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EFFECT OF COVERING MATERIAL AND SHADING
ON INTERIOR LIGHT INTENSITY
IN POLY-GREENHOUSES

H. S. Abdel-Galil*

ABSTRACT

The objective of this research was to examine the influence of two
different poly-greenhouse covering material types and their properties on
the interior light intensity to choose the proper one for covering under
Fayoum depression climatic conditions. Measurements of global solar
radiation (GSR) and light intensity were made inside and outside six
poly-greenhouse-covered prototype structures (Quonset-style). Each
prototype structure was 1.0 m length, 1.0 m width and 0.8 m height. Two
small doors in the narrow sides of each prototype were kept open during
the day-light for natural ventilation. Results showed that the average
transmittance in GSR of both new white polyethylene films and new black
screen shade net sheets were 74.05% and 55.45%, respectively. Exposure
the poly-greenhouse cover to the climatic conditions reduced its
transmittance to global solar radiation (GSR). The relative losses of GSR
transmittance were 13.96 % and 17.64 % for both old-cleaned and old-
dirty polyethylene films, respectively, as compared with the new
polyethylene film (74.05%). The average losses of GSR transmittance
were 12.93% and 19.42% for both old-cleaned and old-dirty black
screen shade net, respectively, as compared with the new black screen
shade net cover (55.45%). The new white polyethylene films and new
black screen shade net sheets reduced the interior light intensity of the
prototypes by an average of 18.3% and 68.4% as compared with the
average exterior light intensity, respectively. In addition, old-cleaned and
old-dirty polyethylene films reduced the interior light intensity by an
average of 20.8% and 34.8% as compared with the identical new white
polyethylene film, respectively. While, old-cleaned and old-dirty black
screen shade net reduced the interior light intensity by an average of
27.3% and 39.9 % as compared with the identical new black screen
shade net, respectively.
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INTRODUCTION

he greenhouses are usually covered with material (i.e., glass or

plastic) that have the ability to transmit light that provides

essential energy for plant growth and production. Light is one of
the most important environmental parameters that represent the climate
of the greenhouse. Although light is fundamental to greenhouse, it is one
of the most variable inputs and challenging. Light requirements and the
climatic effects on it must be considered at all stages of greenhouse
design and orientation. Not all components of the light spectrum are
useful for plant growth and development. Plants use visible light or more
specifically, photosynthetically active radiation (PAR), the group of light
wavelengths between 400-700 nm as the main wavelengths during the
process of photosynthesis. Thus, the poly-greenhouse cover should have
a high transmittance for PAR to optimize plant growth and development.

Smith et al. (1984) indicated that total radiant density, the radiant flux
density and radiation spectra were typically reduced inside the poly-
greenhouses covered by the plastic and different density shade cloths.
The ploy-greenhouse cover material reduces the transmission of the solar
radiation and effects on the quantity and quality of light available to the
plants. Nijskens et al. (1990) mentioned that testes were carried out on
polyethylene (PE) plastic films for a weathering period of one year
showed a little decrease (2 — 4%) of the transmittance in the different
range of solar radiation band (280nm to 2500nm wavelength). Jaffrin et
al. (1993) concluded that condensation on conventional plastic film is
constituted by hemispherical drops. In this case, its transmittance is
lowered than a dry film by about 5%. Lozano et al. (1996) emphasized
the importance of good solar radiation transmission in increasing
greenhouse crop production. In addition, the climatic factors such as air
temperature and relative humidity are indirectly affected by the
greenhouse cover material. Papadakis et al. (2000) noticed that the
transmittance of the poly-greenhouse cover is affected by dust, ageing
and condensation. Thus, poly-greenhouse cover should be washed
regularly to remove dust.
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Steven (2004) indicated that wavelengths of non-visible energy known as
infra-red (600-700nm) can inhibit stem elongation and branching of
plants, and leaves are sometimes smaller and thicker. This results in a
lessening of flowering in short-day plants, but promotion of flowering in
long-day plants. Far-red radiation (700-800nm) leads to an increase in
stem elongation, and eliminating the far-red part of the solar spectrum
can produce shorter plants. Droplets that form on the inside of poly-
greenhouse covers due to condensation reduce light transmission by 15-
30% and have negative impacts on plant quality and growth.
Condensation also increases the risk of disease. Larcher (2003) and
Pinto et al. (2006) reported that the intensity, duration, direction, and
spectral quality of light radiation that plant receives have an effect on
photosynthesis, flowering, climate response, and plant photo
morphogenesis. In response to light conditions, plants can control their
rate of evapotranspiration and water uptake, their internodes length, their
leaves size, count, orientation, and chloroplast density, as well as
determine the optimum timing for flowering and other physiological
processes. Wikipedia (2007) indicated that one of the most aspects of
poly-greenhouse design is to provide a covering with controlled
differences between the transparency in the solar radiation band (280nm
to 2500nm wavelengths) and the terrestrial thermal radiation band (5000
nm to 35000 nm) for the purpose of either raising or lowering the
temperature inside the greenhouse. EI-Nono et al. (2008) indicated that
new yellow and blue polyethylene (PE) films (150 micron thickness)
reduced the average indoor light intensity by an average of 23.25% and
36.98% as compared with the average outdoor light intensity,
respectively.

Agrus Control Systems Ltd. (2010) mentioned that a single layer of
polyethylene film has higher transmittance values of light and long wave
radiation, IR <700 nm, (83 —89% and 71 — 80%, resp.), comparing with
the corresponding values for a double layer of polyethylene film (76 and
63%, resp.). Some seeds require specific light conditions to break
dormancy and germinate. Poly-greenhouses raised plants often look quite
different from genetically identical outdoor specimens. This is due to
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their response to climate differences, including the quantity, quality and
duration of light they receive. Abdel-Galil (2010) indicated that poly-
greenhouse with single layer of polyethylene was found more suitable for
seedlings germination, plant growth and yield of tomato than those with
the other shading ratios and open field condition during the winter
months. Poly-greenhouse covered only by black screen sheets (especially
with 63% or 75% shading ratios) was found more suitable for better
seedlings germination, plant growth and yield of tomato than this with
25% shading ratio and open field condition in the summer months.

This major aim of this research is to study the effect of different
polyethylene cover properties on the interior light intensity of the poly-
greenhouse, which is the most common and lowest cost covering, and it is
used extensively under Fayoum depression climatic conditions.

MATERIALS AND METHODS

1. Experimental prototypes:

Six similar experimental poly-greenhouse prototypes were designed and
constructed. Each prototype is a Quonset-Style, which is the most
common greenhouse structure. All the prototypes made of steel pipes (1.2
cm diameter), and the dimensions of each prototype is 1.0 m long, 1.0 m
width and 0.8 m height. The total surface area of each prototype is 3.2 m?,
with a net floor surface area of 1.0 m? To maintain the durability of
structural frame and the prototype covering materials, a tension
galvanized wires (0.2 cm diameter) were tied and fixed throughout the
pipes and the curvatures of the greenhouse prototypes frames. To study
the influence of different poly-greenhouse covering types and their
properties on the interior light intensity of the greenhouse (Li), three
prototypes were covered by white single layer polyethylene films (PE) of
a 200 pm thickness. The other three prototypes were covered with an
external black screen shade net sheets (63% shading ratio). For both types
of the covering material, one of the three prototypes was covered by a
new cover and the other two prototypes were covered by old-cleaned and
old-dirty covers (one year's old). The treatments followed and their
specifications are shown in Table (1).

Misr J. Ag. Eng., January 2014 - 330 -



BIOLOGICAL ENGINEERING

Table (1): The treatments and their specifications.

Treatments Specifications

Type 1 - polyethylene-covers (PE)

Tl Fully covered with new white film sheets.

T2 Fully covered with old-cleaned white film sheets.

T3 Fully covered with old-dirty white film sheets.

Type 2 - black screen shade net

T4 Fully covered with new black screen shade net.

T5 Fully covered with old-cleaned black screen shade net.
T6 Fully covered with old-dirty black screen shade net
T7 Ambient conditions (control).

2. Meteorological Conditions measuring: The global solar radiation (G,
Mj. m?2. h) and light intensity (L, lux) were measured daily from 8am
to 6pm inside and outside the poly-greenhouse prototypes during the
experimental period as follows:

2.1. Solar radiation: The solar radiation intensity was measured daily
every one hour interval outside and inside the poly-greenhouse
prototypes, using a data acquisition system with an accuracy of 0.1 W/m?.

2.2. Light intensity: A digital Luxmeter (unit: lux, measuring 1-150000
lux, with an accuracy of 1 lux), was used to record the light intensity
inside and outside the poly-greenhouse prototypes every one hours
interval.

3. Experimental procedure: All the experimental prototypes were
placed on open place at EI-Azab village, which is located at 5 Km south
of Fayoum city, Egypt, (29° 10'N Latitude and 30° 18'E Longitude).and
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exposed to atmospheric conditions. The global solar radiation and light
intensity were measured at the center of each poly-greenhouse prototype.
The ventilation system was a natural, where, there are two small doors in
the narrow sides of each prototype, which kept open during the day-time
(from 8 am to sunset). During the experimental periods, all the poly-
greenhouse prototypes were kept under the same orientation and
environmental conditions.
RESULTS AND DISCUSSIONS

The following items may be appearing the average hourly transmitted
global solar radiation (GSR) and light intensity inside the greenhouse
prototypes as affected by the type and aging of covering materials.

1. Solar Radiation:

1.1 Effect of new cover types on transmittance of solar radiation: The
hourly average total solar radiation incident on the horizontal surface and
transmitted into poly-greenhouse prototypes for Fayoum, Egypt (May,
2012) was measured and the results are listed in Table (2) and graphically
illustrated in Figures (1) through (3). The obtained results showed that the
hourly average transmitted global solar radiation (GSR) into the poly-
greenhouse prototypes during the day-time were different in each
prototype being affected mainly by the type and age of covering material.
Its clear that, all trends of transmitted solar radiation into the greenhouse
prototypes were below the incident solar radiation curve during the period
from 8 am to sunset, and the transmitted solar radiation curves followed
the same trend of the incident solar radiation curve for both types of the
covering materials. As shown from Table (1) and Fig. (1), the hourly
average transmitted global solar radiation (GSR) in both new white
polyethylene films and new black screen shade net sheets (63% shading
ratio) were 74.05% and 55.45%, respectively. Finally, we can say that,
shading caused to decrease the transmittance of solar radiation, and thus,
decrease the light intensity, temperatures and others environmental
parameters inside the greenhouse during the day-time from sunrise to
sunset. From the obtained results, we can say that, shading can be
adequate and satisfactory for growth and production of some plants
during the hot weather, especially at the summer months.
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Table (2): Average Hourly Solar Radiation Incident on a Horizontal
Surface and Transmitted into Poly-greenhouse for Fayoum,
Egypt for the Month of May, 2012.
Incident Transmitted solar radiation into poly-greenhouse
Day- Solar prototypes, (Mj.m?.h™)
Time radiation, | Single layer polyethylene | Black Screen shade net
(h) | (Mj.m2h?) (Type 1) (Type 2
(T7) T1 T2 T3 T4 T5 T6
8 1.84 1.37 1.18 113 | 1.02 | 0.89 0.83
9 2.36 1.78 1.52 145 | 131 | 114 1.06
10 2.76 2.06 1.76 169 | 153 | 1.33 1.24
11 2.94 2.20 1.89 181 | 162 | 1.42 1.33
12 3.16 2.36 2.03 195 | 1.76 | 1.53 1.42
13 3.28 2.45 2.11 201 | 182 | 158 1.53
14 3.08 2.30 1.96 189 | 1.71 | 1.50 1.39
15 2.83 2.00 1.72 164 | 157 | 1.36 1.28
16 2.51 1.82 1.62 154 | 140 | 1.22 1.04
17 1.74 1.30 1.12 1.07 | 097 | 0.85 0.78
18 0.98 0.71 0.60 058 | 053 | 047 0.38
Total 27.48 20.35 | 1751 | 16.76 | 15.24| 13.93 | 12.28
Mean 2.50 1.85 1.59 152 | 139 | 1.27 1.12
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Fiz. (1): Diumal variation in transmission of solar radiation in
two prototypes covered with tow different materials.

1.2. Effect of aged cover types on transmittance of solar radiation: As
shown in Table (2) and Figures (2) and (3), the hourly average transmitted
global solar radiation (GSR) for all greenhouse prototypes covered by a
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single layer polyethylene films were always higher than the
corresponding values for the greenhouse prototypes covered by black
screen shade net sheets. The hourly average transmitted rates of GSR for
the new, old-cleaned and old-dirty polyethylene films were 74.05%%,
60.09 % and 56.41%, respectively. The corresponding values for the new,
old-cleaned and old-dirty black screen shade net sheets were 55.45%,
42.52% and 36.03%, respectively. Consequently, we can say that,
exposing the poly-greenhouse cover to the environment reduces the
transmittance values of global solar radiation. This is primarily because
dust and dirt deposited on the plastic cover absorbed and reflected some
of the solar radiation which can pass through it, and thus, loss of radiation
transmission can effectively lower the greenhouse-cooling load. On the
other hand, decreasing the greenhouse-cooling load is very beneficial in
term of reducing the stress on plants and solar energy accumulation inside
the planted greenhouse, especially in arid conditions with high radiation
load. This can improve fruit quality such as reducing air temperature,
sunburn and reduce leaf. Also, color darkening of greenhouse cover
caused by exposure to the environment blocked a portion of the incident
solar radiation. On the other hand, the loss of solar radiation transmission
through the greenhouse cover caused by the observed deposition of dust
and dirt particles, beside the color darkening of the cover would minimize
the capability of the covering to transmit light in wavelengths useful to
plants inside the greenhouse.
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Fig. (2}: Dimmnal variation In transmission of solar radiation in

prototypes covered with new and aged polyethvlene.
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Fig. (3}: Diwmnal variation in transmission of solar radiation in
prototypes covered with black screen shade net.

2. Light Intensity:

2.1. Effect of new cover types on interior light intensity: Fig. (4) shows
the effect of poly-greenhouse covering type on its interior light intensity,
during the experimental period. Its clear that, the hourly average exterior
light intensity (ambient) was the highest curve, and the others interior light
intensities in the poly-greenhouse prototypes with/and without shading
were under the ambient light data during the experimental period. Its
known that, shading decrease the light intensity, as shown in Fig. (4). The
maximum data of the hourly average light intensity was recorded during
midday (from 12 noon to 2 pm.) for the ambient and the six greenhouse
prototypes covered by different types of polyethylene films and shade net
sheets. Therefore, the new white polyethylene films and new black screen
shade net sheets reduced the hourly average interior light intensity inside
the greenhouse prototypes by an average of 18.3% and 68.4% as compared
with the average exterior light intensity, respectively.
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Fiz. (4): Effect of two different conering materials on the interior
light mtensity of the poly-greenhouse.
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2.2. Effect of aged cover types on interior light intensity: The hourly
average interior light intensity behavior under new and old greenhouse
covers for the poly-greenhouse prototypes covered with polyethylene films
and shade net sheets was appeared at Figures (5) and (6), during the day-
time of May, 2012. As shown in the two Figures, it's clear that, all the
greenhouse prototypes have interior light intensity lower than the ambient
(outside) light intensity. Also, it's clear that; the hourly average light
intensity inside all the poly-greenhouse prototypes covered with a single
layer of polyethylene films were higher than the corresponding values
inside the poly-greenhouse prototypes covered with shade net sheets. Its
clear that; the hourly average light intensity inside the poly-greenhouse
prototype covered with new single layer polyethylene films (Tyn-sh, Z€ro
shading) and the new black screen shade net, had a major recorded data
comparison with the other hourly average light intensity inside the poly-
greenhouse prototype covered with old-cleaned and old-dirty covers. Also,
it's obtained that, the old-cleaned and old-dirty polyethylene films reduced
the hourly average interior light intensity by an average of 20.8% and
34.8% as compared with the identical new white polyethylene film,
respectively. While, old-cleaned and old-dirty black screen shade net
reduced the interior light intensity by an average of 27.3% and 39.9 % as
compared with the identical new black screen shade net, respectively

g 140000 4= Quiside (Ambient)
(1 120000 il Iew polyeihylene (conirol)
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Fig. (5): Effect of aged polyethylene cover with dust accurnulations
on the mteror hight mtensity of the greenhouse.
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CONCLUSION

1. The hourly average transmitted global solar radiation (GSR) in
both new white polyethylene films and new black screen shade net
sheets (63% shading ratio) were 74.05% and 55.45%, respectively.

2. Shading caused to decrease the transmittance of solar radiation,
and thus, decrease the light intensity, temperatures and others
environmental parameters inside the greenhouse during the day-
time from sunrise to sunset, and thus, shading can be adequate and
satisfactory for growth and production of some plants during the
hot weather, especially at the summer months.

3. Exposing the poly-greenhouse cover to the environment reduces
the transmittance values of global solar radiation, and thus, the
loss of solar radiation transmission through the greenhouse cover
caused by the observed deposition of dust and dirt particles, beside
the color darkening of the cover would minimize the capability of
the covering to transmit light in wavelengths useful to plants
inside the greenhouse.

4. The new white polyethylene films and new black screen shade net
sheets reduced the hourly average interior light intensity inside the
greenhouse prototypes by an average of 18.3% and 68.4% as
compared with the average exterior light intensity, respectively.

5. The old-cleaned and old-dirty polyethylene films reduced the hourly
average interior light intensity by an average of 20.8% and 34.8% as
compared with the identical new white polyethylene film,
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respectively, while, old-cleaned and old-dirty black screen shade net
reduced the interior light intensity by an average of 27.3% and 39.9
% as compared with the identical new black screen shade net,
respectively

6. The decision on selecting a poly-greenhouse cover must include
its physical properties of solar radiation and light transmission and
heat transfer, as well as its construction, maintenance, and
operational requirements.
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