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Abstract

The effect of the reflection by a white agrotextile, in hemp cultivation, was evaluated on a greenhouse
experiment during 2019. The experiments were laid out in a completely randomized design with two treatments
(soil cover and control). The results indicated that the average temperature in the covered area section was 28.52C
while in the uncovered area was 25.122C, during the experiment. Concerning height, higher plants up to 20 cm,
were recorded on the covered area than the uncovered one. The highest specific leaf area (SLA) (58.39 cm? g') was
found on the covered area at 60 days after transplanting (DAT) compared to the uncovered area where a value of
50.4 cm? g was recorded. The absolute growth rate was higher during 20-60 DAT comparatively to control. The
highest rate was observed about 50-60 DAT where it reached the value of 3.34 g day'. Concerning root system,
arbuscular mycorrhizal fungi (AMF) was only affected by the cover material. The number of inflorescences was not
found to be affected by the cover material but the bud length and the cannabidiol (CBD) content were affected by
the soil cover. The cannabinoids (CBD) content was 28.8% higher on covered area.

Keywords: Absolute Growth Rate, CBD, Light Below Canopy, plastic mulch, Specific Leaf Area

Introduction

Agro-textile (agrotextile) or geo-textile
(geotextile) is used in agriculture for decades, in
a traditional way (Restrepo Osorio et al, 2019).
Mainly, the term used in agriculture is mulching
which means the application of natural or
synthetic materials on surface area to create the
desirable environment for different crops (Manna
et al., 2018). They are applied at various times of
the year depending on the purpose. Also, there are
many materials used as mulches, such as organic
residues, compost or plastic mulch. Nowadays,

the use of geotextiles is expanding worldwide
(Gangopadhyay and Hira, 2010). Corresponding
to the state of technology, new age agrotextiles are
made with new, developed materials (or natural)
and they have better standards (e.g. durability,
performance etc.) (Swapan et al., 2016; Scarlat
et al, 2017). The use of agrotextiles is aimed to
optimize the environmental condition such as
moisture retention, water conservation, weed or
sward suppression, soil warmth retention, and
light reflection (Carpus et al, 2018; Marasovi¢
and Dragana, 2019; Restrepo Osorio et al., 2019).
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Table 1. Soil and compost analysis

Soil
Clay Loam (29.3% Clay, 33.8% Silt and 36.9% Sand) C™POSt
pH 7.17 7.6
Olsen- P (mg kg! soil) 13.2 410
Available potassium (K) (mg kg soil) 201 620
EC (1:1) (uS/cm) 47.5 9.65
Organic matter (%) 1.17 42.41

Rathinasabapathi et al. (2005) were noticed that
mulching inhibited the weed germination except
of the weed suppression. In some applications,
the combination of natural light and agro- and
geotextiles could be desirable, for example in
horticultural applications for promoting crop
growth or crop production such as resin. Manna
et al. (2018) observed the highest average curd
weight of broccoli (355.25 g) on covered area.
Additionally, Albert et al. (2010) noticed that
mulching with synthetic (polyethylene film) or
organic materials has been widely used for the
production of widely ordered commercial crops
and vegetables, such as tomatoes and lettuce.

On the other hand, the use of agrotextiles focus
on reducing the sun radiation as well as thermal
protection of plants as shade cloth, furthermore
for preventing insect and other pests on crops,
preventing soil drainage and sediment creation
(Marasovi¢ and Dragana, 2019). In addition,
Marasovi¢ and Dragana (2019) highlight as main
role of the agrotextiles in protection against
insects. In agriculture as far as soil coverage offers
many benefits, recycled materials are used usually
as agrotextiles (Anade, 2013; Bhattet al.,, 2019). In
agriculture, one of the parameters of agrotextiles
that should be clarified is the porosity. Most of
the agrotextiles are used in field conditions, so
the porosity is a characteristic that is examined
to get through rainwater or irrigation (Dierickx,
1999). Restero Osorio et al. (2019) denoted that
agrotextiles can offer UV radiation stability after
the appropriate treatment.

Geotextiles have considerable potential for
solar exploitation, but few studies have been
completed on their effects on aboveground
biomass production. The number of production
units for medical cannabis increase every day in
Greece (Folina et al.,, 2019) so the need to study
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and understand the behavior of this crop increases
alongside. A greater number of harvests per year
could be achieved with more use of artificial light,
but then the costadvantage of greenhouse growing
begins to evaporate. So, cannabis producers
of greenhouse hemp installed artificial light to
increase the biological cycles or harvest of the
cannabis plant peryear. Of course, the artificial light
should be combined additionally with mechanical
factors (such as CO,). In these economical scales
could be included the use of agrotextiles. Greece
has 220 days of light per year sunshine with the
intensity of radiation that plants absorb. Taking
advantage of the key features of Greece’s climate,
we used a white geotextile to exploit the intensity
of radiation through the reflection created by the
geotextile. The aim of the study was to evaluate
whether the reflection of radiation created by the
geotextile affects the growth and the cannabinoids
(CBD) content of hemp.

Materials and methods

Experimental details and treatments

A greenhouse experiment was conducted
at the Agricultural University experimental area
of Laboratory of Agronomy, located in Athens
(Southern Greece, latitude: 37°58’ N, longitude:
23°32’ E, altitude 30 m above sea level) from
February to May 2019. Hemp cultivation was
carried out in pots filled with soil and compost.
Cultivation began with the formation of seedlings
- in a float system - and then the seedlings were
transplanted into pots (soil : compost, 1:1) by
hand to a depth of 2-3 cm, one plant per pot. The
pot density was four pots per 1m? The experiment
was set up on an area of 800 m?, according to the
completely randomized design with two replicates.
The treatments were soil cover area (CA) with a
geotextile and uncovered area (UA) as control. The
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agrotextile used as cover material applied on soil
surface was a woven fabric made of polypropylene
for long term exposure to sunlight and flame
resistance. The pots on covered area were placed
on the white agrotextile. The greenhouse space
was divided into 4 parts (plots), two of them were
covered with the geotextiles and the other two
remained uncovered.

Measurements

The measurements were height, fresh and dry
weight, photosynthetically active radiation (PAR)
to calculate Light Below Canopy (L.B.C., equation
1), leaf temperature, Specific Leaf Area (equation
2), Absolute Growth Rate (g m?day™) (equation
3), yield parameters (number of inflorescences,
average length, inflorescence weight) and CBD
content (%). Plant-based illumination expressed
as a percentage of PAR was greater in the soil cover
plots. The higher values are due to the reflection of
the material and the differences are increasing as
the crop growth and leaf area increase.

LB.C. (%) = Bdledae 100 (1)
_ one—sided area of a fresh leaf B

SLA = leaf dry mass (sz g 1) (2)

AGR = 73555 (gm™ day™) (g m? day™) (3)

where: W1 = plant dry weight/m? at t1, and W2 =
plant dry weight/m? at t2.

Two plant samples were randomly selected
from each plot at 15, 20, 25, 30, 35, 40, 45, 50 60
70 and 80 Days After Transplanted (DAT). The
plants collected were divided into stems, leaves
and flowers, weighted and oven-dried for 48 h at
65°C. The photosynthetically active radiation was
measured with the SS1 SunScan Canopy Analysis
System. The PAR was measured above and below
the foliage to evaluate the effectiveness of the
material’s reflective properties. For leaf was used
temperature an infrared thermometer pronto plus.
The thermometer was kept on the center of leaf
for less than one minute. For each plant, at least
two leaves were recorded. The measurements of
PAR and temperatures were noticed at 12:00 p.m,
every time.

The root system parameters determined
were: root length density (RLD), root mass density
(RMD), root surface density (RSD) and arbscular
mycorrhiza (AMF). Root samples were collected
from the 0-35 cm layer by using a cylindrical

auger (25 cm length, 10 cm diameter). Root
measurements were made at flowering stage
using five randomly selected plants (pots) per
plot. Firstly, roots were separated from the soil
by soaking the samples overnight in 30 ml of a
0.5% solution of sodium hexametaphosphate.
Afterwards, the samples were stirred for 5 min
and washed over a 5 mm mesh-sieve. The roots
thus held on the sieves were decanted into a 0.1%
trypan blue FAA staining solution (mixture of
10% formalin, 50% ethanol and 5% acetic acid
solutions). For the determination of root length
density (RLD) and root surface (RS), the stained
root samples were placed on a high resolution
scanner (Hewlett Packard 4c, Palo Alto, CA, USA)
and images were captured using Delta-T software
(Delta-T Scan version 2.04; Delta-T Devices Ltd,
Burwell, Cambridge, UK). The root dry mass
density (RMD) was determined after drying for 48
h at 70°C. The second root samples were cleaned
and stained with trypan blue in lactophenol,
according to the method of Phillips and Hayman
(1970). The percentage of root length colonized
by AM fungi was determined microscopically with
the gridline intersection method at a magnification
of 30-40x (Giovannetti and Mosse, 1980).

For the determination of CBD content, ten
fresh inflorescences from each plot were subjected
to this measurement using the GemmacCert device
machine (GemmaCert Ltd., Israel).

Data analysis

The experimental data were checked for
normality and subjected to statistical analysis
according to completely randomized design
(CRD). The statistical analysis was performed with
the SigmaPlot 12 software (Systat Software Inc.,
San Jose, CA). Differences between means were
separated using Least Significant Difference (LSD)
test. All comparisons were made at the 5% level of
significance.

Results and discussion

Light (%) at the base of the crop

During the first few days, due to the slow
growth of plants, there are no significant
differences. After the 20 DAT, the difference
between the two treatments was 7% more
radiation for the CA. At the beginning of flowering
(50-60 DAT) the difference reached 12% in favour
CA (Fig.1). Therefore, an average of about 10% was
observed over the vegetative period. In particular,
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Figure 1. Light below canopy (%) at the base of hemp in pot cultivation expressed as a percentage of growth
stimulation during the vegetative period for the CA (soil cover) and UN (control)
Different letters denote significant differences between the treatments according to LSD test (P < 0.05)

this difference can offer a final reduction in
production costs up to 5%, since the light energy
represents 50% of the total cost (Deloitte, 2016).
Contrariwise, Struik et al. (2000) mentioned that
the radiation use efficiency changed during plant
development, being lower during flowering than
vegetative stage.

Leaf temperature

Due to the higher photosynthetic active
radiation (PAR), leaf temperature was higher at
CA as expected (Fig. 2). During the experiment, the
mean temperature at CA was 28.5°C while at the
UA was 25.12°C.

According to the climate of Greece, higher
temperature is particularly desirable during
October to April when the heating needs could be
reduced by using the agrotextiles. However, when
the temperatures rise above 35°C, the soil coverage
works negatively. Werf et al. (1995) observed that
rates of leaf appearance and stem elongation
increased linearly with temperature between
10°C and 28°C. Kobza et al. (1987) noticed that
leaf temperature on wheat was 15- 25 °C.

Plant height

Plants on CA were higher than those on the
UA. Although, after the 60" DAT, plants stopped
growing because they reached the final height
and due to the effect of high temperature in the
greenhouse, stress conditions began to occur
and accelerated the flowering of the plants (Fig.
3). Chailakhyan and Khryanin (1978) in a pot
experiment noticed mean plant height at 30cm
because of the limited development space.

Bulletin UASVM Horticulture 77(1) / 2020

In field conditions, without any fertilization
cannabis height was 78.2 cm (Vera et al. 2004)
and 250 cm (Jankauskiené et al., 2010). It is noted
that the plants grown in the greenhouse with the
white agrotextile, which offers greater radiation
and temperature, were equal and taller than those
grown in the open field.

Specific Leaf Area (cm? g)

The effect of photosynthetic radiation also
affected the leaf surface beyond the mid-span
intervals. Specifically, the highest specific leaf area
(SLA) (58.39 cm? g') was found on the covered
area at 60 DAT compared to the uncovered area
where a value of 50.4 cm? g! was recorded. At 20
DAT, the SLA was 36.1 cm? g'on the CA and 32.8
cm? g' on control, while, at 40 DAT, the values
were 47.2 and 41.7 cm? g on the covered area
and control, respectively (Fig. 4). Differences in
SLA cannot be explained in terms of maximizing
photosynthetic function alone (Dijkstra, 1989).

Plant dry weight without inflorescence (g)

Dry weight follows a sigmoidal growth path.
Coverage excellence starts at 45 DAT and the dry
weight accumulation at 70 DAT stabilizes (Fig. 5).

The final percentage of difference is 15.12%.
Greater leaf growth and higher photosynthetic
active radiation led plants to higher photosynthesis
rates, resulting in greater accumulation of
photosynthetic products and higher dry weight
(Bhattacharyya et al, 2012). According to the
literature, similar results were obtained for plant
dry weight namely 14.1 g (Struik et al,, 2000) and
10.3 g (Werf et al., 1994).
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Figure 2. Leaf temperature (°C) of hemp plant in pot cultivation on the CA (soil cover) and UN (control)
Vertical bars indicate the standard errors of the means. Different letters denote significant differences between
the treatments according to LSD test (P < 0.05).
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Figure 3. Plant height (cm) development of hemp in pot cultivation on CA (soil cover) and UN (control)
Vertical bars indicate the standard errors of the means. Different letters denote significant differences between
the treatments according to LSD test (P < 0.05).

Absolute Growth Rate (g day™)

According to Figure 6, from 20 to 60 DAT, the
soil coverage gave higher growth rates than the
uncovered areas. The highest rate was observed
around 50-60 DAT where it reached the value of
3.34 g dayl. However, in the CA after 60 DAT and
with the advent of high foliage temperatures,
the plants showed stress and reduced growth
rate, even to lower values than in the UA. The
negative value presented at the end is due to the
fact that the plants lose leaves and consequently
the dry weight decreases. This indicator confirms

the principle that when the foliage temperature
exceeds 35°C the cover material must be removed
as the relative growth rate decreases. Similarly,
Lydon et al. (1987) mentioned that one of the
factors which influence hemp growth is UV-B
insensitivity. The increase of radiation also
increases the temperature inside the greenhouse
and the absolute growth rate of the plant on the
covered soil is higher. Similar results have been
shown by Criddle (1996) confirming that plant
growth rates vary with temperature.

Bulletin UASVM Horticulture 77(1) / 2020



58

FOLINA et al.

70

60

50

30

20

10

40

Soil
Cover
M Control

60

Days After Transplanting (DAT)

Figure 4. Specific Leaf Area (cm? g'!) hemp plant in pot cultivation on at 20, 40 and 60 DAT
Vertical bars indicate the standard errors of the means. Different letters denote significant differences between
the treatments according to LSD test (P < 0.05).
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Figure 5. Dry weight (g) of hemp plant in pot cultivation on CA (soil cover) and UA (control)
Vertical bars indicate the standard errors of the means. Different letters denote significant differences between
the treatments according to LSD test (P < 0.05).

Hemp Root System

The growth of the root system at 60 DAS was
greater in pots on CA. The better temperature
conditions of the plant and its need for increased
photosynthesis have led the plant to develop a
larger root system to meet its nutritional needs.
Amaducci et al. (2008) mentioned that hemp root
system may be affected by the soil depth.

A higher root mass density was observed on
CA. The RMD at CA was 1.35 g/100 cm? of soil,
compared to the UA (1.11 g/100 cm? of soil). The
winter barley (H. vulgare cv. Niki) has 0.332 g/100
cm?® mass density (Sidiras et al., 2001).
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The surface area of the root system was 9.56
cm?/100 cm® on CA and 7.85 cm?/100 cm? of soil
on UA. For winter barley (H. vulgare cv. Niki) the
surface density was 0.221 g/100 cm? mass density
(Sidiras et al.,, 2001).

Root Length Density (RLD) is the most
frequently estimated parameter to determine
root morphology (Vamerali et al., 2003; Bilalis et
al., 2015). Finally, a further qualitative feature of
root growth where the plants on CA predominated
was the length density of the root system where
the value was 21.11 cm/100 cm?® of soil while on
UA the value was 16.87 cm/100 cm? of soil. The
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Figure 6. Absolute Growth Rate (g day!) of hemp in pot cultivation on the CA (soil cover) and UA (control)
Vertical bars indicate the standard errors of the means. Different letters denote significant differences between
the treatments according to Least Significant Difference (LSD) test (P < 0.05).
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Figure 7. Root Mass Density (g/100 cm? soil) of hemp
in pot cultivation on CA (soil cover) and UA (control)
Vertical bars indicate the standard errors of the
means. Different letters denote significant differences
between the treatments according to Least Significant
Difference (LSD) test (P < 0.05).

root length density was highest in the first 10 cm
of soil, almost 5 cm/100cm3.

Mycorrhizal colonizationisthe mostimportant
biological factor contributing to the absorption of
nutrients as well as to the synthesis of biosynthetic
substances that may contribute to the synthesis of
terpene and CBD. Arbuscular mycorrhizal fungi
(AMF) was positively affected by root growth and
temperature (Ryan and Graham, 2002). The values
observed on CA were 32% regarding root length
versus 19% on UA. As a conclusion about root
system we can state that only AMF was affected by
the soil coverage. The plastic behavior confirmed
by Amaducci et al. (2008) who refer that none of

12

10

Control

Soil Cover

Figure 8. Root Surface Density (cm?/100 cm? soil))
of hemp in pot cultivation on CA (soil cover) and UA
(control)

Vertical bars indicate the standard errors of the
means. Different letters denote significant differences
between the treatments according to Fisher’s Least
Significant Difference (LSD) test (P < 0.05).

the root parameters were significantly affected by
plant population.

Yield components

The number of inflorescences was not found
to be affected by the cover material. This character
is mainly controlled by genetic factors rather
than by cultivation manipulations. Therefore, no
statistical effect on the number of inflorescences
was observed. Thus, the plant blossomed properly
giving only one inflorescence. The same was
observed for the inflorescence length where no
differences were noted between the agrotextile
covered soil and the plants in the open cuts with
the mean inflorescence length being about 19 cm
(Tab. 2).
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Figure 9. Root Length Density (cm/100 cm? soil) of
hemp in pot cultivation on CA (soil cover) and UA
(control)

Vertical bars indicate the standard errors of the
means. Different letters denote significant differences
between the treatments according to Fisher’s Least
Significant Difference (LSD) test (P < 0.05)
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Figure 10. Arbuscular Mycorrhizal Fungi (%) of hemp
in pot cultivation on CA (soil cover) and UA
Vertical bars indicate the standard errors of the
means. Different letters denote significant differences
between the treatment according to Fisher’s Least
Significant Difference (LSD) test (P < 0.05).

Table 2. Influence of geotextiles on bud number, length and dry weight, compactness index and
CBD for the two treatments (covered and uncovered area)

Number of buds  Bud length (cm)  Bud dry weight (g) Comir[::gce';ness CBD (%)

CA 1.1a 19.24a 21.11a 1.10a 2.515a

UA 1.0a 19.02b 16.87a 0.89a 2.015b
Coverage ns k ns ns Hkx

Note: CA, covered area, UA, uncovered area treatments. ns, not significant; significant at *p < 0.05, **p < 0.01, ***p < 0.001. Values
belonging to the same characteristic with different letters within a column denote significant differences between the cover treatment

according to the LSD test (P < 0.05).

However, differences were found between
treatments for the inflorescence dry weight
where due to the higher photosynthesis rate in
the covered cuttings, the inflorescence dry weight
was 21.11 g while in the uncovered the average
inflorescence dry weight was 16.87 g.

Given the above figures, we evaluated the
compactness index (Dry inflorescence weight/
inflorescence length, g cm™). The compactness
index was higher in the covered pieces (1.10 g cm
1) compared to the uncovered pieces (0.88 g cm-
). In addition to performance, the compactness
index is also a quality index.

The relative increase of CBD given by the
reflection of radiation is 25%. Similarly, the A-THC
content of leaves was 23% higher in UV irradiated
plants than plants grown in non-irradiated
conditions (Fairbairn and Liebmann, 1974).
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Conclusion

In conclusion, the soil cover with a white
agrotextile can offer two cultivation periods per
year. On the covered area, the development was
faster and the yield higher. [llumination at the base
of the plantation, expressed as a percentage of the
surface of photosynthetic active radiation (PAR),
was higher in the covered area. For the SLA, the
difference between the two treatments was about
15%, because plants exploit to the maximum the
Photosynthetically Active Radiation and produced
thinner and larger surface leaves. Although, when
the temperature exceeds 35°C the cover material
must be removed because the relative growth rate
is reduced. The number of inflorescences was not
found to be affected by the cover material because
it is mainly controlled by genetic factors rather



Evaluation of Woven Agrotextiles in the Development of Hemp (Cannabis sativa L.) in Greenhouse 61

than by cultivation practices. Finally, CBD content
was higher on covered area.
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