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Ball Andrew S [a]. Williams Matthew. Vincent David. Robinson James.

Algal growth control by a barley straw extract.

Bioresource Technology. 77(2). April, 2001. 177-181. 

In recent years, there has been an apparent increase in the occurrence of harmful algal blooms occurring in potable waters. The potential of a simple barley straw extract to inhibit algal growth was assessed. Algal growth in lakewater was inhibited by the addition of barley straw (1% w/v), with the chlorophyll alpha concentration remaining below the original level (40 mug 1-1) throughout the experiment. In contrast, in the presence of wheat straw, algal biomass increased, reaching a final chlorophyll a concentration of 1160 mug 1-1 after 28 days. Analysis of the remaining particulate straw at the end of the experiment showed that the lignin content of barley straw had increased significantly from 10-33% (w/w). Further, a preparation of a simple aqueous extract from the decomposed-barley straw was found to inhibit the cyanobacteria Microcystis sp. and the algal species Scenedesmus, with chlorophyll a levels some 10-fold lower than in untreated flasks. This study shows that a decomposed-barley extract, even in a very dilute concentration (0.005%) was capable of inhibiting the growth of Microcystis sp., a commonly occurring cyanobacterium which produces the toxin microcystin and has been responsible for some of the most serious pernicious algal blooms in the UK.

Algal growth control by terrestrial leaf litter: a realistic tool? 

Ridge, I; Walters, J; Street, M 

Hydrobiologia, vol. 395/396, pp. 173-180, Feb 1999 

When barley straw and deciduous leaf litter decompose aerobically in water, inhibitors are released that suppress the growth of nuisance algae. Barley straw has been widely used for algal control in small, shallow lakes and we review the advantages and disadvantages of the method. It is particularly effective at promoting the switch from algal to macrophyte domination. Despite its cheapness and apparent safety in the short term, however, the use of barley straw requires considerable management effort and the long-term ecological safety of such un-natural litter inputs is unkown. We therefore recommend it to lake managers primarily as a short-term measure. Deciduous leaf litter from a range of woody species can suppress the growth of Chlorella and Microcystis very effectively in laboratory bioassays and, in field trials with medium-sized ponds, the addition of leaf litter produced significant inhibition of the filamentous alga Cladophora glomerata. We followed the development of algal inhibitory activity over 2.5 years with freshly fallen oak leaves placed in a large tank of aerated water and using Chlorella as the test species. Two periods of inhibitor release were identified: 4-90 days (early phase) when soluble, relatively stable inhibitors were present in tank liquor, probably generated from oxidized tannins; and 120-900+ days (late phase) when inhibitors were relatively unstable in solution and were associated primarily with fine particulate organic matter (FPOM). Late phase inhibitors may, as suggested for barley straw, be generated during the oxidative breakdown of lignin. The prolonged and powerful anti-algal properties of these natual litter inputs offer possibilities for low-effort, sustainable management of lakes and catchments so as to reduce the problem excessive algal growth.

The relative sensitivity of algae to decomposing barley straw 

Martin, D; Ridge, I 

Journal of Applied Phycology [J. Appl. Phycol.], vol. 11, no. 3, pp. 285-291, 1999 

Decomposing barley straw has previously been shown to inhibit the growth of a limited number of algae under both laboratory and field conditions. Bioassays were conducted on a range of algae to evaluate their relative sensitivities to straw-derived inhibitor(s). A range of sensitivities was found, including some species that were resistant to the straw-derived inhibitor(s). A microcystin-producing strain of Microcystis aeruginosa was very susceptible to decomposing barley straw. Bioassays using Euglena gracilis suggest that the inhibitory compounds are not derived from the phototransformation of straw decomposition products and do not act primarily by inhibiting photosynthesis. Susceptibility to barley straw appears not to be related to general taxonomic or structural features. Possible implications for algal populations in natural freshwaters are briefly discussed.

Barrett P R F. Littlejohn J W. Curnow J.

Long-term algal control in a reservoir using barley straw.

Hydrobiologia. (415). Nov. 15, 1999. 309-313. 

Populations of cyanobacteria, diatoms and unicellular green algae in a potable supply reservoir have been suppressed continuously since 1993 by repeated treatments of barley straw. Algal cell numbers dropped soon after the straw was introduced and have remained at approximately one quarter of those recorded prior to treatment. All types of algae, including diatoms and cyanobacteria, have been uniformly affected and no new or resistant species have developed. Taint and odour problems in the potable water have been reduced and filters at the water treatment works require less frequent cleaning.

An assessment of the effectiveness of straw as an algal inhibitor in an upland Scottish loch 

Harriman, R; Adamson, EA; Shelton, RGJ; Moffett, G 

Biocontrol Science and Technology [Biocontrol Sci. Technol.], vol. 7, no. 2, pp. 287-296, Jun 1997 

The control of algal blooms caused by a colony of black-headed gulls in an upland loch in central Scotland was attempted using bales of barley straw. The initial evidence suggests that the release of the inhibitory substance commenced 6-10 months after placement of the bales and was sustained for at least 18 months. The moored bales provided a useful substrate for benthic invertebrates, acting as a shelter and detritus trap. Algal diversity appeared not to be affected by the bales, but the cell numbers of the main species were affected.

Everall N C. Lees D R.

The identification and significance of chemicals released from decomposing barley straw during reservoir algal control.

Water Research. 31(3). 1997. 614-620. 

The presence of decomposing barley straw at c. 25 g m-3 in a disused water supply reservoir significantly reduced cyanobacterial and general phytoplankton activity compared with a control water body. Algal control was simultaneous with the release of a "cocktail" of phytotoxic chemicals, following both the initial immersion of the straw and then after a c. 3 month period of degradation in water. The toxicity of straw leachate to phytoplankton could be explained by the presence of toxicologically relevant levels of phenols and oxidized phenolics. Optimization of the control of phytoplankton using barley straw is discussed with respect to observed environmental physicochemical conditions shown to favor the production of the more toxic oxidized phenoics under field conditions.

Ridge Irene [a]. Pillinger J M.

Towards understanding the nature of algal inhibitors from barley straw.

Hydrobiologia. 340(1-3). 1996. 301-305. 

The algal inhibitors released from barley straw decomposing in water and providing the basis for its use in algal control could be either of microbial origin or derived from straw components. We report here that unrotted straw releases algal inhibitors if finely chopped or autoclaved, providing further support for the view that straw, and not microbial colonists, is the primary source of inhibitors. Further support is also provided for the suggestion that inhibitors are or derive from oxidized lignin. Comparisons of lignin-enriched wood (brown-rotted) with lignin-depleted wood (white-rotted) from various deciduous trees show high antialgal activity of the former and little or no activity of the latter. Preliminary studies have shown that solubilized lignin is present in the liquor from rotted barley straw and brown-rotted wood. Since, however, the antialgal effects of deciduous leaf litter appear to depend initially on release of tannins and given that alkaline, oxidizing conditions are usually essential for antialgal activity, it is proposed that oxidized polyphenolics, derived from lignin or tannins, are a source of algal inhibitors from plant litter.

Pillinger J M. Gilmour I. Ridge I.

Comparison of antialgal activity of brown-rotted and white-rotted wood and in situ analysis of lignin.

Journal of Chemical Ecology. 21(8). 1995. 1113-1125. 

Brown-rotted wood has been used as a source of lignin to investigate further the antialgal effects of lignocellulosic materials such as decomposing barley straw. The antialgal activity of brown-rotted and white-rotted wood has been determined in a laboratory bioassay. Using pyrolysis gas chromatography-mass spectrometry, the lignin of the rotted wood samples has been compared and the significance of the structure of the lignin in antialgal activity is discussed.

Pillinger J. Cooper J A. Ridge I.

Role of phenolic compounds in the antialgal activity of barley straw.

Journal of Chemical Ecology. 20(7). 1994. 1557-1569. 

Barley straw decomposing in well-aerated water releases a substance(s) that inhibits algal growth. Phenolic compounds are toxic to algae but are unlikely to be present in sufficient quantities to account for the extended antialgal action of straw. However, straw is antialgal under conditions that may promote oxidation of phenolic hydroxyl groups to quinones; tannins are antialgal under similar conditions. The toxicity of authentic quinones towards Microcystis is confirmed; the quinones are some 10-3 times more antialgal than phenolic acids. The possibility that oxidized lignin derivatives may be involved in straw toxicity towards algae is discussed.

Stewart D [a]. Wilson H M. Hendra P J. Morrison I M.

Fourier-transform infrared and Raman spectroscopic study of biochemical and chemical treatments of oak wood (Quercus rubra) and barley (Hordeum vulgare) straw.

Journal of Agricultural & Food Chemistry. 43(8). 1995. 2219-2225. 

FT-IR and Raman spectroscopes were used to investigate the changes in composition and structure of oak wood and barley straw that had been subject to chemical and biochemical treatments. The samples were also analyzed gravimetrically for residual neutral sugar composition and lignin and uronic acid content. The spectroscopic techniques provided complementary information. Changes in the relative proportions of crystalline and amorphous cellulose accompanying (biochemical treatment were best reflected in the Raman and DRIFT spectra, respectively. Delignification of both tissues produces bands in the Raman spectra consistent with the lignin oxidation. Treatment of both types of raw material with aqueous acid produced highly colored residues resulting in Raman spectra of limited use due to problems with fluorescence. However, the DRIFT spectra of these tissues did not suffer this problem and provided information on the behavior of lignin (hydrolysis and repolymerization) and the noncellulosic polysaccharides (hydrolysis) in acid conditions. The decreased fluorescence in the Raman spectra of barley straw after alkali extraction is suggested to be due to the removal of the covalently bound cinnamic acids.

Newman Jonathan R. Barrett P R F.

Control of Microcystis aeruginosa by decomposing barley straw.

Journal of Aquatic Plant Management. 31(JAN. SPEC. ED.). 1993. 203-206. 

Growth of the blue-green alga Microcystis aeruginosa is inhibited by the presence of decomposing barley straw in laboratory culture to levels of 6% of that achieved in control experiments. The effect appears to be algistatic rather than algicidal. Final biomass in regrowth experiments is independent of previous treatment. Values for regrowth from control treatments (2.96.10-6 cells cm-3) were not significantly different from values for regrowth of cells from the most inhibitory treatment (2.67.10-6 cells cm-3 ). Cells inhibited by exposure to straw recovered, achieving the same growth rate as untreated cells when reinoculated into straw-free media. Growth inhibition of 95% can be achieved with 2.57 g straw (dry weight) m-3 water. These results are compared to the results of a survey in Great Britain and Ireland on the use of straw to control algae. Decomposing barley straw inhibits the growth of both filamentous and blue-green algal species in all types of water bodies so far assessed. Possible causes of the inhibitory effect are discussed.

Experimental use of barley straw for algae control in Ontario ponds 

15. Annual International Symposium of the North American Lake Management Society, Toronto, ON (Canada), 6-11 Nov 1995 

Nicholls, KH; Taylor, RG; Bachmann, RW; Jones, JR; Peters, RH; Soballe, DM (eds) 

Lake and Reservoir Management [LAKE RESERV. MANAGE.], vol. 11, no. 2, p. 175, 1995  

NT: Notes  Summary only. 

In response to published reports from England on the successful control of algae growth by decomposing barley straw in surface waters and laboratory experiments, 18 southern Ontario ponds were selected for experimental additions of barley straw over the period 1991-1995. All ponds were evaluated (chlorophyll a, phytoplankton, major nutrients and ions) biweekly between June and September of all years. Treatment years were 1992, 1993 and 1995 and treatments included three different doses of dry straw (25, 65 and 180 g/m super(3)). Controls included untreated ponds (all 5 years) and other ponds with from 1-4 years of background (untreated) data prior to straw additions. The algae control effect apparently resulted from the production of algistatic agents by fungi and other aquatic protista colonizing the straw during the early stages of its decomposition. No marked changes or differences relative to control ponds in nutrients could account for the declines in algae which were manifested in the main response variables (chlorophyll a, turbidity and phytoplankton biovolume). Mean and median chlorophyll-to-total phosphorus ratios in samples from treated ponds were about 2x greater than those from untreated ponds. Although the percentage change in response variables after 1991 in untreated ponds was often negative because of year-to-year differences in weather, decreases in the response variables were 2-5x greater in ponds treated with straw. All major classes of algae were affected. The application of straw to ponds for the control of excessive algae growth is a less expensive, simpler and more "environmentally friendly" alternative to conventional chemical treatment.

Barley straw as an inhibitor of algal growth 1: Studies in the Chesterfield Canal. 

Welch, IM; Barrett, PRF; Gibson, MT; Ridge, I 

Journal of Applied Phycology [J. APPL. PHYCOL.], vol. 2, no. 3, pp. 231-239, 1990 

The presence of rotting barley straw in a disused canal reduced the amount of filamentous algae. No effect on algae was observed during the first season after the introduction of straw but algae were decreased in three subsequent years. Algal growth on microscope slides suspended in the water downstream of the straw was reduced by 90%, compared with slides upstream of the straw. A similar result was obtained for Cladophora glomerata grown in chambers in the canal. Phosphate, nitrate and ammonium concentrations were not altered significantly by the presence of straw, but ****nitrite concentrations were increased during summer months.**** Neither the nitric increase, nor the possibility of pesticides being washed off the straw were considered likely causes of algal growth inhibition.

Barley straw as an inhibitor of algal growth. 2. Laboratory studies. 

Gibson, MT; Welch, IM; Barrett, PRF; Ridge, I 

Journal of Applied Phycology [J. APPL. PHYCOL.], vol. 2, no. 3, pp. 241-248, 1990 

The presence of rotting barley straw in water inhibited the growth of several planktonic and filamentous algae in laboratory culture. The inhibitory effect was produced progressively during decomposition of the straw at 20 degree C and reached a maximum after six months. When the straw was autoclaved, all inhibitory activity was lost. Algae recovered and continued to grow normally when transferred from cultures containing rotting straw to sterile culture medium. Addition of liquor from rotting straw also inhibited algal growth. The capacity to inhibit growth remained in the liquor after passage through a 0.2 mu m filter but was removed by activated carbon. The inhibitory effect of straw shows promise as a practical means of limiting the growth of a range of algae which can cause problems in aquatic systems.

Duh Pin-Der [a]. Yen Gow-Chin. Yen Wen-Jye. Chang Lee-Wen.

Antioxidant effects of water extracts from barley (Hordeum vulgare L.) prepared under different roasting temperatures.

Journal of Agricultural & Food Chemistry. [ print] 49(3). March, 2001. 1455-1463. 

The antioxidant effects of water extracts of roasted barley (WERB) were investigated under different roasting temperatures and compared with those of the water extracts of unroasted barley (WEUB). It was found that the Maillard reaction products increased upon increasing the roasting temperatures. Both WERB and WEUB exhibited significant antioxidant activities in linoleic acid and liposome model systems. Although WERB and WEUB afforded considerable protection against the damage of deoxyribose and proteins, the antioxidant efficiency of roasted samples was weaker than that of unroasted samples because of the reduction of antioxidant components (catechin, tocopherol, and lutein) with increasing roasting temperature. Unroasted samples were more effective in reducing power, quenching free radical, hydroxyl radical, and chelating iron than the roasted samples. The different antioxidant activity among roasted and unroasted barley samples may be partly attributed to the changes in catechin, tocopherol, and lutein contents.

Cooper Jerry A. Pillinger Judith M [a]. Ridge Irene.

Barley straw inhibits growth of some aquatic saprolegniaceous fungi.

Aquaculture. 156(1-2). Oct. 14, 1997. 157-163. 

Barley straw rotting in water under aerobic conditions controls the growth of both algal and cyanobacterial species and is exploited as a method to control nuisance algae. We report here the effect of anti-algal straw on isolates of an aquatic fungus that comprises a significant component of the freshwater aquatic ecosystem and causes a major fungal disease in fish and other aquatic animals. In a laboratory bioassay, straw, at dose rates comparable to those which inhibit algal growth, stopped the mycelial growth of isolates of two species of Saprolegnia, S. parasitica and S. diclina; S. ferax was less inhibited. Inhibition in the laboratory bioassay was also recorded at the lower dose rate at which straw is widely used in environmental algal control programmes. We suggest that straw may ameliorate symptoms of saprolegniasis in fish, but it is not clear whether straw can prevent the rapid spread of the fungus in hatcheries.
FROM STAN:

Barrett, P.R.F., J.W. Littlejohn and J. Curnow.  1999.  Long-term algal

control in a reservoir using barley straw.  Hydrobiol 415:309-314

 

Caffrey, J.M. and C. Monahan.  1999.  Filamentous algal control using

barley straw.  Hydrobiol. 415:315-318.

 

I have a paper entitled "Control of algae using straw" (Information sheet

3, 1999) IACR Centrefor Aquatic Plant Management, Broadmoor Lane,

Sonning, Reading, Berkshire, RG4 6th, UK (newman@aquatic.freeserve.co.uk)

 

Also an article in Journal of Phycology 37(1):47-51 Adsorption of fulvic

acid on algal surfaces and its effect on carbon uptake.  Katja Knauer and

Jacques Buffle

******************************************************************
http://www.open.ac.uk/OU/Academic/Biology/I_Ridge/IRtxt.htm:

Chemical effects of plant litter in freshwaters: the use of barley straw to control nuisance algae.

Excessive growth of nuisance algae in eutrophic water bodies is a worldwide problem and in 1988 we began to investigate (with colleagues from the Centre for aquatic plant management) a possible system for short-term control. There was an unsubstantiated report that when barley straw rots in water it inhibits algal growth. 

On the basis of field trials and laboratory assays, we showed that indeed it does (and barley straw is now widely used to suppress nuisance algae). Further work has shown that: (a) the anti-algal effect arises from the release of inhibitors, which we think derive from oxidized lignin solubilized during decomposition; (b) other kinds of plant litter, including brown- rotted wood and some types of deciduous leaf litter, also release algal inhibitors, again derived from oxidized polyphenolics (lignin or tannins).

Current interest centres around two areas.

(1) What determines the potency of different types of litter: ease of lignin solubilization? or oxidation? or other structural characteristics of polyphenolics? Why is barley straw especially potent and what exactly ARE the inhibitors - oxidized polyphenolics per se or free radicals derived from these?

(2) How significant are the chemical effects of plant litter in natural water bodies? Some algae are relatively resistant but some oomycete fungi are affected and there might well be effects on certain animals. Linked to this, we are concerned about possible side-effects arising from the long-term use of barley straw for algal control and have an array of artificial ponds which are being used to investigate this (initially in relation to amphibian development).

Barley straw appears to be a cheap and environmentally safe option for algal control (until the root of the problem -high nutrient levels in water- can be tackled); but you cannot be too careful in this field and we need a proper understanding of the ecological impact of algal inhibitors from plant litter.

Contact Irene Ridge, e-mail I.Ridge@Open.ac.uk

http://www.dnr.cornell.edu/ext/fish/Pond/algaebloomsdoc.htm:

Algae Control with Barley Straw (Ed Mosley, NYS Federation of Lake Associations, Inc.)

There is a lot of talk between lake professionals and lake owners about the use of barley straw to control nuisance levels of planktonic (free-floating) and filamentous algae. This article provides some insight about how barely straw works; some current philosophies on how to apply it and how much to apply; and some areas of concern regarding its use.

Although the exact manner in which barley straw controls algae is not fully understood, below is one of the most plausible explanations described in the literature on the topic. Barley straw placed in water begins to decay and during this process, lignins are released for the barley cell walls. If there are high levels of dissolved oxygen, lignins can be oxidized via bacteria to produce humic acids and other humic substances. In the presence of sunlight, hydrogen peroxide in aquatic systems are believed to inhibit the growth of algae. Peroxides are very reactive in solution and will only last for very short periods of time. However, when high levels of dissolved oxygen and sunlight are present, the continuous decay of barley straw provides a sufficient level of humic substances which are then converted to hydrogen peroxide. The use of barley straw does not kill algae, but appears to limit the growth of new algal cells (IACR Centre for Aquatic Plant Management, UK see report).

For barley to work properly, it must remain near the surface of the water body (e.g. within the photic zone where algal growth and reproduction occurs). The surface waters must contain high concentrations of dissolved oxygen and have good sunlight penetration. Therefore, the trick is to keep the barley straw suspended in the photic zone using floats and some type of device to contain the straw, such as netting. Within the netting, the straw cannot be packed too tightly or it will become anoxic (low oxygen levels). 

Some current research indicates that barley straw application rates may range from 80 to 200 pounds per acre depending on the water clarity. Applications are typically applied in the spring prior to the occurrence of any algal blooms and in the fall (IACR, Centre for Aquatic Plant Management, UK).

Concerns for using barley straw to control algae growth:

How high are the levels of nutrient-release from barley straw decomposition? If the use of straw is eventually discontinued, will increased nutrient levels in lakes result in even larger algal blooms and high quantities of filmentous algae? 

To what extent does the use of barley straw affect in-lake dissolved oxygen? 

Does the release of anti-algal chemical inhibitors released by barley straw have adverse or detrimental impacts on other aquatic organisms, such as fish and aquatic insects? 

What are the optimal application rates of barley straw for algal control? 

These concerns need to be investigated before barley straw becomes routinely used as a safe in-lake or in-pond management tool.

See Aquatic Systems Inc for more information on barley straw and other pond-related information.

Ed Molesky is the President of the Pennsylvania Lake Management Society (PALMS), a chapter of NALMS.

http://www.aquaticsystems.net/barley.html:

Message & Report posted on Ponds-L 11/06/97

Re: Barley Straw Treatment of Algae

The Centre for Aquatic Plant Management (previously the Aquatic Weeds Research Unit) publishes an information sheet on the practical application of straw. I am posting the text of it below. If anyone wants the version with pictures please email me and I can send you a WordPerfect 6 version of the file (or any other format you want). 

We have been involved in the research on straw for about 15 years now and can recommend as a good treatment. There are still some unknowns about dose rate and why it doesn't work in all ponds, but in most cases it gives good, long-lasting control. 

We have also published scientific papaers on the process which I can also send out by post if anyone is interested.

Dr Jonathan Newman

Senior Research Scientist

IACR Centre for Aquatic Plant Management

Broadmoor Lane, Sonning,

Reading, Berkshire, RG4 0TH, UK

IACR_CAPM@compuserve.com

INFORMATION SHEET 3: CONTROL OF ALGAE WITH STRAW

INTRODUCTION

Algae cause a number of problems in water. They impede flow in drainage systems, block pumps and sluices, interfere with navigation, fishing and other forms of recreation,cause taint and odour problems in potable waters, block filters and, in some instances, create a healthhazard to humans, livestock and wildlife. These problems seem to be increasing, probably because nutrient levels in water are rising asa result of human activity and natural processes. At the same time there is a growing worldwide demand for improvement in water quality. Thus, the need to control algae is increasing for environmental, recreational and public health reasons.

Because of their small size and rapid growth rates, algae are difficult tocontrol by methods used for other aquatic plants. Cutting and other forms of mechanical control canhelp to reduce problems withfilamentous algae but are of very limited use. Many algae are susceptible to appropriate herbicides but this approach is unpopular in some waters on environmental and public health grounds. Furthermore, herbicides which control algae also kill higher plants so that, although the water is cleared temporarily of all plants, once the herbicide has gone from the water, the regrowth of algae is not restricted by competition from the higher plants and the problem can get worse in subsequent years.

A new method of controlling algae has been developed by the Centre for Aquatic Plant Management which overcomes many of these problems. This involves the application of barley straw to water and has been tested in a wide range of situations and in many countries throughout the world and has proved to be very successful in most situations with no known undesirable side-effects. It offers a cheap and environmentally acceptable way of controlling algae in water bodies ranging from garden ponds to large reservoirs, streams, rivers and lakes.

Despite the simplicity of the idea, experience has shown that there are a number of basic rules which must be followed to ensure that the straw works successfully. The purpose of this leaflet is to provide practical advice on the optimum ways of using straw.

HOW STRAW WORKS

In order to use straw effectively, it is necessary to understand something of how the process works. When barley straw is put into water, it starts to rot and during this process a chemical is released which inhibits the growth of algae. Rotting is a microbial process and is temperature dependent, being faster in summer than in winter. As a rough guide, it may take 6-8 weeks for straw to become active when water temperatures are below 10oC but only 1-2 weeks when the water is above 20oC. During this period, algal growth will continue unchecked. Once the straw has started to release the chemical it will remain active until it has almost completely decomposed. The duration of this period varies with the temperature and the form in which the straw is applied and this will be discussed in more detail later. 

However, as a generalisation, straw is likely to remain active for approximately six months, after which its activity gradually decreases.

Although the exact mechanism by which straw controls algae has not been fully proven we believe that the process may occur as follows. When straw rots, chemicals in the cell walls decompose at different rates. Lignins are very persistent and are likely to remain and be released into the water as the other components decay. If there is plenty of oxygen available in the water, lignins can be oxidised to humic acids and other humic substances. These humic substances occur naturally in many waters and it has been shown that, when sunlight shines onto water which contains dissolved oxygen, in the presence of humic substances, hydrogen peroxide is formed. Low levels of peroxide are known to inhibit the growth of algae and experiments have shown that sustained low concentrations of hydrogen peroxide can have a very similar effect on algae to that of straw. Peroxides are very reactive molecules and will only last in water for a short time. However, when humic substances are present, peroxides will be continuously generated whenever there is sufficient sunlight. The slow decomposition of the straw ensures that humic substances are always present to catalyse this reaction.

There are various factors which affect the performance of straw and which support this hypothesis. It is important to take these factors into account to ensure successful treatment of algal problems with straw.

1: Type of Straw 

Barley straw works more effectively and for longer periods than wheat or

other straws and should always be used in preference to other straws. If barley is unavailable, other straws, including wheat, linseed, oil seed rape, lavender stalks and maize can be used as a substitute. The information in this leaflet describes the use of barley straw. If other straws are used, it is likely that the quantities applied and frequency of application may have to be increased.

We have tested a range of barley straw varieties, including some grown organically; all these were active at the same level. Hay and green plant materials should not be used because they can release nutrients which may increase algal growth. Also they rot very rapidly and may cause deoxygenation of the water.

2: The anti-algal chemical 

The chemical released by the straw does not kill algal cells already present but it prevents the growth of new algal cells. Thus algae which die will not be replaced when the straw is present and so the algal problem is controlled.

3: Speed of effect 

Once the straw has become active, the time taken for control to become effective varies with the type of alga. Small, unicellular species which make the water appear green and turbid, usually disappear within 6-8 weeks of straw application. The larger filamentous algae, often known as blanket weeds, can survive for longer periods and may not be controlled adequately in the first season if the straw is added too late in the growing season when algal growth is dense. It is, therefore, preferable to add the straw very early in the spring before algal growth starts.

4: Production of the anti-algal activity 

Activity is only produced if the straw is rotting under well oxygenated conditions. Usually, there is adequate dissolved oxygen in water to ensure that the chemical is produced by the straw. However, if the straw is applied in large compact masses such as bales, or to very sheltered and isolated areas of water, there will be insufficient water movement through the straw, which will progressively become anaerobic (without oxygen). Under these conditions, only the surface layers of the straw will produce the chemical and so the majority of the straw will have no useful effect.

5: Absorption and inactivation of the chemical 

The chemical is very quickly absorbed by algae and is inactivated by mud. Therefore, in waters which have high algal populations and are turbid with suspended mud, it is necessary to add more straw than in clear waters.

6: Selective effect on algae

The chemical does not appear to have any effect on higher plants. In our experiments, we have seen that the suppression of dense algal growth has allowed flowering plants (macrophytes) to recolonise waters which were previously dominated by algae. In several shallow lakes where straw was used, algae were replaced by higher plants which suppressed the subsequent growth of algae, so eliminating the need for further straw treatments.

7: Effects on invertebrate animals and fish 

There are no reports of harmful effects on invertebrates or fish except in a few instances where excessive amounts of straw were applied to small ponds and the water became deoxygenated. These excessive doses were at least 100 times the doses recommended in this leaflet. In most instances, invertebrate populations increase substantially around the straw so providing a useful food source for fish. There is anecdotal evidence that, in fish farms and fisheries, straw treatments may be associated with improved gill function and fish health and vigour.

HOW MUCH STRAW TO APPLY?

In ponds, lakes and other still water bodies. We have found that the most important measurement in calculating the quantity of straw required is the surface area of the water. Surprisingly, the volume of the water does not appear to affect the performance of the straw as might be expected. This may be because the majority of algal growth takes place in the surface layers of the water and so it is not necessary to measure the depth of the water or volume of the lake when calculating the quantity of straw required.

In still waters such as lakes, ponds and reservoirs, the minimum quantity of straw needed to control algae is about 10g straw m-2 of water surface. However, when a water body with a history of severe algal problems is first treated, a higher dose is preferable (25 g m-2) and quantities up to 100 g m-2 have been used. Once the algal problem has been controlled, and further additions of straw are being made to prevent a recurrence of the problem, the dose can be reduced. 

In turbid or muddy waters, it will always be necessary to add more straw than in clear, mud-free waters. It is clear from numerous trials in different types of water body that the quantity of straw needed can vary considerably and it is better to apply too much initially and then to reduce the quantity gradually each time straw is added until the dose has been reduced to 10g m-2 or until algal growth starts to increase again when the dose should be increased to a previously effective level.

There is a theoretical level at which straw could cause problems by deoxygenating the water. This is caused by the microorganisms which colonise the straw and absorb oxygen from the water and by chemical oxygen demand of the rotting process. However, straw decomposes slowly and the oxygen demand of these microorganisms is unlikely to cause any problems unless excessive amounts of straw (more than 100g m-2) are applied. Deoxygenation can occur as the result of natural processes especially in prolonged hot weather when the solubility of oxygen in water is reduced and biological oxygen demand increased. This deoxygenation is often caused by algal blooms and so the presence of straw, which prevents the formation of these blooms, can reduce the risk of deoxygenation. However, straw should not be applied during prolonged periods of hot weather to waters containing dense algal blooms as the combined oxygen demand from the algal bloom and the straw could temporarily increase the risk of deoxygenation.

In flowing waters such as streams and rivers: We do not yet have sufficient information on the properties of straw to express a quantity of straw required in relation to the surface area or volume of water flowing down the stream. However, straw has been used effectively in these situations by placing quantities of straw at intervals along either bank of the river. The distance between straw masses has usually been between 30-50m and the size of each straw mass was chosen, for convenience, as about one bale (20kg).

The risk of causing deoxygenation in flowing waters is very small as the continuous supply of fresh oxygenated water will prevent any local deoxygenation around the straw.

HOW TO APPLY STRAW

The best way of applying straw varies with the size and type of water body. Suggestions as to the most appropriate methods for different types of water body are given below.

Fast flowing rivers and streams: Straw can be applied in the form of bales because the flow of water will keep oxygen levels high enough to prevent the straw from becoming anaerobic. Only small bales (approximately 20kg) should be used. Bales can break up under the forces produced by fast flowing water and they should normally be wrapped with netting or chicken wire and securely anchored to the bank or posts driven into the river bed. Another way of applying straw which has worked effectively in flowing water is to place the straw in gabions. These are wire mesh boxes (usually filled with stone for bank protection) but they work equally effectively as cages for straw. They have the additional advantage that they can be refilled as the straw rots away. Nets and loose woven sacks (e.g. Onion sacks) filled with straw can also be used. In all instances, it is essential to ensure that the straw container is well anchored to the bank or to stakes in the bottom which will hold it in place during periods of high flow.

Slow flowing rivers: Straw should be applied in a loose form, either in gabions or as straw sausages. This increases the diffusion of oxygen to the site of decomposition and speeds up the process in this type of environment.

Ponds, lakes and reservoirs: In still or very slow flowing water, bales should not normally be used as they are too tightly packed and do not allow adequate water movement through the straw. It is preferable to apply the straw in a loose form retained in some form of netting or cage.

In small garden ponds where only a few grams of straw are needed, the straw can be put into a net bag, nylon stocking or simply tied into a bundle with string. This can be attached to an anchor made of a stone or brick and dropped into the pond. However, as the straw becomes waterlogged, the net will gradually sink to the bottom. In this position, it will not work as effectively as it does near the surface and it is advisable to include some form of float in the net. Floats can be made of corks, polystyrene or small plastic bottles with well-fitting screw tops. Once the straw has rotted, the net, complete with float and anchor can be removed and used again.

Some garden centres supply small packets of straw for use in ponds. They will work best if anchored and attached to a float as described above.

In larger ponds, lakes and reservoirs, where larger quantities of straw are needed, bales should be broken up on the bank and the loose straw wrapped in some form of netting or wire. One of the simpler ways of wrapping large quantities of loose straw is to use one of the various forms of tubular netting normally sold for wrapping Christmas trees, constructing onion sacks and for other agricultural purposes. 

When used in conjunction with a tree wrapping machine they can be used to construct straw sausages which can be made up to about 20m long and contain some 50kg of straw. The

length and size of each sausage is determined by the size and shape of the water body (described later). It is advisable to incorporate some floats within the netting to keep the straw near the surface when it becomes waterlogged. When first constructed, these sausages float well and can be towed behind a boat to the required position and anchored by rope to concrete blocks or sacks of gravel. It is preferable to anchor these straw sausages at only one end so that they can swing round to offer minimum resistance to wind or currents. Straw sausages can interfere with angling and boat traffic and their positioning needs to be carefully considered so as to have the minimum adverse effect on water users. Floats or buoys can be attached as markers to warn boat traffic or anglers of the position of the straw.

WHERE TO APPLY STRAW

It is always preferable to apply several small quantities of straw to a water body rather than one large one. This improves the distribution of the active factors throughout the water body. Straw works best if it is held near to the surface where water movement is greatest. This keeps the straw well oxygenated and helps to distribute the anti-algal chemical. In addition this ensures that the chemical is produced close to where the majority of the algae are growing and away from the bottom mud which will inactivate the chemical. The following aspects should be considered when deciding where to place the straw within a water body.

Small ponds: In small ponds where only a single net of straw is required, this should be placed in the centre of the pond. However, if there is an incoming flow of water, either as a stream or fountain, the straw net should be placed where there is a continuous flow of water over and through the straw. This will help to keep the straw oxygenated and spread the chemical throughout the pond. 

Lakes and Reservoirs: In any body of still water, it can be assumed that the anti-algal chemical will diffuse outwards in all directions from each net of straw gradually being absorbed by algae and inactivated by mud until the concentration becomes too low to be effective. Beyond this distance, algal growth will continue unchecked and these algae will gradually drift back into the treated areas giving the impression that the straw is not working. In order to ensure that there are no areas within the water body unaffected by the straw, it is necessary to calculate how much straw is needed, how many nets should be employed and how far apart each net should be. Nets or sausages of straw should then be placed so that each net is roughly equidistant from its neighbours and from the bank. The steps involved in this calculation are explained overleaf with an example:

In rivers and streams: From the point of view of getting maximum benefit from straw, it would be preferable to place the straw as a barrier across the flow of water. However, this is seldom possible because the force of the water would tend to wash the straw away and the straw would impede water movement and boat traffic. Therefore, bales, straw nets or gabions should either be placed opposite each other in pairs or alternately along both banks. In fast flowing streams where there is little mud to absorb the chemical, the space between straw nets can be as much as 100 m (50 m if placed alternately) but in slow-flowing muddy watercourses, this space should be reduced to no more than 30 m. In very narrow streams, it may be necessary to place the straw close to the bank so as not to impede flow but in larger watercourses the straw should be as far out from the bank as possible. This makes it less subject to vandalism and damage from livestock and ensures that there is a good flow of water around and through the straw.

Always ensure that the straw is well secured to the bank or to stakes in the bottom so that it does not get washed away during floods. It is usually necessary to consult the local water authority before applying straw to flowing water because they have the responsibility of ensuring that there is no danger to water supplies or other riparian users caused by partial obstruction to the flow.

Marine situations There has been very little research with straw in seawater and any treatments in these conditions should be regarded as experimental. Results from a very limited number of trials in salt water lagoons and artificial pools suggest that straw can work in salt as well as fresh water. However, it is very unlikely that it would have any effect on the large marine algae, normally found on rocky shores or on kelp beds in the seas because of the problems of short persistence time and exposure. It is alsounlikely that sufficient straw could be placed and held for long periods in the open sea.

Table 1. Method for estimating amount of straw required.

1 Estimate the surface area of the lake e.g. 1.5ha (15,000 m2)

2 Decide on the dose rate of straw required. This will range from 10g/m2 in a clear lake with little algae or mud to 50 g/m2 in a heavily infested lake with muddy water e.g. 25 g/m2

3 Multiply the area of the lake (in m2) by the quantity of straw required per m2 to obtain the total quantity required e.g 15,000 x 25 = 375,000 g 375,000÷1000 = 375kg

4 To obtain the number of bales to be purchased, divide the total weight of straw by the weight of bales (small rectangular bales normally weigh about 20kg). Weights should be checked on other sizes and shapes of bales. e.g. 375÷20 = 19 bales

5 Decide on the weight of straw to be placed in each net. (Bear in mind that the smaller the quantity in each net, the more nets there are and so the better the distribution of the chemical. Against this, the time and labour to construct the nets and the interference that they may cause to the lake functions will limit the numbers). Nets should normally contain

between 1kg (in small lakes) to 40kg (in very large lakes). e.g 25 kg

6 Calculate the number of nets which will have to be constructed. Divide the total quantity of straw required (3) by the weight in each net (5). e.g. 375 ÷25 = 15 nets

7 Calculate the area of water which will be treated by each net at the dose rate decided in 2 (above). e.g. 25kg÷25g/m2 = 1,000 m2

8 Calculate the radius of a circle with an area of the size calculated

in 6 (above) using r2. e.g. r2 = 1,000 r = 1,000÷3.142 r = 17.85m

9 The diameter of a circle of 1,000 m2 is = 35.7 m 

10 Decide on the most appropriate placement of the nets of straw in the lake so that each one is approximately 35m from its neighbour and 17m from the bank. e.g. Usually a regular square grid pattern with centres at 35 m

The spacing of nets does not need to be exact. Practical considerations may influence the number of nets and their local placement. For example, it may be necessary to leave a wider corridor between some sets of nets to allow for adequate boat passage or angling purposes. Where possible any enlarged gaps between straw nets should be compensated for by decreasing the gaps between adjacent nets. If there are any inflowing streams, it is advisable to increase the number of net near the inlet so that water flows through the straw and distributes the chemical into the lake. It is possible to compensate for this local concentration of straw nets near the inlet by reducing the numbers of nets near any outlet as the chemical released from these may be washed out of the lake.

In an irregularly shaped water body, the preferred place for some of the nets is opposite any promontories or points where the nets will be exposed to maximum wind and wave action. The remainder should be spaced between these, using the method of calculating the gaps shown above. 

WHEN TO APPLY STRAW

Although straw can be applied at any time of year, it is much more effective if applied before algal growth takes place. This is because the anti-algal agents released by the straw are more effective in preventing algal growth than in killing algae already present. Therefore, straw is best applied in the autumn, winter or very early spring when the water temperature is low. The straw will usually become active within one month and will continue to inhibit algal growth for about 6 months. However, rapid algal growth can take place once the straw has rotted away and so further applications should be made each 6 months. 

It is important to note that the rate at which straw rots varies considerably and regular observations should be kept on the straw so that fresh straw can be added before the end

of the 6 month period if necessary. It is not always possible to predict that an algal problem will occur and so it is sometimes necessary to treat an algal problem which has already developed. Some algae, mainly the small unicellular species and the cyanobacteria (blue-green algae), can be controlled by adding straw to existing blooms. 

The time taken for the algae to be controlled depends on a number of factors, of which water temperature is probably the most important. At water temperatures above 20oC straw has been effective in controlling algal blooms within 4-5 weeks, sometimes even faster. Avoid applying straw during prolonged periods of hot weather as the combined effect of the dying algae and the rotting straw may increase the risk of deoxygenation. At lower temperatures, the process is slower and it may take 8 - 10 weeks to control the algae but the risk of deoxygenation is then minimal.

When filamentous algae are the main problem, straw applied to dense floating mats will have very little useful effect unless combined with other treatments which will be described

later. After the initial straw treatment, further additions will be required to prevent the return of the algae. Although a period of 6 months is suggested as the likely interval between straw applications, more frequent treatments may be necessary. It is inadvisable to wait until all the straw has rotted before making a second application as there will then be an interval when no chemical is being produced and rapid algal growth can take place. For the same reason, the old straw should not be removed for at least one month after the addition of the new straw. This allows time for the new straw to become active.

THE USE OF STRAW IN COMBINATION WITH OTHER CONTROL METHODS

Filamentous algae are not easily controlled by straw once they have formed floating mats. However, they can be controlled by other methods. In some situations, filamentous algae can be raked out. However, many fragments will remain in the water and rapid regrowth is likely. To prevent this straw should be added about one month before the alga is raked out.

In other situations, herbicides (diquat or terbutryn) have been used in combination with straw. The herbicides control the algae but their effects may not persist for long once the herbicide has decayed or been otherwise dissipated from the water. By adding straw at the same time, or soon after the herbicide has been applied and maintaining a straw treatment regime as outlined above, the straw helps to prevent the return of the algae.

OTHER EFFECTS OF STRAW

During the numerous field trials in which straw has been applied in a number of forms and in a range of water bodies, various effects in additional to the control of algae have been noted. While these have not been investigated in any detail, they have occurred sufficiently frequently to be worth noting as possible consequences of using straw.

1 Effects on other aquatic plants: No direct effect of straw on aquatic vascular plants has been found in either laboratory or field experiments. However, in several trials where straw has successfully controlled algae, there has been a noticeable increase in the growth of submerged vascular plants. It is likely that this is a result of the loss of competition from the algae which has allowed the vascular plants to recolonise water in which previously they were unable to compete with the algae. In some instances, the recovery of the vascular plants has been so marked that they, in turn, caused problems to water users and also required some form of management. However, they are generally easier to control and less troublesome than the algae and so are more acceptable in most waters. In some instances the recovery of the vascular plants has been so strong that they replaced the algal growth as the dominant plant form so that subsequent treatment with straw was no longer needed.

2 Effects on invertebrates: It has been observed frequently that loose masses of well oxygenated straw provide a good habitat for some of the aquatic invertebrate animals

such as the Water Shrimp (Gammarus spp.). These invertebrates, mostly detritus eaters, breed and grow rapidly in the safe environment created by the straw and their numbers can increase by several orders of magnitude within a few months. As the straw gradually rots away and the numbers of invertebrates increases, individuals leave the safety of the straw and become prey to fish and waterfowl. Invertebrate animals are generally beneficial to water bodies as they help to decompose organic matter in the bottom; some of them graze on algae and aquatic plants and they form an important part of the food chain.

3 Effects on fish and waterfowl: There have been a number of observations of improved growth, vigour and health of fish in waters treated by straw. One reason for this is likely to be the increased food supply in the form of invertebrate animals. Fish may also find it easy to find food in water which is not densely colonised by unicellular or filamentous algae. However, another possible explanation is that, by controlling the algae, the straw allows better lightpenetration to occur to deeper levels in the water so that photosynthesis can occur in a greater volume of the water body and so provide an improved environment for the fish. It has also been noted by the Game Conservancy that young ducklings require a diet which consists mainly of invertebrate animals. They found that adding straw to gravel pits significantly increased the survival of young ducklings. 

In a number of water bodies, ducks and other waterfowl have been observed to nest and roost on floating masses of straw. This has been particularly beneficial to these birds in waters subject to high levels of human interference and terrestrial predators as the floating straw masses are usually inaccessible from the bank. 

There have been a number of anecdotal reports that incidents of some fish diseases and parasites appear to have been reduced in fisheries and fish farms in which straw has been used. 

4 Effects of straw in flowing waters When straw has been applied in flowing waters, either in the form of bales or in gabions, it has been noted that water is deflected around the straw and the accelerated flow caused silt and fine gravel to be washed away from the vicinity of the straw. In a small stream which had a very uniform depth, pairs of gabions containing straw were placed opposite each other and angled downstream so as to create a rapid flow between them. This caused the gravelly bed of the stream to wash out and so scour holes were formed. These were immediately colonised by trout which were the dominant fish species. The overall effect created by three pairs of gabions placed at approximately 100 m intervals was to create a pool and riffle environment which is usually considered to be preferable to a uniform channel for fish and aquatic life generally. In small streams, it is likely that careful placement of straw bales or gabions could be used to manipulate the location of silt deposits ensuring that an open channel is maintained and that silt beds are allowed to develop only in acceptable locations.

SUMMARY

1 When algal problems occur in water bodies ranging from garden ponds to large reservoirs, lakes and rivers, barley straw offers an environmentally acceptable and cost-effective form of control.

2 It should be applied twice each year, preferably in early spring before algal growth starts and in autumn.

3 Particularly in static waters, the straw should be in a loose form through which water can pass easily and should be held in nets, cages or bags. 4 The minimum effective quantity of barley straw in still or very slow flowing water is about 2.5 g m-2 but higher doses of up to 50 g m-2 should be used in densely infested waters and muddy waters.

5 In rivers, masses of straw (bales or nets) should be spaced along the sides at intervals not more than 100m apart.

6 Straw should be supported by floats so that it does not sink to more than one metre below the surface, even when waterlogged.

7 If the straw starts to smell then it is not working and should be removed. This is caused by too much straw in too little water.
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There is a company called English Lavender that uses the stalks of their

product to make algal control mats.  I do not

know if they are formed just of lavender stalks or if barley straw is

incorporated.  Word of mouth says that barley

straw is the thing and that oat or wheat doesn't do the job and furthermore,

organic or low input barley straw works

better than straw from intensive farms (presumably due to the straw being

harder (less N) and there being no chemical

residues.  Thatchers say the same thing about straw, that a good, old

fashioned variety of barley, grown hard and using

no chemicals or fertilizers will give a roof that will last 10 times as long
as one made with "modern" straw.  The same

applies to reeds.

Good luck,

Daryl Birkett, QUB Marine labs, Portaferry, County Down.
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