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ABSTRACT

Protecting crops under a greenhouse allows their optimal management all
over the year. Mostly during summer, in order to limit the indoor temperature
and create suitable internal growing conditions, a common traditional solution
is whitening the external side of the cladding material with slaked lime (calcium
hydroxide— Ca(OH);). The benefits of whitewashing reported in the literature
confirm that it has positive effects both on the microclimate and on the
development of crops. This paper shows the results of a research, performed by
using spectrophotometers in the Laboratory for Testing Materials of the
University of Basilicata (Italy), aimed to analyse different types of calcium
hydroxide solutions. The analysis verified the variation of radiometric
properties and shading effect. The whitening concentration was a fixed dose of
simple calcium hydroxide, diluted in two different water concentrations, then
painted on an EVAC plastic film. Moreover, an unpainted transparent EVAC
plastic film was considered as a reference. The radiometric measurements on
the samples were carried out to measure transmittance, reflectance and
absorbance on all wavelengths of the Photosynthetically Active Radiation
(PAR). The results have given information on the effect of different dilutions of
slaked lime on the selective filtering of the solar radiation. These conclusions
may be useful to compare similar results with more recent solutions for
greenhouse shading, such as the use of plastic nets.

Keywords: whitewashing, plastic film, crop shading, radiometric
characteristics, micro-climatic effect.

INTRODUCTION

Continuous climate changes involve many sectors, among which agriculture seems to be
the most affected. Climate management is essential to increase crop productions and improve
their quality. Protected crops are widely used forms of intensive production, with yields higher
than the traditional field crops. A greenhouse must guarantee optimal microclimatic
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conditions for the growth of crops, by using well-performing covering materials, which are
the most important elements. Indeed, they protect from atmospheric agents, at the same time
influencing the transmission of incident solar radiation - according to the radiometric
properties of the material - and reducing the energy losses (Castronuovo et al., 2017;
Castronuovo et al., 2019).

The ability of covering materials to modify the microclimate depends on their radiometric
properties, mainly on their transmittance (Vox et al., 2010), as well as reflectance and
emissivity/absorbance (Papadakis et al., 2000). Solar radiation is the primary source of energy
flows reaching the earth's surface. Solar radiation has its peak at a wavelength of 500 nm. The
visible range (380 - 760 nm) is nearly coincident with the Photosynthetically Active Radiation
(PAR), having a wavelength ranging from 400 nm to 700 nm (Papadakis et al., 2000;
Castellano et al., 2008). Within PAR, the green wavelength can play an important role,
because it is antagonistic to plant development, when compared to the red and blue
components, that instead promote plant development (Folta and Maruhnich, 2007). Excessive
solar radiation levels can affect crops negatively, altering the production and creating an
unhealthy environment for the agricultural workers to carry on their work. The combination
of different wavelengths can influence the morpho-physiological development of plants.
Different roofing materials through selective filtering of incoming solar radiation can
influence the productive aspects of the plant (Schettini et al., 2011). In addition, adverse
temperatures and excessive radiation can significantly reduce the photosynthetic process with
photo-inhibition (Moreno-Teruel et al., 2020). Therefore, the solution would be to use shading
devices (Castronuovo et al., 2017; Abdel-Ghany et al., 2016), capable of controlling the
temperature inside the greenhouse, in order to reach an environment suitable for crops.
Different cooling strategies can be used, such as evaporative cooling systems and forced
ventilation, or by means of shading methods. Within these methods, the most currently
employed is the traditional whitening of the external side of the plastic film with slaked lime
(calcium hydroxide — Ca(OH),). More recently, the use of shading nets - with fairly high
photo-selective properties, with equally large shading factors (Abdel-Ghany and Al-Helal,
2020) - has been affirmed, thanks to their properties to selective filtering the solar radiation,
when applied outside the greenhouse.

Among the most inexpensive traditional techniques, the whitening of greenhouse covering
materials is quite easy to apply, with relatively low costs and satisfying results on crops and
the maintenance of the microclimate inside the greenhouse. For example, in the Mediterranean
area, especially during the summer period, natural ventilation is not always sufficient to limit
the high temperatures, so whitening is used as a possible cooling technique (Valera et al.,
2016). Then, an effective lime removal takes place naturally, with the help of autumn rains.
Baille et al., (2001) described how the whitening of the greenhouse covering material could
influence the behaviour of the microclimate inside a greenhouse. The greenhouse observed
was located in a coastal area of eastern Greece. Whitewashing reduced the average greenhouse
transmission coefficient of solar radiation from 0.62 to 0.31. The conclusions from the use of
whitewashing method provided important information on the economic benefits of the
technique (Goudriaan and Laar, 1994; Mashonjowa et al., 2010; Abdel-Ghany et al., 2012).
Also, positive effects on both the behaviour of the crops and the effectiveness of the practice
have been observed. Hence, this simple technique turned out to be an ideal mean to overcome
the high summer temperatures in warmer countries, thus limiting the heat generated by the
incident solar radiation, by reflecting it to a large extent (Picuno et al., 2011; Ahemd et al.,
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2016). Tests on peppers in southern Spain have shown that the use of whitening has increased
the quality of the product with a significant reduction in sunburn. (Lopez-Marin et al., 2011).
Positive influences on water stress limitation have been verified as well. The whitening was
also compared with different aluminised screens with different transmittance rates and
showed, on tomato crops, to keep the temperature of the greenhouse lower (Callejon-Ferre et
al., 2009). The degree of transmittance of solar radiation influences the energy balance with
alteration of the temperature inside the greenhouse, which can vary depending on the
percentage of whitening (Reyes-Rosas et al., 2017). Experimental trials in Jordan have shown
that whitening the plastic material, compared to green shading, produced a higher yield of
fruit (Abu-Zahra and Ateyyat, 2016).

Plastic nets are progressively affirming as “smart” solutions for shading greenhouse. The
spectro-radiometrical properties of some different nets - white, black and thermal-screen -
employed in Saudi Arabia to shade the roof and side-walls of a polycarbonate ventilated
greenhouse, were measured in laboratory in the solar/PAR range and in the thermal Infra-Red
wavelength (Picuno & Abdel-Ghany, 2016). From the obtained results, it was reported that
the absorbance of the black plastic net was very high, both in the solar (nearly 70%) and in
the IR (over 75%), confirming that their use inside the greenhouse should be avoided. The
thermal screen seemed very effective in blocking the IR radiation. This characteristic, joined
with a high reflectance in the solar wavelength, makes this material very powerful for an
effective contribution to an improvement in the energy balance of a greenhouse. On the other
hand, the level of transmittance of the white plastic net (over 60%), joined to its high
reflectance — that generates mutual progressive reflections with the greenhouse cladding sheet,
if it is installed inside the greenhouse — confirmed once more that shading nets should be
employed only outside the greenhouse, in order to fully express their potential of shading the
incoming solar radiation. The application of nets or screens inside the greenhouse, under the
roof, should be therefore avoided, as they would reduce the benefits of natural ventilation by
altering the microclimate of the greenhouse and absorb solar radiation by releasing heat, thus
increasing the air temperature inside the greenhouse (Abdel-Ghany et al., 2015; Abdel-Ghany
etal., 2019).

With the aim to analyse the efficacy of different greenhouse shading techniques, an
experimental trial was carried out by comparing two commercial plastic nets characterized by
different shade effects, respectively equal to 60 % and 36% (Statuto & Picuno, 2017). These
two plastic nets were tested in laboratory, where their radiometrical characteristics were
determined. The same plastic nets were then installed on two different small-scale tunnels
located in Southern Italy, in which inside air and relative humidity were measured during
some late-spring days. The results obtained through these experimental trails enabled to start
a comparative analysis of the performances of the two tested shading nets, highlighting the
role that a correct selection of the most suitable net may play on the final results in terms of
crop protection from high temperatures and sunburns. With the aim to analyse the efficacy of
the shading effect of plastic nets in different climates, further experimental trials have been
then carried out (Statuto et al., 2019; Statuto et al., 2020) on some identical small-scale tunnels
installed in two different locations, one in the Mediterranean area (Acerenza—Southern Italy)
and one in arid conditions (Riyadh—Saudi Arabia). These tunnels were covered with a plastic
film and shaded with a white plastic net installed either in contact or at a distance of 20 cm
over the cladding film. The radiometrical characteristics of the plastic film and nets have been
determined through laboratory tests, while the internal microclimatic conditions have been
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monitored inside these experimental tunnels in both locations. The obtained results have been
taken as the base for a comparative analysis to evaluate the performance of different nets, and
to explore the role of shading on the temperature reduction and quality of light in different
climates.

The present work aims to show the main results of a laboratory research aimed at analysing
the effect of greenhouse shading with different types of calcium hydroxide concentrations.
This experimental analysis was carried out to verify the variations in terms of radiometric
properties (transmittance, reflectance, absorbance) and shading effect, so as to compare these
results with plastic nets.

MATERIALS AND METHODS

The concentration of the whitening solution used for this analysis (Table 1), is a fixed dose
(100 g) of simple calcium hydroxide (Roca et al., 2016), which was diluted in two different
concentrations of water (50 ml and 30 ml) and then whitened on a 200um thick EVAC
transparent plastic film (fig. 1). An untreated EVAC plastic film was also analysed as a
control. The experimental activity was carried out at the Laboratory for Testing Materials of
the SAFE School of the University of Basilicata (Italy), by determining the radiometric
properties — i.e.: transmittance, reflectance and absorbance - thanks to the use of
spectrophotometers (Jasco V-570%), which allowed to test the different samples and to analyse
these characteristics for all the wavelengths along the PAR.

Table 1 Concentrations used in the experimental activities.

Treatment Name treatment White lime dose (g) Water dose (ml)
Al 50 ml
White 100 g
A2 30 ml
Control To — —

Figure 1 EVAC film tested during the experimental activity.
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RESULTS AND DISCUSSION

The spectro-radiometric analyses provided data in terms of shading along the PAR. It can
be inferred that the shading effect will be able to provide further information on the actual
ability of the whitewashed film to protect crops inside the greenhouse. These analyses can
provide, with more in-depth analysis, further information on the actual ability of the
whitewashed film to protect plant crops under the covering material from excessive solar
radiation. The use of EVAC plastic film whitened with lime has significantly increased the
shading effect at PAR (Tab.2).

Table 2 Results of spectro-radiometric analyses of shading effect in different test.

Range Wavelength Transmittance Reflectance Absorbance Shading effect
nm % % % %
To 400 - 700 88.40 10.10 0.06 10.15
Al 400 - 700 19.75 80.69 0.73 81.42
A2 400 - 700 13.48 85.88 0.89 86.77

The results show that there are clear differences between samples whitened with calcium
hydroxide. Among these, sample A2 - i.e., the least diluted sample - showed a slightly lower
transmittance than the most diluted sample, i.e. Al. Reverse situation for reflectance, which
has — as expected - significantly higher percentages on the whitened samples, compared to the
T control (Tab. 2). Among the whitened samples, the one with the highest reflectance is A2,
i.e., the less diluted sample with water, followed by Al. The reflectance, like absorbance,
respects the dilution trend, from lowest to highest. The absorbance shows indeed almost
similar results in the whitened films, being higher than in the case of the non-whitened film
(Tab. 2).

The effect of whitewashing on the radiometric characteristics along the PAR, has been
then further assessed through the analysis of their change along the different
colours/wavelengths in the range from 400 to 700 nm (tables 3, 4 and 5).

Table 3 Results of spectro-radiometric analysis on the transparent EVAC film (Ty).

Range Wavelength Transmittance Reflectance Absorbance Shading effect
nm % % % %

VIOLET 400 - 435 86.87 11.28 0.06 11.34
INDIGO 435 -500 87.73 10.77 0.06 10.83
BLUE 500 - 520 88.22 10.35 0.06 10.41
GREEN 520 - 565 88.83 9.70 0.05 9.75
YELLOW 565 - 590 88.74 9.76 0.05 9.82
ORANGE 590 - 625 88.95 9.57 0.05 9.62
RED 625-700 89.35 9.27 0.05 9.32
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Table 4 Results of spectro-radiometric analysis on EVAC film whitened with calcium

hydroxide (A1).
Range Wavelength Transmittance Reflectance ~ Absorbance Shading effect
nm % % % %

VIOLET 400 - 435 15.69 81.32 0.85 82.17
INDIGO 435 -500 18.13 82.40 0.77 83.17
BLUE 500 - 520 19.29 81.90 0.74 82.64
GREEN 520 - 565 20.97 80.20 0.70 80.90
YELLOW 565 -590 20.73 80.45 0.71 81.15
ORANGE 590 - 625 21.26 79.79 0.69 80.48
RED 625 -700 22.30 78.68 0.67 79.36

Table 5 Results of spectro-radiometric analysis on EVAC film whitened with calcium

hydroxide (A2).
Range Wavelength Transmittance Reflectance ~ Absorbance Shading effect
nm % % % %

VIOLET 400 - 435 9.20 84.63 1.07 85.70
INDIGO 435 -500 11.82 86.95 0.94 87.89
BLUE 500 - 520 13.02 86.95 0.90 87.85
GREEN 520 - 565 14.68 85.93 0.84 86.77
YELLOW 565 -590 14.50 86.15 0.85 87.00
ORANGE 590 - 625 14.96 85.64 0.83 86.47
RED 625 -700 15.85 84.78 0.81 85.59

From these results, it is possible to deduce that the reduction in the transmittance of the
plastic film, depending on the level of painting concentration, is higher as long as shorter
wavelengths are considered. Indeed, as shown in figure 2, the reduction of the transmittance
is progressively increasing from red to violet. This last colour/waveband has a significantly
lower transmittance in all samples with EVAC film whitened with lime, respectively 9.20%
in A2 (Tab. 5) and 15.69% in Al (Tab. 4), while the control has an approximately uniform
transmittance throughout the PAR. The red colour, on the other hand, is significantly higher
than the other colours/wavebands in all tests, by 15.85% in A2 (Tab. 5) and 22.30% in Al
(Tab. 4). Indigo and blue have intermediate transmittance values.

The reflectance results show that in A2 violet (84.63%) and red (84.78%) are significantly
lower than the other colours. In the control the results show decreasing data from violet to red
(Fig. 3). The absorbance, instead, presents significantly higher results from violet, 1.07% in
A2 and 0.85% in A1, to red, 0.81% in A2 and 0.67% in A1 (Fig. 4).
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Figure 2 Transmittance along the PAR wavelengths of the three tested EVAC plastic films.
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Figure 3 Reflectance along the PAR wavelengths of the three tested EVAC plastic films.

The results show that the different dilution of the whitening formulation can significantly
alter the different wavelengths taken into account compared to the untreated control. The
difference between the two whitened samples is quite obvious compared to the T control. The
whitening of the EVAC film significantly reduced transmittance compared to the control,
affecting the film's ability to transmit solar radiation (Tab. 2). The reduction in transmittance
is slightly decreasing as the wavelength increases. This reduction corresponds to an increase
both of reflectance and absorbance. Therefore, we could conclude that the more we go from
red towards ultra violet, the more the ability of the covering material to filter solar radiation
at lower wavelengths, increases.
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Figure 4 Absorbance along the PAR wavelengths of the three tested EVAC plastic films.

Further evaluation of the shading effects of calcium hydroxide on different wavelength
ranges (e.g., UVA, UVB, IR, efc.) would be then necessary. Comparing this selective filtration
performance of whitened plastic films with other shading techniques - such as the use of
plastic nets, which are progressively used today in protected agriculture - should be
investigated as well.

CONCLUSIONS

Calcium hydroxide as a shading technique is mainly used thanks to its cost-effectiveness,
as well as its ease of use. It is not a highly technological solution, but it is still frequently used,
especially in the Mediterranean areas. It would be of great importance to use current scientific
knowledge to support further experimentation in order to compare and develop new shading
technologies, such as shading nets. The lack of a specific standard does not allow to determine
the spectro-radiometric characteristics of shading roofing materials, such as nets, which
requires further laboratory tests. The determination of the spectro-radiometric properties of
plastic films whitened with calcium hydroxide is difficult. The dose of calcium hydroxide and
the dilution of the whitening formulation, as can be seen from this research, presents very
different results on transmittance characteristics. This research also shows that the different
dilutions of the whitening formulation do not affect the general transmittance properties and
individual wavelengths, so it may not be convenient to use a large amount of lime, while a
higher dilution of the whitening formulation would be sufficient and, above all, economically
convenient. This research leads to the conclusion that further research on shading materials is
needed, which must be accompanied by technical information on the shading factor
throughout the solar range, even when they have a function other than shading. This specific
information on the shading factor in the main wavelength ranges seems to be very significant,
taking into account the different effects on the protected environment.

138



Effects of greenhouse lime shading on filtering the solar radiation

ACKNOWLEDGEMENTS

Special thanks to Mr. Cosimo Marano - technical staff of the SAFE School of the
University of Basilicata - for his support in performing spectro-radiometric laboratory
analyses.

REFERENCES

Abdel-Ghany, A., Al-Helal, 1., Alkoaik, F., Alsadon, A., Shady, M., Ibrahim, A. (2019). Predicting the
Cooling Potential of Different Shading Methods for Greenhouses in Arid Regions. Energies 12,4716.

Abdel-Ghany, A.M., Al-Helal, .M. (2020). Toward Sustainable Agriculture: Net-Houses Instead of
Greenhouses for Saving Energy and Water in Arid Regions, in: Stagner, J.A., Ting, D.S.-K. (Eds.),
Sustaining Resources for Tomorrow, Green Energy and Technology. Springer International
Publishing, Cham, pp. 83-98.

Abdel-Ghany, A.M., Al-Helal, .M., Picuno, P., Shady, M.R. (2016). Modified plastic net-houses as
alternative agricultural structures for saving energy and water in hot and sunny regions. Renewable
Energy, 93: 332-339.

Abdel-Ghany, A.M., Al-Helal, .M., Alzahrani, S.M., Alsadon, A.A., Ali, .M., Elleithy, R.M. (2012).
Covering Materials Incorporating Radiation-Preventing Techniques to Meet Greenhouse Cooling
Challenges in Arid Regions: A Review. The Scientific World Journal 2012, 1-11.

Abdel-Ghany, A.M., Picuno, P., Al-Helal, 1., Alsadon, A., Ibrahim, A., Shady, M. (2015). Radiometric
Characterization, Solar and Thermal Radiation in a Greenhouse as Affected by Shading
Configuration in an Arid Climate. Energies 8, 1-10.

Abu-Zahra, T.R., Ateyyat, M.A. (2016). Effect of Various Shading Methods on Cucumber (Cucumis
sativus L.) Growth and Yield Production. International Journal of Environment and Sustainability 5.

Ahemd, H.A., Al-Faraj, A.A., Abdel-Ghany, A.M. (2016). Shading greenhouses to improve the
microclimate, energy and water saving in hot regions: A review. Scientia Horticulturae 201, 36-45.

Baille, A., Kittas, C., Katsoulas, N. (2001). Influence of whitening on greenhouse microclimate and crop
energy partitioning. Agricultural and Forest Meteorology 107, 293-306.

Callejon-Ferre, A.J., Manzano-Agugliaro, F., Diaz-Pérez, M., Carrefio-Ortega, A., Pérez-Alonso, J.
(2009). Eftect of shading with aluminised screens on fruit production and quality in tomato (Solanum
lycopersicum L.) under greenhouse conditions. Spanish Journal of Agricultural Research 7, 41-49.

Castellano, S.; Scarascia-Mugnozza, G.; Russo, G.; Briassoulis, D.; Mistriotis, A.; Hemming, S.;
Waaijenberg D. (2008). Plastic nets in agriculture: a general review of types and applications.
Applied Engineering in Agriculture, 24(6), 799-808.

Castronuovo, D., Statuto, D., Muro, N., Picuno, P., Candido, V. (2017). The use of shading nets for the

greenhouse cultivation of sweet pepper in the Mediterranean area. Acta Horticulturae 1170, 373—
380.

Castronuovo, D., Statuto, D., Muro, N., Picuno, P., Candido, V. (2017). Technical and Agronomic
Behavior of Plastic Nets for the Greenhouse Cultivation of Sweet Pepper in the Mediterranean Area.
Proceedings of the International Symposium on New Technologies and Management for
Greenhouses — GreenSys 2015, Evora (Portugal), 19-23 July 2015. Acta Horticulturae n.1170_46,
pp 373-380.

Castronuovo, D., Russo, D., Libonati, R., Faraone, 1., Candido, V., Picuno, P., Andrade, P., Valentao,
P., Milella, L. (2019). Influence of shading treatment on yield, morphological traits and phenolic
profile of sweet basil (Ocimum basilicum L.). Scientia Horticulturae, 254: 91-98.

Folta, K.M., Maruhnich, S.A. (2007). Green light: a signal to slow down or stop. J Exp Bot 58, 3099—
3111.

139



R. Puglisi, D. Statuto, P. Picuno

Goudriaan, J., Laar, HH.V. (1994). Modelling Potential Crop Growth Processes: Textbook with
Exercises, Current Issues in Production Ecology. Springer Netherlands.

Lopez-Marin, J., Gonzalez, A., Galvez, A. (2011). Effect of shade on quality of greenhouse peppers.
Acta Hortic. 895-900.

Mashonjowa, E., Ronsse, F., Mhizha, T., Milford, J.R., Lemeur, R., Pieters, J.G. (2010). The effects of
whitening and dust accumulation on the microclimate and canopy behaviour of rose plants (Rosa
hybrida) in a greenhouse in Zimbabwe. Solar Energy 84, 10-23.

Moreno-Teruel, M. de los A., Valera, D., Molina-Aiz, F.D., Lopez-Martinez, A., Pefia, A., Marin, P.,
Reyes-Rosas, A. (2020). Effects of Cover Whitening Concentrations on the Microclimate and on the
Development and Yield of Tomato (Lycopersicon esculentum Mill.) Inside Mediterranean
Greenhouses. Agronomy 10, 237.

Papadakis, G., Briassoulis, D., Scarascia Mugnozza, G., Vox, G., Feuilloley, P., Stoffers, J.A. (2000).
Radiometric and thermal properties of, and testing methods for, greenhouse covering materials.
Journal of Agricultural and Engineering Research 77, 7-38.

Picuno, P., Tortora, A., Capobianco, R.L. (2011). Analysis of plasticulture landscapes in Southern Italy
through remote sensing and solid modelling techniques. Landscape and Urban Planning, 100 (1-2):
45-56.

Picuno, P., Abdel-Ghany, A.M. (2016). Spectro-radiometrical analysis of plastic nets for greenhouse
shading under arid conditions. Proceedings of the 44th Symposium on: “Actual Tasks on Agricultural
Engineering — ATAE 2016, Opatija (Croatia), 23-26 February 2016. UDC 631.234:728.98, pp. 469-
477.

Reyes-Rosas, A., Molina-Aiz, F.D., Valera, D.L., Lopez, A., Khamkure, S. (2017). Development of a
single energy balance model for prediction of temperatures inside a naturally ventilated greenhouse
with polypropylene soil mulch. Computers and Electronics in Agriculture 142, 9-28.

Roca, L., Sanchez, J., Rodriguez, F., Bonilla, J., de la Calle, A., Berenguel, M. (2016). Predictive Control
Applied to a Solar Desalination Plant Connected to a Greenhouse with Daily Variation of Irrigation
Water Demand. Energies 9, 194.

Schettini, E., Salvador, F.R.D., Scarascia-Mugnozza, G., Vox, G. (2011). Radiometric properties of
photoselective and photoluminescent greenhouse plastic films and their effects on peach and cherry
tree growth. The Journal of Horticultural Science and Biotechnology 86, 79-83.

Statuto, D., Picuno, P. (2017). Micro-climatic effect of shading nets for crop protection in Mediterranean
areas. Proceedings of the 45th Symposium on: “Actual Tasks on Agricultural Engineering — ATAE
2017, Opatija (Croatia), 21-24 February 2017. UDC 502.7:631.95, pp. 613 — 622.

Statuto, D., Picuno, P., Abdel-Ghany A.M. (2019). Shading methods for crop protection under
greenhouse in mediterranean areas. Proceedings of the 47th Symposium on: “Actual Tasks on
Agricultural Engineering — ATAE 2019, Opatija (Croatia), 5 - 7 March 2019. pp. 297-306. ISSN
1848-4425.

Statuto, D., Abdel-Ghany, A.M., Starace, G., Arrigoni, P., Picuno, P. (2020). Comparison of the
efficiency of plastic nets for shading greenhouse in different climates. Lecture Notes in Civil
Engineering, 67, pp. 287-294.

Valera, D.L., Belmonte, L.J., Molina, F.D., Lopez, A. (2016). Greenhouse agriculture in Almeria: A
comprehensive techno-economic analysis. Cajamar Caja Rural: Almeria, Spain.

Vox, G., Teitel, M., Pardossi, A., Minuto, A., Tinivella, F., Schettini, E. (2010). Sustainable greenhouse
systems, in: Sustainable Agriculture: Technology, Planning and Management. pp. 1-80.

140



	14 Puglisi

