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ABSTRACT

Nettle (Urtica dioica L.), a new industrial crop, has been cultivated since the 12th century for its fibers. This study
was conducted to specify the optimal density of plants in order to move from wild harvest to nettle cultivation. For

the present study, sampling was performed in 21 different fields throughout Greece, during October 2018. The effect
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of nine different plant densities on several agronomic (plants height, leaf area and dry matter) and fiber quality (straw
length, fiber percentage, yield, extension at break, strength, length, diameter) characteristics was determined. The higher
fiber yield occurred at the lower density (4 plants m?), while the higher fiber diameter observed at the highest density
(12 plants m?). Comparisons were performed at the 5% level of significance (p < 0.05). According to our results, there

have been negative correlations between plant density and certain agronomic and quality characteristics such as plant
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height and fiber length, hence the optimal density is about seven plants per m.
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INTRODUCTION

Urtica dioica is a novel industrial crop for fiber production.
Since the 12 century, fiber of wild species have been used
for the fabrication of various materials [1]. This is a plant
that grows in forests, ficlds, gardens, streets and various
other areas. Nettle fibers were widely used during World War
I and II as a substitute for cotton. Also, nettle was used in
the same arcas with flax (Linum usitatissimum L) and hemp
(Cannabis sativa 1..) [1]. In Germany and Austria, 500 ha
of fiber nettles were cultivated for fiber production during
the 1940s [1,2]. The cultivated arecas of nettle were vastly
reduced due to low fiber yields. At present, several Central
European countries still cultivate nettle in small areas through
contract farming [3]. Nettle fiber advantages include [4]
increased strength, lightweight and low environmental
impact. Furthermore it is a plant that can be productive
from 10 to 15 years, [5] as opposed to flax, and hemp which
arc annual plants. Fiber removal process from the plant

stems, via mechanical decortication, due to the low lignin
content of the fibers [3] requires less energy than flax and
hemp. Moreover, the fiber consists of cellulose 79 - 8§3.5%,
hemicellulose 7.2 - 12.5% and lignin 3.5 - 4.4% [6]. The age
of the plants, determine the yield of the fiber. In the first year,
the yield is low while in the second year, it ranges from 335 to
411kg ha'. In addition, in the third year the yield reaches
1,016 kg ha' [7]. It is worthy of note that plant species such
as nettle, hemp and flax are renewable natural sources of
fiber production [8]. Nettle could be a major source of fiber,
thus contributing to the increasing demand for plant fibers
in creating a variety of materials [9]. According to other
studies [2], the products, which are produced from nettle
fibers, are more due to the curiosity of the industries.

Due to the absence of explicit knowledge on the intensive
cultivation of nettle and its characteristics, present research
effort focuses on the effect of different plant densities on the
agronomic and quality characteristics of nettle fiber.

changes were made.
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MATERIALS AND METHODS

For the present study, nettle (Urtica dioica L..) stems were
collected from 21 different areas in Greece (Figure 1.). The
collection took place in October 2018. The plants were, at their
full flowering stage. One-year monoclonal plants were selected,
in which there was no root formation yet. This leads to a lower
plant density compared to plantations where roots are formed.
The stems were cut at the soil level, using scythes and shears.
The upper parts of the cut plants were immediately collected
by hand and packed [9]. The stems were kept aligned inside
the bundles.

Measurements

Selected agronomic characteristic measurements, such as plant
density (No. plants m-2), plants” height (cm) and leaf area per
plant (cm?), were taken on the harvest day. Fiber characteristics
were measured. For this purpose, the stems were air dried for
several weeks, at room temperature. The samples’ dry matter
as well as the plants’, dry matter per m?, was then estimated.
Finally, the samples’ straw length was measured, by using a rule
(0.1cm precision).

The fibers were separated manually. At first, the bast part of
the straw was separated. Then the obtained bast and wooden
parts (sheaves), followed by the separation of short fibers
from the bast part of the straw. In terms of fiber properties, in
order to calculate the diameter (um), an ocular micrometer
and a common ruler (mm) along with a pair of lens was used.
In addition, the fiber percentage (%) and the fiber yield
(g m?) (eq. 1), which expressed on the central stem, were also
determined [6],

Fiber yield (g m?) = Fiber content (%) x Stem Dry Matter (g m?)
eq. 1

The tensile strength (cN/tex) as well as the Extension at break
factor were measured by the use of a Tinius Olsen Strength
Testing Machine (Horsham, PA, USA), according to the TS
ENISO 13934-1 standard [10].

GREECE

Figure 1: Sampling areas for the study
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Statistical Analysis

Basic statistical analysis and analysis of variance on data
was carried out using the Statistica [11] logistic package
as a Completely Randomized Design. Correlation analyses
were used to describe the relationships between growth
parameters and yield components using Pearson’s correlation.
All comparisons were made at the 5% level of significance

(p = 0.05).
RESULTS AND DISCUSSION

As a general rule, plant density is a key factor which
particularly affects the growth of plants and their agronomic
characteristics [12]. Table 1, shows the effect of density variation
on the agronomic characteristics of Urtica dioica, such as the
plant height. The maximum plant height value was 159.5 cm
for lower density value (4 plants m?) while the lowest plant
height value was 89.9 cm for a 10 plants m? density value.
Elsewhere, a slightly higher plant height value of 170.8 cm has
been reported [2]. Table 2 shows a negative correlation between
plant density and plant height (r= -0.742, p<0.001), which
means that at high density values, the plant height values were
the lowest. The leaf area value per plant cm?, had a negative
correlation with plant density values (r= -0.985, p<0.001)
and with the dry matter per m?values (r= -0.644, p<0.01),
(Table 2). The highest value was 1,160.54 for lowest density
(4 plants m?) value, and the minimum value was 474.56 in the
maximum density (12 plants m?) value.

Also, the dry matter per plant values, ranged from 34.86 to 76.38
g plant™!. The maximum value was 76.38 g for 4 plants m~density
valueand the lowest was for 12 plants m?density value (Table 1).
Similarly, [13] recorded the highest dry matter per plant value
for 4 plants m*density value. As shown above, while the density
of the plants increases, dry matter decreases something that is
also been extracted from the negative correlation (r= -0.927,
p<0.001) shown in Table 2. On the contrary, dry matter per m?
increases, as the number of plants per m? increases. A positive
correlation between those two variables (r= 0.738, p<0.001),
(Table 2), is responsible for the relation between them. The
highest dry matter yield value was 476.23 g mfor 9 plants m™
density value and the lowest was 305.52 for 4 plants m™density
value (Table 1). Additionally, [6], recoded higher dry matter
yield than the present study, mainly due to different weather
conditions and cultivation techniques. Nettle was used as a
cultivated plant [6] to study its characteristics, whereas in the
present study the results came from the collection of wild nettle
in different arcas of Greece.

This way the ideal density to cultivate nettle in the Mediterranean
conditions was also evaluated. The results of the present study in
dry matter yield factor were similar with those of Bacciet al. [2].
According to their study, the lower end of the value range was
lowest than the one in the present study [2]. This may be due
to the management of the experimental process, which was
conducted by [2], as well as the general environment of the
plant development.
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Table 1: Effect of density variation on the agronomic characteristics
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Density (plants m2) Height (cm) Leaf area /plant cm? DM (g plant?) DM (g m?
4 159.5 1,160.54 76.38 305.52
5 120.98 1,047.2 63.52 317.61
6 119.38 954.55 54.78 328.7
7 117.93 902.31 52.75 369.29
8 125.78 833.81 53.77 430.16
9 121.8 796.85 52.91 476.23
10 89.9 628.32 38.57 385.7
11 93.52 598.01 37.62 413.82
12 93.52 474.56 34.86 418.38
. - 2.36 58.02 16.09 28.40
Mean 7.81 116.44 836.92 52.10 384.55
Sdev 2.32 16.52 185.54 10.35 53.72
Table 2: Correlation matrix between agronomic and quality characteristics
density Height leaf area/ DM DM straw fiber fiber yield Extension Strength  fiber fiber
(plants (cm)  plantcm? (g plant!) (gm?) length percentage (gm?) atbhreak (cN tex?) length diameter
m?) (cm) (%) (mm)  (um)
density (plants m2) -74277  -985""  -927"" 737" 737 .0le6™ 755" -.980"" -.9797"  -.431™  .342™
Height (cm) -.742" 7927 8747 -270™  .996™ -.216™ -.305™ 7217 706" 802" -.735""
leaf area /plant cm? -.985"" 792" 958" -.644"" 790"  -.037™ -.663"" 973" 957" 500" -.416™
DM (g plant®) -.927°"  .874™" .958"" -.516" .879"" -.134™ -.545" 909" 907" 6017 -.522"
DM (g m?) 7387 -.270™ -.644" -.516" -.237™ -.219™ .992"" -7137 -7707 027  -.161™
straw length (cm) =737 9967 7907 8797 -.237™ -.211m™ -.270™ 7147 L6977 8107 -.743""
fiber percentage (%) .016"™ -.216™ -.037™ -. 134" -.219™ -.211™ -.101™ -.011m™ .003"™ -.118™  .204™
fiber yield (g m?) 755" -.305™ -.663"" -.545" 992" -.270™ -.101™ -.730" -.787" .009™  -.135™
Extension at break ( %) -.980""" .721"""  .973™" 909" -713"" 714" -.011™ -.730"" 950" 469" -.369™
Strength (cN tex?) -.979™" 706" 957" 907" -770"" 697" .003™ -.787" .950™" .399™  -.325™
fiber length (mm) -.431™  .802™" .500" 601" .027™ .810™" -.118™ .009™ 469" .399™ -.955™"
Significance levels: * p < 0.05; ** p < 0.01; *** p < 0.001; ns, not significant (p > 0.05)
Table 3: The quality characteristics of U. dioica fiber as effected by plant density
Density Straw length  Fiber percentage Fiber yield (g m? Extension at ~ Strength (CN tex? Fiber length  Fiber diameter
(plants m) (cm) break ( %) (mm) (um)
4 125 17.32 21.65 3.43 56 61 24
5 95.66 17.03 16.27 3.33 53.33 49.33 40.33
6 93.66 17.20 16.11 3.18 47.33 51 38.33
7 94 17.32 16.28 2.99 44.66 53 34.33
8 100.5 17.05 17.13 2.81 40.75 54 31.5
9 97 16.90 16.39 2.68 36.5 54.5 29
10 72 17.12 12.32 2.23 35 42 49
11 74 17.54 12.98 2.39 31 47 43.5
12 74.5 17.01 12.67 2.16 28.5 48 43.5
ety - 2.91 1.19 25.75 99.24 54.89 4.84 2.55
Mean 7.81 92.38 17.16 65.94 2.85 42.00 5.33 36.67
Sdev 2.32 12.73 0.28 9.01 0.40 8.31 4.21 7.17

As a result of the measurements, it was observed that the length
of the straw was negatively correlated with the density of the
plants (r=0.737, p<0.001) (Table 2). More specifically, the
highest straw length value (125 cm) was observed at the lowest
density value (4 plants per m?), while the lowest straw length
value (72 cm) was at 10 m? plants density value. Similar results
were obtained by other researchers [5] in their study, in which
it was reported that high plant density adversely affects the
length of nettle straws as well as the bast content in them. In
addition, the fiber content was higher at higher plant densities.

As mentioned above, fiber yield depends on the fiber content
and the dry matter of the stems. Thus it is positively correlated
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(r=10.16, p<0.001) with the density of the plants. Hence, there
has been an almost 75% increase in fiber yield at the lowest
density. According to Table 3 the highest value of fiber yield
21.65 g m* was recorded at the 4 plants m? density value while
the lowest fiber yield value 12.32 g m™ recorded at 10 plants
m density value. The fiber yield was higher than other studies
due to the fact that in the present study it was expressed on the
central stem and not in the total weight of the plant as in the
literature. There were statistically significant differences in fiber
yield values between the lowest and the highest density values.

Similarly, the lower the plant density, the greater the extension at
break percentage. This means that there was negative correlation
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Figure 2: Double axis correlation between plant density and fiber
properties

between density and extension at break (r=0.980, p<0.001)
(Table 2). Table 3 shows that the extension at break at 4
plants m2density value, was 58.80% higher than at 12 plants m~
density value. The results of the present study showed that the
strength factor was also negatively correlated with plant density
(r=0.979, p<0.001) (Table 2), since the strength in the 4 plants
per m* density value was 56 ¢N tex” and in the 12 plants per m?
density value, was 28.5, viz it decreased by 49.11%. This is unlike
other studies in which it has been reported that the lower the
density, the weaker the fibers [5]. Moreover, the highest length
value (61 mm) appeared at the lowest plant density value while
the lowest length value (42 mm) appeared at 10 plants per m?
density value.

However, the diameter of the fibers varies widely - from 24 to
43.5um. Its highest value was calculated at the highest density
value while the lowest value was at 12 plants per m? density
value. In Figure 2, the progress of extension at break is shown,
as well as that of the strength factor, in relation to different plant
density variations. It was observed that in the highest density
values, both quality characteristics had the minimum value.

The maximum values were in the 4 plants m density values,
specifically the extension at break percentage was 3.4 % and
the strength value was 56 CN tex. It is worth noting that
these two characteristics of nettle fiber, follow similar course
of development in different plant densities. Similar results
reported by Arik et al. [10] after experimenting with chemical
applications and their effect on the quality of the nettle fiber,
and observed that the control sample had the highest values
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and while the amount of chemicals increased, so did the values
of extension at break and of the strength.

CONCLUSIONS

This study demonstrates the negative correlation of plant
density variation in certain agronomic and quality characteristics
such as plant height and fiber length. Improved density, seems
to range from 7 to 8 plants m™. In conclusion, the density of the
plants affects the growth of the nettle as well as in the quality
of the fiber. This is a primary study in which the exact density
in the field cultivation system was determined, compared to
fertilization. This plants density formation will be followed by
further research in the future.
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