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Abstract

Excessive amounts of algae in lakes can lead to oxygen depletion and fish kills.
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An experiment was conducted to determine the

effectiveness of barley straw extract in controlling algal growth in three species of freshwater algae. Spirogyra (filamentous green algae),

Synedra (diatom), and Ankistrodesmus (single-celled green alg

) were exposed to barley straw extract in an environmental chamber

Jfor nine days. Chlorophyll concentrations were analyzed at the beginning and end of the study to determine effects on the growth of the

algae. All three species of algae grew in the unexposed controls, but growth was significantly reduced for all three species when exposed

to barley
preventing noxious bloowss.

Introduction

There is an increasing amount of
fertilizer used in urban and rural areas to
increase crop production and enhance
plant growth. Fertilizer contains nutrients
including phosphorus, potassium, and
nitrogen.' These chemicals get cartied into
lakes through runoff as nutrient pollution,
which causes an excessive growth of
phytoplankton.”  Cultural eutrophication,
or excessive algae growth in response to an
increase in nutrients, is one of the biggest
problems in surface waters today’ Large
blooms of blue-green algae are toxic to fish.*
Some algae have noxious odors and a foul
taste. As a result livestock will not drink
the water, and humans will not use it for
recreation.” Extensive algae blooms can also
lead to oxygen depletion and fish kills.*In the
past, the introduction of herbicides to lakes
have reduced the amount of algae present,
but there may be an alternative that reduces
algae growth without herbicide treatment.”

Studies have shown that decomposing
barley straw  inhibits algae  growth.
Laboratory research using chopped barley
straw reduced the growth of harmful
cyanobactetia, Microcystis aeruginosa® These
bacterial cells were not killed, but the cell
densities began to decline after the first day.
8 Similatly, a field study in England found
that using netted barley straw can reduce the
growth of algae and improve water clarity.
Barley straw did not eliminate the existing
algae; instead it inhibited the growth of new
algac.” These studies suggest that barley straw
could be used as an algistatic agent, which
would prevent algae growth, rather than as
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VA, analysis of variance, p= 0.05). This excperiment confirms the inbibitor
three types of algae not previously tested. These data indicate that barley

an algaecide, which would kill existing algae.®

Research using batley straw extract (from
decomposing barley straw) has had similar
results. In laboratory experiments, batley
straw extract was applied for a four-week
petiod to Prymmnesium parvum, an invasive
species of golden algae. Both high and
low doses of batley straw extract lowered
the amount of algac growth."” Growth
of  Microcystis  aeruginosa, a cyanobacteria
that produces toxic algal blooms, was also
inhibited by using a batley straw extract.”

Previous research has focused primarily
on noxious algae, but it is unclear whether
it will have the same effects on other species
of algae. Some researchers have found
mixed results, with batley straw inhibiting
growth for some species of algae, but not
others."! In this experiment, three different
types of algae were exposed to batley straw
extract: the filamentous species of green
algae Spirogyra, the diatom Synedra, and the
green algae Ankistrodesmus.

The green algae Spirggyra is commonly
found in lakes, streams, and ditches.'? It
can grow into very dense masses that can
clog shallow open water treatment filters."
The macroscopic filamentous algae causes
problems in water bodies by disturbing
both swimming activity and the fish-oxygen
balance. Spirggyra is also a food source for
many different species of carp."

Synedra is a diatom that has long,
needle-shaped cells. Diatoms are small
phytoplankton commonly found in oceans,
lakes, slow-flowing tivers, and streams.
Their external shell is made of silica and
sinks when the organism dies. The silica

effect of barley straw extract on

straw extract may be effective for reducing algae growth and

plays a role in global cycling through the
aquatic food web. The shells are used in
pool filters, cat litter, and water treatment
systems.'® When diatoms become too thick,
they can create an odor inside and block
water treatment filters.”?

Ankistrodesmus is single-celled green algae.
Itis found in all types of freshwater, artificial
ponds, eutrophic lakes, and slow-flowing
rivers, often appearing in bundles and groups
in more acidic waters.">"® Little research has
been done on the ecology of Ankistrodesnus.

These three algal species were tested in the
lab to determine the effects of commercially
available barley extract on the growth of
algae. Chlorophyll content was used as
the measure of algal growth in this study.
Chlorophyll a is a pigment found in all algal
groups in inland waters and can be directly
related to algal biomass."” We predicted that
batley extract would reduce the amount of
algae growth in all three species over the
nine-day exposure, and it was expected that
the chlorophyll concentrations would be
lower in the treatment groups compared to
the controls.

Materials and methods
Algae Exposures

Spirogyra, Synedra, and _Ankistrodesnns
algae cultures were purchased from Carolina
Biological Company. A total of 35 sterile
50mL screw-cap test tubes were filled with
9mL of sterile Alga-Gro nutrient (Carolina
Biological Company). 7ml Spirogyra was
added to ten of the test tubes, five for a
treatment group and five for a control. For
the treatment group 9mL of barley extract
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(Pondlife Co.) was added in addition to the
Spirogyra. The positive control group received
9mL of pasteurized spring water. 7mL of
Synedra were added to another set of ten
test tubes for treatment and positive control
groups. In addition to Synedra and the Alga-
Gro the treatment group received 9mL of
barley extract and the positive control group
received 9ImL of pasteurized spring water.
Tml. _Ankistrodesnins was added to ten of the
remaining test tubes. 9mlL of batley extract
were added to the treatment group and 9mL
of pasteurized spring water was added to
the positive control. 9ImL of barley extract
and 7mL of pasteurized spring water were
added to the five remaining test tubes for the
negative control.

To allow for gas exchange, test tube
caps were not screwed on all the way.
Test tubes were placed in a Percival PGC-
10 environmental chamber for nine days
at a temperature of 21°C and a 12-hour
photoperiod (light-dark cycle) with a light
strength of 157 Lux. To promote gas
exchange and to keep algae suspended, the
test tubes were fully capped and inverted
twice every 48 hours and placed back in the
environmental chamber.

Assessment of growth and analysis

To determine the effects of the
barley extract on the growth of the algae,
chlorophyll concentrations were measured
at the beginning of the study and after
nine days of exposure. Contents of each
test tube were glass-fiber filtered (Gelman
AE; effective pore size 0.7um) and dried
using four drops of magnesium carbonate
(MgCO,) to stabilize the samples for
chlorophyll analysis." The initial samples
were frozen and analyzed along with the
final samples following the experiment. A
30mL Potter-ELV glass tissue grinder was
used to disrupt the cells until the glass-
fiber filter was completely broken down.
Samples were ground for approximately 20
minutes. Samples were placed into 50mL
test tubes with screw caps and 15mL of

Spirogyra
3000

N

0

g
—

2000

1000

Chlorophyll (ng/L)
o
H

g

*

No Barley ‘W/Barley

Figure 1. Average concentration of chlorophyll in
Spirogyra after nine days of exposure to batley extract &
SE (n=5) *statistically significant difference (p=0.000).

90% acetone was added to each test tube
and shaken. Samples were placed into a
dark refrigerator at 4°C."” After two hours,
test tubes were placed in the Beckman J-58
centrifuge for 15 minutes at 500rpm. The
liquid was decanted into a Tem spectrometer
cuvette and absorbance read at wavelengths
of 750nm and 650nm on a Spectronic 20D
spectrometer. To make corrections for
phaco-pigments and particulates 0.1mL of
hydrochloric acid (HCL) was added to each
sample. Samples were then read again on the
spectrometer (Spectronic, 20D) at 750nm
and 664nm."” Chlorophyll concentration was
calculated using the following formula:"

26.7(6648 —6654) oV 1
Vael

664B =664-750nm before acid
6654 =665-750nm after acid

Chla(xg/L) =

V' =Volume of extract
V,=Volume of filtered
L=Path of length (1cm)

The Shapiro-Wilk test was used to
confirm that the data were normally
distributed. Student’s T-tests were performed
comparing mean chlorophyll concentration
at the beginning of the experiment to
chlorophyll concentrations after nine days
of exposure to barley extract for each of the
three species. ANOVA was used to compare
differences in chlorophyll concentrations
between the positive controls (no barley
extract) and the three species, as well as to
compare chlorophyll concentrations between
the species.

Results

According to ANOVA, the difference
in chlorophyll concentration between the
positive controls and all three species of
algae after the nine days of incubation was
significantly reduced (p <0.05). Spirogyra
with no batley extract (untreated group)
grew significantly during the nine-day period
in the environmental chamber (Figure 1).
Initial growth for Ankistrodesnus (Figure 2)
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Figure 2. Average concentration of chlorophyll in

Abnkistrodesmus after nine days of exposure to barley

+SE (n-5) *statistically significant difference (p=0.007).
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and Synedra (Figure 3) was also higher than
the untreated group. All three algae species
exposed to barley extract had lower levels of
chlorophyll when compared to the untreated
groups.

Spirogyragrowthwas significantly inhibited
by barley extract. After the nine-day period,
chlorophyll was hardly detectable at 20.50
pg/L +SE16.13in the batley straw treatment
compared to the control, which that had a
chlorophyll content of about 2060.81 ug/L
+ SE426.34 (Figure 1). Results indicated that
the batley extract did significantly reduce the
growth of Spirogyra compared to the positive
control. Ankistrodesmus  growth was  also
inhibited by batley extract. After the nine-
day exposure period, the positive control
(no barley extract) had an average of 167.89
pneg/L £SE16.64 of chlorophyll present
(Figure 2). The treatment group (with barley
extract) had chlorophyll at a significantly
lower rate of 12.82 pg/L £SE4.53. ANOVA
tests indicated the probability of this result
happening at random was very low (p=
0.007).

Synedra growth was also inhibited when
exposed to batley extract. The probability
of this occurring is 0.000. Synedra exposed
to barley had a chlorophyll concentration
of 15.38 ug/L +SE4.35 compared to 55.11
ug/L £SE14.84 (Figure 3), which was the
chlorophyll concentration of the samples
not exposed to batley.

An evaluation was also done of the
chlorophyll concentration in the test tubes
at the beginning of the experiment (“initial”)
and after nine days of growth in control
tubes (no batley extract) to determine if the
three algae samples were growing over the
course of the experiment.

After nine days in the environmental
chamber, the Spirogyra controls (without
barley extract) grew significantly (Figure
4). The initial chlorophyll concentration
was  359.95 ug/L 1SE56.24 and the
final concentration was 2060.81 pg/L
+SE426.34 pg/L. Ankistrodesnus chlorophyll
concentration at the beginning of the
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Figure 3. Average concentration of chlorophyll in
Synedra after nine days of exposure to barley +SE (n=5)
*statistically significant difference (p=0.000).
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experiment (273.94 ug/L £SE 90.98) was
higher than the ending control chlorophyll
concentrations (167.89 pg/L *SE 16.64),
though this was not a statistically significant
difference (Figure 5). After nine days in
the environmental chamber, the Synedra
controls (without barley extract) showed a
reduction in growth. The initial chlorophyll
concentration was 347.35 ng/L £SE 9.54
and the final concentration was 55.11 pg/L
1SE 14.84 (Figure 0).

The appearance of the algae exposed
to batley extract changed over the nine-
day experiment compared to the positive
control. By the second day, the Spirogyra sank
to the bottom of the test tubes compared
to the positive control which were at the
top. Filaments were also shorter in length
compared to controls. The Ankistrodesmuns
turned brown and Synedra turned white. By
day six, the Synedra treatment group was
almost clear with a faint cloudy appearance;
Spirogyra changed from green to white at
the bottom of the test tubes. Ankistrodesnus
had a white film on the bottom. These color
changes also indicate decreased growth
of algae in barley extract. The positive
controls for Spiroggyra and _Ankistrodesmuns
did not appear to change color throughout
the experiment and remained green. The
positive control for Synedra did change to a
lighter color, likely due to a lack of silica.

Discussion

Barley straw extract was ecffective for
inhibiting the growth of the Spirogyra,
Abnkistrodesmus, and  Synedra  species  of
algac. The methods followed were similar
to previous research performed by Ferrier
et al. except that this project used batley
extract purchased from Pond Life Company.
Ferrier et al. prepared barley extract from
decomposing  barley and then tested
unfiltered and sterile filtered extract on 12
species of algae, including Spirggyra and
Synedra.®

Ferrier et al. found that Spiregyra growth
was significantly reduced compared to the
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Figure 4. Average concentration of chlorophyll in
Spirogyra at the beginning of the (initial) +SE and after
the nine-day experiment without barley +SE (n=5)
*statistically significant difference
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control when exposed to sterile filtered
extract.’ These results are similar to the
results of this project. Spirogyra growth was
significantly reduced when exposed to barley
extract. The effects of barley extract on the
algae Synedra, however, are different in each
study. This study did show a statistically
significant (p<<0.05) reduction in growth of
Synedra compared to the control. Ferrier’s
results® showed no significant difference
in growth between the control, unfiltered,
and sterile filtered batley straw extract.
The difference in response of Synedra
between the two studies may be due to the
aforementioned differences in the barley
extract source.

A study conducted by Geiger et al. on
Abnkistrodesmns  exposed to  decomposing
barley straw showed that _Ankistrodesmuns
growth was suppressed, which supports the
results found here.®

Another study conducted in the United
Kingdom used lab-prepared batley straw
extract and collected algae samples from lake
watetr.” They had similar results using the
lake water they collected and tested. The lake
water contained the algae species Scenedesmuns,
Microcystis, Chlorella, and Anabaena. In the
presence of batley straw extract, these four
species showed no signs of growth during a
28-day experiment.’

Spirogyra  controls  showed significant
growth over the course of the study.
Ankistrodesmus had a slight, though not
statistically significant drop in growth and
chlorophyll concentration. However, a large
drop in Synedra chlorophyll concentration
was measured in the control. Decreasing
Synedra growth in the positive control (no
batley extract) could be due to the extra
nutrient requirement for diatom growth.
According to James, diatoms can grow on
a variety of different media but they need
a silicate soutce to have good growth.” It
is recommended that 10mg/L of sodium
metasilcate be added to media to produce
good growth. The growth media used in this
study was consistent for all test containers
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Figure 5. Average concentration of chlorophyll in
Abnkistrodesmus at the beginning of the (initial) +SE
and after the nine-day experiment without barley +SE

(n=5).

and did not include increased silica content.

Another difference in the response of
the three algae species tested in this study
was the order of magnitude in response. All
three species of algae had initial chlorophyll
concentrations of approximately 250-350
pg/L. Over the course of the experiment,
Spirogyra chlorophyll concentration in the
controls increased to over 2000 pg/L.
Ankistrodesmus and Synedra ending chlorophyll
concentrations in the controls were both
under 200 pg/L.

The inhibiting effects of barley
extract might result from the chemical
compounds hydrogen peroxide and oxidized
phenolics.*”  These compounds are
produced during the decomposition process.
Zhou analyzed chemical compounds in
decomposing batley straw and found that
butylated hydroxytouluene and 2-methoxy-
4-vinylphenol occurred in many of the
samples they observed.”? These chemical
compounds qualify as candidates for further
research on effects of algal growth.

Results of this research project in
conjunction with those of previous studies
indicate that barley extract could possibly be
used as an alternative to harmful chemicals
to tid lakes and rivers of algae. > The
occurrence of excessive algae growth in
surface waters appears to be increasing and
is likely to continue as global temperatures
tise.® The availability of nutrients and light,
coupled with warm waters typically results
in blooms of blue green algae. These algae
blooms can result in food web disturbances,
reductions in species diversity, taste and odor
problems in water, and oxygen depletion
resulting in fish kills.>* The study suggests that
the use of commercial barley straw extract
may prevent excessive blooms in a variety
of species, thus reducing the occurrence of
these problems, and providing a less costly,
non-herbicidal option for lake management.
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Figure 6. Average concentration of chlorophyll in
Synedra at the beginning of the (initial) =SE and after
the nine-day experiment without barley *SE (n=5)
*statistically significant difference (p<<0.05).
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