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Abstract. The financial effectiveness of a soilless vertical bag system of hydroponics culture
was evaluated for off-season strawberry (Fragaria Xananassa Duch) production in heated
greenhouses in northern Greece. Financial analysis revealed that the implementation of
this soilless culture system instead of the traditional production system under plastic
“tunnels would not be profitable for Greek farmers due to its high initial investment and
high fuel consumption. Sensitivity analysis indicated the importance of product price in
affecting the magnitude of benefits, confirming the interest of farmers to produce off-
season strawberries to market them when prices are likely to be higher. In addition, yield

increase will have a positive effect upon farmers’ income.

Over the past two decades, greenhouse
production of high-value horticultural crops
has expanded considerably. The prospects for
greenhouse cultivation have changed radically
by moving away from soil cultivation to iso-
lated, soilless growing systems (Hall et al.,
1988). In addition, the constant increase in
demand for off-season products encourages
farmers to produce vegetables under protected
systems of cultivation by introducing new
techniques (Mittider et al., 1982).

In Greece, 11,000 ha are occupied by plas-
tic greenhouses and high tunnels for various
vegetables and strawberries. Strawberries are
generally growneither outdoors orunder cover
(greenhouses or plastic tunnels). The green-
house production period starts in November
and continues throughout May, with a peak in
March. Production from plastic tunnels is con-
centrated in April and May, while the open
field production extends from May to June.
Generally, early production coming from
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greenhouses or plastic tunnels is sold at very
high prices compared with that sold in May or
June.

Farmers have tried various techniques of
greenhouse production, one of them being
vertical cultivation, to gain higher income.
Vertical cultivation is considered potentially
useful, mainly because it makes for better
energy utilization and more efficient use of the
greenhouse volume, resulting in a higher yield
per unit area than with conventional culture.
The new technique requires a thorough inves-
tigation of the economic efficiency of the
technique before growers supplant traditional
techniques with the new one,

Our study attempts to evaluate the finan-
cial effectiveness of strawberry cultivation in
heated greenhouses using a soilless culture
system (SCS), specifically, the vertical bag
system of hydroponics culture, for off-season
production in northern Greece. The main ob-
jective of the research reported in this study is
to assess the profitability and limitations of the
application of the SCS to develop strategies
that growers should follow for best economic
results. Therefore, production and gross re-
turns for SCS and the traditional production
system (TPS) under plastic tunnels were evalu-
ated and compared. The magnitude of the
benefits provided by the technologies was
estimated and compared using the appraisal
criteria of net present value (NPV) (inflation
adjusted model), internal rate of return (IRR),
benefit/cost (B/C) ratio, payback period (PP),

and discounted payback period (DPP). Fur-
thermore, factors affecting the magnitude of
the income benefits were identified and inves-
tigated by performing sensitivity analysis.

Materials and Methods

Data. Data for SCS were obtained mainly
from experiments conducted at the Agricul-
tural Research Center of northern Greece in
the region of Thessaloniki. Also, variable pro-
duction costs were estimated using unpub-
lished data. Fixed production costs were ob-
tained from Salem et al. (1993) for the heating
system and from Tzouramani et al. (1995) for
greenhouse construction. Strawberry market
prices were obtained from the Sindos Whole-
sale Market (Thessaloniki). The experiments
were conducted during 1992-93 and 1993-
94. The cultivars Brighton and Selva were
used in 1992-93; ‘Brighton’ was replaced
with ‘Fern’ in 1993-94.

A round, arch-type polyethylene-covered
greenhouse with vertical side walls (single
span) was used (Tzouramani et al., 1995). It
had a double roof, automatically operated
sidewall openings and a south-north orienta-
tion. Heating was with warm air originating
from a central diesel boiler (diesel-fired fur-
nace system; DFS) (Salem et al.,1993), and an
automatic thermostatic system controlled high
temperatures by ventilation. The greenhouse
area was 200 m?. The ground was covered with
white plastic sheeting to ensure light reflec-
tion for the plants at the bottom of the vertical
bags and to control the weeds.

In 1992-93, the sprigs were planted on 20
Aug. in a mixture of perlite (8%) and turf
(20%). They were transplanted to vertical plas-
tic bags filled with perlite. In 1993-94, the
sprigs were planted on 2 Sept. The plants and
perlite were renewed every crop season.

Strawberry plants were transferred to ver-
tical plastic bags made of white polyethylene
tubes, 2 m high and 16 cm in diameter, filled
withagricultural perlite. The bags were spaced
atintervals 0of 0.80x 1.0 m,=1000 bags/0.1 ha.
Twenty-four plants were planted along the
side of each bag, from the bottom to the top in
fourvertical rows, resulting in a total of =24,000
plants/0.1 ha. Metal beams were used to sup-
port the bags (Paraskevopoulou-Paroussi et
al., 1995).

Nutrient solution was released with two
drippers, each having a capacity of 4 L-h™!,
through feeding pipes into the upper and middle
part of the bags. Holes in the bottom of the
bags allowed the solution to be drained into a
tank to be tested and, if necessary, corrected
with supplementary fertilizer. The storage
tanks, with a 1-ton capacity, were placed in-
side the greenhouse (Paraskevopoulou-
Paroussi et al., 1995).

Data for TPS were selected by the Agricul-
tural Research Center of northern Greece from
growers cultivating strawberries in high tun-
nels (2 m in height), employing the double-
row system on beds. The plants were planted
30 cm apart in two rows on the top of a bed that
was 20 cm high and mulched with black poly-
ethylene. Each level bed was 60 cm wide. The
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Table 1. Average annual total and marketable strawberry production (kg) and average annual gross returns
(Drs)” referred for the soilless (SCS) and traditional (TPS) production systems, 0.1 ha. (Thessaloniki,

Greece, 1994).

Fruit System
Criterion production TPS SCS
Annual average production Total 3.00 7.21
(kg, 1000s) Marketable 3.00 5.86
Gross returns Total 1.140 4.991
(Drs, millions) Marketable 1.140 4.183

“All prices are expressed as 1994 drachmas (Drs; 1 U.S. dollar = 250 Drs).

beds were spaced 50 cm apart and drip irriga-
tion was used.

Method of economic assessment. Several
approaches have been used to evaluate the
adoption of a new technique. For Gittinger
(1972), the concept underlying economic and
financial analysis of alternative projects is that
costs and benefits “with” and “without” the
investment must be compared to determine
which alternative gives a higher return. Under
this approach, the main advantage is that only
costs or benefits that change are recorded. This
analysis employs several alternative techniques:
NPV, IRR, B/C, PP, and DPP. According to
Brigham (1985), NPV is the value of the ex-
pected net cash flows of an investment dis-
counted to an appropriate percentage. This con-
cept, Eq. [1], can be written in a general form:

L CF,
2

- !
NPV = 4 2

(1]

where CF, = net cash flow in year t, r = the
appropriate discountrate, and T =the project’s
expected life.

An investment project will be deemed ac-
ceptable if the sum of the discounted net ben-
efits (benefits minus costs) is positive.

In an inflationary environment, the NPV
expression is based on Eq. [2], introduced by
Bartley (1980), and modified for use with the
problem under investigation:
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where IF, = expected cash inflow in yeart, OF,
= expected cash outflow in year t, u; = antici-
pated inflation rate for cash inflows in period
j» v; = anticipated inflation rate for cash out-
flows in period j, i, = anticipated inflation rate
for general price level in period j, and r = risk-
adjusted discount rate.

The steps that need to be followed in evalu-
ating the adoption of a new technique can be
outlined as follows (Food and Agriculture
Organization of the United Nations, 1995): 1)
Changes either in costs or in benefits due to
implementation of the technique have to be
identified. 2) The identified costs and benefits
must be measured and compared (incremental
analysis) by expressing them at a particular
time point (preferably in current prices for the
year of implementing the technique). 3) The
effectiveness of the technique is judged by
estimating a measure of project worth (NPV).

We first identified, priced, and valued ex-
pected costs and benefits for SCS and TPS.
Next, we applied incremental analysis for ben-
efits and costs to compare these results from
SCS with those from TPS. In addition, netcash
flow was identified (incremental annual costs
netted from incremental annual benefits) and
discounted to obtain the present value of the
costs and benefits. Finally, the decision to
invest in SCS or TPS depends on the magni-
tude of the measures of project worth (NPV,
IRR, B/C).

We used 8 years’ project life because the
investment would be productive during this
period without a major replacement or addi-
tional investment. Costs and benefits were
estimated on the basis of 1994 prices. The
currency unit was the drachma (Drs) (1 U.S.
dollar=250drachmas; Bank of Greece, 1994).

Production and gross returns for SCS and
TPS were compared. From the output of each
experimental period, the statistical mean of

the total and marketable production of straw-
berries was estimated for 2 years (the differ-
ences among cultivars were not taken into
consideration).

Marketable strawberry productionincluded
the yield obtained for categories: Extra (E>20
g/fruit), A quality (A = 14-20 g/fruit), and B
quality (B = 9-14 g/fruit); total production
included the above plus C quality (C = 5-9 g/
fruit) and D quality (D < 5 g/fruit) (Clamont et
al., 1986; Paraskevopoulou-Paroussi et al.,
1995). Although the above categories do not
represent pure quality standards, they clearly
reflect Greek consumers’ preferences, since
the larger the fruit, the more willingly the
consumer pays a higher price. Farmers can
mainly sell strawberries weighing >9 g/fruit,
but smaller fruits (C and D) are sold in excep-
tional cases at lower prices. Production and
gross returns were estimated for the total area
of the greenhouse and they are based on 0.1 ha.
Gross returns were computed using actual price
data surveying the local market once a week.

Results and Discussion

Production. Total production of SCS ex-
ceeded the total production of TPS by an
average of 240% (Table 1), and surpassed the
marketable productionby an average of 195%.
Furthermore, SCS grossreturns exceeded those
of TPS by 438% for total production and by
367% for marketable production. However,
overall effectiveness of TPS cannot be as-
sessed only by production and gross returns
comparison.

Financial comparison of SCS and TPS.
Judging by year-to-year expenses for SCS and
TPS, fixed costs for SCS were extremely high
the first year when the system was installed,
making the net cash flow negative (Table 2).
Variable costs were also extremely high for
SCS; however, after the first year, higher pro-
duction counterbalanced the high cost and
yielded a positive net cash flow. High variable
costs from year to year were mainly due to fuel
costs and, partly, due to high harvest expenses.

The NPVs were determined by consider-
ing the monetary flows of the productive sys-
tem of SCS against TPS based on a 0.1-ha
greenhouse (Table 2). The specific expression
ofthe NPV is Eq.[1]. We applied Eq. [1]under
the assumption that the rate of inflation affects

Table 2. Costs and revenues (Drs millions)® of the soilless culture system (SCS) for strawberry production and for the traditional production system (TPS), 0.1 ha

(Thessaloniki, Greece, 1994).

Cost Gross Net cash
Fixed! Variable* Total revenues flow

Year TPS SCS TPS SCS TPS SCS TPS SCS TPS SCS

1 304 4702 469 3.469 774 8.171 1.140 4.183 366 -3.988
2 0 0 441 3.395 441 3.395 1.140 4.183 699 788

3 0 0 462 3.469 463 3.469 1.140 4,183 677 714

4 48 470 448 3.395 496 3.865 1.140 4.183 644 318

5 70 70 463 3.469 533 3.539 1.140 4,183 607 644

6 0 0 441 3.395 441 3.395 1.140 4.183 699 788

7 48 470 470 3.469 518 3.939 1.140 4.183 622 244

8 0 0 441 3.395 441 3.395 1.140 5.803 699 2.408

“All prices are expressed as 1994 Drs. (1 U.S. dollar = 250 Drs).
YFixed costs are the greenhouse structure, the erection-glazing, the polyethylene covering, the irrigation system, the recorder equipment, and the SCS structure.
*Variable costs are the plants, the perlite, the fuel, the nutrition solution, the water, the plastic bags, the plastic mulch (white and black), the soil disinfection, the

sprays, the insurance, the labor, the harvest cost, and the maintenance.
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Table 3. Financial analysis of the soilless culture system (SCS) in comparison with the traditional production
system (TPS), 0.1 ha. (Thessaloniki, Greece, 1994).

Fruit production®
Financial components Total Marketable
Net present value (NPV) (Drs?) —83,200 -3,378,000
Net present value (adjusted for inflation) (Drs) =73,500 3,384,000
Internal rate of return (IRR) (%) 14.28 -
Benefit cost ratio (B/C) 0.99 0.89
Payback period (PP) (years) 5.73 8
Discounted payback period (DPP) (years) 8 8

*Values represent net present value (NPV), internal rate of return (IRR), benefit/cost ratio (B/C), payback
period (PP), and discounted payback period (DPP), respectively, when SCS rather than TPS was used.

YDrachmas.

costs and revenues similarly; consequently,
costs and benefits remain constant in relation
toeach other. The discountrate was set at 15%,
since it was the common rate charged in agri-
cultural investment projects in 1994 by Greek
banks. This figure seems also plausible con-
sidering that inflation in 1994 was 11%.
‘When total production under SCS was com-
pared with that of TPS, NPV was negative
(Table 3), as it was for marketable production.
Thus, implementation of SCS instead of TPS
was not profitable under current cultivation
conditions and costs, despite its effectiveness
in increasing production and gross returns.
The TRR for total production was slightly
lower than the assumed discount rate (15%)
(Table 3). The B/C ratios for total and for
marketable production were <] (Table 3), in-
dicating that adoption of SCS as an alternative
to TPS does not contribute to additional profits.
The PP was determined by adding up the
expected returns in successive years until the
total value equaled the original outlay. By

4000000

using linear interpolation, arelatively large PP
of nearly 6 years (total production) was found
(Table 3). For marketable production, PP was
=40% longer. The DPP is a more conservative
measure of relative liquidity; it indicated that
the initial investment would be recovered simi-
larly for total and for marketable production
(Table 3).

Evaluation of SCS applying NPV model
adjusted for inflation. The production systems
were evaluated in an inflationary environment
by applying Eq. [2], which gives NPV ad-
justed for inflation. We assumed that the infla-
tion decreased by 0.5% per year during the life
period of the investment (8 years), taking into
consideration the European Union’s (EU)
economy convergence plan, which requires a
gradual annual inflation reduction.

When SCS was compared to TPS, NPV
adjusted for inflation was always negative.
For total production, adjusted NPV was 88%
of unadjusted NPV (Table 3). This result hap-
pens because of the nonconstant cash flows

during the project’s life which, when adjusted
for inflation, can almost recover the large
negative cash flows of the first year, a period
when the inflation rate was higher. For mar-
ketable production, adjusted NPV was almost
the same for unadjusted NPV (0.16% higher)
(Table 3).

Sensitivity analysis. To perform a more
accurate evaluation of SCS, the effect of a
change in certain variables on the discounted
cash flow returns was examined. NPVs were
estimated by assuming changes in the product
price, yield, fuel price, and the discount rate.
The ceteris paribus conditions for performing
sensitivity analysis were assumed to be aver-
age for the experimental period. Thus, the
product price was taken as 714 Drs, the aver-
age yield as 7,212 kg/0.1 ha, and the fuel price
and the discount rate as 92 Drs/L and 15%,
respectively.

The product price is an important factor
that affects NPV. A 10% increase in product
price induced NPV to grow by 2462% (for
total production) and by 40% (for marketable
production). Thus, early production or well-
planned timing of production can increase the
benefits substantially, taking into consider-
ation that earlier production is sold at a higher
price. There was a positive linear relation
between product price and NPV (Fig. 1), since
gross returns equal yield x the product price.

Yield also was a significant factor that
influenced NPV (Fig. 2). A 10% expansion in
yield caused a 71% increase in NPV for mar-
ketable production and a 1847% increase for
total production. Importantly, the yield change
affects the magnitude of NPV the same way as
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Fig. 1. The effect of a change in product price and in discount rate on net present value (NPV), 0.1 ha (Thessaloniki, Greece, 1994).
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a price change, because yield also was linearly
related to gross returns.

Cultivars producing higheryield and larger
fruits also will yield a higher NPV. Thus, the
financial analysis that considered cultivar dif-
ferences in yield, the highest yielding cultivar,
*Selva’, resulted in the highest NPV (-1,699,700
Drs), followed by ‘Fern’ (-3,183,800 Drs) and
‘Brighton’ (=7,020,900 Drs).

Fuel price had a great effect on farmers’
income; a decrease of 10% increased NPV by
about 80% for marketable production, and an
increase of 10% caused a 20% drop in NPV
(Fig. 2). Thus, a moderate decrease in fuel
price would turn SCS into a profitable system.
This finding is very important, not only be-
cause the fuel saving technique can make SCS
profitable, but also because subsidizing the
fuel price for agricultural use (a common prac-
tice in EU countries) can make SCS a benefi-
cial technique.

Changes in the discount rate did not affect
materially the magnitude of NPV, hence any
increase in the discount rate can not change
NPV more than 1% (Fig. 1).

Conclusions

The use of the vertical bag system of hy-
droponics culture for off-season strawberry

HorTScience, VoL. 32(6), OctoBer 1997

production represents a technological innova-
tion that could have promise for protected
cultivation. However, financial analysis re-
vealed that use of SCS in heated greenhouses,
instead of TPS under plastic tunnels, did not
provide sufficient benefits to farmers with
present costs and returns. Sensitivity analysis
indicated the importance of yield, product
price, and fuel price in affecting benefits.
Thus, the establishment of SCS cultivation
could be supported mainly by either earlier
production sold at higher prices, or by the
adoption of more productive cultivars. The
adoption of fuel saving technologies also would
garner substantial benefits.

Our data demonstrates that farmers could
not gamer any additional income by imple-
menting SCS in protected strawberry cultiva-
tion in northern Greece, and probably not in
areas with a similar climate. The methodology
we used can be applied in any other case where
a new cultivation practice is compared to a
traditional one.

Literature Cited

Bartley, J.W. 1980. A NPV model modified for
inflation. Mgt. Accounting 62(6):19-52.

Brigham, E.F. 1985. Financial management. Theory
and practice. ch. 3:46-64; ch. 11:370—412. 3rd

ed. Dryden Press, Orlando, Fla.

Clamont, G., N. Linden, and H. van der Borg. 1986.
Strawberry descriptors (FragariaL.). CEC Sec-
retariat, Brussels, IBPGR Rome.

Food and Agriculture Organization of the United
Nations. 1995. Guidelines for the design of
agricultural investments projects. Chapter
9:112-113. Revised edition FAO, Rome.

Gittinger, J.P. 1972, Economic analysis of agricul-
tural projects. 2nd ed. Intl. Bank of Reconstruc-
tion and Dev., Baltimore.

Hall,D.A., G.M. Hitchon, and R.A K. Szmidt. 1988.
Perlite culture: A new development in hydro-
ponics. Proc. Intl. Congr. on Soilless Culture.
Intl. Soc. Soilless Culture. p. 177-183.

Mittider, I.F., D. Helgeson, G. Erlandson, T. Petry,
R. Coon, and H. Vreugdenhil. 1982. Economic
feasibility of utilizing waste-water heat from
coal-fired electrical generating plants in com-
mercial greenhouses in North Dakota. Agr.
Econ. Rpt. no. 153. North Dakota State Univ.,
Fargo.

Paraskevopoulou-Paroussi, G., E. Paroussis, and M.
Grafiadellis. 1995. Precocity, plant productivity
and fruit quality of strawberry plants grown in
soil and soilless culture. Acta Hort. 408:109—
117.

Salem, A., K. Mattas, and M. Grafiadellis 1993.
Assessing low-cost input in off-season tomato
production. Acta Hort. 340:117-123.

Tzouramani, L., K. Mattas, and M. Grafiadellis 1995.
Directing farmer’s greenhouse construction de-
cisions. Medit 6(2):44—48.

1129

$S900E 981J BIA $0-/0-GZ0Z 1e /woo Aiojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



	HOME
	HortScience Volumes
	Table of Contents

