
INTRODUCTION

The term “hemp” refers to Cannabis sativa L. cultivars
grown for industrial use. Hemp has been traditionally culti-
vated for both fibre and seed oil for thousands of years
(Xiaozhai and Clarke, 1995). Due to different reasons,
hemp cultivation and production drastically decreased after
the Second World War, especially, in North America
(Callaway, 2004). Recent renewed interest in hemp has
been due to the need for sustainable production of multi-
purpose natural resources as an alternative source for indus-
trial fibre (Ranalli and Venturi, 2004). The use of hemp
stalks includes textiles, paper production, fuel, biodegrad-
able plastics, construction materials, etc. Hemp seeds are
rich in oils with a high content of essential fatty acids, with
56% linoleic acid and 22% �-linolenic acid (Callaway,
2004), making them suitable as a resource both for human
food and animal feed. In addition, hemp is emerging as an
efficient bioenergy crop species (Finnan and Styles, 2013;
Sausserde and Adamovics, 2013).

Hemp is extremely suitable for organic agriculture produc-
tion because of strong natural resistance to most pathogens
and herbivores (van der Werf, 1994). Also, with proper
tight spacing, weed growth is completely suppressed in

hemp fields, and consequently, no herbicide treatment is
necessary. However, contrary to a popular belief, hemp cul-
tivation requires sufficiently high soil mineral nutrient lev-
els (Berger, 1969; Maïceva et al., 2011; Adamovics et al.,
2016).

Sustainable agricultural production, especially in organic
agriculture, requires new means of fertilisation and plant
protection. The use of variety of fertilizers and other prod-
ucts derived from organic waste is extremely promising in
light of renewable resource utilisation (Ðimon and Czakó,
2014). Processing of biological waste by a corporate action
of earthworms and microorganisms is involved in the pro-
duction of the organic fertiliser vermicompost, which is rich
in humic substances and mineral nutrients (Lazcano et al.,
2008). This fertilizer improves soil fertility related charac-
teristics (Ferreras et al., 2006) and has a multifaceted bio-
logical action on plants. Plant growth promotion (Ievinsh,
2011; Grantina-Ievina et al., 2013), and induction of resis-
tance against pathogens (Zaller, 2006; Ersahin et al., 2009)
and herbivores (Edwards et al., 2011, Cardoza and Buhler,
2012) are among the well-known effects of vermicompost
application. In particular, plant growth-promoting activity
of vermicomposts has been usually attributed to the high
content of humic compounds (Muscolo et al., 1999).
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In addition, because of the relatively high mineral content in
vermicomposts, part of the growth-enhancing activity of
vermicompost and vermicompost extracts might be due to
the positive effect of additional mineral nutrients on plant
growth (Karlsons et al., 2016). However, in the majority of
studies, the relative effect of these different factors on
vermicompost-treated plants has not been discriminated.
Therefore, the aim of the present study was to evaluate rela-
tive efficiency of vermicompost components, namely, min-
eral nutrients, fulvic acids and humic acids on plant
growth-affecting activity using a seed germination/seedling
growth test with industrial hemp seeds.

MATERIALS AND METHODS

Hemp cultivar ‘Pûriòi’ of Latvian origin obtained from lo-
cal growers was used in the present study.

Vermicompost extract was prepared using vermicompost
made from composted cow manure and composted grass as
described previously (Grantina-Ievina et al., 2013). A sam-
ple of vermicompost (1 L) was mixed with 1 L water and
incubated at room temperature for 4 h, stirring occasionally.
The slurry was filtered through a paper filter (grade 1) and
used as a 50% vermicompost extract.

Mineral nutrient concentration in vermicompost extract was
determined using colorimetry (N, P, Mo, B), atomic absorp-
tion spectrophotometry (Ca, Mg, Fe, Cu, Zn, Mn) and flame
photometry (K) according to the previously published pro-
tocol (Karlsons et al., 2008). Mineral nutrient concentration
of vermicompost is shown in Table 1. To determine the ef-
fect of vermicompost extract mineral nutrients on hemp
seed germination and growth, a mineral solution with iden-
tical macronutrient concentrations was prepared using 233
mg·L–1 CaCO3, 731 mg·L–1 MgSO4 7H2O, 349 mg·L–1

MgCl2 6H2O, 186 mg·L–1 K2HPO4 3H2O, 979 mg·L–1

KNO3, and 2675 mg·L–1 K2CO3.

Humic substances were isolated from the same vermicom-
post material following the principles of Muscolo et al.
(1999). A sample of vermicompost (500 g) was suspended
in 850 mL 0.1 M KOH and extracted for 6 h at room tem-
perature. Extract was filtered through filter paper and 6 M
HCl was gradually added to reach pH 2.0. The resulting so-
lution was kept at 5 °C for 24 h, leading to precipitation of
humic acid. Precipitated humic acid was separated from the
solution by filtration through paper filter. Dried residue was
ground to powder using a mortar and pestle. Humic acid
was washed with 500 mL water, filtered and dried. The pro-
cedure was repeated twice with 200 mL of water. Filtered
solution obtained after recovery of precipitated humic acid
was used as fulvic acid-enriched product.

Vermicompost extract concentrations used for treatment
were 1, 2, 5, 10, 20, and 50%. For mineral nutrient treat-
ments, a source solution was prepared, as described above,
containing the same amount of macronutrients as in 50%
vermicompost extract. The source solution was proportion-
ally diluted to obtain the same concentrations of minerals as
for respectively diluted vermicompost extract. Humic acid
was dissolved in 0.1 M KOH and used in concentrations
0.05, 0.1, 0.5, and 1 mg·mL–1. Fulvic acid-enriched solution
was used undiluted (100%) or diluted to 1, 5, 10, 25, and
50%. Solutions of humic and fulvic acids were neutralised
with 1 M HCl to pH 7.0. As a control, deionised water (in
the case of vermicompost extract and mineral treatments) or
neutralised 0.1 M KOH (in the case of humic and fulvic ac-
ids treatment) were used. For the sake of clarity, in graphs
all treatments were equalised in respect to the relative
amount of vermicompost used to prepare the respective
amount of the product (Table 2).

Plant growth-affecting activity was measured by seed ger-
mination and seedling growth tests (Ievinsh, 2011;
Grantina-Ievina et al., 2013). Hemp seeds were imbibed in
water or respective test solution for 4 h, and then placed on
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T a b l e 1

MINERAL CONTENT (MG·L–1) AND ELECTRICAL CONDUCTIVITY
(EC; MS·CM–1) OF VERMICOMPOST EXTRACT USED IN THE
PRESENT STUDY

Element Vermicompost extract (50%)

N 137

P 26

K 1970

Ca 93

Mg 115

S 95

Fe 0.18

Mn 0.02

Zn 0.08

Cu 0.07

B 0.16

Na 178

Cl 450

EC 7.72

T a b l e 2

CONCENTRATION OF DIFFERENT PREPARATIONS USED FOR
TREATMENT IN RESPECT TO EQUIVALENT DOSE OF
VERMICOMPOST

Equivalent
dose of

vermicompost
(mL)

Vermicompost
extract (%)

Mineral
nutrient
solution

(%)

Humic acid
(mg·mL–1)

Fulvic acid
(%)

0.25 – – – 1

1.00 1 1 – –

1.25 – – 0.05 5

2.00 2 2 – –

2.50 – – 0.1 10

5.00 5 5 – –

6.25 – – – 25

10.00 10 10 – –

12.50 – – 0.5 50

20.00 20 20 – –

25.00 – – 1.0 100

50.00 50 50 – –



Petri dishes (30 seeds per dish) on filter paper soaked in ap-
propriate solution in five replicates. After incubation at
room temperature in darkness for six days, germinated
seeds were counted and length of both hypocotyl and radi-
cle was measured. Then Petri dishes were placed in a
growth cabinet with 120 µmol·m–2·s–1 photosynthetic pho-
ton flux of photosynthetically active radiation for 12 h at 24
°C and chlorophyll concentration in cotyledons was meas-
ured using a Minolta SPAD chlorophyll meter, 30 readings
per treatment. Finally, hypocotyl and radicle were separated
and fresh mass was measured.

All results were expressed relative to the control as means
(%) ± standard error. Significant differences of parameters
between treatments were determined by the Tukey-Kramer
test at the level of � = 0.05.

RESULTS

Treatment of hemp seeds with vermicompost water extract
resulted in stimulation of germination, and the effect was
statistically significant at 1 to 5% extract concentration
(Fig. 1; 1 to 5 mL equivalent dose). Mineral solution was
significantly effective only at 2% (2 mL equivalent dose),
while the treatment with 10 to 50% solution (10 to 50 mL
equivalent dose) resulted in significant inhibition of seed
germination. Both humic and fulvic acid showed tendency
for increased germination, but the effect was statistically
significant only at 0.1 mg·mL–1 humic acid (2.5 mL equiva-
lent dose) and 1% fulvic acid (0.25 mL equivalent dose).

Seed treatment with vermicompost extract significantly
stimulated hypocotyl growth in a concentration range from
1 to 20% (Fig. 2A; 1 to 20 mL equivalent dose). The high-
est effect (45% stimulation) was seen in the case of the 5%
treatment (5 mL equivalent dose). However, application of
50% extract (50 mL equivalent dose) resulted in significant
growth inhibition of hemp hypocotyls. Treatment with min-
eral solution was significantly effective in hypocotyl growth

stimulation in a range from 1 to 10% (1 to 10 mL equivalent
dose). Application of humic acid significantly enhanced hy-
pocotyl growth at the 0.05 mg·L–1 treatment (1.25 mL
equivalent dose), while for fulvic acid this effect was sig-
nificant for 1 to 5% treatments (0.25 to 1.25 mL equivalent
dose). Relatively high concentration of minerals (20 to
50%, 20 to 50 mL equivalent dose) and humic substances
[0.5 to 1.0 mg·mL–1 for humic acid (12.5 to 25.0 mL
equivalent dose) and 100% for fulvic acid (25 mL equiva-
lent dose)] resulted in significant growth inhibition.

A similar effect was evident for radicle growth, where the
significantly effective concentration range of vermicompost
extract was 1 to 10% (1 to 10 mL equivalent dose), with
significant inhibition at 50% (50 mL equivalent dose; Fig.
2B). The maximum stimulative effect of vermicompost ex-
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Fig. 1. Effect of vermicompost extract (VCE), mineral nutrients (MIN),
humic acid (HA) and fulvic acid (FA) on relative seed germination of
hemp. The treatments were equalised in respect to the relative amount of
vermicompost used to prepare the product. As a control, deionised water
(VCE, MIN) or 0.1 M KOH (HA, FA) was used. Data are means ± SE
from five replications. The control levels for seed germination were 82.0 ±
1.7% (water) and 90.7 ± 1.3% (KOH).

Fig. 2. Effect of vermicompost extract (VCE), mineral nutrients (MIN), humic acid (HA) and fulvic acid (FA) on growth of hypocotyl (A) and radicle (B) of
hemp seedlings. The treatments were equalised in respect to the relative amount of vermicompost used to prepare the product. As a control, deionised water
(VCE, MIN) or 0.1 M KOH (HA, FA) was used. Data are means ± SE from five replications. The control levels for hypocotyl length were 3.42 ± 0.09 cm
(water) and 3.57 ± 0.08 cm (KOH). The control levels for radicle length were 3.39 ± 0.06 cm (water) and 3.49 ± 0.43 cm (KOH).



tract on radicle growth was a 73% increase in the 1% treat-
ment (1 mL equivalent dose). The concentration range of
significant radicle growth stimulation for mineral solution
was 1 to 2% (1 to 2 mL equivalent dose), but for humic and
fulvic acid 0.05 mg·mL–1 (1.25 mL equivalent dose) and 1
to 5% (0.25 to 1.25 mL equivalent dose), respectively.

Fresh mass of hemp hypocotyls significantly increased both
due to vermicompost extract and mineral solution treatment
in the range from 1 to 20% (1 to 20 mL equivalent dose;
Fig. 3A). Significant hypocotyl mass increase was evident
for 0.05 to 0.1 mg·mL–1 humic acid (1.25 to 2.50 mL
equivalent dose) and 1 to 10% fulvic acid (0.25 to 2.50 mL
equivalent dose) treatment. Radicle mass of hemp seedlings
significantly increased in vermicompost extract (1 to 20%, 1
to 20 mL equivalent dose) and mineral solution (1 to 10%, 1
to 10 mL equivalent dose) treatments (Fig. 3B). Humic acid
had significant stimulative effect on radicle mass only at
0.05 mg·mL–1 (1.25 mL equivalent dose), while fulvic acid
was effective at 1 to 5% (0.25 to 1.25 mL equivalent dose).
High concentration of humic substances resulted in decrease
of hemp seedling mass.

Vermicompost extract treatment of hemp seeds resulted in
significant increase in cotyledon chlorophyll concentration
over the whole range of concentration used (Fig. 4). For
mineral nutrient solution, this effect was seen only in the
0% treatment (10 mL equivalent dose). Similar to vermi-
compost extract, humic acid was effective in increasing of
chlorophyll content over the whole concentration range.
However, fulvic acid was significantly effective only from
concentrations 10 to 25% (2.5 to 12.5 mL equivalent dose).

DISCUSSION

In the present study it was attempted to experimentally
separate the effect of different components of vermicompost
extract on germination and seedling growth of hemp plants.

As humic acids are insoluble in water, they are not normally
available for plants, in contrast to water-soluble fulvic ac-
ids. Therefore, when native vermicompost or vermicompost
extract is used for plant treatment, the growth promoting ef-
fect can be due to the fulvic acid fraction of humic sub-
stances as well as other chemical components, including
mineral substances. The results from individual treatments
(Figs. 1 to 3) were used to calculate growth-affecting activ-
ity of vermicompost extract, excluding effect of mineral nu-
trients, and the remaining activity was compared with that
of fulvic acid (Fig. 5). It is evident that besides mineral sub-
stances and fulvic acid, other components are responsible
for different aspects of biological activity found in vermi-
compost and its extracts. However, the experimental proce-
dure used (preparation of vermicompost extract, isolation of
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Fig. 3. Effect of vermicompost extract (VCE), mineral nutrients (MIN), humic acid (HA) and fulvic acid (FA) on fresh mass of hypocotyl (A) and radicle (B)
of hemp seedlings. The treatments were equalised in respect to the relative amount of vermicompost used to prepare the product. As a control, deionised wa-
ter (VCE, MIN) or 0.1 M KOH (HA, FA) was used. Data are means ± SE from five replications. The control levels for hypocotyl mass were 43.9 ± 1.0 mg
(water) and 47.2 ± 1.5 mg (KOH). The control levels for radicle mass were 11.4 ± 0.4 mg (water) and 10.6 ± 0.5 mg (KOH).

Fig. 4. Effect of vermicompost extract (VCE), mineral nutrients (MIN),
humic acid (HA) and fulvic acid (FA) on relative chlorophyll concentration
in cotyledons of hemp seedlings. The treatments were equalised in respect
to the relative amount of vermicompost used to prepare the product. As a
control, deionised water (VCE, MIN) or 0.1 M KOH (HA, FA) was used.
Data are means ± SE from five replications. The control levels for chloro-
phyll content were 27.4 ± 1.3 SPAD units (water) and 24.3 ± 2.2 SPAD
units (KOH).



humic acid and fulvic acid-enriched fraction from vermi-
compost) did not allow for quantitative separation of differ-
ent chemical substances, as chemical fractionation was not
used. Therefore, biological activity found in any of the re-
spective treatments can be used only as an approximate in-
dication of contribution of the chemical components.

Mineral nutrients in plant-available forms are one of the
beneficial characteristics of vermicompost (Grantina-Ievina
et al., 2015). The actual concentrations of various inorganic

nutrients in particular vermicompost preparations depend on
the initial mineral composition of the feedstock used as well
as on intensity of mineralisation activity of respective mi-
croorganisms during precomposting and vermicomposting
stages (Domínguez, 2004; Pattnaik and Reddy, 2010). As
different crop species have various degrees of sensitivity to
added minerals at the germination stage, indicating differ-
ences in timing of onset of autotrophic growth (McWilliam
et al., 1970), it is difficult to predict the actual impact of
particular vermicompost mineral nutrients.
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Fig. 5. Comparative relative effect of vermicompost extract minus vermicompost mineral nutrient concentration (VCE – MIN) vs. fulvic acid (FA) treatment
on hypocotyl length (A), radicle length (B), hypocotyl fresh mass (C), radicle fresh mass (E), and relative seed germination of hemp. Data are derived from
Figs. 1 to 3.



Other potential beneficial mechanisms of vermicompost on
plants include hormone-like effect on plant growth (Tomati
et al., 1988) as well as stimulation of plant mineral nutrition
(Pant et al., 2009). In a study with winter rye plants, where
vermicompost was applied as a soil amendment at optimal
mineral nutrient level, a significant growth promoting effect
was evident even at 10% substitution, while positive effect
of treatment on mineral nutrient accumulation was seen
only at higher doses, pointing to activity of vermicompost-
derived biologically active substances (Karlsons et al.,
2016). This contradicts several studies showing beneficial
effect of vermicompost and, in particular, humic substances
on plant mineral nutrition (David et al., 1994; Chen et al.,
2004). However, in a study with different vegetable species
it was shown that in conditions of typical vegetable produc-
tion application of humic substances did not significantly
improve crop mineral nutrition and productivity (Hartz and
Bottoms, 2010).

Increase in leaf chlorophyll content due to vermicompost
extract treatment can be used as an indication of improved
physiological state of plants (Ievinsh, 2011). This effect was
observed also in humic and fulvic acid treatments in the
present study (Fig. 4) as well as in other experiments (Yang
et al., 2004; Xu et al., 2012) suggesting activation of
photosynthesis-related processes by vermicompost compo-
nents.

Root growth of gerbera significantly increased in plants
treated with nutrient solution containing 1 g·L–1 of humic
acid isolated from leonardite, with no effect on shoot
growth (Nikbakht et al., 2008). In comparison, the effective
concentration of humic acid from vermicompost resulting in
significant growth enhancement of both hypocotyl and radi-
cle of hemp seedlings in the present study was 20-fold
lower (50 mg·L–1; Figs. 1 and 2). A similar dose of humic
acid extracted from organic waste was reported to be opti-
mum for promotion of both shoot and root growth of maize
plants (Eyheraguibel et al., 2008). However, massive
changes of gene expression in Arabidopsis thaliana plants
have been induced by treatment with vermicompost-derived
humic acid at the concentration of 1 mg·L–1 (Trevisan et al.,
2011).

It seems that it is important to discriminate between effects
of preparations containing humic substances made from
“dead” organic sources (coal, leonardite, peat) vs. humic
substances isolated from organic materials containing living
microorganisms (biological waste, compost, vermicom-
post), as both chemical properties and biological activity are
variable (Campitelli and Ceppi, 2008; Pedra et al., 2008).
Humic substance-containing preparations from biological
waste potentially could have higher biological activity (Xu
et al., 2012).

In conclusion, the observed positive effect of vermicompost
extract on hemp seed germination, growth and physiologi-
cal state can be attributed to complex action of different
vermicompost components, including mineral nutrients, ful-
vic acids and other biologically-active substances. For prac-

tical purposes, application of vermicompost and vermi-
compost-derived extracts for stimulation of hemp growth
could be useful at concentrations 5%, 0.05 mg·mL–1 and
1%, for vermicompost extract, humic acids and fulvic acids,
respectively. More intensive growth of hemp seedlings can
be advantageous because of faster weed suppression due to
earlier canopy closure. The treatment could have positive
effect also on yield, as a one-year field study using different
doses of vermicompost as a soil amendment indicated im-
proved biomass accumulation and seed production of indus-
trial hemp plants (M. Vikmane, A. Íirse, G. Ievinsh, un-
published data).
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VERMIKOMPOSTA EKSTRAKTA UN NO VERMIKOMPOSTA IZOLÇTU HUMÎNSKÂBJU IETEKME UZ KAÒEPJU SÇKLU
DÎGÐANU UN DÎGSTU AUGÐANU

Sçjas kaòepes (Cannabis sativa L.) ðíirnes, ko audzç rûpnieciskai izmantoðanai, pçdçjâ laikâ arvien bieþâk tiek izmantotas kâ ilgtspçjîgs
alternatîvais materiâls tehnoloìisko ðíiedru un bioenerìijas ieguvei un arî kâ ïoti vçrtîgs pârtikas un dzîvnieku barîbas resurss. Pçtîjuma
mçríis bija izvçrtçt vermikomposta ekstrakta, vermikomposta minerâlvielu un no vermikomposta iegûtas humînskâbes un fulvînskâbes
ietekmi uz kaòepju sçklu dîgðanu un dîgstu augðanu. Kopumâ visu vermikomposta sastâvdaïu atseviðía izmantoðana apstrâdei veicinâja gan
sçklu dîgðanu, gan hipokotila un dîgïsaknes augðanu, kâ arî palielinâja hlorofila koncentrâciju dîgïlapâs. Darbîgo koncentrâciju diapazons
un veicinâðanas pakâpe bûtiski atðíîrâs starp izmantotajiem produktiem. Vermikomposta un no tâ iegûtu ekstraktu praktiskâ izmantoðana
varçtu bût izmantojama kaòepju augðanas veicinâðanai, lietojot vermikomposta ekstraktu 5%, humînvielas 0,05 mg·mL–1 un fulvînskâbes
1% koncentrâcijâ.
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