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Abstract: Six dioecious (Antal, KC Déra, Kompolti hibrid
TC, Monoica, Tiborszallasi and Tisza) and four monoecious
(Fedora 17, Futura 75, Santhica 27 and USO 31) European hemp
varieties were sown at a density of 300 viable seeds per m?and a
row spacing of 12.5 cm in a three-year field trial (2017-2019) to
evaluate the yield of the stems (fresh and dry) and some other
biometric characteristics of the stems. No pesticides were used
during plant growth to suppress weeds, diseases and pests. The
highest yield of fresh and dry stems was achieved by the variety
Antal with 12.3 t ha' and 5.3 t ha', respectively, followed by
the varieties Futura 75 and Tiborszallasi. The lowest yields of
fresh and dry stems were recorded for the monecious variety
USO 31 (6.0 and 2.6 t ha). In general, dioecious varieties had
higher and thicker stems than monoecious varieties. The year
of production had a highly significant impact on all variables,
in particular on the proportion of weed biomass, which was the
highest in 2019 (77.2 %), when weather conditions were most
unfavourable for hemp cultivation. The correlation analysis
between fresh/dry stem yields and weed biomass was highly
negative (-0.85 and -0.83) and strongly statistically significant
(p < 0.001), indicating the issue related to weed management.

Key words: hemp; Cannabis sativa L.; yield of stem;
weather conditions; weeds

Received February 19, 2020; accepted April 30, 2020.
Delo je prispelo 19. februarja 2020, sprejeto 30. aprila 2020

Vpliv pedo-klimatskih razmer na pridelek in morfoloske la-
stnosti stebel 10 evropskih sort navadne konoplje (Cannabis
sativa L.)

Izvleéek: Sest dvodomnih (Antal, KC Déra, Kompolti
hibrid TC, Monoica, Tiborszallasi in Tisza) in §tiri enodomne
(Fedora 17, Futura 75, Santhica 27 in USO 31) evropske sorte
navadne konoplje smo sejali pri gostoti 300 kalivih semen na
m? na medvrstno razdaljo 12,5 cm v letih 2017 do 2019 z na-
menom ovrednotiti pridelek svezih in suhih stebel ter dolo¢iti
nekatere druge morfoloske lastnosti stebel. Fitofarmacevtska
sredstva za zatiranje plevelov, bolezni ali $kodljivcev med rastjo
rastlin niso bila uporabljena. Najve¢ji pridelek svezih in suhih
stebel je dosegla sorta Antal, in sicer 12,3 t ha' in 5,3 t ha’l,
sledili sta sorti Futura 75 in Tiborszallasi. Najman;jsi pridelek
svezih in suhih stebel je dosegla enodomna sorta USO 31 (6,0
and 2,6 t ha!). Dvodomne sorte so imele v povpredju visja in
debelejsa stebla od enodomnih sort. Leto pridelave je imelo ve-
lik vpliv na vse spremenljivke, $e posebno na odstotek plevela v
skupni biomasi, ki je bil najvecji vletu 2019 (77,2 %), ko so bile
vremenske razmere najmanj ugodne za pridelavo navadne ko-
noplje. Korelacijska analiza med pridelkom svezih/suhih stebel
in odstotkom biomase plevela je bila negativna (-0,85 in -0,83)
ter mocno statisti¢no znacilna (p < 0,001), kar je pokazalo na
problem plevelov pri pridelavi navadne konoplje.

Klju¢ne besede: navadna konoplja; Cannabis sativa L.;
pridelek stebel; vremenske razmere; pleveli
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1 INTRODUCTION

From the 16th to the 18th century, hemp (Cannabis
sativa L.) was the most important fibre crop in Europe,
together with flax (Struik et al., 2000). The hemp stems
have been produced because of the long and strong bast
fibres traditionally used in the textile and paper industry
(Mandolino & Carboni, 2004). Due to the high tensile
strength and excellent fineness of hemp fibres, new ap-
plications are emerging today, e.g. in geotextiles and bio-
composites (Schifer & Honermeier, 2006; Salentijn et al.,
2015). The woody part of the hemp stem is called hurd,
also shive, and is used for animal bedding, pulp pro-
duction and the manufacture of building materials, e.g.
hemp concrete (Karus & Vogt, 2004; Elfordy et al., 2008).
This versatile use of hemp stems makes hemp one of the
oldest non-food crops used worldwide (Schultes, 1970).

The cultivation of hemp is less demanding com-
pared to some other crops (e.g. maize and wheat). Hemp
can be grown with minimal or even no pesticides. Due
to its rapid juvenile growth, the plant itself successfully
suppresses weeds. It could be grown in a relatively nar-
row crop rotation and has a low fertilization requirement
(van der Werf, 1994). However, hemp is a crop whose
cultivation is very much influenced by soil and weather
conditions.

As far as climatic conditions are concerned, a hu-
mid atmosphere is most suitable for hemp cultivation
when growing for stem and fibres (Ranalli, 1999). For the
production of one kg dry matter hemp needs 300-500 |
water. During the vegetative growth phase 250-300 mm
of rainfall is required and a total of 500-700 mm of water
for the whole season. Precipitation in June and July has a
very large influence on plant growth when the seeds are
sown in late spring (Bocsa & Karus, 1998). Excess or lack
of water in the early stages of development is crucial for
yield formation (Struik et al., 2000).

Edaphically, hemp grows well in deep or medium
deep soils with a sandy loam structure. Clay loam, heavy
clay and sandy soils are less suitable for hemp cultiva-
tion (Amaducci et al., 2015). Highly fertile soil for stem
production is soil on which a potential yield of 10 000 kg
dry matter per ha can be achieved (B6csa & Karus, 1998).

Table 1: Chemical properties of the soil at the test site

This type of soil is well drained with a pH around 6.0
(Barron et al., 2003).

The main goal of hemp stem production is usually
the extraction of bast fibres. The fibre yield is a prod-
uct of fibre content and stem yield (Berenji et al., 2013).
Moreover, fibre yield is also directly related to stem yield
(Hennik, 1994). The fibre content in the stem is primarily
influenced by the genotype, e.g. it is advisable to use va-
rieties with a longer vegetative cycle for stem production
(Struik et al., 2000). On the other hand, stem yield could
be influenced by the use of different agricultural tech-
niques (time of sowing, sowing density, fertilisation, time
of harvest, etc.) (Amaducci et al., 2008). However, the
edaphoclimatic and seasonal growing conditions could
not be influenced by labour and therefore have a decisive
influence on the agronomic performance of hemp.

The aim of the study was to evaluate the agronomic
performance of 10 different European hemp varieties in
terms of stem production during the three-year growing
period. Secondly, the influence of growing conditions on
stem characteristics and proportion of weed biomass was
also evaluated. Finally, a correlation analysis was per-
formed to gain insight into the relationships between the
variables studied.

2 MATERIAL AND METHODS

2.1 EXPERIMENTAL SITE AND SOIL CHARAC-
TERISTICS

The field experiments were carried out at Ljubljana
(Biotechnical Faculty), Slovenia (46° 3’ N, 14° 30’ E, alti-
tude 295 m) during the 2017-2019 growing seasons. On
the test site the soil was medium deep and hydromelio-
rated with a texture of 31.9 % clay, 43.2 % silt and 24.9 %
sand. The soil fertility characteristics for each year of the
field trials are shown in the Table 1.

2.2 VARIETIES USED AND THE DESIGN OF THE
FIELD TRIAL

10 commercial hemp varieties used in this study are

pH PO, K,0 Organic matter
Year in KCl (mg /100 g soil) (mg /100 g soil) (%)
2017 6.6 15.2 16.3 3.6
2018 6.8 19.5 159 3.9
2019 6.9 11.9 9.3 4.5
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Table 2: Some characteristics of hemp varieties used in field trials

Variety Origin Sexual type Vegetative cycle* Applications
Antal Hungary Dioecious Late Flowers/CBD
Fedora 17 France Monoecious Early Seed/CBD/fibre
Futura 75 France Monoecious Late Seed/CBD/fibre
KC Déra Hungary Dioecious Late Seed/CBD/fibre
Kompolti hibrid TC Hungary Dioecious Medium Fibre

Monoica Hungary Dioecious Medium Seed/CBD/fibre
Santhica 27 France Monoecious Medium Seed/fibre
Tiborszallasi Hungary Dioecious Late Seed/fibre
Tisza Hungary Dioecious Late Seed/fibre

USO 31 Ukraine Monoecious Early Seed/fibre

* Early < 125 days; Medium < 135 days; Late < 145 days

listed in the Table 2. Data on variety characteristics were
obtained from Flaj$man et al. (2018) and Thempfarms
(2019).

The previous crops for the first, second and third
year of the field trial were soybeans, maize and lupines,
respectively. Every year, the residues of the previous
crops were ploughed in autumn and the field was left fal-
low over the winter. Before sowing the field was fertilized
with 500 kg ha™ of NPK 0:14:28 and 260 kg ha of cal-
cium ammonium nitrate (27 % N). No additional ferti-
lizers were used during the growth of the plants. No pes-
ticides were used to suppress weeds, diseases and pests.
Sowing was carried out in May (4 May 2017, 29 May 2018
and 8 May 2019) with a Wintersteiger plot seeder. The ex-
periment was designed as a randomized, complete block
experiment with three replications. The experimental
plot size was 18 m? (6 x 3 m), with a plant density of 300
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Mean monthly temperature (°C)

viable seeds per m? and a row spacing of 12.5 cm. The
harvests were preformed manually in August (17 August
2017, 28 August 2018 and 22 August 2019). For each plot,
only the inner 4 m* were used to determine the variables.
First, the total biomass (hemp plants + weeds) was cut at
the ground and weighed . Secondly, the biomass of the
first m* was separated and weighed on the hemp plants
and weeds. The weight data were used to determine the
proportion (percentage) of weed biomass in the total
biomass and the yield of fresh stems. Thirdly, the hemp
plants were separated from first m* by sexual type (only
for dioecious varieties) and counted to determine the sex
ratio and number of plants per m? at harvest. Fourthly, 25
plants per sexual type (male, female and/or monoecious)
of the same m? were randomly selected for the determi-
nation of mass, height and stem diameter. Finally, the
same 25 plants per sexual type were dried at 55 °C until
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Figure 1: Mean monthly temperature and total monthly precipitation from May to August for the field experiments from 2017-2019
and the long-term average (1985-2015). The association between precipitation and temperature on the y-axes is 6 mm : 1 °C, which

is adapted to the Slovenian climate conditions. If the temperature

curve is higher than the columns, a slight drought is expected.
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constant mass was achieved for the determination of the
yield of dry stems.

2.3 WEATHER CONDITIONS

Temperatures were above the long-term aver-
age in almost all years and months. Notable exceptions
were May 2019, when the average temperature was only
12.9 °C, compering to 17.2 °C of the long-term aver-
age, and June 2019, when the average temperature was
4 °C above the long-term average. The arrangement of
the precipitation showed more variation regarding the
month and year of the field trials. The lack of precipita-
tion was the highest in June 2019 and August 2017, when
only the amount 35 % and 46 % of the long-term average
occurred. On the other hand, the surplus of precipitation
was the highest in May 2019 and August 2018, with the
amount of 227 % and 170 % of the long-term average pre-
cipitation for these months, respectively (Figure 1).

2.4 STATISTICAL ANALYSES

The data of the variables studied over three years
were first subjected to a combined analysis of variance
(ANOVA). Year taken as a factor, variety and year x va-
riety interaction were considered fixed effects and de-
termined to be significant if p < 0.05. Replications were
considered random effects. Significant differences in the
mean values given by ANOVA were evaluated using the
Duncan test (a = 0.05). The data were analysed with the
package ‘agricolae’ in the R-Software version 3.2.5 (R
Core Team, 2016). Furthermore, the analysis of the cor-
relation between the response variables was also calcu-
lated using the same R-package. The graphics were drawn
by the Microsoft Excel programme.

3 RESULTS AND DISCUSSION
3.1 YIELD OF STEMS

The yields of fresh and dry stems were significantly
influenced by the year (p < 0.001), but the variety had
no statistically significant effect (p = 0.0889 for the
yield of fresh stems and p = 0.0729 for the yield of dry
stems). There was no interaction between the two fac-
tors. The highest average yields of fresh and dry stems
were achieved by the Antal variety with 12.3 t ha' and
5.3 t ha'!, respectively, and Futura 75 with 11.4 t ha' of
fresh and 4.7 t ha' of dry stems. The lowest yields of fresh
and dry stems were measured for the varieties Santhica
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27 (6.7 t ha! and 2.6 t ha') and USO 31 (6.0 t ha! and
2.6 tha') (Figure 2). The influence of the growing season
and environmental characteristics can be summarised
with the Futura 75 variety, which has been used in many
field trials in Europe. In Latvia (Tang et al., 2016), for
example, the yield of dry steam of this variety reached
20.3 t ha!, whereas in France the stem yield was only
2.8 t ha'! (Tang et al., 2017). In two-year field trials by
Amaducci et al. (2008), the variety Futura 75 (10.7 t ha™!
- 13.1 t ha') has outyielded the variety Tiborszallasi
(8.4 t ha! - 10.6 t ha') on dry stems. Cosentino et al.
(2012) also tested these varieties in a two-year field trial,
in which the average yield of the dry stems of Futura 75
was around 4 t ha' and 6 t ha' for Tiborszallasi. In our
field trial, the yields of the two mentioned varieties were
comparable (average 4.7 t ha') with only 2.5 % yield dif-
ference to the benefit of the Tiborszallasi (Figure 2).

Baldini et al. (2018) tested many different monoe-
cious varieties. The two-year averages (2016 and 2017)
of the dry stem yields were 6.0 (3.8), 4.0 (2.6), 7.7 (4.2),
7.8 (4.6) and 8.3 (4.7) t ha! for the varieties Fedora 17,
USO 31, KC Dora, Monoica and Futura 75, respectively.
In brackets are shown the average values of the dry stem
yield from our study and lower yields are observed. In-
triguingly, when comparing only the common year 2017,
the yields of Fedora 17 (8.4 t ha!), USO 31 (5.0 t ha),
KC Dora (7.6 t ha!), Monoica (8.6 t ha') and Futura 75
(8.4 t ha') from our study differ only slightly from those
of Baldini et al. (2018). However, poor weather condi-
tions in the subsequent years 2018 and 2019 led to a de-
crease in average stem yields in this study (see below).

Dioecious varieties are more suitable for stem pro-
duction because of the quantity and quality of the fibres
(Bosca, 1999). In this trial, the average yield of dry stems
of six dioecious varieties (4.6 t ha) was 35 % higher than
the average yield of four monoecious varieties (3.4 t ha
'). In addition, varieties that start flowering later and
have a longer vegetative cycle are more suitable for stem
production in terms of yield, since the accumulation
of dry matter in the stems decreases very rapidly after
the start of flowering (Struik et al., 2000). In our three-
year field trial, five early or medium varieties (3.5 t ha™)
achieved only 74 % of the dry stem yield of five late varie-
ties (4.7 tha!). Similarly, the dioecious varieties yielded a
higher yield dry stems than the monoecious varieties in
the study by Cosentino et al. (2012).

The growing season had a very important influ-
ence on the stem yields. The highest average yield of
fresh (17.1 tha') and dry (7.6 t ha') stems was achieved
in 2017, followed by 2018, and the lowest yield of fresh
(2.7 tha') and dry (1.1 t ha') stems happened in 2019.
Tang et al. (2016) conducted an extensive study with 14
commercial hemp varieties in four different European
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Figure 2: The yield of fresh and dry stems is given as an average by factor variety and as an average by factor year. The lower case
letters indicate statistically significant differences in yield of fresh stems and the upper case letters indicate statistically significant
differences in yield of dry stems. The main factors (variety and year) are separated by the dotted line and different letters (small or
capital) indicate the differences within factor year. Error bars indicate standard errors of the mean values

countries (Latvia, Czech Republic, France and Italy). The
yield of dry stems varied considerably among varieties and
also among locations, e.g. the yield of dry stems increased
from 8.3 t ha' in France to 19.5 t ha in Latvia for the va-
riety Tiborszallasi and from 7.3 t ha! (Czech Republic) to
22.1 tha! (Latvia) for the variety KC Dora. Although their
research was not multiyear trial, the differences in grow-
ing environments had a huge impact on the performance
of the hemp varieties.

3.2 BIOMETRIC CHARACTERISTICS OF PLANTS
AND OTHER MEASUREMENTS

Although the same sowing density was used for all
varieties in all years, both factors (the year and the variety)
but not their interaction influenced the number of plants at
harvest. The effect of variety was not statistically significant
(p=0.0557) and 107 plants m* (Kompolti hibrid TC) up to
240 plants m™ (Tisza) were observed (Table 3). The propor-
tion of male plants in the dioecious varieties ranged from
32.0 % to 48.8 % (data not shown). Amaducci et al. (2008)
reported that plant density together with harvest time is the
most important parameter determining fibre production.
Mediavilla et al. (2001) found that 170 plants m? is typi-
cal density for fibre production for Central Europe. On the
other hand, Amaducci et al. (2002) stated that 90 to 100
plants m™ represents an optimal density for stem produc-
tion. In our three-year field trial, the year of production
had a statistically significant influence (p < 0.001) on the
number of plants at harvest, with the first year showing the
highest number (304 plants m*?) and the second year the
lowest (108 plants m?). The seasonal effect on the number

of plants at harvest was also recorded elsewhere (Cromack,
1998; Struik et al., 2006).

The proportion of weed biomass was significantly in-
fluenced by both factors, but not by their interaction. The
highest average percentage of weed biomass was found for
the variety Santhica 27 (51.3 %) and the lowest for the va-
riety Tisza (27.9 %). The year had a very strong influence
on the proportion of weed biomass (p < 0.001); the highest
percentage was found in 2019 (77.2 %). On the contrary,
the average percentage of weed biomass was very low in
2017 (7.6 %). Hemp is known for its ability to suppress
weeds independently due to its rapid growth and canopy
closure (Kraenzel et al., 1998). This assertion was only con-
firmed in the first year of our trials. In the second year, and
especially in the third year, the hemp plants could not over-
come the weeds and its biomass increased significantly.

The plant height differed significantly between va-
rieties (p < 0.01) where the stem diameter did not. On
the other hand, both variables were statistically signifi-
cantly influenced by the year of production. For neither
of these two variables, no interaction between the factors
was found. The highest variety was Antal with an average
height of 137.7 cm, followed by Tiborszallasi (130.3 cm)
and Tisza (128.9 cm). The lowest varieties were Fedora 17
(101.6 cm), USO 31 (90.1 cm) and Santhica 27 (86.5 cm).
In 2017 the plants were the highest with an average height
of 150.0 cm. The plants were more than twice as small in
2019, averaging 74.3 cm. The average stem diameter did
not vary from variety to variety (average 3.96 mm), but
the influence of the year of production was statistically sig-
nificant (p < 0.01), when in 2018 the stems were thickest
(4.73 mm) and in 2019 the stems were thinnest (3.15 mm)
(Table 3). Plant height and stem diameter are primar-
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Table 3: Influence of variety and year on the average number of plants per m? at harvest, the proportion of weed biomass, the average

plant height and the average stem diameter

Number of plants per Proportion of weed Plant height Stem diameter
Variety m? at harvest biomass (%) (cm) (mm)
Tisza 240 + 32 27.9+07.5 c 128.9 + 08.7 ab 4.03+£0.20
Fedora 17 216 £ 39 33.7+11.2 abc 101.6 £ 15.1 bc 3.81+0.32
Tiborszallasi 211 +£29 33.2+104 bc 130.3 +12.2 ab 4.02+£0.30
Antal 194 + 43 36.5+11.0 abc 137.7 £ 16.1 a 4.19 £ 0.36
Monoica 188 + 27 38.2+£38.2 abc 1251 +17.9 ab 4.02 £0.42
USO 31 181 + 28 504 +11.9 a 090.1 +10.4 c 3.30 £0.32
KC Dora 175+ 32 31.1+£10.4 bc 124.1 £ 13.3 ab 428 +0.32
Futura 75 175 + 31 340+ 11.6 bc 121.7 £+ 17.8 ab 4.06 £ 0.46
Santhica 27 174 + 40 51.3+12.1 a 086.5 +10.8 c 3.37+£0.30
Kom. hib. TC 107 + 28 46.5+12.3 ab 122.8 +17.8 ab 4.53 £0.49
p ns * h ns
Year
2017 304 + 10 a 07.6+0.9 150.0 +5.3 a 4.00+0.13 b
2018 108 £ 13 32034 b 126.3 £5.8 b 473 +£0.16 a
2019 147 + 06 b 77.2+3.5 a 074.3+£5.9 c 3.15+0.18 c
p - o o -

Mean values followed by same letters are not significantly different at the 5% level of probability; ***p < 0.001; **p < 0.01; *p < 0.05; ns - not significant

ily determined by genotype, and dioecious varieties are
typically characterized by both a higher stem height and
a thicker basal stem diameter than monoecious varieties
(Bennett et al., 2006; Amaducci et al., 2008; Cosentino et
al., 2013). Indeed, the average stem height of six dioecious
varieties in this study was 128.2 cm compared to 100.0 cm
of four monoecious varieties and the average stem diam-
eter of the dioecious varieties was 4.18 mm compared to
3.63 mm of the monoecious varieties. Furthermore, in the
study by Baldini et al. (2018), USO 31 and Fedora 17 had a
lower plant height than KC Dora, Futura 75 and Monoica.
Amaducci et al. (2008) used the varieties Futura 75 and Ti-
borszallasi in their two-year study and reported an average
stem height of 174 and 192 cm, respectively, and an average
stem diameter of 5.6 mm without statistically significant
difference between the varieties. The values for both vari-
ables and both varieties are higher compared to our study,
indicating that the growing conditions in our experiment
were not optimal for hemp growth throughout the experi-
mental period.

3.3 THE CORRELATION ANALYSIS

All six variables were used for the correlation analysis
and all correlations were statistically significant, only the
number of plants had no influence on the stem diameter
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(Figure 3). The number of plants at harvest had a high cor-
relation with the yield of dry stems (0.61). Tang et al. (2017)
found that increasing plant density up to 240 plants m also
increases the stem yield. On the contrary, Amaducci et al.
(2002) noticed that an increase in plant density meant only
asmall increase in the fresh and dry mass of the stems. Pop-
ulation density usually has a negative effect on the height of
plants, as they compete for light and sources of nutrients
(Legros et al., 2013). However, we found a positive but not
very high correlation (0.40), probably due to the low num-
ber of plants at harvest in 2018 and 2019. The correlation
analysis for the year 2017 alone showed a negative correla-
tion (-0.27), but this was not statistically significant (data
not shown). Tang et al. (2017) reported that stem height
(R2 = 0.9) and diameter (R2 = 0.8) are strongly correlated
with the yield of dry stems, which was also confirmed in
our study. A high and negative correlation between weed
biomass and stem yield (fresh or dry) was also observed,
indicating the massive negative effect weeds have had on
hemp production (see further discussion below).

3.4 THE MEASURED VARIABLES WERE SIGNIFI-
CANTLY INFLUENCED BY THE GROWING
SEASON

The year of production had a statistically significant
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Figure 3: Correlation plots among 6 traits. NP - number of plants per m? at harvest, PWB - proportion of weed biomass, YFS - yield
of fresh stems, YDS - yield of dry stems, PH - plant height and SD - stem diameter; *** indicates significance at 0.001 level of prob-

ability; ns - not significant

influence on all measured variables, which was already
shown in Figure 2 and Table 3. The Figure 4 shows a de-
tailed comparison of the impact of the production year
expressed on an index scale. The year 2017 was the most
favourable for hemp cultivation, where only the stem dim-
eter did not perform best compared to the other two years.
In addition, the proportion of weed biomass was also the
lowest. The year 2019 had the most adverse growing con-
ditions, mainly due to the unfavourable arrangement of
temperature and precipitation in May and June. The year
2018 was also less favourable due to high rainfall in mid-
May, which postponed sowing until the end of May, fol-
lowed by low precipitation in June and high temperatures
in July (Figure 1). The shorter growing season in 2018 due
to late sowing had a negative effect on stem growth and
thus on stem yield. The most pronounced negative ef-
fect of the hostile growing conditions of 2018 and 2019 is
shown by the proportion of weed biomass, which was 4.2
and 10.2 times higher, respectively, compared to 2017. The
correlation analysis also pointed to the significant negative
impact of the biomass fraction of weeds on all measured
variables, especially on stem yields. Since the test site and
the agricultural technique used in the trials were the same
in all three years, only the weather conditions could be the
reason for the increase in the biomass proportion of weeds
from 2017 to 2019. Jankauskiene et al. (2014) came to the
same conclusions, finding a significant difference in the
average density of weeds at full hemp emergence between
two experiments carried out in two different growing pe-

riods (2006-2007 and 2010-1012), but at the same testing
location.

In the literature, hemp is described as a crop that re-
quires little or no weed control during growth (Amaducci
et al,, 2015; Fike, 2016). However, there are very few scien-
tific facts supporting this claim, as verified by Sandler &
Gibson (2018). These authors indicated that the reason for
the lack of weed management in the majority of published,
peer-reviewed studies could be the fact that hemp truly
does not need active weed control. Furthermore, almost no
mechanical or manual weeding was used in these studies.
In the second scenario, which is more likely, the non-use
of herbicides in hemp production could be related to the
sensitivity of plants to many commonly used active com-
pounds in herbicides. The authors concluded that hemp
production should not be determined by weed manifes-
tation and that detailed studies on weed intervention are
needed to prevent yield losses. Our study confirmed that
weeds can have a very strong negative impact on hemp per-
formance, especially on the stem yield, which is the main
concern when growing hemp for fibre production. Unfa-
vourable weather conditions in 2018 and 2019 resulted in
a low coverage of hemp plants per area (108 and 147 plants
m? at harvest for 2018 and 2019, respectively). This means
that more space was available for weeds to develop and
compete with hemp. Due to low number, the hemp plants
could not close canopy area and were therefore over-
grown by various weeds. The results of this study thus
showed that weeds significantly reduced hemp stem yield
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Figure 4: The comparison of the measured variables in relation to the year of the experiment, expressed on an index scale, with the
year 2017 set at 100. NP - number of plants per m? at harvest, PWB - proportion of weed biomass, YFS - yield of fresh stems, YDS -

yield of dry stems, PH - plant height and SD - stem diameter

and other variables under unfavourable weather condi-
tions, most likely due to a lower number of hemp plants.
Since no herbicide has yet been approved for the use of
hemp in Europe (Legros et al., 2013; Sandler & Gibson,
2018), active weed management for hemp cultivation un-
der field conditions would be necessary in the future.

4 CONCLUSIONS

A three-year trial with 10 European hemp varie-
ties showed that the dioecious varieties outperformed
the monoecious varieties in terms of stem yields, plant
height and stem diameter. The most productive variety in
terms of fresh and dry stem yield was the dioecious vari-
ety Antal with 12.3 t ha' and 5.3 t ha'', respectively. The
year had a very strong influence on all measured vari-
ables; unfavourable weather conditions in 2019 (cold and
wet May, hot and dry June) led to a sharp decline in all
measured variables, including the lowest stem yields. In
this year, the proportion of weed biomass was the high-
est. A highly negative and strongly statistically significant
correlation between the biomass of weeds and the yield
of the stems showed that weeds can strongly affect the
production of hemp. Under the unfavourable weather
conditions, when the hemp plants do not cover canopy
due to low number of plants and are therefore not able
to compete with fast growing weeds, effective weed man-
agement would be even more necessary.
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