 2.7 5.8 '3. J 14.8 
~O 15.3 11.8 9.2 5.3 2.7 1.0 0.5 o 9 2.2 5.2 8 (, 14.1 
18 14.6 11.3 8.6 4.8 2.3 0.7 0.3 a 6 1.7 •. 5 8.0 13.4 
16 13 .9 10.7 8.0 4.4 ],9 0.5 0.2 0.4 1.3 4.0 7.3 \2.7 
14 1).2 10.1 7.5 3.9 ],& 0.4 0.1 0.2 1.0 ),4 6.& 12.0 
12 12.5 9.5 6.9 l . ~ 1.3 0.3 0.1 0.2 0.7 2.8 &.0 11.3 
10 11.8 8.° 6.3 ),0 1.1 0.2 0.1 0 1 0.& 2.4 5.3 10.6 

20 20 Il, .~ 11 5 8 8 5 0 2 5 0.9 0.5 0.8 2.1 1 •• 9 8.3 Il.7 
18 14.2 10.9 8. 1 4. & 2.1 0.& o 3 0.5 1.6 4.3 7.& 13.0 
16 13.5 10.3 7.7 4.1 1.7 0.4 0.1 0.3 1.2 3.7 7.0 12.3 
14 12.8 9 7 7.1 l.& 1.4 O.l 0 1 0.2 0.9 LI 6.3 11 6 
12 12 1 9.2 6.6 3.2 1.1 0.2 0.0 0.1 O. ;, 2.6 5.6 10.9 
10 11.4 S.b b.O 2.8 0.9 0.1 0.0 0.1 J . 2.1 5.0 10.1 

18 \8 13.8 10.& 8 0 4.3 1.9 0.& 0.2 0.5 I.S 4.1 7.3 12.6 
16 \l.1 10.0 7 •• l.a 1.5 0.3 O. , 0.3 1.1 3.5 6.6 \1.8 
14 12.4 9 4 6.8 ),4 1 2 0 2 0.0 0.1 0.7 2.9 &.0 11.1 
12 11.7 S 8 &.J 2.9 0.9 0.1 o a 0 1 0.5 2.3 ~.3 10.4 
10 11.0 B.3 5.7 2.5 0.7 0.1 0.0 0.0 O.l 1.9 4.1 9.7 

16 16 12.7 9 7 7.1 ),& 1.4 0.3 0.1 0.3 1.0 )'l &.l Il.4 
14 12.0 9.1 &.5 3.2 1.1 0.2 0.0 0 1 0.7 2.7 5.7 10.7 
12 11.3 8.5 6.0 2 7 0.8 0.1 0.0 0.1 il.~ 2.1 5.0 10.0 
10 10.6 7.9 5.4 2.3 0.6 0.0 0.0 o 0 0.3 1.7 Q.4 9.3 

14 14 Il. (, 8.8 6 3 3.0 1.0 0.2 0.0 0.1 0.6 2.5 5.1, 10.3 
12 10.9 B.2 5.7 2.5 0.7 0.1 0.0 0.1 0.4 2.0 4.7 9.& 
10 10.2 7.6 5.1 2.1 0.5 0.0 0.0 0.0 0.2 1.5 4.1 8.9 

12 12 10.5 7 9 5. , 2.4 0.6 0.1 a 0 0.1 0.1 1.8 4.5 9.2 
10 9.8 7.4 4.9 1.9 0.4 0.0 0.0 0.0 0.2 1.4 1.8 8.5 

10 10 9.5 7.1 4.b 1.8 0.3 0.0 0.0 0.0 0.2 1.3 3.& 8.2 

Source: CREAQ, Agdex 717/290, september 1987 
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total 

102.5 
9&.0 
8'3.7 
83. 5 
77. 5 
72 .0 
60,7 
61.8 
57.2 

92.& 
8&.2 
80.0 
74. \ 
68.5 
&3.2 
58.3 
53.8 

83.0 
76.8 
70.9 
&5.3 
60.0 
5Ll 
50.5 

73.8 
67.9 
62.3 
57 0 
52.1 
47.6 

65.2 
59.6 
54.3 
4'3.4 
44.9 

H.2 
51.9 
47.0 
42.4 

49.7 
44.8 
40.3 

42.8 
l8.3 

l&.6 
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TABLE B-2: TABLE OF CONVERSION FOR DIFFERENT ENERGY SOURCES 

UnI té de EneTt!e brute EfficacIté 1 E)I('lti" nette facteur de 

Source d'énereie mesure (KiloJoule) (X) 1 (l(l)oJo\l)el conversion à 
uti1i~er 

Electncitt' 
8,09)9 klJlI ) &00 100 ) &00 

H~zout nO b Il tTe 42 200 7S J\ 650 0.920b 

Hazout nO 5 lItre 1.1 100 7S JO 825 0.9 /.S3 

Hazout nO 4 11 lre 40 000 75 JO 000 0,971 ) 

Hnzout nO 2 litn 38 850 75 79 138 1.0000 réC, 

Caz naturel mètre cube 37 890 90 JI< 101 a 8S~S 
Caz naturel mètre cube )7 890 65 2/, 628 1,1 BJ 1 

Gaz pl':'ilne litre 2S 529 92 23 I,B7 1,2/00& 

Ca z prop,lne lItre 1 2S 529 BO 20 1,2) J ,/,2b7 

Charbon kllotramll'e )0 328 75 22 71,/; 1. 2810 

Bois mou (1) 201 Ki 1 O1:r a mm!' 17 910 (,0 10 71.f:o 2.1\ 15 

d'hum. (17(, I<r;/rn» 

lIois dur (1) 20% kil O!;ramme Il '45 &5 Il ))9 2.5697 

d'hum. (476 kt/m') 
Rtsidus de bois 1 kilo~r~rr.me IJ 956 &0 B ) 71, 3,1.7% 

)5% d'hum, 

Source: CREAQ, Agdex 717/290, September 1987 

--
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1 
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Costs of production : labor, heating, and materials 
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TABLE C-l: TOT AL MATERIAL COSTS PER POT IN CENTS 
Plant Pot size Cutting Medium Pot Fertilizer Pesticide 

IAfncan Violet 10 cm 33 4 8 ~I 3 
Azalea 15 cm 500 0 0 6 
IAzalea 175 cm 1 625 01 0 3 7 
IBegonla 10 cm 30 4 8 3 

1 0 ~ 1 IBegonla 15 cm 30 14 17 105 

!Chrysanthemum la cm 20"2 4 8 2 45 
Chrysanthemum 15 cm 20*5 14 17 ;, 16 

ICYClamen 10 cm 60 4 8 4.5 
ICyclamen 15 cm 60 1 14 17 7 16 
Easler Lily 15 cm 

1 
100 14 17 6 13 

Geranium 10Cfol 

1 

43 5.8 85 3 5 
Geranium 15 cm 43 14 17 7.25 175 , 
IHYdrangea 15 cm 1 300 1 

0 0 4 6 

IHydrangea 17 5 cm 300 a 0 6 7 
1 1 

/pomssettla 15 cm 55 1 14 17 8 16 
Poms:"ett:a 20 cm 55*2\ 21 61 11 5 

~~ 1 1 POlnssettla 25 cm 55'3 28 88 15 1 

lIlID-

Packag~Transport Subtotal 

15 ! 5 71 

30 1 165 5545 
40 1 22 697 1 

15 1 5 68/ 
30 1 Î 1.25 12325 

15 5 785 1 

30 11 25 195.25 1 

15 5 985 
30 11 25 155 25 1 

30 11 25 191 25 1 

15 5 853 1 

30 11 25 140 i 1 

30 1 16 5 3565 

40 1 
22 1 375 

1 
30 11 25 1 151 25 1 

56 1 225 i 305 1 

753 1 30 ! 431 3 , 



l 
lABLE C-2: TOTAL COSTS AND NET RETURNS OF PLANTS PRODUCED FOR CHRISTMAS -

Costs (cents/pot) 8elhng Net -
Plallt Pot size Labor Heatlng Material Suutotal Pnee Returns 

1-=- -- - - . - - - - -
Alrtcan Violet 10 cm 35130 17940 71 000 124070 131 000 6930 
Azalea 15 cm 32460 39.170 554500 626 130 824 500 198370 
Azalea 175 cm 33760 63060 697000 793820 1018 500 224 680 
Chrysanlilemums 10 cm 60040 20 030 78500 158 570 218 250 59680 
Chrysanthérnurns 15 cm 72 290 46900 195250 314 440 388000 73560 
Cyclamen 10 cm 127400 21.750 98500 247650 218250 -29400 
Cyclamen 15 cm 160300 49.820 155250 365370 436 500 71 130 
Hydrangea 15 r.m 80130 88970 356500 525600 582.000 56400 
Hydrangea 17.5 cm 87.920 111.650 375.000 574.570 776.000 201 430 
POlllssettta 15 cm 87460 55.940 151 250 294650 388.000 93350 
POlllssettia 20 cm 100.100 121.580 305000 526680 582000 55320 
Poinsseltla 25 cm 119.300 181.330 431.300 731.930 824 500 92570 

TAULE C-)· TOTAL COSTS AND NET RETURNS OF PLANTS PRODUCED fOR VALENTINES J -
Costs (cents/pOl) 8ellln9 Net --

Plant Pot Sile Labor Heating Malenal 8ubtotal Pnce Rcturns ---
Afocan VIOlet 10 cm 35.130 29.320 71.000 135450 131.000 -4450 
Azalea 15 cm 32.460 62.820 554.500 649780 824.500 174.720 
Azalea 17.5 cm 33760 104260 697.000 835020 1018500 183 480 
Chrysanthemums la cm 60.040 32440 78500 170.980 218250 47270 
Chry!:>antllemums 15 cm 7229::> 76.060 195250 343600 388000 44400 
Cyclamen 10 cm 127.400 45840 98.500 271.740 218250 -53490 
Cyclamen 15 cm 160300 106690 155.250 422240 436500 14260 
Geraruum 10 cm 29630 13580 85300 128510 '55 20a 26690 
Geranium 15 cm 35970 26.790 140.000 202760 339.500 136740 
Hydrangea 15 cm 80130 154.180 356500 590.810 582.000 -8810 
Hydrangea 17.5 cm 87.920 207.810 375000 670.730 776000 105270 
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TABLE C-4. TorAL cosrs AND NET RF rURNS 01· PLAN 1 S l'RotHln·!) H)R 1 .\~ Il R 

Plam 

Afrlcan Violet 
Azalea 

Azalea 
Begonia 
Begonia 
Chrysanthemums 
Chrysanthemums 
Cyclar.-'en 
Cyclamen 
Easter Lily 
Geranium 

f ---- '-- -Costs (ceniS/pot) St'1I111~1 

,~o~~,e i~r,°3~ I-"m~~ .. M;~I~~~ ~~~'~~~:I 1 ~llll~~O : 

15 cm 1 32 460 1 51 000 554 500 637 960. 82,~ ::'00 
17 5 cm 33 760 1 86 510 697 000 817 270 1 101 A ~,oo 
10 cm 36660 il 18770 68000 123 '130! 19·1000 
15 cm 43770 57 050 1232S0 22·t 070 1 38800n 

10 cm 60 040 1 29 230 78 500 16;' 770; 218 :::-'0 
15 cm 72 290 1 63 530 195 250 331 070 1 388 000 • 
10 cm 127400 1 53640 98500 2795-10 1 218 :::':,0 1 

15 cm 160300 125 100 155250 1 ·1·\0 650: .13G ~)!)ù 1 

1 

15 crll 59960 55730 191 250 306 q 10 3Jq ~,oo 

la cm 29 630 10 60fi 85 300 125 530 15'1 200 

Nt'! 

Ih'!IH Il', 

l) 11 (1 

1 gl; :' W 
:'(\ l ,'JO 

/0 ~,;o 

11; l 9Jll 

:,p ·!HO 

',t, 9 lU 

(,1 :'Qll 

., l:,l) 

J:' :..t,{) 
r ~ . 

,llJ '-' 1 II ! 
Geranium 15 cm 35970 1 21 680 140 000 1976t>0 339500 1·11 H',() 1 

:, 1 JO 

13,1 li 1 () 

Hydrangea 15 cm 80 130 140240 356 500 576870 1 582000 i 
Hyd!~ngea __ ._275 CIll . 87 ~~L~?~ '!.70 375 000 ~-11 390 7760110 1 

TABLE C-5 l'OrAL COSTS AND NLI RU URNS 01' l'LANIS l'/WI)UCL!) 1 Ol{ MOI 111'1{''> 1){\1 r--- -------------r--.--- - -- Cost; (ccntSJpot)- - ~;!'IIII1U 1 NI!1 

~ffl:~a;~IOle! l:o~r~ze ~~~~o:afr Ht;~1FM7~i~1~· ~;'~I;;~ 1 ~':~)O 1 "';~:";:;~ 1 

Azalea 15 cm 32 460 25 450 554 500 612 410 82·1 500 1 ;, 1:' O<J() 1 . 
Azalea 175 cm 33760 43 740 697000 774500 101H 500 :'·1·1 Ut)() 

Begon,a 
Begoma 
CIHysanthemums 
CtHysanthemums 
Cyclamen 
Cyclamen 

Geranium 
Geranium 
Hydrangea 

Hydr_angea 

• 1 

10 cm 36 660 10 890 68 000 11') 550 19·1 OUO fil ·1 c,U . 

15 cm 43 770 29 740 123 250 196 760 38B 000 1 q 1 ~,,10 1 

lDcm 60040 12580 78500 151120 218250 (,/l:lO i 
15 cm 72 290 32 ?60 1 195 250 1 299 800 388 000 flB .'00 
10cm 127400 38420 985001 264320 218250 ··lGO/Cl 

15 cm 160300 95160 155250 1 410710 436 :)00 :",lYO 

1 0 cm 29 630 5 270 85 300 1 120 200 l ')t! 200 '3') OUO 
15 cm 35 J70 10 690 140 000 186 600 339 5uO 1 :,;' e 10 

~ ~ ~:m~~ ~~~. ___ ;;_.~:~._ ~~_;~~~j ~~ ~ ~~~ ~~~ ~~~ 21;~~ ;.;~ : 
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1 l A ilL!. C 6 TO rAI. COS rs & NET RE ruRNS OF ArRICAN VIOLET ID CM. rem 
NON-}lOLlDA y PERIODS 

r -
- _.--- -- - ------- -- ----- --------------- ------- -- ------ -

Costs (cents/pot) Sellmg Net -- ---- -'--------1 -- -- -j 
Perlod Date ~abor ~~~~~~~ ~~terlal Subtotal !"'nce RetulflS 

-::=-:.==- -===--=:-: -- - ---

Jan 8 35 130 24 290 71 00 130420 124 450 -5 g70 

2 Jan 22 35 130 27640 7100 1 133770 124450 -9320 

4 Feb 19 35 130 28930 71 00 135060 124 450 -10610 

5 MareIl 5 35 130 27460 7100 133 590 1?4450 -9 1,10 

1 April 2 35 130 21 540 7100 127670 124 450 -'3220 

8 April 16 35 130 17560 1 7100 1 123690 124 tl50 0760 

9 April 30 35 130 14 190 1 7100 120320 12il 450 Il 130 

11 May 21 35 130 9230 71 00 ! 115 360 124 450 9090 

12 .June 4 35 130 6680 71 00 112810 124 450 1161\0 

13 June 18 35 130 1 4 480 7100 110610 124450 13840 

14 July 2 35 130 2900 7100 109 030 124 450 15 <120 

15 July 16 35 130 1 820 7100 107950 124 450 16500 

16 July 30 35 130 1 050 7100 107 180 124 450 17270 

17 Aug 13 35 130 0830 7100 106960 124 450 17490 

18 Aug 27 35 130 0780 7100 106 910 124 450 17 5,10 

19 Sept 10 35 130 1 240 7100 107370 124 450 17080 

20 Sept 24 35 130 1 940 7100 108 070 124450 16380 

21 OCI 8 35 130 3200 7100 109330 124 450 15 120 

22 Oct 22 35 130 5080 7100 111 210 124 45:) 132,10 

23 Nov 5 35 130 7200 7100 113 330 124 450 11 120 

:1' 24 Nov 19 35 130 10360 7100 116 490 124 450 7960 

" 
_____ 2_~ ____ 9_~c 3 __ 1_35 ~O 13360 7100 119 490 124 450 4960 ------
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TABLE C-7 TOTAL COSTS AND NEf RFrlJRNS Or: CIIRYSAN11IFl\lll:\tS III CI\I, 10R 

NON-1I0LlDA y PERIODS 
r -i--r ----- -COSïS(Cè~ltsipot)--

- -
Nl'I 

1 pe""f -~Jj~~'l~r ~~:~iH:~~~f~~M~~~~t Subtotal PIIGt' 1 Ih'IIIIII~, 

2 Jan 22 ! ,;0 040 1 33 820 78 500 

1 

4 Feb19 1 60040 34570178500 

5 March 5 1 60 040 33 000 1 78 500 

7 April 2 '1 60 040 25 600 78 500 
8 Apnl16 60040 20810 1 78500 

9 April 30 60 040 16 620 1 78 500 
11 May21 60040 10760 78500 

12 June 4 60 040 7 640 78 500 
13 June 18 60 040 5 160 78 SOO 

14 July 2 60 040 3 ?OO 78 500 

15 July16 60040 2100 78500 
16 July 30 60 040 1 130 78 500 

17 Aug 13 60 040 0 980 78 500 

18 Aug 27 60 040 0 920 78 500 
19 Sept 10 60040 1 530 78500 

20 ISept 24 60040 2410 78 500 

21 Oct 8 60 040 3 960 78 500 
22 Oct 22 60 040 5 050 1 78 500 

23 Nov 5 60 040 8 920 78 500 

24 1 NO'I 19 60 040 12 900 78 500 

L ___ 25 _~ec_~__ _ _~o 04-.9_ _2~ _~ûC) l 78 500 

110 

168 290 

172 360 
173 1 tO 
171 540 

164 140 
159350 

1551GO 
149300 

146 180 

143 700 
141 740 

140640 
139670 

139520 

1394GO 
140070 

140950 

143590 

147460 

151 440 

155 040 

207 3,;0 

2073,10 

2073·10 
2073·10 

2073·10 
207 3·10 
207 3·10 

207 3·10 ' 
2073.10 1 

207 J·l0 
2073·10 
207310 

2073·10 
~)Oj J,10 

207340 

207 3·10 
207 3,10 

207 3·10 1 

207 J.1O 
207 31\0 
207 3,10 

207 3·10 

3~' OSll , 
:l,1 9HO 1 

3·1 2:lO i 
~l:-) BOO i 
,13 ;'00 1 

.1 .. ~)~lll 1 , 
~,,) 1 BU 1 

~)~l () 10 ' 

G 1 1 fi() ! 
bJ (; 10 1 

1 

Gr, GOa: 
1 

(;r; /GO ! 

GÎt>70 

li " H:'(J 

f) 7 8HO 

1)" ;' lO 

Ci> :l~JO ' 

(,,1 tI·l(l 1 

(d /',0 1 

'.i:J 880 

55 CJüo 

5:..' 300 



TABLE C-S 10TAL COSTS AND NET HErURNS OF CHRYSANTIIEMUMS 15 CM FOR 

p ()ri od 

1 

2 
4 

5 
7 
8 
9 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

NON IJOL/DA y PERIODS 

Date 

Jan 8 
Jan 22 
Feb 19 
March S 
Apnl2 
April 16 
Apnl30 
May 21 
Jurd 4 

June 18 
July 2 
July 16 
July 30 
Aug 13 
Aug 27 

Sept 10 
Sept 24 
Oct 8 
Oct 22 

Costs (cents/pot) 

--~~b2oio-l-~::~:~:f~9~e;~~ }l 
;; ~~~~-;! ;~-I;~~ ~~~ 1 

72 290 69 430 195 250 
12 290 55 910 195 250 
72 290 1 45 530 195 250 
72 290 1 36 720 195 250 
72 290 23 880 1 195 250 
72 290 17 230 195 250 
72 290 10 880 195 250 
72 290 7 440 195 250 
72 290 
72290 
72 290 
n290 
72. 290 
72 290 

72 290 
72290 

4700 
2670 
2 160 

195250 
195250 
195250 

2030 195250 
3240 195250 
5080 195250 1 

8390 195250 1 

23 Nov 5 72 290 18 840 11)5 250 
13310! 195250

H __ ~~ _______ ,~; ~ 9__ _ ~~ ~~_~~_~_~_~_~_~ 1 ~ :~~~ 1 

111 

Sellmg 1 Net 
Subtotal Priee 

330980 36860 
339730 3C860 
342 100 36860 ~

~:t_~ 
o 37620 
o 28870 
o 26500 

33E 970 36860 
323450 36860 0

0 1 31 630 
45 150 

313070 36860 
304.260 36860 
291 420 36860 

o 1 55530 

00 1 64340 
77 180 

284 770 36860 o 1 83830 
278420 36860 o 1 90 180 
274 980 36860 
272240 36860 
270 210 36860 
269700 36860 
269570 36860 
270780 36860 

o 1 93620 

o l' 96360, 
o 98390 
o 98900 

0
0 

l' 99030 
97820 

272620 368 f)0 

275930 3'3860 
0' 95980 
o 1 92670 

1 

280850 36860 
286380 36860 
294 670 36860 
302470 36860 ----

o 1 87750 
o 1 82220 

oU 73930 1 
o 66 130 
- ------



• 
TABLE C-9: TOTAL COSTS AND NET RErtJRNS OF GERANIUM 10 CM, hm 

NON-HOUDA y PERIODS 
,---

~-

Penod Date 
-

5 March 5 
7 Aprtl2 

------- - - - - 1 
Costs (cents/pot) 1 

-Labor I-Heatmg-j-Maïerlal-l _~c~_~t_O!~J -===-===-..:::::........- --~~-~-:. ~--- -
29 630 12 200 85 300 127 130 
29630 9250 85300 124 180 

St>lhllÇl NI'I 

Pflce nplllIllS 

147 440 20310 
147 440 23260 

8 Apnl16 29 630 7 290 85 300 1 122 220 147440 25220 
9 Apnl30 29 630 5 900 85 300 120 830 147 -1·10 :'6 610 
11 May 21 
12 June 4 
13 June! 8 ___ 

29630 3630 85300 118560 
29630 2590 85300 1 117520 

_.?~ ~~g _____ ! ~_~g_l _85_300 l 116 58Q 1 

147 ,1·10 28 880 
147 440 299:'0 
147440 30860 1 

TABLE C-lO: TOTAL COSTS AND NE r REl URNS OF GFRANIUM 15 CM, H>R 
NON-1I0LlDA y PERlOnS - ------------ -

Costs (cents/pot) Selhnçj Npl ---- ---+---- -Penod Date Labor __ ~'ea~lIlg _ ~at~~ _ Subtotal Pflce lletuII1'i -;:-.=.-==== - - - -- -- -- ------ -- - - -- --
5 March 5 35970 24 680 140 000 200650 322530 121 880 
7 Apnl2 35910 19000 140000 194970 322530 127560 
8 Apfll16 35970 15330 140 000 191 300 322530 1:3 1 230 
9 Apfll30 35970 12390 1 140 000 188 360 32:::> 530 13·1 170 

11 May 21 35970 1 7950 140 000 1 183920 32~! 530 138610 
12 June 4 359701 5 520 [j 40 000 181490 322530 141 0'10 
13 June 18 35970 3 780_ 1_40_gQ9 __ . L 179750 322530 142 If.hl ----- - ----

• 
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Appendix D 

Schedules of cultural practices for the produced plants 
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J 

TABLE D-l: SCHEDULE OF CULTURAL PRACTICES FOR AFRICAN VIOLET -
PLANT 1 st 

Afncan Violet,10 cm secs 2 wks 

OF: Drench Funglclde 5 1 
FW Fertlgate & Irrigate 3 10 
GR. Spray growth regulator 3 
IR Irngate 1.5 
PA Pesticide ApplicatIOn 3 1 
PKG:Package plant 9 
PG: Place Ifl green hou se 5 1 

PMD:Prepare media & flll pot 3 1 
pp. Plant cutting (rooted) 4.5 1 
PI Plnch or prune 5 
RS: Respace plants 2 
SA' Soak bulb ln acanclde 6 
S&H:Shlppmg & handllng 5 
SH. Shade plants 1.5 
US' Unshade plants 2~ .... 
Total Labor (seconds/poUpenod) 50.5 
'---

-
2 nd 3 rd 

2wks 2 wks 
"-

14 14 

1 1 

1 

47.0 45.0 -

4 th 
2wks 

14 

1 

45.0 

2 wks Da 
Mg Total 
te secs 

5thlMk 
;::::--=--====---- .-_-::---

7 

3 
1 
1 

t----t-- ----
375 5.0 230.0 

TABLE D-2: SCHEDULE OF CULTURAL PRACTICES FOR AZALEA 
r--

PLANT 
Azalea,15 cm secs 

OF: Drench Fungiclde 6 
FW. Fertigate & Irrigate 3 
GR' Spray growth regulator 4 
IR Irrtgate 1.5 
PA Pesticide Application 4 
PKG'Package plant 12 
PG: Place in greenhouse 6 
PMD:Prepare medIa & tlll pot 4 

PP. Plant cutting (rooted) 6 
PI Ptnch or prune 7 
RS: Respace plants 3 
SA: Soak bulb ln acariClde 6 
S&H:Shlppmg & handllng 6 
SH: Shade plants 2 
US' Unshade plants 3 
Total Labor (seconds/poUpenod) 

1 st 2 nd 
2wks 2wks 

10 14 
2 

1 1 

1 

1 

1 

46.0 61.0 

114 

3 rd 
2 wks 
~-

14 
2 

1 

54.0 

4 th 
2wks 
-=-.-:= 

7 
1 

3 
1 
1 

45.5 

Mktlng Total 
Date secs 

60 212.5 



-

r 
\ 

" 

TABl E D-3' SCHEDULE OF CULTURAL PRACTICES FOR AZALEA -
PLANT 1 st 2 nd 3 rd 4 th 5th 

Azalea,17.5 cm secs 2wks 2wks 2 wks 2wks 2 wks 
le=: 
OF' Drench Funglclde 65 
FW Fertlgate & Irrtgate 3 2 14 14 14 7 

GR. Spray growth regulator 4.5 2 2 1 

IR: Irngate 1.5 

PA Pesticide Ar pltcatlon 4.5 1 1 1 1 

PKG:Package plant 13.5 
PG: Place ln greenhouse 6.5 1 

PMO'Prepare media & flll pot 4.5 

PP: Plant cutttng (rooted) 7 
PI. Prnch or prune 8 1 
RS: Respace plants 3.5 

SA' Soak bulb in acanClde 6 
S&H:Shlpplng & handlJng 6.5 1 

SH: Shade plants 2.25 

US Unshade plants 3.25 

Talai Labor (seconds/potlperiod) 23.5 420 63.5 55.5 30.0 

TABLE D-4: SCHEDULE OF CULTURAL PRACTICES FOR BEGONIA 
'-' 

PLANT 1 st 2nd 3 rd 4 th 5th 
Begonia. 10 cm secs 2wks 2wks 2wks 2wks 2wks --

DF: Drench Funglclde 5 1 
FW: Fertlgate & Irngate 3 10 14 14 14 7 
GR. Spray growth 1 egulator 3 
IR: Irngate 1.5 3 
PA' PestIcide Application 3 1 1 1 1 1 
PKG:Package plant 9 1 
PG. Place ln greenhouse 5 1 
PMD.Prepare media & flll pot 3 1 
PP: Plant cutting (rooted) 4.5 1 
PI: Pinch or prune 5 1 1 
RS: Respace plants 2 1 
SA: Soak bulb in acanclde 6 
S&H:Shlpping & handling 1; 

SH: Shade plants 1.5 
US: Unshade plants 2.5 
Total Labor (secondslpoUperiod) 50.5 47.0 50.0 50.0 37.5 

115 

Mkting Total 

Date secs 

1 

6.5 221.0 

Mkting Total 

Date secs 

1 

5.0 240.0 



TABLE D-5' SCIIEDULE OF CULTURAL PRACTICES FOR BFGONIA 

1 th 5 tï1f1Oïïl- Mkt;îïgTr ôïai 
wks 2 w"-s 2 wks Dale secs 

PLANT 1 1 st 1 2 nd J 3 rd 4 
Begonia, 15 cm :,;ecs :: wkt> :? wks 2 ~~~ 2 

- =--
OF: Drench Funglclde 6 1 
FW: Fertlgate & Imgate 3 4 14 14 14 14 7 
GR: Spray growth regulator 4 
IR' Imgate 1 5 3 
PA: Pesticide Application 4 1 1 1 

PKG Package plant 12 
PG' Place in greenhouse 6 1 
PMD Prepare media Ôo. flll pot 4 1 
PP. Plant cutting (rooted) 6 1 
PI' Plnch or prune 7 
RS: Respace plants 3 1 

SA' Soak bulb in aC<Ulclde 6 
S&H'Slllpplng & handling 6 
SH. Shade plants 2 
US' Unshade plants 3 -

ITotal Labor (sec~JndsfpoUpenod) 380 460 490 5 30 530 41.5 60 286.5 

TABLE D-6 SCHEDULES OF CULTURAL PRACTICES FOR CIIRYSANTHEMUMS 
1 PLANT 1 st 2 nd 3 rd 

-- ----,----- ----- -----
4 th 5 th Mktmg Tata 

Cluysanthemums, 10 cm secs 2 wks 2wks 2wks 2 wks 2 wks Date sec s 
- ---- - = __ -=-0 ':_-"= ----

DF Drench Funglclde 5 1 
FW' Fertlgate & Imgate 3 5 12 14 14 7 
GR Spray growth regulator 3 1 1 
IR. Imgate 1.5 3 
PA Pesticide Application 3 1 1 1 1 1 
PKG Package plant 9 1 
PG Place ln grecnhouse 5 1 
PMD Prepare media & flll pot 3 1 
PP Plant cutting (rooted) 45 1 
PI Pmch or prune 5 1 1 
RS Respace plants 2 1 
SA' Soak bulb ln acariClde 6 
S&H SllIppmg & handling 5 1 
SH' Silade plants 1 5 14 14 14 
~'. Unshade plants 25 14 14 14 

1040-
1---- ---- --

Total Labor (seconds/poUpeflod) 355 102.0 1090 37.5 50 393 o 
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1 

TARLE D-7: SCHEDULES OF CULTURAL PRACTICES FOR CHRYSANTHEMUMS 
, - ---PLANT 1 st 2 nd 3 rd 4 th 5 th Mktlng Total i 

1 

C_hrys~!lth~~_ums~ 15 cm secs 2 wks 2 wks 2 wks 2 wks 2 wks Date secs .1 
OF Drench Funglclde 6 1 l 

!FW Ferllgate & Irngate 3 10 14 14 14 7 : 
GR Spray growth regulator 4 1 1 1 

IR Irrlgate 1.5 3 
PA Pesticide Application 4 1 1 1 1 1 
PKG Pa,~kage plant 12 1 
PG Place ln greenhouse 6 1 
PMD Prepare media & flll pot 4 1 
PP Plant cutting (rooted) 6 1 
PI Plnctl or prune 
RS Rospace plants 
SA SOrlk bulb ln acanclde 
SP.H Stllpplng & handllng 

ISH Stlade plants 
1 US Unshade plants 

7 
3 
6 
6 
2 
3 

1 1 
1 

14 14 14 
14 14 14 

Ifotal La.:bor (seconds/potlpenod) 56.0 126.0 127.0 120.0 

117 

41.5 

1 

6.0 473.5 



1 
TABLE D-g· SCHEDULE OF CULTURAL PRACTICES FOR CYCLAMEN 

PLANT 1 st 2 nd 3 rd 4-ihT5ïh- 6-ih-- -7 III T- S-tll-

Cyclamen, 10 cm secs 2 wks 2 wks 2 wks 2 wksl2 wks 2 wks 2 wks 2 wks 

OF: Drench Funglclde 5 
F' 

1 
FW Fertlgate & Irngate 3 3 7 7 7 7 7 7 7 
GR' Spray growth regulator 3 
IR' Irngate 1 5 7 7 7 7 7 7 7 7 
PA Pesllclde ApplicatIOn 3 1 1 
PKG:Package plant 9 
PG' Place ln greenhouse 5 1 
PMD Prepare media & fill pot 3 1 
PP: Plant cutting (rooted) 45 1 
PI' Pmch or prune 5 
RS' Respace plants 2 o a o 
SA' Soak bulb ln acanclde 6 
S&H:Shlppmg & handllng 5 
SH: Shade plants 1 5 0 14 14 14 14 14 14 o 
US Unshade plants 25 0 14 14 14 14 14 14 0 --- ------ ---
Total Labor (seconds/poUpenod) 40.0 905 9 

------'- 05 90 5 __ ~.9._~_L 9_2 _S _ ~O ~ 3-15 

r---------.--------~---- --. ____ -____ -_ 
PLANT 9 th 10 th 11 th 12 th 13 th 14 th Mkttrlg Total 

Cyclamen, 10 cm secs 2 wks 2 wks 2 wks 2 wks 2 wkr, 2 wks Date Sf!CS 
~==~==:===~====-==~==~~~==~~~ 
OF: Orench Funglclde 5 
FW. Fertlgate & Imgate 3 
GR: Spray growth regulator 3 
IR: Irngate 1 5 
PA: Pesticide Application 3 
PKG'Package plant 9 
PG. Place in greenhouse 5 
PMO.Prepare media & fill pot 3 
PP: Plant cutting (rooted) 4 5 
PI: Plflch or prune 5 
RS: Respace plants 2 
SA: Soak bulb in acanclde 6 
S&H:Shlppmg & handllng 5 
SH: Shade plants 1.5 

7 

7 
1 

7 

7 

1 

7 
1 

7 
1 

7 
1 

7 

1 

7 

7 
1 

3 

7 

US' Unshade plants 2 5 
I-:-----.:.:.--.:.:..!:-..-----~::.-.:..-+---I-----l--_j- --+--+---- --- ----. 
Total Labor (seconds/potlpenod) 345 345 37.5 37.5 345 31 5 5 a 8345 
~---~~~.--~~~~~~ __ ~~~_~~~~~-L~~L-__ _ 
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1 

1 ABLE D-9' SCHEDULE OF CULTURAL PRACTICES FOR CYCLAMEN 
1 - PLANT 

-=.Cyc~am.!:~. 15 cm 
OF Orench Funglclde 
FW Fertlgate & Imga 
GR Spray growth reg 

te 
ulator 

IR Irngate 
Ion PA Pesticide Appllcat 

PKG Package plant 
PG Place m greenhou 
PMO Prepare media & 
PP Plant cutting (root 
PI Pmch or prune 

se 
flll pot 

ed) 

flS Respace plants 
iSA Soak bulb ln acar 
S8.H Shlppmg & hand 
SH Shade plants 
US_ Unshade planlS 
l ~al Labor (seconds/ 

----
PLANT 

Cyclamen, 15 cm 
-

F Drench Funglclde 

IClde 
Img 

potlpenod) 

W Fertlgate & Irngate 
o 
F 

G 
IR 
P 
P 
P 
P 
P 
P 
R 

S 
S 
S 
U 
fa 

R Spray gl owth regulator 
Irflgate 

A Peshclde Application 
KG. Package plant 
G Place m greenhouse 
MD. Prepare media & flll pot 
P Plant cuttmg (rooted) 
1 Plnch or prune 
S Respace plants 
A. Soak bulb ln acanclde 
&H Shlppmg & handlrng 
H' Shade plants 
S Unshade; plants 
tal Labor (seconds/potlpenod) 

1 st 

secs 2 wks 
-
6 1 

3 3 
4 

1 5 7 
4 1 

12 
6 1 
4 1 
6 1 
7 
3 
6 
6 
2 0 
3 0 

45.5 

10 th 
secs 2 wks 

6 
3 7 
4 

1.5 7 
4 1 

12 
6 
4 
6 
7 
3-
6 
6 
2 
3 

35.5 

2 nd 3 rd 4 th 5 th 
2 wks 2 wks 2 wks 2 wks 

7 7 7 7 

7 7 7 7 
1 1 1 1 

0 0 

0 
14 14 14 14 
14 14 14 14 

**** **** **** 105.5 

11 th 12 th 13 th 14 th 
2 wks 2 wks 2wks 2wks 

7 7 7 7 
1 1 

7 7 7 7 
1 1 1 1 

35.5 39.5 39.5 35.5 

119 

6 th 7 th 8 th 9 th 
2 wks 2 wks 2 wks 2 wks 

7 7 7 7 

7 7 7 7 
1 1 1 1 

1 

14 14 14 
14 14 14 

108.5 105.5 105.5 35.5 

15 th Mktmg Total 
2 wks Date secs 

3 

7 
1 
1 

1 

35.5 6.0 1050 



......... 
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rv 
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TABLE D-I0: SCHEDULE OF CULTURAL PRACTICES FOR EASTER LILY 

PLANT 1 st 2nd 3 rd 4 th 5 th 6 th 
Easter Lily.15 cm secs 2wks 2wks 2wks 2wks 2wks 2wks 

DF Drench Funglclde 6 1 
FW Fertlgate & Irngate 3 10 14 14 14 1 14 14 
GR Spray growth regulator 4 1 

1 IR Irngate 1 5 
PA Pesticide Application 4 1 

1 1 
1 1 1 1 

PKG Package plant 12 
PG Place ln greenhouse 6 1 
PMO Prepare media & flil pot 4. 1 

1 
PP Plant cutting (rooted) 6 1 
PI Plnch or prune 7 
IRS Respace plants 3 1 

;SA Soak bulb ln acarlclde 6 1 
!S&H Shlppmg & handlmg 6 
ISH Stlade plants 2 
US Unshade plants 3 1 1 

Irotal LabocjsecondslpotlperiodL ~2 0_146 0 46 0 53~_ 4601 460 

----

7 th 8 th Mktmg Total 
2wks 2wks Date secs 

14 7 

3 
1 1 

1 1 

1 
1 

1 
1 

1 

1 1 1 1 1 
46.0 1 41.5 J 60 392.5 
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TAB! E D-II' SCIIEDULE OF CULTURAL PRACTICES FOR GERANIUM -
PLANT 

Geranium, 10 cm 
-

OF' Drench Funglclde 
FW Fertlgate & Imgate 
GR. Spray growth regulator 
IR' Imgate 
PA' Pesticide Application 
PKG'Package plant 
PG Place ln grcenhouse 
PMD.Prepare media & flll pot 
PP Plant cutting (rooled) 
PI Plnch er prune 
R S· Respace plants 
SA: Soak bulb ln acaflclde 

s 
s 

&H.Stllppmg & handllng 
H' Shade plants 

US. Unshade plants 
T otal Laber (seconds/poUpen~d) 

1 st 
secs 2 wks 

-
5 1 

3 10 
3 

1 5 
3 1 
9 
5 1 
3 1 

4.5 1 

5 
2 
6 
5 

1.5 
2.5 

50.5 

2 nd 3 rd 4 th Mktmg 
2 wks 2 wks 2 wks Date 

14 14 7 
2 1 

3 
1 1 1 

1 

1 

1 

53.0 48.0 37.5 5.0 

rABLE 0-12: SCHEDULE OF CULTURAL PRACTICES FOR GERANIUM 

PLANT 1 st 2 nd 3 rd 4 th 5 th 

Geranium, 15 cm secs 2wks 2wks 2wks 2 wks 2wks -
OF. Drench Funglclde 6 1 
FW. Fertlgate & Imgate 3 5 12 14 14 7 

GA' Spray groWlh regulator 4 2 1 
1 A: Irngate 1.5 3 
PA: Pesticide Application 4 1 1 1 1 1 

PKG:Package plant 12 1 
PG: Place ln greenhouse 6 1 
PMD:Prepare media & flll pot 4 1 
PP: Plant cuttmg (rooted) 6 1 

PI: Plnch or prune 7 
RS: Respace plants 3 1 
SA: Soak bulb ln acaflclde 6 
S&H:Shlppmg & handling 6 
SH: Shade plants 2 
US: Unshade plants 3 
Total Labor (secondslpotlperiod) 41.0 40.0 57.0 50.0 41.5 

121 

Total 
secs 
-

, 

194.0 

Mkting Total 
Date secs 

1 

6.0 235.5 
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TABLE 0-13 SCHEDULE OF CULTURAL PRACTICES FOR HYDRANGEA 

~5ül1-6 th--' 7 th--jMktIl19 'Total ' 

~4~ w~ !2
o
W_kS 2 w_k~ _jDate secs 

1 PLANT 1 st 2 nd 3 rd 1 

Hydrangea, 15 cm secs 2 wks 2 wks 2 wks 2 
-

OF Drench funglclde 6 1 
FW Fertlgate & Irngate 3 5 12 14 14 14 14 1 7 
GR Spray growth regulator 4 2 2 2 
IR Irngate 1 5 3 
PA Pesticide Application 4 1 1 1 
PKG Package plant 12 
PG Place ln greenhouse 6 1 
p~m Prepare media & fill pot 4 
PP Plant cutllng (rooted) 6 
PI Plnch or prune 7 
RS Respace plants 3 1 

7 14 14 
89 0 1 23 0 123 0 41 5 

~ Soak bulb on acancld. 6 

1 1 S&H Stllppmg & handling 6 
SH Stlade plants 2 
US Uilshade plants 3 
T_otaJ_~f\bor (secondslpotJpenod) 370 480 57.6-

---

14 14 7 

- -
60 5245 

1 AIlI.I· D-14 SCIIEDULE OF CULTURAL PRACTICES FOR HYDRANGEA --
PL ANl 

___ ~~~~_a ngea, 17.5 cm 

nch Funglclde OF Ore 
FW Fer 
GR Spr 
IR Irnga 
PA Pes 
PKG Pa 
PG Pla 
PMD Pr 

PP Plal 
PI Plnc 
RS R('s 
St, Soa 

S&H Stl 
SH Sha 
US Uns 
Total La 

tlgate & Irngate 
ay growth regulator 
te 

tlclde ApplicatIOn 
ckage plant 
ce m greenhouse 
epare media & flll pot 
1t cutting (rooled) 
tl or prune 
pace plants 
k bulb in acancide 
Ippmg & han dl mg 
de plants 
hade plants 
bor (secondsipoUpenod) 

1 st 
secs 2 wks 

65 1 
3 la 

45 
1 5 
45 1 

135 
65 1 
45 

7 
8 

3.5 
6 

6.5 1 

2.25 
325 

540 

2 nd 3 rd 4 th 
2 wks 2wks 2wks 

14 14 14 
2 2 2 

1 1 1 

1 

7 
7 

555 590 94.0 

122 

r -----
5 th 

2 wks 
-

14 

1 

1 

14 
14 

131.5 

- - - -- - - \ -
6 th 7 th Mktmg Total 

2 wks 2 wks Dato socs 

14 

14 
14 

7 

3 
1 

1 

o 

I----t----- -----

JJ1~5 435 65 5755 
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TABLE D-15: SClffiDULE OF CULTURAL PRACTICES FuR POINSETTIA 
PLANT 1 st 2 nd 3 rd 4 th 5 th 

POlnsettla,15 cm secs 2 wks 2wks 2 wks 2wks 2wks 

OF Drench Funglclde 6 1 

141 1 FW Fertlgate & Irngate 3 10 14 14

1 

14 
GR Spray growth regulator 4 1 , 
IR Irngate 1.5 1 

PA Pesticide Appltcatlon 4 1 1 1 1 1 
PKG Package plant 12 

IpG Place ln greenhouse 6 1 
IPMD Prepare media & t,II pot 4 1 
PP Plant cutting (rooted) 6 1 
PI Prnch or prune 7 1 
RS Respace plants 3 0 1 

SA Soak bulb ln acarrClde 6 
S&H Shlpprng & handlrng 6 
SH Shade plants 2 7 14 14 
US Unshade plants 3 7 14 14 
Total Labor (seconds/potlpenod) 56.0 53.0 88.0 116.0 120.0 

..., 

6 th 71h 8 th Mktlng Total 
2wks 2 wks 2wks Date secs 

14 14 7 

3 
l 1 , 

1 

1 

46.0 46.0 1 41.5 6.0 572.5 
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TABLE 0-16: SCHEDULE OF CULTURAL PRACTICES FOR PO;'N3ETTIA 

tPLANT 1 st 2nd 3 rd 4 th 5 th 6 th 
POInsewa.20 cm secs 2wks 2wks 2wks 2 wks 2wks 2wks 

OF Orench Funglclde 7 1 
FW Fertlgate & Irngate 3 5 12 14 14 1 14 14 
GR Spray growth regulator 5 1 1 

IR Irrlgate 1 5 
PA Pesticide Application 5 1 1 1 1 1 1 

PKG Package plant 15 
PG Place ln green hou se 7 1 

iPMD Prepare media & flll pot 5 1 
1 

! PP Plant cutting (rooted) 8 1 
1 1 PI Plnch or prune 9 1 

\ RS Respace plants 4 1 
1 SA Soak bulb ln acanclde 6 

1 ,S&f-i Shlpptng & handltng 7 i 
ISH Shade plants 1 

, 
14 1 25 ;1 14 

14 ! ~~~nshade plants 35 14 

iTotal Labor (seconds/potlpenod) 47.0 41.0 5601 9801 131.011360 i 

set 

7 th 8 th 9 th Mktlng Total 
2wks 2wks 2wks Date secs 

14 14 7 

1 3 

1 1 
1 

~ 1 

1 

1 

1 

1 

1 

1 1 1 1 1 

1 

! , 
1 \ 

1 

1 1 
1 1 1 

470! 47.0 l 45.5 1 70 16555: 
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TABLE D-17: SCHEDULE OF CULTURAL PRACTICES FOR POL~SETTlA 
PLANT 1 st 12 nd 3 rd 4 th 5 th 

Pomsettla,25 cm secs 2 wks 2 wks 2wks 2 wks 2wks 

DF Drench Funglclde 8 1 
141 IFW Fertlgate & Irngate 3 10 14 14 14 

IGR Spray growth regulator 6 1 01 
IR Irngate 1 5 
PA Pesticide Application 6 1 1 1 1 1 

PKG Package plant 18 
IPG Placp , 1 greenhouse 8 1 
PMD Prepare media & flll pot 5 1 
pp. Plant cuttmg (rooted) 10 1 

PI Pmch or prune 10 1 
RS Respace plants 5 1 
SA Soak bulb in acariclde 6 
S&H Shlppmg & handling 8 
SH Shade plants 3 14 14 

US Unsnade plants 4 14 14 
Total Labor (sec~nds/potlperiod) 67.0 58.0 53.0 152.0 146.0 

...... 

6 th 7 th 1 8 th 1 9 th Mktmg !Total 1 

2wks 2 \ftks 2 wks 12 wks Date i se~ 
1 1 

1 

1 
14 1 14 14 7 

1 1 

31 1 

1 

1 1 
1 1 1 1 

1 

1 

1 
14 
14 

152.0 480 48.0 495 8.0 781.5 
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1) List of abbreviations for decision variables 

2) Mathematical formulation of model componenets 

3) Listing of model results (QSB format) 
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TABLE E- J: LIST OF ABBREVIA TIONS OF DECISION 

VARIABLES 

I.DECISION VARIABLES 

Symbol Plant Pot Size Penod 

Vtl Afncé.n Violet 10 cm 1=1 to 26 
VtXX Afncan Violet 10 cm Christmas 

VtVV Afncan Violet 10 cm Valentine 

VtEE Afncan Violet 10 cm Easter 
VtMD Afncan Violet 10 cm Mother Day 
Mtl Chrysanthernums 10 cm 1=1 t026 
MtXX Chrysanthemums 10 cm Christmas 
MtVV Chrysanthemums 10 cm Valentine 

MtEE Chrysanthemums 10 cm Easter 
MtMD Chrysanttlemums 10 cm Mother Day 

Mfi Chrysanthemums 15 cm 1=1 to 26 
Mf XX Chrysanthemums 15 cm Christmas 
MfVV Chrysanthemums 15 cm Valentine 
MfEE Chrysanthemums 15cm Easter 

Mf~D Chrysanthemums 15 cm Mother Day 
ZfXX Azalea 15 cm Christmas 

ZfV" Azalea 15 cm Valentine 
ZfEE Azalea 15 cm Easter 
ZfMD Azalea 15 cm Mother Day 
ZsXX Azaled 17.5 cm Christmas 
ZsVV Azalea 17.5 cm ValentIne 
ZsEE Azalea 17.5 cm Easter 
ZsMD Azalea 17.5 cm Mother Day 
BtEE Begonia 10 cm Easter 
BtMD Begonia 10 cm Mother Day 

,BîEE Begonia 15 cm Easter 
BfMD Begonia 15 Gm Mother Day 
CtXX Cyclamen 10 cm Christmas 
CtVV Cyclamen 10 cm Valentine 
CtEE Cyclamen 10 cm Easter 
CtMD Cyclamen 10 cm Mother Day 
Cf XX Cyclamen 15 cm Chf/stmas 
CfVV Cyclamen 15 cm Valentine 
CfEE Cyclamen 15 cm Easter 
Cf MD Cyclamen 15 cm Mother Day 
EIEE Easter LIly 15 cm Easter 
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TABLE E-1: LIST OF ABBREVIATIONS OF DECISION 
VARIABLES 

I.DECISION VARIABLES-Contlnued 

Symbol Plant Pot Size Penod 
Gtl Geranium 10 cm 1= 7-13 
GtVV Geranium 10 cm Valentine 
GtEE Geranium 10 cm Easter 
GtMD Geranium 10 cm Mother Day 
Gfl Geranium 15 cm 1= 7-13 
GfVV Geranium 15 cm Valentine 
GfEE Geranium 15 cm Easter 
GfMD Geranium 15 cm Mother Day 
Hf XX Hydrangea 15 cm Chnstmas 
HfVV Hydrangea 15 cm Valentine 
HfEE Hydrangea 15 cm Easter 
Hf MD Hydrangea 15 cm Mother Day 
HsVV Hydrangea 17.5 cm Valentine 
HsEE Hydrangea 175 cm Easter 
HsMD Hydrangea 17.5 cm Mother Day 
HsXX Hydrangea 175 cm Christmas 
Pnf Poinssettla 15 cm Christmas 
Pntw Poinssettla 20cm Christmas 
Pntf POlnssettia 25 cm Christmas --
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~ MATHEMATICAL FORMULATION OF MODEL COMPONENTS 

I.Decision Variables 

In mathematical formulation, this is illustrated as follows: 

Xn = Where X is the number of plant. units of variety n 
ik with pot size i that is ta be marketed at period k. 

using the plants abbreviations : 

(Xav) 
ik 

(Xaz) 
ik 

(Xbg) = 
ik 

(Xmm) 
ik 

= units of african violet of pot size i produced for 
market in period k. (i = t. (ten cm), k = 26 
periods including holidays) 

units of azalea of pot size i produced for market in 
period k. (i = f,s (fifteen cm, seventeen & a half 
cm), k = VV, EE, MD, XX) 

units of begonia of pot size i produced for market 
in period k. (i = t,f (ten cm, fifteen cm), k = EE, 
MD) 

= units of chrysanthemums of pot size i produced for 
market in period k. (i = t,f (ten cm, fifteen cm), 
k = 26 periods including holidays). 

(Xcm) = units of cyclamen of pot size i produced for market 
ik in period k. (i = t,f (ten cm, fifteen cm ), k = 

VV, EE, MD, XX) 

(Xll) 
ik 

(Xgm) 
ik 

(Xhn) 
ik 

(Xpn) 
ik 

= 

= 

units of easter lily of pot size i produced for 
market in period k. (i = f (fifteen cm), k = EE) 

uni ts of geranium of pot size j produced for market 
in period k. (i = t,f (ten cm, fifteen cm), k = 
Spring including vv, EE, MD ; k= 8 periods.) 

= un i t.s of hydrangea of pot size i produced for market 
in period k. (i = f,s (fifteen cm, seventeen & a 
half cm), k = VV, EE, MD, XX) 

= units of poinsettia of pot size i produced for 
marketing in period k. (i = f,s,tf (fiftcen cm, 
seventeen & a half, twenty five cm ), k = XX) 
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II.Objective Function 

In mathematical formulation, this is illustrated as follows: 

where 

for aIl i= 1 to m 
aIl j=l to 26 

Pav = the net profits from one unit of african violet of 
ik pot size i produced for market in period k 

Paz = the net profits from one unit of azalea of pot 
ik size i produced for market in period k 

Pbg = the net profits from one unit of begonia of pot 
ik size i produced for market in period k 

Pmm = the netprof i ts from one unit of chrysanthemum of 
ik pot size i produced for market in period k 

pcm = the net profits from one unit of cyclamen of pot 
ik size i produceù for market in period k 

PlI = the net profits from one unit of easter lily of 
ik pot size i produced for market in period k 

pgm = the net profits from one unit of geranium of pot 
ik size i produced for market in period k 

Phn = the netproflts from one unit of hydrangea of pot 
ik size i produced for market in period k 

Ppn = the netprofits from one unit of poinsettia of pot 
ik size i produced for market in period k 
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III. Constraints 

l-Available labor hours per period 

In mathematical formulation, this is illustrated as follows: 

where 

(Lav) = 
ijk 

(Laz) = 
ijk 

(Lbg) = 
ijk 

(Lmm) = 
ijk 

(Lem) = 
ijk 

(LII) = 
ijk 

for aIl i= 1 to m 
aIl j=l to 26 

k=1 ta 26 

hours of Iabor required during period j for 
production of one unit of african violet of pot size 
i for market in period k. 

hours of labor required during period j for 
production of one unit of azalea of pot size i for 
market in period k. 

hours of labor required during period j for 
production of one unit of begonia of pot size i for 
market in period k. 

hours of labor required during period j for 
production of one unit of chrysanthemum of pot size 
i for market in period k. 

hours of labor required during period j for 
production of one unit of cyclamen of pot size i for 
market in period k. 

hours of Iabor required during period j for 
production of one unit of easter Iily of pot size i 
for market in period k. 
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(Lgm) = 

ijk 

(Lhn) = 
ijk 

(Lpn) = 
ijk 

hours of labor required during period j for 
production of one unit of geranium of pot size i for 
market in period k. 

hours of labor required during period j for 
production of one unit of hydrangea of pot size i 
for market in period k. 

hours of labor required during period j for 
production of one unit of poinsettia of pot sizc i 
for market in period k. 

TTL 
j 

= total hours of labor available for period j, j 
to 26 

1 

2-Available space area per period 

In mathematical formulation, this is illustrated as follows: 

where 

for all i= 1 to m 
aIl j=l to 26 

k=l to 26 

(Sav) = Space area in square meters required during pcriod j 
ijk for production of one unit of african violet of pot 

size i for market in period k. 

(Saz) = Spa ce area in square meters required during period j 
ijk for production of one unit of azaled of pot size i 

for market in period k. 

(Sbg) = 
ijk 

Space area in square meters 
for production of one unit 
for market in period k. 

132 
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(Smm) = Space area in square meters requiredduring period j 
ijk for production of one unit of chrysanthemum of pot 

size i for market in period k. 

(~cm) = Space area in square meters requiredduring period j 
ijk for production of one unit of cyclamen of pot size 

i for market in period k. 

(SIl) = Space area in square meters requiredduring period j 
ijk for productionof one unit of easter lily of pot 

size i for market in period k. 

(Sgm) 
ijk 

= Space area in square meters requiredduringperiod j 
for production of one unit of geranium of pot size i 
for market in period k. 

(Shn) = Space area in square meters requiredduringperiod j 
ijk for production of one unit of hydrangea of pot size 

i for market in period k. 

(Spn) = Space area in square meters required during period j 
ijk for production of one unit of poinsettia of pot size 

i for market in period k. 

TTS = Total available greenhouse space area for period j, 
j j=l te 26 
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1 Listing of the results for the Pot F'lower LI' Moùel in QSB format 

Summarized Results [or 'l'liES lS Pdge : l 
------------------------------------------------------------------
variablesl 
No. Names Solution 

\opportunitY\Variables\ 
Cast No. Nam0s Solution 

\opportullity 
Cost 

---------+----------+-----------1----------1----------+-----------
1 vtl 0 +96.269882 16 vtlG 0 Hl. 1 IB~)' 1 

2 vt2 0 +104.0'/543 l / vt l'1 0 +46.0041.'11 
3 vtvv 0 +163.143':>9 18 vt 18 0 ~?J.b<)4')')1 

4 vt4 0 +121.35314 19 vt19 0 1 l'). Il ,) 1 1 J (1 

5 vt5 0 +112.51233 20 vt20 0 1 ? 1 .0 Il / (,,, ') 
6 vtee 0 +154.22734 21 vt21 0 t II. J 1 J') ,) 1 
7 vt7 0 +191. 88277 22 vt22 0 ~24.lbl14·1 

8 vt8 0 +]15.54488 23 vt2J 0 t 2 '1 • ') <) Cl B '\ L 

9 vt9 0 +180.79086 24 vt24 0 +)!. ')J'I')B) 

10 vtmd 0 +180.98232 2~ vt2~) 0 1 :1 ) • 91\ 9 l 1') 

11 vt11 0 +158.96704 26 vtxx 0 Hl 1 • ~) 4 () J J 1 
12 vt12 0 +130.99257 27 mtl 0 +83.0/LH~4 

13 vt13 0 +121.55462 28 mt2 0 t'13.29'/203 
14 vt14 0 +63.281277 29 mtvv 0 + ] j 4 . 00 /. ') 3 
15 vt15 0 +26.0:>4903 30 mt4 0 1 J 'J!\. 02H09 

Maximum value of the OBJ = 1.50~011E+07 Iters. = ~I 

summarized Results for 'l'HI:::S1S l'a'le : ') 

variables \ \opportunity\variables l \opportullity 
No. Names Solution Cast No. Namesi Solution Cast 
---------+----------+-----------~---------I-----------t-----------

31 rot 5 0 +209.97~27 46 mt20 0 t19.~OljlO 

32 mtee a +230.03546 47 mt21 0 19.7')180.10 
33 mt7 0 +152.8767~ 48 mt22 0 tH.?921~/? 

34 mt8' 0 +148.77318 49 mt2J 0 -t .JO:."10340 
35 mt9 0 i254.45323 ~o mt24 t2453.1~2U U 
36 mtmd 0 +293.57495 51 mt2~ +1111.6061 0 
37 mt11 0 +277.14349 52 mtxx 0 t/3.H~/411 

38 mt12 0 +206.61746 51 mfl 0 tLU'1.8Y81U 
39 mt13 0 +125.20106 54 mf2 0 H90.:dJJ} 
40 mt14 0 +2.6136103 ~~ m[vv 0 +24~./~451 

41 mt15 0 +16.697~11 56 mf4 0 t?bJ.3Ul:.'J 
42 mt16 0 +37.648708 5'/ mf~ 0 ~25~.141GG 

43 mt17 0 +9.7181301 ~B mfec 0 -tJ14.064'1~ 

44 mt18 0 t15.477635 59 mtl 0 -t242.4U9Ul 
45 mt19 0 +12.704782 60 mfU 0 +20U.'/~~O~ 

Maximum value of the OPJ = 1.505011Et01 Iters. ~ 57 

y 
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Summarized Results for THESIS Page : 3 

-----------------------------------------------------------------
Variables 1 1 Opportuni ty 1 Variables 1 1 opportuni ty 
No. Narnes Solution Cost No. Hames Solution cost 
---------+----------+------------+---------+----------+-----------1 
61 mf9 0 +321.03281 76 mf24 0 +1.3907028 
62 mfrnd 0 +354.07175 77 mf25 0 +7.1761978 
63 mf11 0 +331.79636 78 mfxx 0 +174.13992 
64 mf12 0 -+245.64656 79 zfvv 0 +9.5355024 
65 mf13 0 ~130.]3403 80 zfee +323.47046 0 
66 mf14 0 +38.555103 81 zfrnd +15633.881 0 
67 mf1? +3661.2058 0 82 zfxx +20091.084 0 
68 mf16 0 +28.518593 83 ZSVV 0 +85.293762 

o 84 zsee +3578.6636 0 
o 85 zsmd 0 +8.4865541 
o 86 zsxx 0 +72.272285 

~6.0679502 87 btee 0 +84.067337 
o 88 btmd 0 +106.65463 
o 89 bfee 0 +28.866682 
o 90 bfrnd 0 +53.263897 

69 mfl? -1669.66827 
.,0 mfl8 +4255.5132 
71 mfl9 +1621.7399 
'l2 mf20 0 
'1J mf21 +2135.4690 
74 mf22 /-3923.2205 
.,5 mf23 1100.61419 
-----------------------------------------------------------------

Maximum value of the OBJ = 1.5050l1Et07 Iters. = 57 
-----------------------------------------------------------------
-----------------------------------------------------------------

Summarized Results for THESIS Page : 4 
-------------------------------------------------------~---------

Variables 1 lopportunity/variablesl /l)pportuni ty 
No. Narnes Solution Cost No. Names Solution Cost 

q( ---------~----------+-----------+---------+----------+-----------
)" 91 ctvv o +312.01163 106 gtll o +121.34163 .... 

92 ctee o +339.33768 107 gtl2 o +90.453934 

93 ctrnd 0 +397.24960 108 gtl3 0 +41.210052 

94 ctxx 0 +265.35257 109 gfvv +8524.5527 0 

95 cfvv 0 +387.58377 110 gfee +8626.1895 0 

96 cfee 0 +449.201L9 III gf7 0 -+46.468433 

97 cfrnd 0 +534.26129 112 gf8 110532.563 0 

98 cfxx 0 -+324.68835 113 gf9 0 +54.739906 

99 elee 0 +178.76445 114 gfmd 0 +53.468758 
100 gtvv 0 +67.776001 115 g01 0 +37.576294 

101 gtee 0 -+119.56433 116 g02 +1704.1075 0 
102 gt7 0 +45.790825 117 gfl3 +8465.0791 0 

103 gt8 0 ~86.732811 118 hfvv 0 +451.86069 
104 gt9 0 +148.96947 119 hfee 0 +331.52438 
105 gtrnd 0 H33.96730 120 hfrnd 0 +408.22946 
-----------------------------------------------------------------

Maximum value of the ODJ = 1.505011E+07 Jters. = 57 
-----------------------------------------------------------------

3 
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t Summarized Results for 'l'IlCS1S P<tg C' : ~ 

-----------------------------------------------------------------
Variables 1 
No. Names SolutIon 

lopportunityl Varlélbles 1 
Cast No. Nam0s Solution 

lopportunity 
Cost 

---------+----------+-----------+---------+----------1------------
121 hfxx 1 0 +364.73044 136 SB 1 n 1 1. 'lllb'1lHll 
122 hsvv 0 +424.57330 13-; St) 1 t 14 b 4 b 0 . 'l H II 
123 hsee 0 1-271.50903 138 SlLl 1 t-~'/ l4~4. 31 0 
124 hsmd 0 +363.28796 139 SIl 1-484713. '/:' 0 
125 hsxx 0 +305.29276 140 517 0 1.6JB1')<).1<J 
126 pnf 0 +176.690L9 141 SI l t~)1111.q07 0 
127 pntw 0 +459.42834 142 S 14 0 t .Jb900hlJ 
128 pntf 0 1-655.36292 14J S15 116883.19] 0 
129 SI 0 + .04348117 144 S16 0 1 . J 6') <J (d -; 4 
130 S2 0 +2.1137G7BG 145 ~; l 1 0 1-.1")/(,47;)2 
131 S3 +218348.02 II 146 S18 0 1 .lh()24J~)~) 

132 S4 +371304.81 0 147 S19 l) t-. Ü JJ<)~-, 1 J<} 
133 S5 0 +.57662874 148 S20 0 +.34)\8/.1'j 
134 S6 0 +.63298362 149 S21 1 2B940~). J4 0 
135 S7 0 +.7J3:'3904 150 S22 110S26).4~! 0 

Maximum value of the ODJ = 1.:'05011E+07 Iters. ~ 57 

Summarized Results [or 'l'IIESIS Page : 6 
-----------------------------------------------------------------
Variables 1 

No. Names Solution 
lopportunitylvariablesl 

Cast No. Nnmes SaluU on 
lopportunity 

Cast 
---------+----------r------------t---------r----------t-----------
151 S23 0 t.3022407U '166 SJ8 117('1.90}7 0 
152 S24 +298880.59 0 161 SJ':J t]449.~097 0 
153 S25 0 +.0523878S 16B S40 11061.Y402 0 
154 S26 +519062.97 0 169 S41 11312.5732 Il 

155 S27 +1418.8268 0 170 S42 +1264.525] 0 
156 '328 +934.80341 0 171 S4J 110'lO.J9]7 0 
157 S29 +1006.3358 0 172 S44 11191.2911 0 
158 S30 +1:J:j7.84448 0 173 S4~ 1 13 4 1 . 00'/3 0 
159 831 0 +620.80298 174 S46 11224.7:)75 0 
160 '832 +17].64815 0 175 S4/ 11J911.2':>94 0 
161 833 H33.30'573 0 l'/6 S4fJ 0 1169.147':J5 
162 534 +334.32205 0 177 S49 t10.~)6i)48q 0 
163 S35 +186.18318 0 178 S50 1133.22214 0 
164 S36 +1510.8554 0 l'/9 sr) 1 0 t IBO). 6)()<j 

165 S37 +1208.8059 0 ]80 S<J 2 116~9.0179 0 

Maximu~ value of the OBJ ~ 1.505011EtO'l lters. = 51 
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l 
----------------------------------------------------------------------

Sensltivity Analysls for RHS Page: 1 
----------------------------------------------------------------------
8(ilIMin. 8(il IOriginal IHax. 8(i)18(i) IMin. 8(i) 10riginalIMax.B(i 
----+----------+---------~---------+-----+----------+---------+-------

B-1 +567254.94 1+864000.0 +876341.8 B-19 +8S6121.62 +864 nOO.0 +879703. 
U-2 +853820.25 +864000.0 +964453.1 8-20 +581329.00 +864 r OO.0 +901637. 
8-J +1221652.0 +1440000. +Infinity B-21 +574597.62 +864000.0 +Infinit 
8-4 +1068695.3 +1440000. +Infinity B-22 +13J4737.6 +1440000. +Infinit· 
U-5 +1322948.5 +1440000. +1513755. 8-23 +1419054.8 +1440000. +1455607 
8-6 +1369261.1 +1440000.1-1508988.8-24 +1141119.4 +1440000. +Inflnlt 
8-7 +IJ36045.1 ~1440000. +1674869. 8-25 +1418572.5 +1440000. +1469792 
8-8 +1296576.6 ~1440000. +1508~J4. 8-26 +776937.00 +1296000. +Infinit 
U-9 +573539.44 +720000.0 +Infinity B-27 +581.17322 +2000.000 +Jnfinit 
8-10 +8G6545.69 +1440000. +Infinity 8-28 +1065.1965 +2000.000 +Infinit 
8-11 +9'>5286.25 +1440000. tlnfinity B-29 +993.66418 +2000.000 +Infinit 
8-12 +817578.12 +864000.0 +940490.3 8-30 +1112.1555 +2000.000 +lnfinlt 
8-13 +812822.12 +864000.0 ~Inflnlty B-31 +1718.9874 +2000.000 +2061.26 
8-14 +826283.00 +864000.0 +877425.3 8-3~ +1828.3518 +2000.000 +Inflnlt 
B-15 +847116.81 +364000.0 +Inflnity B-33 +1866.6943 +2000.000 +Infinit~ 
8-1G +833757.56 +864000.0 +890650.5 B-34 +1665.6780 +2000.000 +Inf1nlt 
8-17 +82838J.06 +864000.0 +884304.5 B-35 +1813.8168 +2000.000 ~Infinit 
8-18 +855021.50 +864000.0 +875149.4 8-36 +489.14465 +2000.000 +Inf1nit 
----------------------------------------------------------------------

----------------------------------------------------------------------
Sensitivity Analysis for RHS Page : 2 

----------------------------------------------------------------------
B(ilIMin. B(1) IOriginallMax. 8(i)18(1) IMin. B(i)1 origlnaljMax. 8(i) 
----+~---------+--------+---------+-----+---------+---------+---------

8-37 +791.19409 +2000.00 +Infinity 8-45 +658.9926 +2000.0000 +Inflnity 
8~38 +738.09729 +2000.00 +Infinity B-46 +775.2425 +2000.0000 +Inflnlty 
8-39 +550.49084 +2000.00 +Infinity 8-47 +603.7406 +2000.0000 +Infinity 
8-40 +938.05981 +2000.00 +lnfinity 8-48 +1993.218 +2000.0000 +2012.508 
8-41 +687.42676 +2000.00 +Infinity 8-49 +1989.435 +2000.0000 +Infinlty 
8-42 +735.47473 +2000.00 +Infinlty 8-50 +1866.777 +2000.0000 ~Infinity 
8-4J +929.60828 +2000.ool+Infinlty 8-51 +1984.509 +2000.0000 +2007.834 
8-44 +808.70886 +2000.00 +Infinity 8-52 +340.9820 +2000.0000 +Infinity 
----------------------------------------------------------------------
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Sensitlvlty Ana1ysls for ODJ Coefficlents P"q(' :, 

----------------------~-----------------~-------------------------------

C(j) IMin. C(J) IOr~glnalIMax. C(j) IC( J) IMln. C(j) lüriglnc1111-1,n .. C( j 
-----+----------+---- .. ---+----------+-----~---.------+--------1--------
C(l) - Infinity -5.%9991+90.299889 (:(19)1- Inflnitylil7.lHH10 1:,':,',111 
C ( 2 ) - In f J nit Y - 9 31999 + 94 . 7554 J 2 C ( 20) - ln tirll t y + l t, . J 1 <J q 1 1':J.·)·U Il 
C(3) - Infinity -4.44999 +158.69359 C(21) - lnflnltl' 115.120(J 1:)2.411'~ 

C(4) - lnfinity -l'J.6100 +110.74314 C(22) - Inflnlty tlJ,.'lULl IJ,'.·1111tl 
C(5) - Inflnity -5'.14000 +103.37232 C(23) - Inflnlty -!ll.l~ùt) ~JB. !lh!~ 
C(6) - Infinity +.410000 +154.63734 C(24) - Infirllty 17.QbOOU lJ'l.Hql'~ 
C ( 7 ) - In fin i t Y - 3 . 2 2 000 -f l 8 8 . 66277 C l 25) - ln f ln i t Y H. q (, () Ll () + J ; . q II <l 11 
C(8) - Infinity +.759999 +116.30488 C[2G) - Infllllty +6.')~<)l)q t'1.1. L'l, II 
C(9) - 1nfinity -f4.13000 +184.92087 C(27) - InflllLty tJ':J.lHl)l) 11':.'. L'IJ 
C(lO) - Infinity +12.7300 +193.71231 C(28) - lIlflnlty +J'Î.9!lOO tlOIl"',"J 
C(ll) - Infinity +9.09000 +168.05705 C(29) - Inflnlly ~47.2!llO tlR1'~!~ 
C(l2) - Infinity +11.6400 +142.63257 C(JO) - Inflnity 134.)JO() UJ.) .. ~') 
C~13) - Infinity +13.8399 +l3~.39462 C(]l) - 1nfllllly IJ:'.!'JCj<l U4~,.i!' 

C(14) - Infinity +1~.4200 +78.70l279 C(J2) - lnfinity i50.4800 ~280.~l' 
C(IS) - Infinity +16.5000 +42.55'Î905 C(33) - Infinity HJ.2000 11'Jh O!tl 
C(l';) - Infinity -1,17.2700 +48.4'Î8578 C(J4) - Infinity 1'Î!.gLlOO 11'lb./(, 
C(17) - Infinity -+17.4900 +63.494129 C(35) - Infinity 1:'2.180lJ I)ob.!d 
C(18) - Infinity +17.5400 +41.234554 C(36) - Infinity 167.1299 IJf>O.lU1 ______________________________________________________ -----------_____ J 

Sensitivity Analysis for OBJ Coefficients PiJlJC' : 1 

C(j) IMin. C(j) IOriginallMax. C(j) IC(j) IMin. C(j) IOriginùll~lax. C( j 
------f----------+--------+----------+-----~----------+---------1--------

C(37) - lnfinity +58.0400 +335.18350 C(55) - Infinity t'Î4.4000 1290.1~4 
C(38) - Infinity +61.1600 +267.77747 C(56) - InfinLty +26,5000 1289,HO~ 
C!39) - Infinity +63.6399 +188.B4306 C(S?) - InfinLty ~Jl.()l'J'l Uf!(} "J 
C(40) - Infinity +65.5999 +68.213608 C(58) - lnfinity ~5G.'J30U IJ!0.09· 
C(4l) - Infinity +66.6999 -183.397110 C(59) - Infinity 145.1500 l?ü!.~S~ 
C(42) - Infinity +67.6699 +105.31870 C(60) - lnfinity +55.52'JY .2~G'}~1 
C(43) - Infinity +67.8200 +77.538132 C(G1) - Jnfinity ~64.31C)l)l'jBr"l/ •. 1 
C(44) - Infinity +67.8799 +8).357635 C(G2) - Inflnity +BH.l'J'J') +44?:/l, 
C ( 4 5) - l n fi nl t Y + 67 . 2 6 9 9 + 7 9 . 9 7 Il 77 7 C ( 6 3) - 1 n fl n it y 1 7 7 . 1 El Ü 0 1 1\ (J (j • ') ! d 
C(46) - Infinity ~66.3899 +85.5933C7 C(64) - Infinity 183.FlJ(J() 1 Jl.CJ.I\/lj 

C ( 4 7) - l n f jr; it Y + 6 4 . 8 3 9 9 + 7 4 . 5 9 7 8 0 1 C ( 6 5) - 1 n fl nit Y t 9 0 . 1 8 00 + 2 ? () . (,J ·1 
C(48) Infinity +63.7500 -t-72.042160 C(66) Infinity 19J.6200 Il']?l!') 
C(49) - Infinity +59.8800 +600182304 C(67) -t94.321503 +96.J6()() i1UJ.fl(J~ 

C ( 50) + 5 5 . 59 2 9 1 5 + 5 5 . 9 0 0 0 + 5 8 . 9 3 6 0 0 5 C ( 6 8) - ln fin i t Y t 9 8 . J W) 'J 1- 17 (, . ') () fi 
C(5l) +46.818916 +-52.2999 +5~.269985 C(69) +95.113106 19B.900(J -tC)CJ./ ' ,9.l 
C(52) - Infinity +59.6800 +133.54749 C(70) +98.51:l0475 1,)9.ù29" -t101 (}illj 

~1~~ll=_~~~!~!~r_~~~~~!~~_~~~~~~~I~~_~I~~I~~:~~~~~r~~_~~~~~~~~_~~~~~~~j 
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Sensitivity Analysis for OBJ Coeff~cients Page : 

C(j) IMin. C(j) IOnginallMax. C(j) IC(j) IMin. C(j) loriginallMax. C(j 
-----+----------+--------+----------+-----+----------+--------+-------~ 

C(73) +92.232521 +92.6699 +97.855118 C(91) - Inflnlty -53.4900 +258.52~ 
C(74) t83.090492 +87.7500 +88.972702 C(92) - Infinity -61.2900 +278.041 
C(75j +80.360283 +82.2200 +87.520050 C(93) - Infinity -46.0700 +351.179 
C(76) - Infinity +73.9300 +75.320702 C(94) - Infinity -29.4000 +235.952 
C(77) - Infinlty +66.1299 +73.506195 C(95) - Infinity +14.2600 +401.B4j 
C(78) - Infinlty +73.55~9 +247.69992 C(96) - Infinity -4.15000 +445.05~ 
C(79) - Infinity t174.720 +184.25551 C(97) - Infinlty +25.7900 +560.05] 
C(80) +149.83752 +186.539 +188.19902 C(98ll- Infinity +71.1299 +395.81~ 
C(81) +203.75400 +212.090 +214.52699 C(99) - Infinity +32.5600 +211.32~ 
C(82) 1178.79262 +198.370 +209.01683 C(100)- Infinity +26.6899 +94.465~ 
C(S3) - Infinlty +183.480 +268.77377 C(101)- Infinity +29.6700 +149.23~ 
C(84) t197.62447 +201.23a +223.43649 ~(102)- Infinity +23.2600 +69.050~ 
C(85) - Inflnity +244.0UO +252.48656 C(103)- Infinity +25.2199 +111.95 
C(86) - Infinity +224.679 +296.95227 C(104)- Infinity +26.6100 +175.57 
C(87) Infinity +70.5700 +154.63734 C(105)- Infinity +35.0000 +168.96 
C(88) - Infinity +78.4499 +]85.10463 C(106)- Infinity +2B.8799 +150.22~ 
C(89) - Infinity +163.929 +192.79668 C(107)- Infinity +29.9200 +120.373 
C(90) - Infinity +19J .240 +244.5039] C(108)- Infinity +30.8600 +72.0700 
-----------.-----------------------------------------------------------j 1 

-----------------------------------------------------------~----~------­
" Page : Sensitivity Analysis for OBJ Coefficients 

C(j) IMin. C(j) IOriginallMax. Cri) IC(j) IMin. C(j) loriginallMax. CC] 
-----+----------+--------+----------+-----+----------+--------+-------~ 

C(109)+134.07829 +136.740 +225.93774 C(119)- Infinity +5.13000 +336.654 
C(J10)+139.J6206 +141.850 +143.68607 C(120)- Infinity +59.7400 +467.96~ 
Ç(lll)- Infinity +127.560 +174.02843 C(121)- Infinity +47.4000 +412.130 
C(112)~129"16890 +131.230 +138.28410 C(122)- Infinity +105.270 +529.84~ 
C(113)- Infinity +134.170 +188.90991 C(123)- Infinity +134.610 +406.11~ 
C(114)- Infinity +152.840 +206.30876 C(124)- Infinity +214.220 +577.50~ 
C(115)- Infinity +138.610 +176.18630 C(125)- Infini~y +201.429 +506.722 
C(116)+123.40804 +141.039 +171.23326 C(126)- Infinity +93.3499 +270.040 
C(117)+13B.64516 +142.780 +156.93065 C(127)- Infinity +55.3200 +514.74B 
C(118)- Infinity -8.81000 +443.05069 C(12B)- Infinity +92.5700 +747.93~ 
----------------------------------------------------------------------1 
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