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Abstract

Irrigation water quality was measured in nurseries in Florida and other states, with an emphasis on water treatment to reduce the risk of pathogen and algae problems in recycled irrigation water.  High microbial load was measured in the majority of nurseries using recycled water, despite their use of water treatment technologies such as chlorine and copper.  The project highlighted the need to continue research on efficacy of water treatment technologies, develop monitoring methods such as onsite testing of microbes and pathogens, and provide grower assistance with design, monitoring, and operation of water recycling and treatment systems in order to increase adoption of water recycling practices.  Results from the study have been used to provide training in several workshops.
Introduction and Objectives
Onsite treatment of irrigation water aims to control waterborne pathogens and algae.  This treatment enables growers to capture and reuse irrigation runoff by reducing the risk of plant disease, clogging of irrigation emitters with algae and biofilm, and related sanitation problems.
Water treatment requires a systems approach that combines several technologies, such as cleaning irrigation lines with occasional shock chemical treatments, filtration, and continuous treatment with a sanitizing agent (for example, chlorine, copper, hydrogen peroxide, or ozone).  FNGLA recognizes the need to “…manage irrigation water as a resource through recycling, collection or other measures [and] continue the development of Best Management Practices based on their economic and technical feasibility.”  Lack of information on water treatment and monitoring for algae and pathogens is a knowledge gap in current BMPs, and research-based recommendations will increase adoption of water capture and reuse in Florida horticulture.
As a first step in an ongoing research program in water quality and treatment, our objective was to evaluate existing water treatment systems in commercial nurseries.  Benefits from this research included evaluating the efficacy of water treatments, identifying areas of potential disease and algae contamination, developing practical tips for successful water management, and highlighting practical gaps in our current knowledge where further research and education are needed.
During February to August 2009, we measured water quality at different points within irrigation systems in a total of 23 nurseries in Florida and other states.  Several locations were identified as case studies for intensive evaluation.  By directly assisting those case study growers, our goal was to develop success stories, measure impacts, and apply for expanded funding from Water Management Districts and other sources to address stakeholder needs and knowledge gaps.  Our analysis of the data is continuing, but we have already begun to report findings to other Florida nurseries through workshops, draft articles, and a new website (watereducationalliance.org).
Research Methods
During spring and summer 2009, we monitored efficacy of water treatment at seven Florida nurseries (AgriStarts, Costa Farms, Florida Plant Specialists, Kerry’s Nursery, Lake Brantley Plant Corp., Riverview Flower Farms, Twyford International) that included a range in technologies (filtration, copper, chlorine, chlorine dioxide, or no chemical treatment) and irrigation designs.  This monitoring occurred in combination with a broader survey of 16 other nursery growers in several other states.  All locations included propagation as a major part of their crop mix.  Treatments represented in the sample group included acid injection (sulfuric or nitric), bromine, chlorine, chlorine dioxide, copper, hydrogen peroxide, ozone, peroxyacetic acid, or no chemical treatment.  All but one nursery had some form of filtration method, from coarse screen filters through to reverse osmosis.  The majority (74%) of sampled nurseries were capturing or recycling irrigation water either via pond or subirrigation tank systems.  FNGLA funding was used for lab supplies, transport and shipping to sites, and graduate student support (Dustin Meador, Ph.D.).
The parameters monitored at four or more sites within each nursery, with three replicate samples per site (giving a total of at least 12 samples per nursery), included:
· Biological load (bacteria and yeast/mold counts in colony forming units (cfu)/mL) using 3M Petrifilms
· Particulate and organic load (total suspended solids and chemical oxygen demand (COD) in mg/L)

· pH, alkalinity, and electrical conductivity (EC)
In a few locations, we also measured onsite oxidation/reduction potential (ORP), concentration of sanitizing chemicals, and dissolved oxygen before and after treatment.
Results

Overall survey

Median values for several key parameters are reported in Table 1 for different points in irrigation systems.  The “Source” water included well, municipal, or rainwater supplies, which consistently had high quality (low levels of contamination with particulates or microorganisms).  “Spigot” samples represented an outlet such as a hose, emitter, or boom anywhere in the nursery after the Source.  “Tank” data included indoor recirculation tanks in nurseries using subirrigation.  “Pond” represented uncovered outdoor ponds collecting rain, well, or runoff waters.  “Bench/flood floor” samples were collected from irrigation water as it was flooding subirrigation zones in a greenhouse.

Table 1.  Median values for irrigation water quality parameters from 23 U.S. greenhouses and nurseries.

	Sample Type
	Bacteria Count (cfu/mL)
	Yeast/Mold Count (cfu/mL)
	Chemical Oxygen Demand (COD, mg/L)
	Suspended Solids (mg/L)
	EC (dS/m)
	Alkalinity (ppm CaCO3)

	Source
	157
	0
	14.7
	0.8
	0.34
	75

	Spigot
	2,300
	9
	26.9
	2
	0.62
	32

	Tank
	90,000
	620
	39
	4
	0.61
	0

	Pond
	50,000
	340
	58.1
	7.2
	0.49
	26

	Bench/flood floor
	160,000
	2000
	50.4
	8.4
	0.97
	0

	Recommended maximum values
	50,000
	Not available
	30
	20
	1.5
	150


The median biological load in the majority of nurseries in tanks, bonds, and subirrigation benches or floors, as indicated by the bacteria count, was above the maximum level (50,000 cfu/mL) recommended to avoid clogging in drip irrigation systems (Bucks et al., 1979).  For Spigot samples, which in some cases included drip lines or mist nozzles, 33% were also above 50,000 cfu/mL.  All nurseries included mist or drip irrigation as a component in their irrigation system.  This test did not differentiate between pathogenic, benign, and beneficial bacteria.  However, the high bacterial counts indicate that conditions in irrigation systems were favorable for microbial growth, possibly including pathogens, and that a build up of biofilm was probably occurring within the irrigation lines.

Measures of organic and particulate load (Chemical Oxygen Demand (COD) and Suspended Solids in Table 1) showed high levels in some components of irrigation systems.  The median COD was above the EPA-recommended level of 30 mg/L for recycled irrigation water (U.S.E.P.A., 2004) in Tank, Pond, and Bench/Flood Floor irrigation water.  COD was also above 30 mg/L in 42% of the Spigot samples.  Suspended solids were excessively high in only 3% of samples.  A high COD has implications for the effectiveness of chemical sanitizing treatments such as chlorine.  These sanitizing chemicals oxidize both the undesirable aspects of organic load (pathogens and algae) and the good or benign (organic load such as peat, soil, micronutrient chelate fertilizers, and beneficial microbes).  The higher the COD, the higher the required concentration of a chemical sanitizing agent, and the less likely that a chemical sanitizing agent will control pathogens.
Chemical aspects of the water – electrical conductivity (EC) and alkalinity – were well within the acceptable range for most nurseries, with the only exception being high well water alkalinity in some locations which necessitated acid injection.

Overall, the survey component of these data showed that biological load and chemical oxygen demand was high in a majority of greenhouses, above the EPA or university extension-recommended levels for recycled irrigation water.
There were a few examples where low biological load and COD occurred at the furthest outlet away from the source, indicating high irrigation water quality, but this primarily occurred where the water was drawn directly from a well or municipal source, and was not recycled or from a pond.
An example case study
Water quality varied widely between nursery locations, and also along sites within each nursery.  Understanding patterns in water quality at each location required intensive study of the specific water sources, flows, treatments, and practices within that location.  We returned to several of the locations to obtain follow up data and assist in decisions on water treatment options.

One such intensive study was a central Florida nursery, whose story was packaged as a Powerpoint presentation and used in workshops in Tampa, Michigan, and Ohio during 2008-09, and also as an online interactive training tool (see “Designing a Water Treatment System” at http://watereducationalliance.org/education.asp), as part of the Water Education Alliance for Horticulture outreach program (http://watereducationalliance.org).
This nursery was producing tropical liners including Syngonium, and root disease issues caused by Ceratocystis spread in the recycling irrigation system caused significant losses (300,000 cuttings per year, additional labor required to check cutting health, additional chemical fungicide treatments, and also lost sales):
	Plant loss (300,000 cuttings @ $0.37)
	$111,000

	Labor to check liners for disease
	$27,778

	Extra 13 fungicide drenches
	$7,098

	Cost in lost sales, nursery reputation
	?

	TOTAL
	>$145,000


Following consultation with UF faculty and industry experts, the nursery invested in several key changes so that (a) recycled water is not used on the Syngonium plants, and is instead redirected to less sensitive crops, (b) well and recycled water is treated with copper ionization, and (c) a plan was developed for filtration improvements.  Because of the greatly improved plant health the resulted from these changes, the significant capital cost ($78,500) was more than recovered within one year:
	Capital costs: copper ionization, change plumbing flow, building, labor
	$78,500

	Annual operating costs (rods, electricity)
	$191

	
	

	Annual benefits – no crop losses on syngonium planted since Aug 2008 (only discarded 7000 cuttings that were started pre-copper)
	$108,410

	Other annual benefits (fungicide costs, less labor to check trays, new sales)
	> $25,000


This case study has been a valuable teaching tool to show that a holistic approach is needed to solved water quality issues in a way that is feasible in terms of crop production, plant pathogen control, engineering and financial returns.  We are currently developing the case study as a manuscript for use in plant pathology training courses.
Conclusions and Recommendations
There have been several key findings from this project, which will guide future research and outreach activities:

· Most water treatment technologies are not being adequately monitored, however clear guidelines do not exist on how to check whether water treatment systems are actually meeting their design goals.  Research and training is needed to develop sampling and measurement protocols for growers and horticulture laboratories.
· The 3M Petrifilms are a promising technique for measuring microbial activity in irrigation water, and validation is needed for this use.
· Further development is needed for onsite testing of specific pathogens in irrigation water, for example using ELISA snap tests, to provide rapid feedback on whether recycled water is contributing to plant pathogen load.
· Water quality of recycled sources was in many cases below the levels recommended by the EPA and extension sources.  Some existing water treatment systems are clearly not adequate.  Growers need assistance with water treatment design, because in many cases filtration was not adequate or the target dose of sanitizing agent was not being delivered.
· The survey provided useful data, but more samples are needed over time to understand changes in biological load and therefore the required level of sanitizing chemicals as nurseries go through the production year.
· Increased assistance to growers on the design, monitoring, and operation of water recycling and treatment systems is likely to increase successful adoption of water conservation methods.
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