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Abstract
Creeping bentgrass putting greens require frequent irrigation during summer months

to meet evapotranspiration requirements. Golf courses that utilize local water bod-

ies for irrigation may potentially spread phytopathogenic waterborne microbes, or

toxins they produce, to putting greens. Cyanobacteria associated with yellow spot

and black layer have been detected in water bodies and are known to produce cyan-

otoxins that may hinder plant growth at high concentrations. Water samples were

collected from irrigation heads, irrigation intakes, and the epilimnion of exposed

water sources. Anatoxin, cylindrospermopsin, microcystin, and saxitoxin concentra-

tions were analyzed using ELISA kits. Microcystin and saxitoxin were detected in

irrigation systems that utilize surface water sources. Anatoxin was detected in every

irrigation system, regardless of water source. Cylindrospermopsin was only detected

in one system that utilized a local water body as a water source. Only two samples

from one site contained cyanotoxin (microcystin) concentrations that exceeded the

recommended threshold for recreational water use.

1 INTRODUCTION

Creeping bentgrass (Agrostis stolonifera) is a cool season tur-

fgrass used on putting greens throughout the transition zone.

During hot summer months, frequent irrigation is required

to meet evapotranspiration requirements and maintain tur-

fgrass quality. Golf courses utilize various water sources

such as retention ponds, wells, or municipal water for irriga-

tion, potentially creating a dissemination pathway for water-

borne pathogens of creeping bentgrass, and the toxins they

produce. In Missouri, cyanobacteria, also known as blue-

green algae (e.g., Oscillatoria and Nostoc spp.), have been

detected in water bodies and are known invaders of bentgrass

putting greens (Baldwin & Whitton, 1992; Drouet, 1932;

Hodges, 1987). Approximately 120 different cyanobacteria

species produce potentially toxigenic chemicals in water bod-

ies, and nearly half of them, including several Phormidium,
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Oscillatoria and Nostoc spp. produce microcystin, a cyan-

otoxin that is hazardous to humans and can inhibit plant devel-

opment (McElhiney, Lawton, & Leifert, 2001). Other poten-

tially harmful cyanotoxins produced by cyanobacteria include

anatoxin, cylindrospermopsin, and saxitoxin (Machado, Cam-

pos, Vasconcelos, & Freitas, 2017).

Cyanobacteria and associated toxin development can cause

turf thinning on bentgrass greens, and have been associated

with both yellow spot and black layer formation (Hodges,

1987, Tredway, Stowell, & Gelernter, 2006). The impact

of microcystin on plant growth has been documented on

a wide variety of crops, but not on turfgrasses (Machado

et al., 2017). In most cases, exposure to high microcystin

levels (>100 μg/L) in plant experiments decreased seed ger-

mination, growth and photosynthesis, and promoted oxida-

tive stress. Irrigation water has not been investigated as a

potential source of cyanobacterial toxins, and their impact on
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T A B L E 1 Cyanotoxin concentration of water samples taken in July of 2019 from golf course irrigation systems in Missouri and Kansas, USA

Site (size and source) Location Microcystin Anatoxin Saxitoxin Cylindrospermopsin
μg/L

CCMO (3.1 ha pond) Irrigation head BDLa 0.25 0.04 BDL

Irrigation intake 0.2 0.26 0.05 BDL

Epilimnion BDL 0.27 0.04 BDL

DAL (4.9 ha pond) Irrigation head 0.23 0.29 BDL BDL

Irrigation intake 0.84 0.17 BDL BDL

Epilimnion 0.92 0.27 BDL BDL

LED (1.0 ha pond) Irrigation head BDL 0.19 BDL BDL

Irrigation intake 0.42 0.16 BDL BDL

Epilimnion 0.32 BDL BDL BDL

SA (0.8 ha pond) Irrigation head 0.16 0.22 BDL BDL

Irrigation intake 0.26 0.21 BDL BDL

Epilimnion 0.28 0.20 BDL BDL

SF (0.6 ha pond) Irrigation head 0.38 0.25 0.09 BDL

Irrigation intake 0.54 0.27 0.12 BDL

Epilimnion 0.44 0.28 0.10 BDL

WC (9.6 ha pond) Irrigation head 0.34 0.30 0.03 BDL

Irrigation intake 8.65 0.24 BDL BDL

Epilimnion 8.53 0.29 0.03 BDL

HS (3.1 ha pond and a well) Irrigation head BDL 0.15 BDL BDL

Irrigation intake BDL 0.19 BDL BDL

Epilimnion 0.22 0.18 BDL BDL

AG (well) Irrigation head BDL 0.22 BDL BDL

Irrigation intake BDL 0.26 BDL BDL

LQ (62.7 ha lake) Irrigation head 0.19 0.24 0.04 0.08

Irrigation intake 0.28 0.29 0.10 0.09

Epilimnion BDL 0.25 0.11 0.09

STLCC (municipal water) Irrigation head BDL 0.18 BDL BDL

aBDL indicates below the detection limit of the Abraxis ELISA tests used. These limits are <0.1 μg/L microcystin, <0.1 μg/L anatoxin, <0.015 μg/L saxotoxin, and <0.04

cylindrospermopsin.

bentgrass growth is unknown. The objective of this study is

to determine the levels of cyanotoxins in irrigation water, lay-

ing the groundwork for future investigation into assessment of

cyanobacteria and cyanotoxins in irrigation sources and their

impact on putting green health.

2 MATERIALS AND METHODS

Water samples were collected in July of 2019 from ten golf

courses in Missouri and Kansas, US. July samples were

collected assuming that warmer temperatures may cause

cyanobacteria blooms and resultant higher cyanotoxin levels.

The sampled locations utilize various water sources for irri-

gation, including retention ponds, wells, a lake, and munic-

ipal water. Samples were collected directly from irrigation

heads, near irrigation intakes, and from the epilimnion of sur-

face water sources (n = 27). Water was collected and con-

solidated from multiple irrigation heads using Pyrex bak-

ing dishes (2.8 L, 22.9 cm by 33.0 cm; Corelle Brands

LLC, Rosemont, IL). A Van Dorn sampler (Flinn Scien-

tific Inc., Batavia, IL) was used to collect water samples

near the irrigation intake. The epilimnion was sampled with

a 0.5 m deep sampling tube. Water samples (10 ml) were

stored in amber borosilicate sample vials (Berlin Packaging,

Chicago, IL) and sealed with polytetrafluoroethylene-lined

caps (Berlin Packaging, Chicago, IL). Vials underwent three

freeze/thaw cycles to lyse cells and release stored cyanotoxins.

Anatoxin, cylindrospermopsin, microcystin, and saxitoxin

concentrations were analyzed using the protocols and reagents

in Abraxis ELISA kits (Eurofins, Luxembourg). Toxin con-

centrations were quantified using a plate-reading spectropho-

tometer (Peachtree Corners, GA) and standard curves were

established for each toxin using standards provided by Abraxis
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ELISA kits. The stated detection limits for these tests are

>0.015 μg/L, 0.04 μg/L, 0.1 μg/L and 0.1 μg/L for saxitoxin,

cylindrospermopsin, anatoxin and microcystin, respectively.

3 RESULTS

Cyanotoxins were detected in every sample (Table 1). Ana-

toxins were detected in 96% of samples, including a site that

utilizes a municipal water source. Microcystin and saxitoxin

were detected at sites that utilize surface water sources. The

site with the largest water source (62.7 ha at Site LQ; Table 1)

was the only site with detectable levels of each toxin, and

the only site with detectable levels of cylindrospermopsin.

The highest observed microcystin concentrations were 8.53–

8.65 μg/L, found in the epilimnion and irrigation intake from

a large agricultural pond (9.6 ha) that also serves as a golf

course irrigation source. The water sample taken from irri-

gation heads at this golf course (at Site WC; Table 1) had a

much lower concentration (0.34 μg/L) than this source pond.

Microcystin levels from all other samples averaged 0.38 μg/L.

All anatoxin, cylindrospermopsin, and saxitoxin concentra-

tions were ≤0.30 μg/L.

4 DISCUSSION

The EPA has recommended an 8 μg/L microcystin concentra-

tion as a threshold for recreational water (Loftin et al., 2016).

Some U.S. states have deemed 3 μg/L saxitoxin, 4 to 6 ţg/L

cylindrospermopsin, and 1 to 90 ţg/L anatoxin concentrations

acceptable for recreational water (Loftin et al., 2016). Except

for one water source that is also used as an agriculture reten-

tion pond, all quantified cyanotoxin concentrations in this

study were below these thresholds. At the low microcystin

concentrations found in our samples, most studies in plant-soil

systems indicate no deleterious effects on plant health, and in

some cases low concentrations (>10 ţg/L) may even acceler-

ate plant growth (Machado et al., 2017). The effect of multi-

ple cyanotoxins and a potential additive deleterious effect on

plant growth have not been well studied, however, nor has the

potential impact of even small doses as aerolized irrigation

spray on plant surfaces. Future research in this area, and the

potential for irrigation to serve as a delivery mechanism of

terrestrially capable cyanobacteria inoculum on golf putting

greens, is warranted.
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