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Abstract

Vegetable production in greenhouses through the winter months presents various difficulties. One of
them is the lack of enough solar radiation to ensure the normal development of the plants. The comparison of
the lighting conditions between Bulgaria and the Netherlands, where supplementary lighting is applied, shows
that despite our more favourable geographical location, they are almost the same. During the typically winter
months the requirements for the main greenhouse vegetable crops are not provided to a sufficient extent and
that is why the application of supplementary lighting is needed. Application of supplementary lighting under
the conditions of insufficient amounts of natural light significantly increases the growth, development and
productivity of the plants. The expenses for the production of the crops compared with the traditional method
are decreased and, at the same time, the yields and intensity of the production are increased, and that defines
the promising outlook of this technology.
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INTRODUCTION For the implementation of the aim, the

Main tendency of modern farming is the following tasks were assigned:
increase of the yields per unit area with optimization 1. Definition of the parameter of the light
of the of the financial costs and the application of which influence the photosynthesis.
innovative technological practices. The yields and 2. The units of measure for the solar
the quality of vegetable crops depend on multiple radiation.
processes but the major role is played by the 3. Light requirements of the greenhouse ve-
photosynthesis since it influences directly their getable crops.
development and the formation of the yield. 4. Comparative characterization of the clima-

In modern greenhouses it is possible te conditions between the Netherlands and Bulgaria.
to control all parameters of the microclimate - 5. Devices used to indicate solar radiation.
temperature, humidity, concentration of CO,, 6. Used sources of artificial light.
nutritional regimen, light. In some areas of the world, 7. Location, regimen and control of the
where there is not sufficient amount of light necessary supplementary lighting.
for the optimal development of the crops, systems for 8. Benefits of the supplementary lighting.
supplementary (artificial) lighting are created. The 9. Expenses for the use of supplementary
best developments are in the Netherlands, Sweden, lighting.
Norway, the USA and Canada where greenhouse
production uses the latest scientific achievements. OVERVIEW OF THE TOPIC AND STATE

OF THE PROBLEM
AIM AND TASKS The construction of lighting systems in our

The aim of the present study was to define country started several years ago mainly in the block
the need for supplementary lighting during the winter polyethylene greenhouses but also in some glass
months in the conditions of our country. greenhouses. One of the reasons for their relatively
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poor market penetration is that there are few scientific
studies in this area. Such studies were conducted
around the middle of the last century at the Maritsa
Vegetable Crops Research Institute (MVCRI), Plovdiv
andjustinthelastseveralyearssome privatecompanies
have started conducting them. The other reason is
that during the typically winter months (November,
December, January) the greenhouse production is
not sufficiently cost effective, so it is implemented in
more suitable periods. However, during the autumn
and spring period some disturbances are observed in
the growth and development, expressed in extension
of the vegetational period and the ripening of the fruit;
less growth, flower formation, and fruit bearing.

Implementation of supplementary lighting
under our conditions may be reasonable if the
requirements of the plants and the light conditions for
growing are known. To clarify the problem, firstly it is
necessary to specify the parameters of the light which
have the most significant influence on the process of
photosynthesis, and namely, its quantity (intensity),
quality (spectral composition) and duration of action
(photoperiodism). Regarding the intensity, separate
vegetable crops have different requirement, as for
the less demanding ones it is around 16000 lux, and
for the more demanding — 30 000 lux.

The quality of the light is characterized by
its spectral composition, i.e. in what wavelengths
light energy is radiatied in. Most important for
photosynthesis is the so called photosynthetically
active radiation (PAR), which covers the range 400-
700 nm (Deram, 2013). Within these limits the red
and the blue rays have the biggest influence, while
the green ones have the smallest.

The duration of the daylight affect mainly
the moment when the plants enter generative phase
(flower formation, fruit bearing). This phenomenon

is popular as photoperiodism and in greenhouse
farming it is used successfully for the control of the
plant growth and development.

Units of measure for solar radiation

The whole energy which is contained in the
light radiation is usually measured in watts (W) per
unit area (m?2). Due to the specificity of the process
photosynthesis is measured in differenet units —
mol/m?/s (mol/m?/d). It represents the quantity of
photons from the area of PAR (400-700 nm) which
fall on 1 m? for a certain amount of time: second,
minute, hour, day and so on. Those photons contain
different energy as the blue ones have the biggest
and the red ones have the smallest. Other units of
measure are also popular and they are used more
often in the engineering sciences and to indicate the
sensitivity of the human eye (Table 2).

Measuring the solar radiation which reaches
the earth’s surface through the different days, months,
years and the energy used by the plants is possible
with the help of special devices. Since the PAR also
falls into the measured energy, some have offered
coefficients which can be used to measure its precise
quantity. According to some authors, from the whole
quantity that reaches the earth the plants use around
43%. However, it is practically very hard to determine
its exact value because of numerous factors — release
of part of the energy as heat, reflection, uneven use
of the different rays by the plants and others.

The type of the covering material also has
a significant impact on the amount of PAR which
passes through and the other types of rays (Table
3). The single pane glass and the single acrylic
cover have the highest permeability, and the double
polyethyle-ne, the double polycarbonate and the
double pane glass have the lowest one.

Table 1. Influence of different wavelengths on the plants (Deram, 2013)

Wavelength Influence on the plants

200-380 Includes harmful ultraviolet rays and those which are neither harmful nor
-eofnm beneficial to plants.

380-400 nm The beginning of the visible spectrum where the chlorophyll starts to absorb light.

400-520 Includes violet, blue and green rays. Strongly influences photosynthesis and
) nm stimulates the vegetative growth.

520-610 nm Includes green, yellow and orange rays. They are less absorbed by the pigments

(photoreceptors).

610-720 Includes red rays. It has the most significant influence on photosynthesis.
) nm Stimulates the formation of flower buds and flowering.

720-1000 nm o .

>1000 nm There is little absorption by the chlorophyll
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Factors determining the necessity
of supplementary lighting

The necessity of artificial lighting is
determined by: the length of the day for the relevant
period; the average percentage of sunshine hours;
intensity and the angle which the sunrays fall in;
constructive elements of the structure which create
shading; the requirements of the crop which will be
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Requirements of the crops to the light
regimen

During the seedlings period, tomatoes*,
cucumbers and peppers require length of the day of
12-24 hours and solar irradiation of minimum 8-15
W/m? (4,8-6,0 mol m2 d). At a later stage of their
development, however, tomatoes and cucumbers
require 30 mol m? d', and the pepper and lettuce

grown.

require around 12-13 mol m?2 d-' (Table 4).

Table 2. Transformation of the units of measure from different sources of light (Runkle, 2006)

Light source pumol/ m?/d Foot candles Lux W/m?
Sun 1 5,0 54 0,51
Incandescent lamps 1 4,6 50 2,58
Cool-white fluorescent
lamps 1 6,9 74 0,54
Metal halide
lamps 1 6,6 71 0,59
High-pressure sodium
lamps 1 7,6 82 0,56
Table 3. Light characteristics of the covering materials
% i % long wave .
Covering o light (IR) Heat Estimated
. transmission R transmission lifespan
material (PAR)* transmission “U” Factor* (years)
(<700 nm)* y
Single 85-92 3 1,1 25+
Gl :
ass Double 75-81 1 0,7 25+
Single 83-89 71-80 1,1 2-5
Polyethyl :
OVEIVIEN® ™ Bouble 76 63 0,7 25
Fiberglass Single 80-88 3 1,0 10-15
. Single 93 <5 1,0 20+
Acrylic Double 83 <3 0,6 20+
Polyester Single 85-88 30 1,1 7-10
Polycarbonate Single 87 <3 1,0 10
Double 79 <2 0,6 10
*Transmission values are for dry covering materials
Source: Argus Control Systems Ltd. (2010)
Table 4. Requirements of the main greenhouse vegetable crops
to the intensity of the light and the length of the day
Crop Levels of PAR Day length
Tomato 30 mol m2d™ 12-18 h*
Cucumber 30 mol m2d 12-24 h
Pepper 12 mol m2d" 12-24 h
Lettuce 12-13 mol m2d" 12-24 h

Source: Argus Control Systems Ltd. (2010)
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Application of additional lighting to lettuce
in Canada at levels 12-13 mol m2d-' resulted in the
realization of more than 18 vegetations within a year.
The use of 50-100 ymol m=2 s for 16-24 h during the
winter increased the biomass with 1,4-2,7 times and
shortened the production cycle by 25% (Gaudreau et
al., 1994). At the same the concentration of nitrates
was decreased by 10-26%.

The lighting for cucumbers with 30 mol m2
d' shortened the growing period to 10 days, while
at 5,5 and 10 mol m2 d' it was 24 and 17 days
respectively. Studies in Canada established that at
300 pmol m?2 s the vegetative growth increased
and the winter yield was increased by 3 times for
5 months and there was a shortening of the period
until the first yield is ready to 19 days after planting.
With the year-round production, lighting with 180-
200 pymol m2 s increased the yield by 70-80%
(Blain et al., 1986).

The use of supplementary lighting for
tomatoes with values of 120-150 ymol m2 s increased
the speed of growth by 5 to 53% depending on the
stage of development of the plants and the values of
natural light (Yelle et al. 1987; Dorais et al., 1992).
In the Netherlands, lighting with 118-235 ymol m?2 s
(8,5-16,9 mol m? d) for 20 hours a days, combined
with additional introduction of CO2 in a concentration
of 1000 pmol has increased the yields with 67 to 115%.
The increase of the light intensity from 100 to 150
pmol m? s increased the sugar content, decreased
the titratable acidity and increased the percentage of
first quality fruit from 77 to 81 %.

The pepper production at levels 120 ymol
m~2 s (average 18,7 mol m2d-'for the winter months)

Comparative characterization of the climate
conditions: The Netherlands - Bulgaria

Table 5 shows a comparison between Plovdiv
and Rotterdam (The Netherlands) regarding the
average percentage of sunshine hours by season for
the period 2002-2006. In the winter months it is higher
by around 1% in Plovdiv, while in the spring and the
autumn it is higher in Rotterdam by 9%. The average
percentage of sunshine hours during the summer is
irrelevant in this case because then the light conditions
provide sufficient development of the crops.

Make comparison between Plovdiv and
Rotterdam regarding the share of sunshine and
cloudy hours in relation to the total light part for the
period 2002-2006. The share of the sunshine hours
is almost identical for both places, with a difference
of 2% in favour of Rotterdam.

From the analyses made until now, we can
claim that both under our conditions and under the
conditions in the Netherlands, the light requirements
of the crops are not sufficiently ensured, despite the
more southern geographical location of our country.

Table 7 shows average values of PAR during
the separate months of the year for the town of
Petrich and Naaldwijk (The Netherlands). The lower
values of natural PAR during the winter months in
Naaldwijk necessitate artificial (additional) lighting.
Thus, higher levels of PAR are achieved which
ensure the sufficient levels to grow vegetable crops
in comparison to the levels in the town of Petrich. As
a result, the obtained production comes out to the
market earler than in our country.

From the experiments conducted in our
country for stimulating winter production of cucumbers

increased the total weight of the fruit by 18-33%. in November, December, January, February,
Table 5. Average percentage of sunshine hours during the period 2002/2006
Spring Summer Autumn Winter
Plovdiv 35,6% 48% 29% 33,8%
Rotterdam 44% 42,4% 38,4% 33%
Source: IRA-D OOD (2008, Ne1)
Table 6. Average percentage of sunshine and cloudy hours during the period 2002/2006
Rotterdam Plovdiv
2002/2006 Hours % Hours %
Sunshine hours 1725 39% 1619 37%
Cloudy hours 2698 61% 2804 63%
Total light part 4423 100% 4423 100%

Source: IRA-D OOD (2008, Ne1)
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and March, lighting installation that provides an
equiavent of 11 mol/m?/d natural PAR light per day is
used (Table 9). Being added to the natural average
daylight energy present these months (Table 8), it
meets the requirements of the plants.
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From the provided data it can be seen thatthe
achieved values of light energy in the greenhouses
of the town of Petrich exceed the natural winter light
energy for countries like Egypt, where winter and
early spring production is exported.

Table 7. Average monthly values of PAR for the towns of Petrich and Naaldwijk

Jan | Feb | March | April | May | June | July | Aug | Sep | Oct | Nov | Dec

mol/ | mol/ mol/ mol/ mol mol/ mol/ mol/ | mol/ | mol/ | mol/ | mol/

m?/d | m?d m?/d m?/d | /m?d | m?d m?d | m3d | m¥d | m%d | m?d | md

Petrich | 68 | 10 | 145 | 21 | 251 | 287 | 288 | 257 | 192 | 135 | 82 | 52
(natural)
Naaldwijk

3 6,1 10,6 17,5 | 22,3 | 24,5 23 195 | 133 | 7,7 3,6 2,3
(natural)

Naaldwilk | 40| 474 | 216 | 175 | 223 | 245 | 23 | 195 | 133 | 187 | 146 | 133
(nat.+art.)

Source: IRA-D OOD (2011, Ne 8)

Table 8. Average monthly values of PAR for the town of Petrich,
the island of Crete and Egypt during the period 2000/2010

Jan | Feb | March | April | May | June | July | Aug | Sep | Oct | Nov | Dec

mol/ | mol/ mol/ mol/ | mol/ mol/ mol/ mol/ | mol/ | mol/ | mol/ | mol/

m3/d | m3d m?/d m%d | m¥d | m3d m3d | m¥d | m¥d | m3d | m3d | m¥d

Petrich 1 go | 10 | 145 | 21 | 251 | 287 | 2858 | 257 | 192 | 135 | 82 | 5.2
(natural)

Crete 95 | 137 | 179 | 248 | 285 | 323 | 31,4 | 282 | 233 | 16,3 | 10,4 | 82
(natural)

Egypt 146 | 16,8 | 21,8 | 278 | 329 | 374 | 348 | 31,3 | 276 | 211 | 153 | 13,4
(natural)

Source: IRA-D OOD (2011, Ne 8)

Table 9. Average monthly values of PAR for the town of Petrich (nat. + artif.),
the island of Crete and Egypt during the period 2000/2010

Jan | Feb | March | April | May | June | July | Aug | Sep | Oct | Nov | Dec
mol/ | mol/ mol/ mol/ | mol/ | mol/ mol/ | mol/ | mol/ | mol/ | mol/ | mol/
m?/d | m?3d m?/d m3d | m?d | m¥d | m?d | m¥d | m¥d | m?d | m?d | m?d
(nzteir;?if ) 17,8 21 25,5 21 251 | 28,7 | 28,8 | 25,77 | 19,2 | 24,5 | 19,2 | 16,2
Crete
9,5 13,7 17,9 248 | 285 | 323 | 314 | 282 | 233 | 16,3 | 104 | 8,2
(natural)
Egypt 14,6 | 16,8 21,8 278 | 329 | 374 | 348 | 31,3 | 276 | 21,1 | 153 | 134
(natural)

Source: IRA-D OOD (2011, Ne 8)
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Devices for measuring
the solar radiation

The light sensors are necessary for planning
the location of the luminaires, and later for their
control. Photometric sensors, pyranometers,
and PAR sensors have found their application.
Photometric sensors can be used as a reference
point for the intensity and the evenness of the
lighting on the relevant crops. They are not that
suitable for greenhouses as they do not provide data
for the spectrum irradiated from different sources.
Pyranometers are used in the meteorological
stations of the greenhouses and they are connected
to the microclimate control systems. They give
reference data for the evenness of the light falling
on the plants, the quantity of the light let by the
covering material, the rate of shading of the
structural elements of the facility, and the rate of
self-shading (by the plants themselves), but they are
not suitable for the assessment of artificial sources.
PAR sensors are applied in scientific studies for
measuring PAR in greenhouses and the chambers
for growth and germination. They are used to
compare PAR from different points of the facility in
regard to its evenness and intensity required in the
design of the lighting installations.

The choice of the location of the sensors
must be done according to the presence of shadings
that are not typical or characteristic for the measured
area, as well as to the daily and seasonal changes
of the angle in which the sunrays fall (Both, 2000).
When putting the sensors on the relevant place, it is
important for them to be fixed stable and in horizontal
position, and to be occasionally calibrated (every
one or two years).

Sources of artificial light

In greenhouse production the sources
of artificial light are used in three directions: (1)
for complete substitution of the natural radiation
in the premises or the growth chambers; (2) for
supplementary lighting on periods of insufficient
natural solar radiation; (3) to control the photoperiod.

In contemporary greenhouse production
four types of sources of artificial light are used:
incandescent lamps, fluorescent lamps, high
intensity discharge lamps (the metal halide lamps
and the high-pressure sodium lamps) and light-
emitting diodes (LED).

Incandescent lamps emit only around 15%
of the energy in the area of PAR (400-700nm),
75% is released in the form of infrared rays
(850-2700nm), and the other 10% are in the form of
thermal energy (>2700nm). They help lengthening
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the light part of the day in autumn, winter and
spring months. Their advantage compared to the
other options is that they require relatively low
installation and exploitation costs. They are used
less due to their low effectiveness and relatively
short lifetime.

Fluorescent lamps are more effective that
incandescent lamps and have a much longer lifetime.
However, their spectrum in the PAR area is not
satisfactory enough. At lower working temperature
the quantity of light emitted by them may fall down
to around 50%. It is established that after about 10
000 hours of work, the quantity of light emitted by
them decreases with up to 60%. They are used in
growing plants without daylight as well as in growth
chambers.

Metal halide and high-pressure
sodium-vapour lamps are most widely used in
greenhouse vegetable production at this stage of
its development. Metal halide lamps provide the
best overall spectral distribution compared to all
the sources of artificial light. Their disadvantage is
that they are not effective enough in transforming
energy within the PAR range. Unlike them, high-
pressure sodium lamps have a spectrum that is
strongly concentrated in the area of the yellow-
orange-red (500-600 nm), but is relatively low in the
blue range (Fisher et al., 2001).

Light-emitting diodes allow control of the
spectral composition and the intensity of light in
accordance with the requirements of the plants (Olle
and Virsile, 2013). Compared to the other sources,
they consume up to 70% less electric power, as, at
the same time they do not emit heat. The installation
is with smaller dimensions, their management is
significantly easier, and the lifetime — around 50 000
hours (Bourget, 2008). The basic reason for their low
rate of use is the high initial investments (Nelson and
Bugbee, 2014).

When choosing a luminaire its effectiveness,
lifetime, intensity, spectral composition, price and
electric power consumption must be taken into
consideration.

Location of the luminaires
in the greenhouse

There are different ways to locate the
luminaires in the greenhouse. They depend mostly
on the power of the respective luminaire, the used
reflectors, the requirements of the crop, the features
in the structure of the facility, etc. The construction
of a whole installation can be done best by making
a preliminary virtual model using special computer
software (computer simulation).
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Supplementary lighting regime

It is established that the provision of less
amount of light for a longer period of time is more
effective compared to bigger quantity of light for
a shorter period. Thus, plants use the light more
effectively, and at the same time fewer luminaires,
cables, etc., are necessary, which decreases the initial
investments. It is proved that the lighting in the dark
part of the day is more effective that in the light one.
There are three regimens of supplementary lighting:
cyclic; night break lighting and extending the daylength
(Eng, R.Y.N. 1991). Cyclic lighting consists in rotating
light and dark periods. In the second regimen, night is
interrupted by a source of artificial light. This regimen
is not only more economical, but also more effective
for creating conditons for long days compared to the
use of artificial lighting at the beginning and at the end
of the day. It is used with crops that are influenced
by the length of the day, like ornamental plants
(Poinsettia, Chrysanthemum). The lighting in this
regimen usually switches on from 22:00h to 2:00h.
With the third regimen, conditions of a longer day
are established, which requires extension of the day
for the particular period. Tinus and McDonald (1979)
recommend switching on supplementary lightining 4-8
hours after sunset or before sunrise. With cucumbers,
for example, the lighting may be 24 hours a day, while
with tomatoes — up to 16-18 hours.

Controlling the regimen of
supplementary lighting

The lighting system may be managed
automatically by different clocks (timers) or with
special computer programmes. In large greenhouses,
it is impossible to switch on all the luminaires
simultaneously, as the electric system is not able
to cover such consumption. The use of computer
systems provides the opportunity to control the lighting
systems according to a number of parameters:

- Time — (1) cyclic lighting for controlling the
photoperiod and (2) for controlling the duration of the
supplementary lighting

- Lighting — daytime levels of lighting

- Synchronization with the system for
supplementary introduction of CO,

In the planning of the lighting regimen, it is
important that the inslallation be working for a longer
period of time, as the great number of cycles within
a certain period (day) may significantly decrease the
lifetime of the luminaires. Alight controlling integrated
system must include: (1) Period of lighting; (2) Preset
parametes; (3) The amount of daylight accumulation;
(4) Preset reaction time (5) Miminum period of time
they have to be switched on.
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Benefits of supplementary
lighting

One of the significant advantages from the
application of supplementary lighting is the shortening
of the seedling period and the improvement of
the quality of seedlings. The latter has stronger
root system, improves the formation of branches,
develops shorter and thicker internodes, larger and
functional leaves, improves the flowering, decreases
the loss of flowers and seedbuds (IRA-D OOD, 2011,
Ne10). The so called ‘blind growth’ (plants without
apical bud), which results from shortage of light and
energy, is prevented.

As a result of supplementary lighting, it is
possible to realize high technological production,
i.e., it starts earlier and lasts shorter. This makes
possible the rotation of more crops in a greenhouse
within one calendar year, and, respectively, more
efficient use of the equipment and the workforce.

The application of supplementary lighting
influences, to some extent, the resistance of the
plants against some fungal diseases, rusts, soilborne
plant pathogens (Pythium, Rhizoctonia), etc. It is
also possible to improve the biological control of
some insects, which is done with biopesticides. The
production has better transportability and storage
capabilities.

Expenses in the use of the
supplementary lighting

It is necessary to make a careful expense
economical analysis which helps to design such
lighting installation and to choose such aregimen that
will provide optimal biological and economic effect in
the same time. For this purpose, the following factors
are taken into consideration: the climatic features of
the particular region; the requirements of the crops;
the price of electrity in accordance with the time
zones; the period of production; the installed output
of the luminaires; the lighting regimen — how many
hours and which hours of the day; expenses for
electricity; expenses for heating; additional expenses
for servicing the production. At the estimation of the
expenses for heating it is necessary to consider that
with every 1000 lux of lighting with high-pressure
sodium or metal-halide lamps, the temperature of
the greenhouse rises with 0,7°C. (IRA-D OOD, 2011,
Ne 6).

Based on conducted experiments in our
country, it is established that with the production
of cucumber seedlings with light, 40% economy of
costs is realised compared to the variant without
lighting (IRA-D OOD, 2011, Ne 6).
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CONCLUSION

1. The light conditions in Bulgaria and the
Netherlands, where supplementary lighting is
applied, are almost the same.

2. During the typically winter months the
requirements of the main greenhouse vegetable
crops are not met, and this necessitates application
of additional lighting.

3. In some Bulgarian regions (Petrich, Stara
Zagora, Nova Zagora, Sofia, Haskovo, Harmanli,
Svilengrad) there are greenhouses, which are
equipped with installations for supplementary
lighting.

4. The achieved great production results
as well as the smaller amount of the costs for the
production of the vegetable crops determine the
promising outlook of these installations in our
country.

5. The present review may serve as a base
for further and deeper scientific studies regarding
the choice of luminairs and their location in the
greenhouse, the regimem and the control of the
supplementary lighting which should be applied to
specific region in the country in order to achieve
maximal cost efficiency from its application.

REFERENCES

IRA-D OOD, 2011. Ikonomicheski analiz.
Oranzheriyno osvetlenie, Ne 6. http://www.ira-d-
bg.com/.

IRA-D OOD, 2011. Sravnyavane na osrednena PAR
svetlinna energia. Oranzheriyno osvetlenie, Ne 8.
http://www.ira-d-bg.com/.

IRA-D OOD, 2011. Prakticheski rezultati ot
prilaganeto na dopalnitelna oranzheriyna
svetlina. Oranzheriyno osvetlenie, Ne 10.
http://www.ira-d-bg.com/.

Argus Control Systems Ltd. 2010. Light and lighting
control in greenhouses.

Blain, J., A. Gosselin, M.J. Trudel, 1986. Influence
of HPS supplementary lighting on growth and
yield of greenhouse cucumbers. Hort Science
22: 36-38.

Both, A.J., 2000. Some Thoughts on Supplemental
Lighting for Greenhouse Crop Production.
Center for Controlled Environment Agriculture,
Cook College.

108

Bourget, M., 2008. An Introduction to Light-emitting
Diodes. HortScience vol. 43, 7: 1944—1946.
Deram, P, 2013. Light-emitting-diode (LED) lighting
for greenhouse tomato production. Department
of Bioresource Engineering, Macdonald
Campus. A thesis submitted to McGill University
in partial fulfillment of the requirements of the

degree of Master of Science.

Dorais, M., Charbonneau J., A. Gosselin, 1992.
Echanges gazeux de la tomate de serre cultivée
sous éclairage d’appoint, Can. J. Plant Sci. 73:
577-585.

Eng, R.Y.N., 1991. Temperature, Nutrition, Light
and Moisture Regimes used at Red Rock
Research Station to Produce Container 1+0
Spruce Seedlings.

Fisher, P, C. Donnelly, J. Faust, 2001. Evaluating
Supplemental Light for Your Greenhouse. Ohio
Florist's Association Bulletin.

Gaudreau, L., J. Charbonneau, L. P. Vézina,
A. Gosselin.  1994. Photoperiod and
Photosynthetic Photon Flux Influence Growth
and Quality of Greenhouse-grown Lettuce. Hort
Science 29 (11): 1285-1289. 1994.

Nelson, J. A., B. Bugbee. 2014. Economic Analysis
of Greenhouse Lighting: Light Emitting Diodes
vs. High Intensity Discharge Fixtures. Plose
One. Volume 9., Issue 6., pp. 1-10.

Olle, M., A. Virsile, 2013. The effects of light-emitting
diode lighting on greenhouse plant growth
and quality. Agricultural and food science 22:
223-234.

Runkle, E., 2006. Light It Up!. GPN magazine.

Tinus, R.W. and S.E. McDonald. 1979. How to grow
tree seedlings in containers in greenhouses.
U.S. Dep. Agric. For. Serv., Rocky Mtn. For.
Range Exp. Sta., Fort Collins, Col. Gen. Tech.
Rep. RM-60.

Torres, A. P, R. G. Lopez, 2010. Measuring Daily
Light Integral in a Greenhouse. Department
of Horticulture and Landscape Architecture,
Purdue University. Ne1, https://www.extension.
purdue.edu/extmedia/ho/ho-238-w.pdf.

Yelle, S., A. Gosselin A., M.J. Trudel, 1987. Effets
a long terme de I'enrichissement carboné sur la
tomate de serre cultivée avec ou sans éclairage
d’apoint. Can. J. Plant Sci. 67: 899-907.



