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ABSTRACT: Health issues and environmental concerns have drawn the attention to organic agriculture
aiming to protect the natural balance and to produce without damaging the environment. This study aims
determining economic feasibility of organic greenhouse lettuce (Lactuca sativa L.) in an on farm trial, to
foster organic greenhouse vegetable production in the preservation area of Tahtali Dam, projected as the
sole water resource of Izmir, Turkey’s third largest. A 384 m2 greenhouse, constructed of galvanized metal
tubing anchored and covered with a polyethylene was analyzed to identify typical operation procedures,
and to determine unitary construction and operation cost. Organic lettuces were produced during autumn
season of 2001-2002, testing different organic fertilizer applications, including two rates of farmyard and
poultry manure (30 and 50 t ha-1) with and without two organic fertilizers based on either bacteria or algae.
Economical analysis was performed according to different organic fertilizer applications. Cost, yield, and
price data were analyzed to determine the profitability of a typical operation. Net return obtained from
organic lettuce growing ranged between us $ 0.376 and us $ 0.901 m-2, as a result of different fertilizer
applications.
Key words:  vegetable, organic farming, organic fertilizer, cost analysis

ANÁLISE ECONÔMICA DA PRODUÇÃO ORGÂNICA DE
ALFACE EM ESTUFAS NA TURQUIA

RESUMO: Preocupações sanitárias e ambientais têm atraído a atenção para a prática da agricultura orgânica
como meio de proteger o balanço ambiental e produzir sem danificar o ambiente. Este estudo objetiva
determinar a viabilidade econômica da produção em estufa da alface (Latuca sativa L.) em um ensaio de
campo, a fim de incentivar a produção orgânica de vegetais na área de preservação do Reservatório Tahtali,
projetado como o único recurso hídrico de Izmir, a terceira maior cidade da Turquia. Uma estufa de tubos
galvanizados (384 m2), ancorados e cobertos com polietileno, foi analisada para identificar procedimentos
operacionais padronizados e determinar custos unitários de construção e operação. Alfaces orgânicas foram
produzidas no outono de 2001-2002, testando diferentes aplicações de sobras compostadas e esterco de
granja avícola como fertilizantes orgânicos (30 e 50 t ha-1), com ou sem a adição de fertilizantes comerciais
bacterianos ou algais. A análise econômica foi feita de acordo com as quantidades de fertilizantes utilizadas.
A determinação da lucratividade foi feita com base na análise de dados de custos, produtividade e preço.
O lucro líquido obtido da produção orgânica de alface em estufa variou entre US$ 0.376 e US$ 0.901 m-2.
Palavras-chave: vegetais, agricultura orgânica, fertilizante orgânico, análise de custo

INTRODUCTION

Protected cultivation is considered to be an in-
tensive production system requiring relatively high in-
vestment in several aspects of the production and mar-
keting. However, greenhouses are cropped on an essen-
tially continuous basis, with no possibility for suitable
rotations, once the limited crop range results in reduc-
tion of soil fertility and rapid build up of soil pests,
which hampers production and requires intensive use of
chemicals (Hanafi & Papasolomontos, 1999).

Organic greenhouse vegetable production has
high potential for the out-of-season produce market
niche, and is a sustainable method of production
(Tuzel, 2001).  Therefore, there is need for studying
production strategies, especially at local level and un-
der grower conditions, allied to economics and cost
and return analysis studies.  Farmers have discovered
that organic farming methods are viable alternatives to
conventional farming, but also can be quite costly. A
common misconception farmers have about organic
farming is the idea that it is low-cost and low-input. It
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is difficult to reach conclusions on comparative prof-
itability of conventional versus organic agricultural
production practices, because of the wide range of pro-
duction methods used in different regions and with dif-
ferent crops, and because of the variable organic price
premiums.

Purposes of this study were thus performing an
economic analysis of organic lettuce (Lactuca sativa
L.) production under greenhouse conditions, and to
provide a guide for organic greenhouse lettuce grow-
ers budgeting specific cost categories and estimating
a net return for the production and sale of organic,
greenhouse grown lettuce in Turkey.

MATERIAL AND METHODS

The experiment was conducted in Menderes,
Turkey (38º15’ N, 27º28’ E) within the long range pro-
tection zone of Tahtalý Dam, as an on-farm trial in a
polyethylene (PE) - covered greenhouse (12x32 m),
biult erected with galvanized construction bars, with
side and roof ventilations and covered with insect net.
The local has a Mediterranean climate, with average
annual temperatures for the warmest month (July) and
for the coldest month (January) rather similar for the
entire river basin. Annual precipitation is circa 700
mm, and average relative humidity is 60%.  Seedlings
of L. Sativa cv. Lithal, which is resistant to mildew 1-
4, were planted on November 28, 2001 at a density of
11.1 plant m-2 (0.3x0.3 m).

Four organic fertilizers: (1) poultry manure 30
t ha-1 + E 2001 + Allgrow Bioplasma; (2) farmyard
manure 50 t ha-1; (3) farmyard manure 30 t ha-1 + E
2001 + Allgrow Bioplasma; and (4) poultry manure 50
t ha-1, were tested. Since organic tomato and cucum-
ber were croped during previous growing seasons, one
plot was not fertilized.

E 2001 (Agricultural Research Technologies
Ltd., Bonham, USA) and Allgrow Bioplasma (Biotech
Industry AB, Stockholm, Sweden), commercial organic
fertilizers containing bacteria and algea, respectively,
were used to increment microorganism activity in the
soil. Some physical properties of soil and physical and
chemical properties of the tested manures are given in
Tables 1 and 2 respectively. E 2001 was applied on
December 1st, 2001, a rate of 300 mL per parcel (25
m2), while Allgrow Bioplasma was applied twice, on
December 10th and 24th, 2001, at 60 L ha-1 and 200 mL
per parcel.  Plants were grown in accordance with or-
ganic standards throughout production. Sticky yellow
traps (one per 15 m2) were placed above the plant level
and moved up as plant grew. Pests and diseases were
controlled weekly. Trials were set on a completely ran-
domized design (n = 3), 48 plants per replicate.

Yield parameters were registered and economic
analysis of each treatment was performed. Total
production costs of organic lettuce crop include fixed
and variable cost.  Variable costs include costs for la-
bor, fertilizer, seed, electricity, certification, marketing,
and transportation. Variable costs were calculated
by using current input prices and labor costs.
Fixed costs include interest on total initial investment,
annual initial investment costs, interest on total vari-
able costs, and administrative costs. Total costs were
subtracted from total gross return to calculate net re-
turn.

Interest on total initial investment costs and
total variable costs was calculated by charging a simple
interest rate of 11% (saving deposits interest rates,
monetary values on US $) on one-half of total initial
investment costs and total variable costs, once it is pos-
sible to grow two crops per year in greenhouses
(Hickman & Klonsky, 1993; Estes & Peet, 1999; Hood

Table 1 - Physical properties of soil.

Hp 55.6

%stlaslatotelbuloS 50.0

OCaC 3 % 76.0

%dnaS 44.36

%maoL 86.91

%yalC 88.61

erutcurtS maolydnaS

%rettamcinagrO 51.2

smetI erunamyrtluoP erunamdraymraF

Hp 00.9 01.9

%stlaslatotelbuloS 11.2 29.1

%rettam.grO 61.23 31.43

%nobraclatoT 06.81 08.91

%negortinlatoT 50.1 11.1

N/C 17.71 48.71

%surohpsohplatoT 71.1 67.0

%muissatoplatoT 07.1 05.1

%muiclaclatoT 00.8 74.7

%muisengamlatoT 29.0 67.0

%muidoslatoT 04.0 81.0

%norilatoT 41.2 26.1

mppreppoclatoT 01.84 26.1
mppcnizlatoT 05.982 00.492

mppnagnamlatoT 02.764 01.39

Table 2 - Physical and chemical properties of tested organic
manures.
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& Snyder, 1999).  Administrative costs were estimated
to be 2-7% of total gross production value, or 3-7%
of total costs (Mulayim, 2001; Kiral et al., 1999). Ad-
ministrative costs were estimated to be 3% of total
variable costs. This method was applied in most pre-
vious studies (Engindeniz & Tuzel, 2002; Engindeniz,
2003; 2004a; 2004b). Depreciation was estimated us-
ing the straight-line method.  Assets were divided by
their useful life expectancies to determine annual costs
for depreciation.  The greenhouse was exempted from
property tax and was not insured.

It was assumed that land was rented at $ 58 ($
29 for each of two crops) per year.  This figure can be
highly variable and depends on location, since factors
such as soil type and water availability affect land
rental prices.

RESULTS AND DISCUSSION

Yield
Lettuces were harvested on March 12, 2002

and March 15, 2002. The effect of organic fertilizers
on yield was not significantly different (Table 3). Also
organic fertilizers did not affect average head weight,
number of waste leaves, and net plant weight. Total
yield, average head weight, number of waste leaves
and net plant weight varied between 11.56 - 13.20 kg
m-2, 1040.3 - 1188.4 g, 2.38 - 3.27, and 1025.86 -
1177.81 g, respectively.

In general lettuce yields range on 20 and 60 t
ha-1 in open field, and 40 and 120 t ha-1 in greenhouse
conditions, depending on variety, plant density, cli-
matic conditions, growing season, and related agricul-
tural practices (Aybak, 2002). Although an average
crop yield reduction of 20% is accepted as normal
(FIBL, 2004), no yield loss was registered in the ex-
periment. Also, the average head weight, which is circa
1 kg in conventional lettuce production in the same re-
gion (N. Aykut, personal communication), showed
similar performance in the organic production. Among
the fertilizer treatments, the plot which was not ma-

nured recorded higher yields as a result of previous fer-
tilizations for organic tomato and cucumber crops.

Costs
Costs associated with the production of organic

greenhouse lettuce are classified as initial investment
costs, variable costs, fixed costs, and total production
costs (Tables 4, 5, and 6). The initial investment costs
of the organic lettuce greenhouse were $ 6,814.  There-
fore, initial investment costs were $ 17.744 m-2 (Table
4).  Galvanized frame and kit, base locking rail and
assembly and installation costs comprised 76.6% of the
total initial investment. Annual initial investment costs
were $ 1.599 m-2. Since farmers can grow two crops
per year in the region, semi-annual, initial investment
cost was $ 0.799 m-2 for organic lettuce production in
autumn season.  Total and annual investment costs may
increase if a more elaborate environmental control sys-
tem, specific substrate materials, or multiple gutter-
connected houses are used or built.

In a previous study in the same area, initial in-
vestment cost of a 1,344 m2 greenhouse was estimated
to be $ 8.66 m-2 (Engindeniz, 2003), whereas the capital
requirement of a 1,035 m2 greenhouse in which soilless
culture system is used, was estimated on $ 14.50 m-2

(Engindeniz, 2004a). The simple and cheap greenhouse
structure (iron construsction, no roof ventilation, etc.) in
the region caused such a difference in the initial cost.

Total variable costs varied between $ 0.366
and $ 0.398 m-2 depending on the quantities of organic
fertilizer utilized (Table 5). Inspection and certification,
and labor costs were between 40.8 and 41.6%, and 28.7
and 29.1% of total variable cost, respectively.

Total cost of organic greenhouse lettuce pro-
duction varied between $ 2.247 and  $ 2.282 m-2, de-
pending on the organic fertilizer applicated (Table 6).
On the other hand, total cost of soilless lettuce produc-
tion was calculated to be $ 0.694 m-2 (Engindeniz,
2004b). The difference could be mainly due to the
higher initial cost and inspection and certification of
organic lettuce production costs.

Table 3 - Changes in yield and yield related parameters.

*Means are not significantly different at the 0.05 level of probability according to Least Means Square test.

snoitacilpparezilitrefcinagrO dleiY
daehegarevA

thgiew
forebmuN
sevaeletsaw

thgiewteN

mgk 2- * tnalprepg tnalprepg
aht51(erunamdraymraF 1- amsalpoibworglla+1002E+) 02.31 83.881,1 27.2 18.771,1
aht03(erunamdraymraF 1- ) 58.11 42.660,1 35.2 33.050,1

aht51(erunamyrtluoP 1- amsalpoibworglla+1002E+) 73.21 42.311,1 83.2 92.790,1
aht03(erunamyrtluoP 1- ) 65.11 82.040,1 18.2 68.520,1
)rezilitrefon(lortnoC 16.21 27.431,1 72.3 62.811,1
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Table 4 - Initial Investment costs for greenhouse construction.

*It was calculated over 10 years (Hickman & Klonsky, 1993; Estes & Peet, 1999; Hood&Snyder, 1999).

metI tsoClaitinI efiLlufesU tsoClaunnA
m$ 2- % sraeY m$ 2- %

tikdnaemarfdezinavlaG 247.4 7.62 02 732.0 8.41
liargnikcolesaB 670.4 0.32 02 402.0 7.21

)lairetamgnirevoc(EP 786.0 9.3 2 343.0 5.12
)noitaziralosrof(revocdnuorG 141.0 8.0 2 070.0 4.4

)noitcetorptsorfrof(relknirpsfooR 615.0 9.2 02 620.0 6.1
)CVP(epipretaW 870.0 4.0 51 500.0 3.0

)gnippord(epipretaW 862.0 5.1 01 720.0 6.1
retlifcitsalP 440.0 3.0 01 400.0 3.0
retliflateM 880.0 5.0 01 900.0 5.0

elppiN 620.0 2.0 01 300.0 2.0
)CVP(woblE 930.0 2.0 51 300.0 2.0

evlaV 401.0 6.0 51 700.0 5.0
knatnoitalugererusserP 161.0 9.0 51 110.0 7.0

pmupretaW 948.0 8.4 51 750.0 6.3
esablevargdnanoitaraperpetiS 641.1 4.6 - *511.0 2.7

noitallatsnidnaylbmessA 977.4 9.62 - *874.0 9.92
m$(latoT 2- ) 447.71 0.001 - 995.1 0.001

Table 5 - Variable costs for organic greenhouse lettuce production depending on the different organic fertilizer applications.

noitarepO
snoitacilpparezilitrefcinagrO

erunamdraymraF erunamdraymraF erunamyrtluoP erunamyrtluoP lortnoC
aht51( 1- +1002E+)

amsalpoibworglla
aht03( 1- )

aht51( 1- +1002E+)
amsalpoibworglla

aht03( 1- ) )rezilitrefon(

gniwolP
)robalenihcam(

610.0 610.0 610.0 610.0 610.0

)robal(gnieoH 920.0 920.0 920.0 920.0 920.0
)robal(noitazilitreF 610.0 310.0 610.0 310.0 -

erunamyrtluoP - - 500.0 010.0 -
erunamdraymraF 800.0 310.0 - - -

msalpoiB 500.0 - 500.0 - -
1002-E 300.0 - 300.0 - -

taeP 610.0 610.0 610.0 610.0 610.0
deeS 500.0 500.0 500.0 500.0 500.0

)robal(gnitnalP 310.0 310.0 310.0 310.0 310.0
)robal(noitagirrI 810.0 810.0 810.0 810.0 810.0

yticirtcelE 800.0 800.0 800.0 800.0 800.0
evitcetorptnalP

)robal(snoitacilppa
300.0 300.0 300.0 300.0 300.0

reppoC 300.0 300.0 300.0 300.0 300.0
spartwolleY 300.0 300.0 300.0 300.0 300.0
)spartrof(eulG 300.0 300.0 300.0 300.0 300.0
dnanoitcepsnI

noitacifitrec
161.0 161.0 161.0 161.0 161.0

)robal(tsevraH 320.0 320.0 320.0 320.0 320.0
)robal(gnipparW 310.0 310.0 310.0 310.0 310.0

gabcitsalP 500.0 500.0 500.0 500.0 500.0
tropsnarT 740.0 740.0 740.0 740.0 740.0
m$(latoT 2- ) 893.0 293.0 593.0 983.0 663.0
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Marketing and Pricing
The harvested organic greenhouse lettuces

were marketed at specific organic shops and supermar-
kets after packing in plastic bags, and sold for an av-
erage $ 0.90 per head. Results of a survey conducted
with lettuce producers showed that the price of con-
ventional lettuces varies between  $ 0.18 and  $ 0.28
per head.  Also, average price of soilless lettuces was
calculated to be $ 0.26 per head (Engindeniz, 2004b).
Although the initial and total costs of organic lettuce
production was higher in the present study, the price
of organic lettuce was 3.5 fold higher due to the pre-
mium in organic production. Organic products can be
sold at a higher price than the conventional ones. The
consumers usually agree to to pay 20-25% premium
for organic food (Engindeniz & Tuzel, 2002).

Gross Return and Net Return
Total gross return obtained from organic green-

house lettuces varied between $ 2.648 and $ 3.177 m-2,
depending on the organic fertilizer applicated. How-
ever, it was determined that the total net return varied

between $ 0.376 and $ 0.901 m-2 depending on the or-
ganic fertilizer applicated (Table 7).  Net return ob-
tained from conventional lettuce production vary be-
tween $ 0.155 and $ 0.650 m-2  in the same region.
Also, net return obtained from soilless lettuces was cal-
culated to be $ 0.188 m-2 (Engindeniz, 2004b).

CONCLUDING REMARKS

The organic greenhouse lettuce project was
successful in developing and demonstrating different
organic fertilizer applications for growers to produce
high quality lettuces.  Utilization of organic fertilizers
could turn popular for small growers of the region, es-
pecially where production space or farm equipment is
limited. Using organic fertilizer appears to be quite
successful for small growers who want to intensively
produce lettuces for their own use or for sale.

Organic lettuce production is an economically
viable alternative for growers,  although materials and
total costs are higher for organic farming system com-
pared to conventional farming.  Especially, organic let-

Table 6 - Total costs of organic greenhouse lettuce production depending on the different organic fertilizer applications.

metI
snoitacilpparezilitrefcinagrO

erunamdraymraF erunamdraymraF erunamyrtluoP erunamyrtluoP lortnoC

aht51( 1- 1002E+)
amsalpoibworglla+

aht03( 1- )
aht51( 1- 1002E+)

amsalpoibworglla+
aht03( 1- ) )rezilitrefon(

)1(stsocelbairaV 893.0 293.0 593.0 983.0 663.0

dexiF
stsoc

)2(

latotnotseretnI
tnemtsevnilaitini

stsoc
679.0 679.0 679.0 679.0 679.0

laitinilaunnaimeS
stsoctnemtsevni

997.0 997.0 997.0 997.0 997.0

latotnotseretnI
stsocelbairav

220.0 220.0 220.0 120.0 020.0

evitartsinimdA
stsoc

210.0 210.0 210.0 210.0 110.0

tnerdnaL 570.0 570.0 570.0 570.0 570.0
latoT 488.1 488.1 488.1 388.1 188.1
m$(tsoclatoT 2- ) 282.2 672.2 972.2 272.2 742.2

Table 7 - Total net return and gross return obtained from organic greenhouse lettuces.

metI
snoitacilpparezilitrefcinagrO

erunamdraymraF erunamdraymraF erunamyrtluoP erunamyrtluoP lortnoC
aht51( 1- 1002E+)

amsalpoibworglla+
aht03( 1- )

aht51( 1- 1002E+)
amsalpoibworglla+

aht03( 1- ) )rezilitrefon(

)1()$(nruterssorglatoT 669.2 771.3 388.2 846.2 349.2
)2()$(stsoclatoT 282.2 672.2 972.2 272.2 742.2

m$(nruterteN 2- )2-1() 486.0 109.0 406.0 673.0 696.0
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tuce production with farmyard manure (30 t ha-1) is
more profitable than others. Organic farming costs are
expected to decrease as sales continue to increase and
these systems become more profissionalized.

Many organic agricultural producers are pro-
ducing on a small scale, and have not yet established
a sales network because of the high operation costs
and, therefore, have difficulties reaching the consum-
ers. With the establishment of various producer orga-
nizations and increase in the production scale, it is be-
lieved that this problem will be solved over the fol-
lowing years.
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