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Abstract
Barley straw has been used around the world for decades as a simple, cost-effective and harmless
phytoplankton growth inhibition method. Although the effect of this method on algal blooms is quite well
depicted, it has not yet been tested what effect it has on submerged vascular plants and if it could be
used to control the spread of alien macrophytes. In this study two highly invasive plant species:
Cabomba caroliniana and Elodea nuttallii were exposed to different concentration of the barley straw
extract (BSE) in laboratory conditions for the duration of four weeks. In the course of the investigations,
responses of 8 traits associated with growth, biomass and chlorophyll concentration of specimens to
three dosages (Low, Medium, High) of BSE corresponding to concentrations: 0.03, 0.30 and 1.50 ml l− 1

were analysed. The result showed that although dry mass and total length of the plants did not differ
significantly between the test groups, increase in tillering and internodes number was observed for certain
concentrations of the extract. This shows that if BSE has any effect on submerged macrophytes it is a
positive one and thus the method is not suitable for invasive submerged aquatic plant control.
Furthermore, it is recommended that before using barley straw for algae bloom control one should make
sure that there are no alien aquatic submerged plants in the area that could benefit from such a
treatment.

Introduction
Over the past century there has been a sharp decline in the biodiversity around the world (Carindale et al.
2012; Naggs 2017). Invasive alien species are believed to be one of the major causes for the biodiversity
loss (Cafaro 2015). Their rapid expansion leads not only to serious disruption along global ecosystems
but also causes enormous economic losses to many economies around the world. It is estimated that
alien species generate losses in tens of billions of Euro for European Union (Kettunen et al. 2009) and
more than one hundred billion dollars for United States of America (Pimentel et al. 2005) annually alone.
However these sums are likely greatly underestimated since the existing cost reports describe only a
fracture of actual costs and that is just for only a small number of alien species (Haubrock et al. 2021).
Furthermore we can expect that in future the problem of biological invasions will only grow in magnitude
(Seebens et al. 2017). Thus taking everything into an account it is not surprising that the alien invasions
and effective methods of their management are getting more and more attention.

Almost 10% of global biodiversity is associated with freshwater ecosystems despite the fact that such
habitats cover less than 1% of Earth’s surface (Dudgeon 2019). It is therefore extremely alarming that
these biodiversity hotspots are threatened even more than majority of terrestrial ecosystems (Dudgeon et
al. 2006). Aquatic plants are well known for the complex impact they have on aquatic environment and
thus it is not surprising that mass development of invasive aquatic plants may violently disrupt the
functioning of the entire ecosystem (Tasker et al. 2022). Unfortunately management and eradication of
alien aquatic species is considered to be an exceptionally difficult task (Simberloff 2021) since any
management technique is more difficult to perform under the water surface. Additionally many
commonly used methods for invasive aquatic plant control have serious drawbacks which in case of
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certain species can make them less effective or even counterproductive. For example, various mechanical
and physical techniques are widely used to control mass development of invasive macrophytes (Hussner
et al. 2017). However, such methods are usually not only not species specific but may also produce great
number of plant fragments which in case of many invasive plant species can then regrow rapidly or even
be easily transported to new sites. Due to the characteristics of freshwater ecosystems also herbicide-
using techniques potentially pose a great risk to non-target organisms (Simberloff 2021) and their use is
forbidden in many countries. In view of the limitations of current methods, and ever-increasing pressure
from invasive macrophytes, the search for new control techniques seems to be extremely important.

Barley straw has been widely used for decades in order to inhibit algae blooms in nutrient polluted
waterbodies (Ó hUallacháin and Fenton 2010; Neman and Barrett 1993; Barrett et al. 1999; Rajabi et al.
2010; Islami and Filizadeh 2011). Popularity of this method results from its cheapness, simplicity and
perhaps most importantly, its alleged environmental-friendliness (Neman 2012; Fervier et al. 2020;
Pęczuła and Suchora 2014). Despite the fact that the method has been in use for more than 30 years, the
exact mechanism standing behind the barley’s effects was not fully understood for the majority of time. It
was believed, however that lignin derivatives were involved. More recent researches (Xiao et al. 2014)
indicated that decomposing barley straw releases into the environment two substances belonging to the
group of polyphenolics: Salcolin A and Salcolin B which effectively inhibit algae growth (Zhu et al. 2021).
However, barley straw is also known to produce great range of almost 50 other allelochemicals which
make this plant widely used also for weed control in agriculture (Kremer and Ben-Hammouda 2009; Arias
et.al. 2015). Although the topic of the effect of barley straw on algae blooms is fairly well studied, its
potential effect on aquatic vascular plants has not yet been studied well. Up to this point only Pęczuła
and Suchora (2014) tested its direct effect on a single species of aquatic vascular plant: freefloating
duckweed (Lemna valdiviana Phil.). They found that small doses of barley straw could slow down the
growth of this alien for Europe species of duckweed. However, Fervier et al. (2020) in their work
examining the effects of various control methods on the phytoplankton noticed significant increase in
growth and biomass of Stuckenia pectinata (L.) Börner and Myriophyllum spicatum L. in trials treated
with barley straw. The effect of barley straw extract (BSE) on plants is more well described for the
terrestrial plants (Chon and Kim 2003; Ben-Hammouda et al. 2001; Dihma et al. 2008). Its strong negative
effects on plant growth and development have led to its use as an herbicide in agriculture for years.

Barley straw and its extracts are often used to combat algae blooms in eutrophic waterbodies that often
are also under strong anthropogenic pressure. Such disturbed habitats are very vulnerable to aquatic
invasions and often succumb to them. It is thus interesting to find out if barley straw has any impact on
the growth and development of alien aquatic plants. If negative impact would be demonstrated we could
get a new, cheap and environmental–friendly tool in our effort to control the spread of invasive aquatic
species. However positive reaction of alien macrophytes would mean that more caution would be advised
while applying this method to habitats exposed to aquatic plant invasion.

The impact of restoration of various water bodies, especially lakes using a method based on BSE, is still
poorly understood in terms of its effect on macrophytes. Moreover, despite studies on the effects of BSE
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on macrophytes (Pęczuła and Suchora 2014), no specific mechanism to explain its toxicity can be said to
have been identified. In order to fill this gap, a laboratory experiment was developed to study the effect of
BSE on the growth of two species Elodea nuttallii and Cabomba caroliniana. It was assumed that the
application of BSE would cause deterioration of abiotic conditions with an intensity proportional to the
dose. Consequently, energy will be diverted to survive adverse changes, resulting in growth inhibition.
Accordingly, the purpose of this work is to test if barley straw may have any effect on the growth of alien
macrophytes and thus if it could it be used as an easy and cheap alternative to other suppression
techniques.

Material and Methods

Choice of species and barley straw extract
In order to test the impact of BSE on alien aquatic plant we chose two species: Elodea nuttallii (Planch.)
H. St. John (Nuttall’s waterweed) and Cabomba caroliniana A. Gray (Carolina fanwort). Both species are
considered to be highly invasive and their rapid spread is observed in both Europe and Asia. Cabomba
caroliniana and Elodea nuttallii colonize both natural and heavily human-altered waters often
characterized by high trophic levels (Greulich and Tremolieres 2006; Matthews et al. 2013). Their ability to
rapid grow and their large impact on native ecosystems resulted in their inclusion on the List of invasive
alien species of Union concern EU (Commission Implementing Regulation (Eu) 2016/1141). Since these
species are difficult to eradicate, it is essential to take appropriate management and control measures.

Plants as well as the water used in the experiment were collected at the early October from the lake Skoki
(E. nuttallii, Kujawsko-Pomorskie voivodeship, Poland; N 52°36'22.49", E 19°23'39.43") and from an
artificially pond in the village Krążek (C. caroliniana, Małopolska voivodeship, Poland; N 50°17'26.75", E
19°27'11.99").

Commercially available barley straw (Hordeum vulgare L.) extracts are widely popular and used
worldwide to combat algae blooms. Due to the ease of application and immediate effect it is often used
in place of bales of barley straw, especially in personal use. For this study MICROBE-LIFT Barley Straw
Concentrated Extract from USA company Ecological Laboratories was chosen. This product is one of the
most popular BSE available on the market and its effect has been demonstrated in the environment
(Gonzalez Rueda 2009).

Experimental design
In order to test the effect of BSE on aquatic plants, 150 healthy and similar-looking top shoots were
collected for each species. In the next step plants were cleaned and cut in such manner that each shoot
had the same length (11 cm for E. nuttallii and 13 cm for C. caroliniana). Subsequently, each individual
was placed in a tank filled with filtered water collected from the same location as the plants. The
specimens were then left for a whole week to acclimatize. After that time 126 similar and healthy-looking
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plants were collected for each species. They were then cut to the same length as before acclimatization.
In the next step, the following characteristics were measured for each individual: number of internodes for
main shoot and offshoots, length and number of offshoots. Additionally, 30 individuals were then
randomly selected for each species for chlorophyll a measurement after which the plants were dried do
determine their dry mass. Remaining plants of each species were then randomly divided into four groups
of 24 individuals each. The first group was the control group, second was to be exposed to the
recommended by producer dose of the BSE (Low, 0.03 ml/L), the third to ten times the dose (Medium,
0.30 ml/L) and the last to fifty times the dose (High, 1.50 ml/L).

The used doses are similar to those applied in other studies that used MICROBE-LIFT Barley Straw
Concentrated Extract (Gonzalez Rueda 2009; McHargue and Gillan 2020; Schrader 2005; Lürling et al.
2016) which ranged in general from 0.005 to 15 ml/L. Doses were selected with the assumption that even
the lowest dose should be sufficient to reduce phytoplankton biomass (Gonzalez Rueda 2009). The
higher doses were a multiplication of the lowest dose, although all doses could be classified as used in
lakes and fish ponds revitalization. Plants from each group were then transferred to one of the six tanks,
resulting in a final total of four individuals for each tank and thus six replications for each dosage per
species. The vessels were then filled with filtered through a GF/C fiber glass filter water which was
gathered from the same site that the plants were collected. Finally, the appropriate amount of BSE for the
each group was added. For E. nuttallii tanks with volume of 2 L (glass cylinders, height of water column
19 cm) were used while tanks used for C. caroliniana had volume of 3 L (glass cylinders, height of water
column 23 cm). The plants were then kept for four weeks under stable conditions with a constant
temperature of 20 degrees, a 12-hour day/night cycle and with a light intensity of 160,6 µmol m− 2 s− 1.
During this time, additional doses of BSE were added once per week, accordingly to the producer’s
recommendation. These doses were equal to a quarter of the initial doses (accordingly: control, 0.015
ml/L, 0.15 ml/L and 0.75 ml/L). Following the end of the first week water temperature, pH, electric
conductivity, dissolved oxygen, oxygen saturation and TDS (ProDSS Multiparameter Digital Water Quality
Meter, YSI) were measured twice a week for each sample. The summary of the water chemistry data for
the research experiment treatment is presented Table 1.

After four weeks, all plants were taken out of the tanks and measured once again. This time chlorophyll a
content was also measured for every specimen. For all chlorophyll measurements CCM-300 Chlorophyll
Content Meter was used. Finally, the specimens were dried to determine their dry weight. For all statistical
analyses R program (R Core Team 2021) was used. One-way analysis of variance (ANOVA) followed by
Tukey’s test were performed to determine differences between test groups. All figures were also prepared
with R program using the ggplot2 package.

Results
After the addition BSE no visible differences in color or turbidity of water were observed between tanks.
Water electric conductivity, TDS and PH has not changed significantly over the course of the study (Table
1). Throughout the whole study period, oxygen saturation and dissolved oxygen levels for D1, D10 and
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D50 doses were high and typically higher than in the control (Fig. 3 and 4) for both of species. The
decrease in dissolved oxygen was observed only for Cabomba caroliniana after a week of exposure to the
highest dose of BSE. However, after another 48 hours, oxygen levels equalized with the rest of treatments.
In overall, oxygen saturation levels throughout the experiment were lower for E. nuttallii compared to C.
caroliniana (Fig. 3 and 4). 

All individuals reached the end of the experiment alive and seemingly in good condition. The length of the
main shoot for both C. caroliniana and E. nuttallii differed significantly depending on the concentration of
BSE (Table 2 and 3, Online Resource 1 in the supplementary material). However, the response was
different for both species. In case of C. caroliniana the longest shoots were observed for the highest
concentrations of the extract (Fig. 1 a). The situation was the opposite for the E. nuttallii (Fig. 2
a) whereas the concentration increased the length of the main shoot decreased. For the summed lengths
of the main and lateral shoots no significant differences between the doses for both species were found.
However, for C. caroliniana once again the highest mean value was observed for plants exposed to the
highest concentration of the extract (Fig. 1 b). For E. nuttallii the highest mean value of summed main
and lateral shoots length (Fig. 2 b) was observed for plants grown at the producer’s recommended
concentration of BSE – Low dose (0,03 ml/L). A significant change in offshoot number was noted only
for C. caroliniana (Fig. 1 c). In the case of this species, increased plant tillering was observed but only for
individuals exposed to the highest dose of the extract. The mean length of lateral shoots and the total
sum of their length appeared to be unaffected by different doses of the BSE (Table 2). However, again in
the case of C. caroliniana total lateral shoot length was highest for the individuals exposed to the highest
concentration of barley straw. The total number of internodes differed significantly between groups for
both species (Fig. 1 d and 2 d). For E. nuttallii individuals exposed to minimal and medium doses of
extract produced the most internodes while for C. caroliniana the highest number of internodes was
observed for individuals exposed to the maximum dose of BSE. No flowering specimens were found for
both of the species. Significant differences and changes were also observed for the amount of
chlorophyll a (Fig. 1 f and 2 f). Under laboratory conditions its content increased compared to its pre
experiment value for C. caroliniana and decreased for E. nuttallii. However, for both species the highest
chlorophyll values were observed for individuals from control group or in the case of E. nuttallii those also
exposed only to the minimal dose of barley extract. Despite all the above differences in plant morphology,
plant dry weight appeared to be similar between all testing groups and was not statistically significantly
different for either of species (Fig. 1 e and 2 e). Nevertheless, it was once again the case that the highest
mean value of dry mass for C. caroliniana was observed for individuals exposed to the maximum extract
concentration. In general, C. caroliniana seemed to be most positively stimulated by the highest doses of
BSE (High, 1.50 ml/L) while E. nuttallii usually reached the highest average values for the lowest dose
(Low, 0.03 ml/L).

Discussion
Both Cabomba caroliniana and Elodea nuttallii are considered difficult to control and eradicate (Roberts
and Florentine 2022; Zehnsdorf et al. 2015) aquatic plant species. Both are known for the strong impact
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they have on biodiversity and ecosystem services (Hogsden et al. 2007; Nagasaka et al. 2002). In this
work, we showed how two widely dispersed aquatic invasive species responded to the use of alternative
to chemical and mechanical methods of control. Nowadays, an alternative to chemical methods is being
sought due to concerns about their high environmental harm, and the ever-increasing resistance of plants
to synthetic herbicides (de Souza Barros et al. 2021). Biological herbicides in the form of plant derived
extracts are much more environmentally friendly, while remaining inexpensive and simple to apply. Few
studies dealing with this topic shows that extracts derived from certain plants such as Artemisia
dracunculus L., Artemisia vulgaris L. (Oduro et al. 2005), Parthenium hysterophorus L. (Padney 1994) and
Hordeum vulgare (Pęczuła and Suchora 2014) may successfully limit the growth and development of
aquatic alien plant species.

Although the results showed some effect of BSE on the morphology of invasive aquatic plants, no strong
negative effect on the growth rate of individuals was observed. Thus, the negative effect of barley straw
on biomass growth that was demonstrated for Lemna valdiviana (Pęczuła and Suchora 2014) was not
observed for submerged vascular plants. While there was no statistically significant negative or positive
effect on biomass between groups for any of the species, a positive effect on plant tillering was observed
for certain values of extract concentration. In the case of C. caroliniana, exposure to the highest
concentration of the extract (High, 1.50 ml/L) resulted with the individuals featuring highest number of
internodes and offshoots. Mean dry mass, although not statistically different from that of the control
group was also highest for this concentration of barley straw. For E. nuttallii, individuals with the highest
total length, number of internodes and longest lateral shoots were observed when producer’s
recommended dose was applied (Low, 0.03 mg l/L). These results show that if BSE has any effect on
submerged alien aquatic plants it is rather positive one and therefore this substance should not be used
as a method of their control.

Few studies undertake an evaluation of combine effect that BSE and submerged macrophytes have on
algae. In their work in which Fervier et al. (2020) tested the effectiveness of the BSE in the presence of
macrophytes, it is concluded that the main effect of the BSE application is promotion of aquatic plants
growth. This, in turn, is supposed to allow macrophytes to compete with algae more effectively and has
the indirect effect of plankton blooms inhibition. However, microcosm experiments in culture media with
fishpond water demonstrated that macrophytes and BSE while used separately exhibit comparable
negative effect on phytoplankton growth (Ghobrial et al. 2007). Under aerobic conditions that result from
macrophyte activity, BSE causes significant reduction of phosphorus and other nutrients in water
(Ghobrial et al. 2007). Such changes in the availability of essential nutrients should affect the growth and
development of the plants as such. However, in our study, dissolved oxygen content in water, which
reflects plant photosynthetic activity and their growth, was not correlated with the amount of BSE doses.

Three types of plant responses were recorded in response to increasing doses of BSE: (1) increase in the
growth of the main shoot, (2) increase in the offshoot growth rate and (3) reduction of chlorophyll a
content in shoots and leaves. Such plant behavior does not correspond to any of the life strategies
described so far for aquatic plant species under stressful conditions. The application of BSE did not
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cause a change in the color and turbidity of the water thus the observed changes in plant morphology
cannot be explained as a response to the disruption in light availability. As a result of intensive growth in
length and lateral shoots, the assimilative area of macrophytes was multiplied. This was accompanied
however, by a decrease of chlorophyll a content in shoots and leaves. In summary, the results seem to
confirm that barley straw itself is safe for submerged vascular plants and its effect on such plants may
even be positive.

There is a conclusion that may be drawn from the available literature and this study that the biological
herbicides can have divergent effect on submerged plants and those free floating above the water
surface. In all known cases the application of plant derived extracts shown to have negative effects on
free floating plants such as: Lemna valdiviana (Pęczuła and Suchora 2014), Salvinia molesta
D.S.Mitchell (Pandey 1994), Azolla filiculoides Lam. (Oduro et al. 2005) and a positive one on submerged
plants such as: Stuckenia pectinate, Myriophyllum spicatum (Fervier et al. 2020), Cabomba caroliniana
and Elodea nuttallii. Although further studies are required to confirm this observation, it can be assumed
that biological herbicides such as BSE are especially suitable for the control of non-native free floating
plant species. High specificity of such control method combined with its high environmental safety
(Everall and Lees 1996, Boylan and Morris 2003) and the potential stimulation of submerged aquatic
plants means that such substances could be used without concern for inflicting losses to the biodiversity
of aquatic environments. Many of the most invasive aquatic macrophyte species are actually free
floating plants. Their massive spread in lakes and rivers usually lead to the shading of large areas of
these ecosystems. This in turn usually leads to changes in physical and chemical water conditions and
results in a massive impoverishment of species richness. The use of natural herbicides such as BSE is
therefore perhaps a way not only to limit their growth but also a method of boosting the health of the
entire ecosystem through the stimulation of submerged macrophytes and algae growth limitation.
Additional field studies are required to verify these conclusions. However if successful, the use of plant
extracts would prove to be an excellent method in our fight to preserve the biodiversity of aquatic
ecosystems all around the world.

On the contrary, caution is advised when plant extracts are being used for aquatic habitats that contain
submerged invasive macrophytes. Although, aiding plant growth and tillering is usually a desirable
outcome for native aquatic plant species, such an effect can have undesirable consequences in
reservoirs under the pressure from submerged alien macrophytes. The success of invasive plant species
is attributed in large part to their highly efficient asexual reproduction and very good regenerative abilities
(Havel et al. 2015). Therefore, the increased number of internodes and offshoots means more fragments
that can spread even further and colonize new sites. It should also be noted that in the natural
environment, the positive effect of using barley straw on the growth of submerged invasive macrophytes
is likely to be much more significant than the results of these studies might suggest. Barley straw is
typically used for eutrophic freshwater ecosystems with turbid water and dominated by phytoplankton.
The highly desirable goal of this method however, is not only a short-term inhibition of phytoplankton
growth but permanent improvement in water clarity through a regime shift from phytoplankton to
macrophyte dominance. The improved light conditions and the abundance of nutrients resulting from
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such a change is regrettably an opportunity not only for native but also invasive submerged aquatic
plants (Caffrey and Monahan 1999). Such species most often do very well in such disturbed ecosystems
and because of their high competitiveness they can spread rapidly and completely dominate local
competition. Keeping this and the result of the experiment in mind, it is advisable to make sure that there
are no alien submerged aquatic plant species in the area of treatment before applying barley straw as an
algae or free floating aquatic plant growth suppressant.
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Tabele 1. Average values of physico-chemical parameters of water at start (T0) and end (T28) of
experiment correlated with different doses of barley straw extract.
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Parameter, unit   Control D1 D10 D50

    Cabomba caroliniana

Temperature, oC T0 21.4±0.1 21.5±0.0 21.6±0.1 21.6±0.1

  T28 20.6±0.1 20.7±0.0 20.9±0.0 20.9±0.0

EC, µS cm-1 T0 404.4±12.1 399.2±8.5 398±5.0 404.5±9.4

  T28 319.0±18.0 319.7±20.4 316.4±8.3 317.9±8.1

TDS, mg l-1 T0 262.8±7.6 259.3±5.4 259.3±3.2 262.8±6.1

  T28 307.2±11.7 207.8±13.2 205.5±5.5 206±5.3

pH T0 8.2±0.0 8.2±0.0 8.2±0.0 7.9±0.0

  T28 9.7±0.3 9.4±0.3 9.0±0.1 8.8±0.3

Dissolved oxygen, mg O2 l-1 T0 9.8±0.3 10.2±0.2 9.9±0.3 7.1±0.2

  T28 10.6±0.6 10.6±0.6 11.2±0.5 11.2±0.6

Oxygen saturation, %O2 T0 110.8±3.4 115.5±2.6 112.2±3.3 80.3±2.0

  T28 118.4±7.2 118.1±7.0 125.6±5.1 125.1±6.3

    Elodea nuttallii

Temperature, oC T0 21.4±0.2 22.0±0.3 22.0±0.3 21.4±0.1

  T28 21.8±0.3 21.9±0.3 21.9±0.4 21.7±0.3

EC, µS cm-1 T0 554.8±29.7 551.3±50.6 584.5±55.3 593.2±48.9

  T28 546.0±46.2 570.7±80.6 592.8±79.9 551.7±50.6

TDS, mg l-1 T0 360.7±19.4 358.3±33.0 380.0±36.0 385.7±32.7

  T28 355.0±29.9 354.8±71.8 358.3±52.0 358.7±32.7

pH T0 8.7±0.1 8.8±0.1 8.7±0.1 8.6±0.5

  T28 8.7±0.1 8.8±0.1 8.7±0.2 8.7±0.1

Dissolved oxygen, mg O2 l-1 T0 10.9±0.3 11.3±0.5 11.9±1.0 11.1±0.6

  T28 9.3±0.3 9.9±0.5 9.9±0.4 9.9±0.3

123.0±3.6 129.9±4.9 136.9±10.9 125.7±6.4
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Oxygen saturation, %O2 T0

  T28 106.1±3.9 113.5±5.4 113.9±4.1 113.1±4.1

  

Table 2. Results of one-way ANOVA on morphological parameters for Cabomba caroliniana. Bold text
indicates a statistically significant difference at p < 0.05.

Parameter, unit Cabomba caroliniana

F value p

Main shoot length, cm 3.7248 0.0141

Total main shoot and offshoots length, cm 1.2212 0.3065

Number of offshoots 3.4443 0.0199

Total length of offshoots, cm 0.5862 0.6255

Mean length of offshoots, cm 0.5762 0.6320

Total number of internodes 10.7140 0.0001

Dry mass, g 1.0381 0.3796

Mean chlorophyll content, mg/m2 3.6062 0.0163

 

Table 3. Results of one-way ANOVA on morphological parameters for Elodea nuttallii. Bold text indicates
a statistically significant difference at p < 0.05.
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Parameter, unit Elodea nuttallii

F value p

Main shoot length, cm 3.2687 0.0248

Total main shoot and offshoots length, cm 0.9779 0.4067

Number of offshoots 0.2303 0.8750

Total length of offshoots, cm 3.0966 0.0307

Mean length of offshoots, cm 3.097 0.3023

Total number of internodes 4.4639 0.0057

Dry mass, g 0.5636 0.6404

Mean chlorophyll content, mg/m2 5.3613 0.0019

Figures
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Figure 1

Boxplot comparison of changes in architecture traits and chlorophyll a concentration of Cabomba
caroliniana and results of ANOVA tests with varied barley straw extract dosage. Asterisks indicate mean
values.
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Figure 2

Boxplot comparison of changes in architecture traits and chlorophyll a concentration of Elodea nuttallii
and results of ANOVA tests with varied barley straw extract dosage. Asterisks indicate mean values.
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Figure 3

Change in water dissolved oxygen during the experiment with Cabomba caroliniana under different barley
straw extract treatments (T0– first barley straw extract application and start of experiment; vertical bars –
std. dev.).
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Figure 4

Change in water dissolved oxygen during the experiment with Elodea nuttallii under different barley straw
extract treatments (T0– first barley straw extract application and start of experiment; vertical bars – std.
dev.).
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