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ABSTRACT

This field experiment evaluated the use of secondary treated

municipal wastewater for irrigation of turfgrasses. Common bermudagrass

(Cvnodon dactvlon L. Pers.) was seeded to a gravelly sandy loam. In the

Fall, perennial ryegrass (Lolium perenne L.) was overseeded to maintain

an actively growing turf. Plots were irrigated identically with either

effluent or potable water. Soil and water samples were collected

periodically and analyzed for pH, salinity, major cations, nitrogen,

phosphorus and potassium. Turf quality was assessed using a visual

evaluation technique. Effluent irrigation produced significantly lower

seed germination and resulted in increased salinity, sodium, nitrate and

phosphorus concentrations in soils. Leachate waters contained greater

salinity and higher concentrations of major cations than irrigation

waters. Established effluent irrigated turf did not show signs of salt

stress and produced turf quality as good as potable irrigated plots.

High quality turf was grown using secondary sewage effluent for

irrigation.
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INTRODUCTION

Many populated areas in arid climates experience a need for

potable water conservation. Sewage effluent can be a valuable water

resource for irrigation of landscape and turfgrass plants. However,

effluent is often of lower agricultural quality than potable water and

its influence on soil, plant and water quality can produce stress on

plants and lead to decreased turf quality. Many golf courses in the

Southwestern United States already use wastewater for irrigation but

special management practices for turf have yet to be well defined.

Without skilled and knowledgeable management, effluent can cause

unacceptable turf quality by changing the characteristics of the soil in

which it is grown.

Plant nutrients, sodium and soluble salt concentrations in

wastewater differ from those in potable water and can be beneficial or

hazardous to turf. The deposit of soluble salts into wastewaters from

domestic and industrial use deteriorate water quality for agricultural

production. Soluble salts and exchangeable sodium may induce severe

injuries to plants and lead to undesirable soil chemical and physical

properties. Higher levels of nitrogen and phosphorus, on the other hand,

are important nutrients for turf growth and quality when supplied in the

correct amounts.

Turfgrass is now the second largest commercial crop in Arizona.

Golf courses and other turf areas such as parks provide recreational

areas for the population, produce atmospheric oxygen from plant
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respiration, provide a wildlife habitat and can be a reclamation site for

wastewaters that may otherwise contribute pollution to local waterways.

Municipal effluent is ideally suited for turf irrigation for

several reasons: (1) The climate of the desert Southwest is favorable for

growing turfgrass the year round. This permits a year - round utilization

of wastewater. (2) Pepper et al. (1981) found that many compounds in

effluent can be reduced to safe levels by turf even when applied in large

quantities. The high shoot and root density of turfgrasses enables large

volumes of wastewater to be renovated with respect to nitrogen which at

high levels is undesirable in potable water. (3) With groundwater levels

declining in some areas, the use of effluent would reduce reliance on

potable water for irrigation purposes and provide for potential ground

water recharge. (4) The soil - turf system can serve as a tertiary

treatment of secondary treated wastewater therefore reducing municipal

treatment costs (Goldammer and Wilson 1985). (5) Wastewater is available

at a fairly constant rate and quality year - round in many metropolitan

areas. (6) Turfgrass requires nutrients at fairly high levels, nutrients

in wastewater can reduce reliance on commercial fertilizer (Day et al.

1979).

This study attempted to investigate the use of secondary treated

municipal wastewater irrigation for high quality turfgrass production.

In order to determine suitable management strategies associated with the

growing use of wastewater on turf, field comparisons were made to potable

water irrigation in order to compare differences produced in soil, water

and turf quality. The specific study objectives were:
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1. To examine the quality of effluent irrigated soil compared to

potable and non - irrigated desert soil.

2. To examine the water quality of leachates moving below the

rootzone.

3. To evaluate the influences of secondary treated municipal

wastewater irrigation on turfgrass quality when compared to potable

water.

4. To determine effective management practices for utilization

of effluent for turfgrass irrigation, including	 efficient nitrogen

fertilization.
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LITERATURE REVIEW

Early Wastewater Reuse 

Disposal of waste materials including wastewaters on soil has been

practiced for many centuries. One of the earliest documented land

disposal systems was initiated in 1531 at Bunzland, Germany where a

sewage irrigation system continued in operation for over 300 years

(Jewell and Seabrook 1979). Many systems since that time have been in

operation throughout the world to utilize wastewater as a source of

irrigation water and plant nutrients.

During the late 1800's, George Rafter of the U.S. Geological

Survey studied and produced comprehensive reviews of wastewater disposal

in the United States and Europe. The majority of the 143 sewage treatment

facilities studied were land treatment systems at that time. Rafter

concluded that wastewater can be purified by percolation through soil and

plant material given that the area climate is sufficiently warm. He also

stated that wastewater can be used on crops if special management

practices are employed.

Land treatment of wastewaters became less popular in the United

States during the early 1900's. As interest again increased in the 1970's

it was met with controversy and resistance. Jewell and Seabrook (1979)

identified some of the factors for the decline of land treatment of

wastes as: pressures for alternative land uses, resource overloading due

to incomplete technical understanding, and the development of the germ

theory (which mistakenly concluded that the use of chlorine could be an
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effective disinfectant allowing the "safe" discharge of partially treated

sewage into clean waterways).

As populations became more centralized in towns and cities, safe

disposal of wastes became a more technical problem. The discharge of

wastes into waterways during the 1970's produced unacceptable pollution

levels in many fresh waters of the United States. Federal legislation and

"cleanup funds" for polluted waters were established beginning with the

Clean Water Act of 1972 (PL92-500). This act proposed a "zero discharge"

of wastes into waterways and encouraged a reuse and recovery philosophy.

One way to satisfy all the goals was to revitalize the concept and use

of land application of waste with present - day technology.

Local Use of Wastewater 

Turf related facilities in the Tucson metropolitan area use an

estimated 2097 hectare - meters (17,000 acre - feet) of water per year

(Arizona Department of Water Resources 1988). These facilities contain

approximately 1619 hectares (4000 acres) of turf devoted mostly to golf

courses, parks, cemeteries and schools. The number of turf areas is

expected to increase dramatically in the future. The use of local

municipal wastewater for irrigation of turf is presently in practice and

considered to be an economically feasible water conservation technology

in this area.

As of 1987, nine of the 20 municipal served golf courses in Tucson

were watered primarily with wastewater. In addition to golf courses,

many parks in Tucson are scheduled to receive reclaimed water. The



14

Arizona Department of Water Resources is encouraging the use of non -

potable water by requiring use of municipal effluent for all new turf

related facilities constructed after the year 1995. The department

provides incentives and has set requirements for effluent use with

additional allotments for leaching of salts.

Public Acceptance 

Since effluent is being disposed of on high use recreational

areas, it is clear that public involvement and attitudes must be

considered in the decision making process. In recent years, the public

has become increasingly aware of water pollution and environmental

concerns. It is important to inform the public that land application of

wastewater should decrease potable water demands and reduce water

pollution after application through a soil - turf filter.

A 1979 study of 140 California residents indicated that more than

90% of the respondents had favorable attitudes towards the use of

reclaimed water for irrigation of golf courses, parks, schoolyards and

common areas around residential buildings (Bruvold 1981). The study

included resident recommendations regarding future uses for reclaimed

water at Irvine. Approximately 56% of the respondents recommended

continuation of existing uses of the reclaimed water and 5% recommended

expansion of the existing uses. Only 5% recommended eliminating existing

uses, while 25% recommended adding new types of uses (Bruvold 1981). This

survey was conducted in a community utilizing wastewater with a

relatively high level of public awareness of successful application.



15

Other surveys conducted to determine public attitudes toward

reclaimed water use indicated that participant response was increasingly

negative as the proposed use of reclaimed water is more closely

associated with personal contact. Younger, more affluent, more highly

educated respondents who had personally considered the use of reclaimed

water had the most favorable attitudes. Acceptance of effluent use was

related to respondents who believed that there was a water supply

shortage, that modern technology was capable of successfully treating

wastewater, that public health officials would approve certain uses of

reclaimed water and that using reclaimed water would benefit the economy

were more favorable in their attitudes. Variables that correlated with

rejection of wastewater use were aversion to uncleanliness, aversion to

human waste, odors associated with application and storage and

overconcern with potential health hazards (Bruvold 1972, Kasperson 1974,

Pratte 1977, Crook and Bruvold 1980, Stone and Kahle 1974).

Wastewater Quality 

Treated wastewater quality depends primarily on the quality of

the municipal water supply, nature of the wastes added during domestic

and industrial use, and the degree of treatment the wastewater received.

Commonly, if the supply water used by the municipality is of acceptable

quality for irrigation, the treated wastewater should also be of

acceptable quality, although somewhat degraded for agricultural purposes

(Westcot and Ayers 1985).
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Compounds found in wastewaters contain elements such as nitrogen,

phosphorus, potassium and other essential plant nutrients. Along with

beneficial nutrients, some potentially hazardous inorganic elements are

normally present. Generally, electrical conductivity and sodium

absorption ratio are the most utilized standards for measuring the hazard

of effluent irrigation for turf. The Environmental Protection Agency

discharge regulations prohibit the release of many other potentially

toxic elements from municipal wastewater facilities at levels considered

hazardous to the environment or human health.

Higher levels of essential macronutrients such as nitrogen,

phosphorus and potassium are present in effluent water. Irrigation with

this water could be considered to be a "fertigation" source and,

therefore, should reduce the amount of commercial fertilizers necessary

for high quality turf growth. For instance, bermudagrass (Cvnodon 

dactvlon L. Pers.) is the largest acreage turf species in Tucson (Az.

Dept. Water Resources 1988) with a suggested nitrogen requirement of 24.8

- 73.2 kilograms per hectare per month (0.5 - 1.5 pounds per 1000 square

feet per month) during the summer growing season (Beard 1973). Perennial

ryegrass (Lolium perenne L.), with a suggested nitrogen requirement of

19.4 - 48.4 kilograms per hectare per month (0.4 - 1.0 pounds per 1000

square feet per month), is commonly overseeded in bermudagrass during the

fall. At an application rate of 0.6 hectare - meters per hectare per year

(5.1 acre - feet per acre per year), the higher nutrient wastewater could

supply approximately 50% of the suggested nitrogen requirement for this

turf (Beard 1973).
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Several studies have been conducted using effluent as a fertilizer

source either alone or as part of a total plant nutrition program.

Overall, researchers found the nutrients in effluent can be effectively

used as a partial source of plant nutrients for certain crops (Day and

Tucker 1960, Day and Tucker 1959, Day et al. 1979). Day et al. (1962)

reported higher grain yields from cereal grains irrigated with wastewater

than for well water without additional fertilizer. Nitrogen in wastewater

compared to nitrogen in dry fertilizer was found to be equally effective

in stimulating forage production (Bole and Bell 1978). Day et al. (1974)

found that wheat utilized wastewater nitrogen more efficiently than it

used the same levels of commercial nitrogen amended to well water. When

bermudagrass was irrigated with effluent, yields and nutrient recovery

agreed closely with values obtained from commercial fertility studies

(Overman 1979). More recently, bermudagrass was shown to utilize plant

nutrients in wastewater as effectively as it utilized the nutrients in

commercial inorganic fertilizer (Day et al. 1984). In addition to

inorganic plant nutrients, Alemu (1976) concluded that wastewater may

contain organic chemical compounds that promote high yields and high

quality plant products.

Salt Hazards of Using Effluent on Turf

Along with beneficial plant nutrients, secondary treated municipal

wastewater normally contains potentially hazardous salts derived from

domestic and industrial use (Asano et al. 1985). Local municipal water

supplies contained approximately 150 milligrams per liter of total
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dissolved solids; However, local wastewaters contained approximately 500

milligrams per liter of total dissolved solids. Day et al. (1972) found

effluent irrigation on cropland resulted in greater accumulations of

soluble salts in the soil solution than soils irrigated with well water.

Jame et al. (1981) investigated irrigation of crops with effluent and

creek water over a five year period. Effluent irrigated soils contained

over three times the concentration of salts than those irrigated with

creek water. Using a leaching fraction of 10 to 15%, soils reached a salt

concentration close to that of the irrigation water on effluent plots but

were largely unchanged on the creek water plots. Excessive accumulations

of soluble salts in the soil cause several direct effects on plants

including osmotic, nutritional imbalances and specific ion toxicity

(Bernstein and Hayward 1958).

Osmotic Effects 

The osmotic effect of salts is measured by the amount of total

dissolved solids or the electrical conductivity of the solution. High

osmotic potentials produced by excess salinity causes the plant to expend

more of its available energy to obtain the water it needs from the soil.

This leads to wilting, irregular shoot growth, shallow rooting depth,

leaf tip burn, lower density turf, lower germination rates, reduced cell

division and an overall stunting of the plant (Horst and Beard 1977). The

higher the salinity, the greater the effect (Oster and Rhoads 1985).

Resistance of turfgrass species to saline conditions is quite variable.

There can also be considerable variability in salinity resistance within
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a given species (Horst and Beard 1977). The U. S. Salinity Laboratory in

California evaluated common bermudagrass and perennial ryegrass for

forage production under saline conditions and determined that a 100%

yield can be maintained at soil salinity levels of 6.9 and 5.6

deciSeimens per meter respectively.

Nutritional Imbalances 

Nutritional imbalances are caused when the presence of an ion or

salinity in excess amounts interferes with plant uptake of one or more

of the essential plant nutrients. Effluent irrigation on certain species

of turf has resulted in suspected iron chlorosis (Pepper 1981). Anderson

et al. (1978) found greater amounts of chlorosis on bermudagrass and

ryegrass plots as effluent irrigation rates increased. One explanation

for this turf chlorosis may be that relatively high levels of phosphorus

can reduce the availability or uptake of iron (Fuller 1975). Bollard

(1960) also suggested that the immobility of ionic iron in the xylem

appears to be related to high levels of phosphate which leads to iron

deposition as insoluble ferric phosphate. Thomas and Langdale (1980)

showed that high levels of phosphorus normally present in secondary

treated wastewater can reduce the levels of calcium and magnesium found

in bermudagrass. Subsequent studies also indicated that the absorption

of calcium, phosphorus and potassium by certain plants was reduced when

salinity levels increased (Hussan et al. 1970). Lal and Singh (1973)

demonstrated in a field experiment that different qualities of irrigation

water affects nutrient uptake. They found that the uptake of nitrogen,
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phosphorus, potassium and calcium was significantly decreased as the

electrical conductivity and sodium absorption ratio increased. Moore

(1965) and Ravikovitch and Yoles (1971) determined that the problem of

plant growth under saline and sodic conditions may be minimized by the

application of ample amounts of fertilizer. The study found fertilization

with medium levels of phosphorus and high levels of nitrogen increased

yields of bermudagrass in a saline soil.

Specific Ion Effects 

The accumulation of elements such as sodium or heavy metals to

toxic levels is referred to as the specific toxic ion effect (Ayers and

Westcot 1985). Sodium chloride levels are normally higher in effluent

waters and can interfere with a wide variety of membrane functions

including permeability and the transport and secretion of both organic

and inorganic solutes (Bliss et al. 1984). Thomas and Langdale (1980)

found that relatively high levels of specific salt ions in the soil

solution reduced yields of bermudagrass before the overall salt concen-

trations were high enough to produce osmotic stress. Brown et al. (1983)

found that wastewater amended with high levels of cadmium, copper,

nickel, lead and zinc caused the accumulation of those elements in soil

and plant tissue but did not lead to reduction in bermudagrass yields.

Secondary treated effluents generally contain lower concentrations of

potentially toxic elements. These levels are below the maximum permissi-

ible levels set by The Environmental Protection Agency for drinking or
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irrigation waters and are not expected to create a serious hazard to turf

(Loehr 1979).

Hazardous Effects of Salts on Soil 

Certain salt ions in irrigation waters may also produce undesirable

indirect effects on turf by changing soil physical properties. Day et

al.(1972) showed a decrease in infiltration rates of effluent irrigated

soils relative to soils irrigated with well water. Sodium, and to a

le � ser extent potassium, can be added in excess amounts by the irrigation

water and lead to a deflocculation of clay particles and the

deterioration of soil structure. This increases the potential for soil

compaction and reduces air exchange and water permeability (Ayers and

Westcot 1985). The effect of sodium on the deflocculation of soil

particles is especially critical as the clay content increases and on

high traffic turfgrass areas. The infiltration rate of soils generally

increases as salinity increases due to the flocculation of soil particles

(Westcot and Ayers 1985). Infiltration tends to decrease if sodium

levels are in excess relative to the calcium + magnesium level. The ratio

of calcium + magnesium to sodium in water is the sodium absorption ratio.

Salinity and the sodium absorption ratio are considered together for the

proper evaluation of potential hazard of an irrigation water on soil

infiltration rate and soil physical properties.

Soil - Turf Filters for Effluent Purification 

In addition to an irrigation source, numerous studies have been

conducted to investigate the use of soil and soil - turf filters on the
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renovation of wastewater and groundwater recharge. Goldammer and Wilson

(1985) investigated the economic considerations of using Pima County

effluent for turf irrigation and found that effluent reduced per capita

consumption of potable water, potential groundwater pollution and the

need for more costly tertiary water treatment and disposal. Soil - turf

filters have demonstrated the ability to remove many hazardous substances

found in reclaimed water and reduce potential surface and groundwater

pollution (Lehman 1968, Law 1969, Davis 1966, Sopper and Kardos 1974,

Feinmesser and Hershkowitz 1967, Gray 1968, and Schulze 1966). Bacteria

and virus can be removed from wastewater by passage through a soil - turf

filter, and no human disease outbreaks from the application of disinfected

treated effluent have been identified (Crook 1984, Wells 1961, Merrell

et al. 1965, and Sorber 1972). Pepper (1981) and Anderson et al. (1981)

found that a soil - turf filter removed nitrogen and several other

potential water pollutants from wastewater when applied at high rates and

can provide safe groundwater recharge.
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MATERIALS AND METHODS

This study was conducted on an area adjacent to the Arthur Pack

golf course 15 kilometers north of Tucson, AZ. The experiment was

conducted for 16 months and investigated potential management problems

encountered when using secondary treated municipal effluent irrigation

as compared to potable water irrigation on turfgrass.

Site Selection 

A 557.4 square meter plot (6000 square feet) was established for

this study. The site was selected because it had not previously been

under irrigation, it was essentially homogenous in regard to soils and

fertility, existing irrigation lines were nearby and it was adjacent to

an established golf course using effluent for 14 years. Topography of the

area was essentially level with an average slope of less than 2%. Two

irrigation sources, one potable well water and the other secondary

treated municipal wastewater from the Ina road wastewater treatment plant

in Tucson, were installed for on - site irrigation. Water lines were

extended to the research area by standard schedule 40 PVC lines.

Irrigation scheduling was controlled by plastic electric control valves

serviced by an automatic digital electronic controller. Twelve gear

driven 180 degree rotation sprinkler heads were installed to irrigate six

contiguous main plots (three replicates of each irrigation regime) with

an area of 92.9 square meters (1000 square feet) each. Microlysimeters
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(Drake et al. 1980) were installed in each main plot to a depth of 61.0

centimeters (24 inches) to capture leachate samples.

Common bermudagrass (Cvnodon dactvlon L. Pers.) was seeded to the

unfertilized soil on April 1987 at a rate of 73.2 kilograms per hectare

(1.5 pounds per 1000 square feet) and irrigated to establishment. During

October 1987 perennial ryegrass (Lolium perenne L.) was overseeded at a

rate of 732.0 kilograms per hectare (15 pounds per 1000 square feet) on

all plots in order to maintain an actively growing turf.

The research area was composed of a Sonoita soil series which had

never been irrigated for turf or other agricultural production. Prior to

seeding, surface soil samples were analyzed for texture (Kilmer and

Alexander 1949) and were all determined to be gravelly sandy barns with

an average cation exchange capacity of 50 millimoles (+) per kilogram of

soil (5 milliequivalents per 100 grams of soil) using an ammonium -

sodium acetate method (Rhoades 1982). Average organic matter content was

found to be 0.8% using high temperature ignition (Nelson and Sommers

1982).

Irrigation Scheduling

Irrigation was managed to maximize turf growth rather than to

maximize effluent disposal and ranged from a low of 1.3 centimeters (0.5

inches) per week during winter months to a high of 5.3 centimeters (2.1

inches) per week during summer months. Total water applied as irrigation

was 0.6 hectare - meters per hectare per year (4.9 acre - feet per acre

per year). A leaching fraction of approximately 15 to 20% was maintained
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throughout the study and irrigation application rates were similar to the

adjacent golf course. Irrigation scheduling was planned so that the 0.6

hectare - meters per hectare per year (5.1 acre - feet per acre per year)

recommendations set by the Arizona Department of Water Resources for golf

course irrigation with effluent were not exceeded. Irrigation was

conducted primarily at night to minimize spray drift and reduce

evaporation.

Soil Analysis 

Soil samples were collected prior to the initiation of the study

and thereafter at three month intervals. Sample depth was set at 0.0 -

10.0 centimeters (0.0 - 4.0 inches). Soil samples were analyzed using a

saturated paste extract method for pH, with a specific ion electrode

(Rhoades 1982); water extractable calcium plus magnesium, with atomic

absorption spectrometry (Rhoades 1982); water extractable sodium and

ammonium acetate extractable potassium, with atomic emission

spectrometry (Rhoades 1982); electrical conductivity, with a conductivity

meter (Rhoades 1982); nitrates, with a aluminum sulfate buffered

extraction and specific ion electrode (Kneeney and Nelson 1982); and

sodium bicarbonate extractable phosphorous (Olsen and Sommers 1982).

Sodium and calcium + magnesium data was then used to calculate the

exchangeable sodium percentage and sodium absorption ratios. Initial and

final soil samples were also analyzed for diethylenetriaminepentaacetic

acid (DTPA) extractable zinc, manganese, copper and iron with atomic

absorption spectrometry (Olsen and Ellis 1982, Baker and Amacher 1982).
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Water Analysis 

Irrigation water and leachate samples were collected at two week

intervals throughout the study and analyzed for pH, electrical

conductivity, sodium, calcium + magnesium, potassium, soluble carbonates

and soluble bicarbonates. Chemical analysis were conducted for pH using

a specific ion electrode, electrical conductivity using a conductivity

meter, soluble carbonates and bicarbonates using standard acid titration,

atomic absorption for calcium and magnesium and atomic emission

spectrometry for sodium and potassium (Rhoades 1982). Major cation data

were then utilized to produce sodium absorption ratios for all waters.

Irrigation waters were also analyzed for zinc, manganese, copper and iron

using atomic absorption (Olsen and Ellis 1982, Baker and Amacher 1982),

for nitrate using a specific ion electrode (Kneeney and Nelson 1982),

ammonium using a colorimetric spectrometry method (Kneeney and Nelson

1982) and phosphorus using an ammonium paramolybdate method colorimetric

spectrometry (Olsen and Sommers 1982).

Turf Quality

Visual turf quality ratings using a scale of 0 - 9 (9 being best)

were conducted on a monthly basis to document turf quality.

Turfgrass was grown from April 1987 to December 1987 with

treatments of effluent water without additional fertilizer and compared

to the quality of turf grown under potable irrigation with 48.4 kilograms

of nitrogen per hectare per month (1.0 pound of nitrogen per 1000 square

feet per month) of commercial urea fertilizer. Mowing was carried out
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with a rotary mower set at 3.8 centimeters (1.5 inches) and was conducted

twice a week during the summer months and weekly during the cooler winter

months.

The second segment of the turf quality study lasted from January

1988 to August 1988 and compared the quality of effluent and potable

irrigated turf under identical fertilization and irrigation rates.

Ammonium nitrate was used to fertilize four sub - plots at rates of 0.0,

16.1, 32.3, 48.4 kilograms of nitrogen per hectare per month (0.0, 0.3,

0.7 and 1.0 pounds of nitrogen per 1000 square feet per month) on each

of the six main plots using three replicates under each irrigation

regime. The turf was mowed using a three gang reel mower set to a height

of 1.3 centimeters (0.5 inches) twice a week in the warmer months and

weekly in the cooler months. During the summer of 1988 when effluent

plots showed severe chlorosis, grass clippings were collected and

analyzed for iron and zinc using perchloric and nitric acid plant tissue

digestion and atomic absorption spectrometry. A foliar iron application

was also applied at this time to all plots as ferrous sulfate (FeSO4 - 20%

iron) at an application rate of 1.0 kilogram of iron per hectare (8.8

grams of iron per 1000 square feet) to correct the chlorosis condition.

Interpretation of Data 

All data were analyzed for significant differences at the p =

0.05 level. A single factor completely randomized design was employed for

the soil, leachate and part one of the turf quality study using two

treatments and three replications. The second part of the turf quality
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study was analyzed using a two factor split plot design with two water

treatments, four fertilizer treatments and three replications.
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RESULTS AND DISCUSSION

This experiment was conducted from April 1987 to August 1988 in

order to compare soil, water and turf quality under secondary treated

municipal effluent and potable water irrigation. Soil was sampled and

compared under each irrigation regime. Microlysimeters were installed in

each main plot to collect leachate moving below the root zone. Turf was

established on virgin Sonoita series soils using common bermudagrass

(CVnodon dactvlon L. Pers.) overseeded in October 1987 with perennial

ryegrass (Lolium perenne L.). In the first segment of the turf study,

quality was assessed on plots irrigated with effluent water and no

commercial fertilizer and compared to potable water irrigated plots

amended with 48.4 kilograms of nitrogen per hectare per month (1.0 pound

on nitrogen per 1000 square feet per month). Later in the study, turf

quality ratings were assessed on plots irrigated with effluent or potable

water that were amended with 0.0, 16.1, 32.3 and 48.4 kilograms of

commercial nitrogen per hectare per month (0.0, 0.3, 0.7 and 1.0 pounds

of commercial nitrogen per 1000 square feet per month). Soil, leachate

and turf quality ratings were statistically analyzed for differences

occurring at the 5% level of significance.

Soil Quality

This experiment was performed in order to evaluate the influence

of effluent and potable irrigation on soil chemical properties.

Statistical analysis of mean data collected over the study period is

presented in Table 1. The results show significant differences at the 5%
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Table 1.	 Chemical properties of soil: Mean values over study
period.

Irrigation Regime

Potable	 Effluent

pH 7.4a* 7.4a

Electrical
Conductivity(1) 0.7a 1.0b

Sodium(2) 1.9a 6.1b

Calcium +
Magnesium(2) 2.0a 2.4a

Exchangeable
Sodium
Percentage 0.6a 5.1b

Nitrate -
Nitrogen(3)** 14.5a 22.3b

Phosphorus(3) 8.5a 26.7b

Potassium(3) 204.5a 255.5a

1. DeciSiemens per meter.
2. Millimoles per liter.
3. Milligrams per kilogram.
* Values in any given row followed by the same letter do not

differ at the 5% significance level.
** Average of four fertilization levels under each irrigation

regime.
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level for soil electrical conductivity, sodium, exchangeable sodium

percentage, nitrate and phosphorus. Soil pH, calcium + magnesium and

potassium were not influenced significantly by the two irrigation

treatments.

pH

Soil pH did not differ between irrigation treatments, but did

decrease from 7.9 to 7.4 for both waters over the study period (Table 2).

Since bermudagrass and ryegrass have optimum pH ranges of 5.5 - 7.5 and

6.0 - 7.0 respectively (Beard 1973), this result would be considered a

beneficial influence on turf growth. The pH of the irrigation waters were

higher and fluctuated more than soil pH (APPENDIX A). Mean values for

both effluent and potable plots were 7.4. Plant roots and soil microbial

activity may have influenced the decrease in pH.

Electrical Conductivity

Electrical conductivity values differed significantly between

potable and effluent irrigated soil at several sample dates but remained

fairly constant for both irrigation treatments (Fig.1). Effluent

irrigated soil averaged 1.0 deciSiemens per meter and was consistently

higher than the average 0.7 deciSiemens per meter of potable irrigated

soils. This may be due to the higher electrical conductivity values of

the effluent irrigation water (Table 3). The data suggest that even with

adequate leaching (a leaching fraction of 15 to 20% was used) the higher

salt content of the effluent water produced an increase in soil salinity.
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Table 2.	 Saturated paste pH of soils.

Irrigation Regime

Date
	

Potable	 Effluent

4-87 7.9a* 7.9a

7-87 7.7a 7.7a

10-87 7.2a 7.3a

1-88 7.2a 7.3a

4-88 7.4a 7.6a

7-88 7.3a 7.6a

Mean 7.4a 7.4a

* Values in a given row followed by the same letter do not
differ significantly at the 5% level.
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Table 3.	 Chemical properties of irrigation and leachate waters: Mean
values over study period.

Irriciation Water Leachate Water

Potable Effluent Potable Effluent

pH 8.0a* 7.7b 7.3c 7.4c

Electrical
Conductivity(1) 0.2a 0.7b 0.6c 0.9d

Sodium(2) 0.9a 4.1b 1.2c 4.9d

Calcium +
Magnesium(2) 0.8a 1.3b 3.0c 2.3d

Sodium
Absorption
Ratio 1.0a 3.7b 0.8a 3.5b

Potassium(2) 0.1a 0.3b 0.4c 0.5c

Bicarbonate(2) 2.0a 4.1b 6.0c 5.5c

1. DeciSiemens per meter.
2. Millimoles per liter.
* Values in any given row followed by the same letter do not

differ at the 5% significance level.
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The common bermudagrass and perennial ryegrass used in this study

both have a relatively high tolerance to irrigation water salinity (4.6

and 3.7 deciSiemens per meter respectively) and neither irrigation regime

produced soil salinity levels high enough to be detrimental to turf

growth (Ayers and Westcot 1985). Bermudagrass grown for forage has been

shown to produce 100% yields with soil electrical conductivity as high

as 6.9 and ryegrass with soil electrical conductivity of 5.6 (Maas 1984).

It has been suggested that moderate levels of salinity can even benefit

turf growth. Langdale and Thomas (1971) found that bermudagrass had

superior performance with a soil salinity of 5.3 to 6.6 deciSiemens per

meter. In addition, increasing salinity helps improve water infiltration

into the soil by deflocculating soil particles (Westcot and Ayers 1985).

Sodium

Sodium levels of soil and irrigation water are of primary

importance for agricultural production. Effluent irrigation produced soil

sodium levels that were significantly higher than those of potable

irrigated soils. Soil sodium, particularly in effluent plots, continued

to increase throughout much of the study period (Fig.2). The influence

of sodium in the irrigation water was apparently the largest factor

causing the increase in soil sodium. Relatively high levels of sodium in

effluent water can be a result from water softeners, processed foods,

detergents and other domestic uses. Sodium concentrations of effluent

water were approximately 3.3 millimoles per liter higher than levels in

potable water (Table 3). This lead to final effluent irrigated soil
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sodium levels that were 6.0 millimoles per liter higher than potable

irrigated soil and 6.8 millimoles per liter higher than the soil before

irrigation began. Sodium itself is not considered excessively toxic to

turf but, more importantly, sodium ions can replace calcium and magnesium

ions on the soil exchange complex and deflocculate soil particles due

to a large hydrated radius. This can lead to a deteriorated soil

structure with poor aeration, greater potential for mechanical compaction

and reduced water infiltration around the rooting zone. The severity of

mechanical soil compaction can be great on high use areas such as golf

course fairways, greens and sports facilities (Horst and Beard 1977).

The sodium hazard of an irrigation water is evaluated using both

the sodium absorption ratio and electrical conductivity. This is because

increasing salinity reduces the potential of sodium to deflocculate soil

particles. Sodium absorption ratio and electrical conductivity values

were higher in effluent water compared to potable water (Table 3).

Calcium + Magnesium

Calcium + magnesium are essential plant elements for cell walls,

cell division, chlorophyll and enzymes (Beard 1973). These elements are

also used in the calculation of sodium absorption ratios and exchangeable

sodium percentages which are employed to evaluate irrigation water and

soil quality for agricultural purposes (Westcot and Ayers 1985). Calcium

+ magnesium levels in effluent water averaged 1.3 millimoles per liter

and were 0.5 millimoles per liter higher than that of potable water

(Table 3). However, soil levels of these elements were not significantly
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higher on effluent plots and did not increase over time (Table 4). This

suggests that soil chemical properties were not greatly affected by the

levels of these elements in the water.

Exchangeable Sodium Percentage

The exchangeable sodium percentage (ESP) is used to measure the

sodium hazard of a soil and is calculated using the sodium absorption

ratio (SAR) of the saturated paste extract (Ayers and Westcot 1985).

SAR* -
sodium 

(calcium + magnesium) 1/2

100((-0.0126+0.1475(SAR))
ESP	 -

1+(-0.0126+0.1475(SAR))

* Elemental concentrations in millimoles per liter.

Exchangeable sodium percentage values for effluent irrigated	 soils

reached 7.6 (Fig.3) and may have continued to increase if the experiment

were continued for a longer period of time. Soil samples of the adjacent

golf course, which uses the same effluent water, contained exchangeable

sodium percentage levels as high as 18.9 in some areas. Potable soil ESP,

on the other hand, was at a maximum in January 1988 and decreased

slightly throughout the remainder of the study. Effluent irrigated plots

increased from an original ESP value of 0.1 to a final soil sample value
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Table 4.	 Water extractable calcium + magnesium concentrations
in soils.

Irrigation Regime

Date
	

Potable	 Effluent

	 millimoles per liter 	

4-87 2.7a* 3.3a

7-87 2.0a 1.6b

10-87 2.5a 1.4b

1-88 2.6a 2.0a

4-88 2.2a 2.1a

7-88 0.8a 1.3b

Mean 2.0a 2.4a

* Values in a given row followed by the same letter do not
differ significantly at the 5% level.
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of 7.6. Potable plot ESP increased from 0.1 to only 1.1. The highest

ESP values obtained were less than the critical value of 15 that the U.S.

Salinity laboratory specifies for sodium affected soils. Stroehlein and

Pennington (1986), however, suggested that values of ESP as low as 7 to

10 or lower may result in reduced water infiltration in clay soils,

especially with low - salt waters and 2:1 swelling clays. Several

methods of maintaining an acceptable ESP by reducing soil sodium or

increasing soluble calcium levels are available. For example, sulfur

materials such as sulfuric acid (H2SO4), elemental sulfur (S) or gypsum

(CaSO4) can be used as soil and/or water amendments (Cassidy et. al.

1988).

2S + 30 = 2S03 (microbial oxidation)

SO3 + H20 = H2SO4

H2SO4 + CaCO3 = H20 + CaSO4 + CO2

CaSO4 + 2Na(X) * = Ca(X) + Na 2SO4

* (X) represents a soil particle.

The practice of soil coring (aerification) is used to mechanically

reduce soil compaction. Soil coring and the use of gypsum as a soil

amendment are common management practices used on golf courses in the

Southwest.

Nitrogen

Nitrogen is required by turf in large amounts and is the most

commonly added commercial fertilizer. Nitrogen makes up as much as 3 to
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6% of turf dry tissue weight and is a component of amino acids, proteins,

enzymes, chlorophyll, vitamins and cell structure (Beard 1973). Growth

rate, shoot elongation, root growth, density and color are influenced by

soil nitrogen levels. Secondary treated effluent contained higher levels

of nitrate and ammonium than potable water (Table 5). Day et al. (1979)

found that wastewater nitrogen was utilized by the plant equally as well

as commercial fertilizers. Results of this experiment indicated that

effluent irrigated soil had significantly higher levels of nitrate

nitrogen than potable irrigated soil (Fig.4). Under identical commercial

fertilizer treatments, effluent treated soil contained 3 to 16 milligrams

per kilogram more nitrate nitrogen. This represents an increase of 25 to

84% over potable irrigated soil. Nitrogen inputs from potable irrigation

water were negligible, however, inputs from effluent were calculated to

be approximately 15.8 kilograms of nitrogen per hectare per month (0.3

pounds of nitrogen per 1000 square feet per month). Therefore, nitrogen

in the effluent water should help reduce the amounts of commercial

fertilizer required over the growing season.

Phosphorus

Phosphorus is an essential plant macronutrient and is active in

the cell structure, seedling establishment, energy storage and energy

transfer. Phosphorus concentration was higher in effluent water compared

to potable water (Table 5). Effluent irrigated soils also contained

significantly higher phosphorus levels than potable irrigated soils

(Table 1). Figure 5 indicates that soil phosphorus levels increased 18.7
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Table 5.	 Chemical properties of irrigation and leachate waters:
Range of values over study period.

Irrigation Regime

Potable Effluent

pH 7.5 - 8.4 7.0 -	 9.5

Electrical
Conductivity(1) 0.16 - 0.23 0.65 -	 0.91

Sodium(2) 0.6 -	 1.3 3.5 - 4.9

Calcium +
Magnesium(2) 0.6 - 0.9 1.0 -	 1.5

Sodium
Absorption
Ratio 0.7 -	 1.6 3.2 -	 4.1

Phosphorus(3) < 0.05 6.4 - 26.8

Potassium(3) 0.02 -	 0.10 0.19 - 0.43

Nitrate-N(3) 1.0 -	 5.0 1.0 -	 7.5

Ammonium-N(3) 0.0 -	 1.5 0.0 - 28.6

Carbonate(2) 0.0 0.0 -	 1.1

Bicarbonate(2) 1.4 -	 2.3 2.7 -	 5.0

Iron(3) < 0.10 < 0.10

Zinc(3) < 0.01 < 0.13

Copper(3) < 0.05 < 0.05

Manganese(3) < 0.01 < 0.01

1. DeciSiemens per meter.
2. Millimoles per liter.
3. Milligrams per liter.
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milligrams per kilogram in effluent treated soils and decreased

approximately 14.5 milligrams per kilogram in potable soils. Because

effluent treated soils were not amended with commercial phosphorus

fertilizer, this data suggests that effluent water contained phosphorus

levels in excess of plant requirements. Final phosphorus levels for

effluent soil were 28.0 milligrams per kilogram higher than the 8.0

milligrams per kilogram considered adequate for turf growth (Madison

1971). High phosphorus levels can lead to the production of insoluble

compounds with calcium, magnesium, iron or zinc and render these elements

less available for plant use (Fuller 1975). This may have contributed to

the high chlorosis found on the effluent plots during summer 1988. High

phosphorus levels may also promote increased establishment of weed

grasses and result in the need for additional pre - and post - emergence

herbicides on established turf (Dest and Allinson 1981).

Potassium

Potassium is a necessary plant element that is used in ion

balance, water balance and enzymatic reactions. Increased heat, cold and

drought hardiness are promoted by adequate levels of this element in

soils and plant tissue (Beard 1973). Potassium levels were consistently

higher in the effluent irrigated soil compared to potable irrigated soil

(Fig.6) but were not statistically different when averaged over the study

(Table 1).
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Iron, Zinc, Copper and Manganese

Iron, zinc, copper and manganese are essential turf micronutrients

and are used in many enzyme systems and chlorophyll synthesis (Beard

1973). Soil analysis was performed at the beginning and end of the study

and presented in Table 6. Data suggest that the levels of these elements

were not significantly different between irrigation treatments. However,

iron, zinc and manganese did change slightly with time. Concentrations

of these elements did not range beyond normal levels for Arizona soils

and were considered adequate for turf growth (Lindsay and Norvell 1978).

Leachate Duality

This segment of the study evaluated the quality of the water

moving below the root zone and, therefore, into the groundwater. As

plants transpire water, soluble salts are concentrated and	 either

immobilized in the soil or leached below the root zone.	 Since these

leachates may eventually be made available for other agricultural or

domestic use, it is of interest to observe their soluble salt

concentrations. In some areas, where groundwater is relatively saline,

the increased salinity of leachate water may contribute to further

degradation of underground water quality.

The average concentration of salts in irrigation and leachate

waters are summarized in Table 3. Individual monthly values of irrigation

and leachate waters are presented in Appendix A. Elemental concentrations

in leachate were greater than in the respective irrigation waters with

the exception of pH and the calculated sodium absorption ratio. Data show
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Table 6.	 Influence of potable and effluent irrigation on soil
iron, zinc, copper and manganese concentrations.

Potable	 Effluent

April 1987	 June 1988	 April 1987	 June 1988

	  milligrams per kilogram 	

Iron	 3.9a*	 6.6b	 3.5a	 6.4b

Zinc	 2.1a	 1.3b	 1.9a	 1.1b

Copper	 1.4a	 1.4a	 1.3a	 1.4a

Manganese	 3.0a	 5.4b	 2.7a	 6.6b

* Values in any given row followed by the same letter do not
differ at the 5% significance level.
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that with the exception of pH, the concentration of all compounds in

effluent water were significantly higher than what was found in the

potable irrigation water.

A comparison of potable and effluent leachates showed that pH,

potassium and bicarbonates did not differ significantly. The concentration

of sodium and also the electrical conductivity were significantly higher

in effluent leachate, primarily due to the higher concentrations of these

elements in the irrigation source. Calcium + magnesium concentration was

significantly higher in the potable leachate. Potable leachate contained

a significantly lower sodium absorption ratio due to higher calcium +

magnesium concentrations.

Effluent leachate contained significantly higher levels of

salinity than potable leachate water as measured by the electrical

conductivity. This may be due to the higher electrical conductivity of

the effluent irrigation water. Effluent irrigation water was 0.5

deciSiemens higher than potable irrigation water but produced leachates

that were only 0.3 deciSiemens higher.

These data suggest that the use of effluent water for irrigation

can produce leachate with a higher salinity than potable water

irrigation. Although the effluent leachate was of lower quality, it did

not exceed maximum levels that The Environmental Protection Agency sets

for drinking or agricultural water suitability.
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Turf Quality 

This segment of the experiment was performed in order to evaluate

the influence of effluent and potable irrigation on turf quality.

Germination was compared under the two water treatments and 14 visual

evaluations of turf quality were performed over the study period. From

May 1987 to December 1987 turf plots treated with effluent irrigation

with no additional commercial fertilizer were compared to plots irrigated

with potable water amended with 48.4 kilograms of nitrogen per hectare

per month. From January 1988 to August 1988 all plots were amended with

four identical commercial fertilizer rates to determine if the higher

nutrient and soluble salt content of effluent water would affect turf

quality.

Germination of both bermudagrass and ryegrass was significantly

reduced by effluent water (Table 7). This may be due to the higher

salinity of this water. Data show that bermudagrass had a 4.8% decrease

in germination while ryegrass had a 5.7% decrease with effluent. These

data suggest that a relatively low salinity water should be used during

germination when available. If not available or practical, seeding rates

could be increased to compensate for the lower germination.

Although germination was reduced with effluent water, improved

seedling establishment was observed. Figure 7 indicates that at the time

of the first quality rating, effluent irrigated plots produced more rapid

growth and greater ground cover than potable plots which had received no

commercial fertilizer. At this time, soil samples indicated that all

plots contained adequate nutrients. This may be a result of the higher
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Table 7.	 Percent germination of bermudagrass and ryegrass
with effluent and potable water.

Irrigation Regime

Potable	 Effluent

Bermudagrass
laboratory 29.4a* 24.6b

Ryegrass
Laboratory 96.6a 90.9b

Bermudagrass
Field 31.4a 16.4b

* Values in any given row followed by the same letter do not
differ at the 5% significance level.
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nutrient content of effluent acting as a irrigation applied fertilizer

source for the very small and shallow root system of the seedlings.

Therefore, nutrients from the effluent water were more accessible to

young roots while seedlings on potable plots had to expend more energy

to obtain plant nutrients in the soil. In addition, the high phosphorus

content of the effluent water (6.4 to 26.8 milligrams per liter) compared

to potable water (less than 0.05 milligrams per liter) would help promote

seedling establishment. Therefore, when using effluent, it may be

unnecessary or undesirable to fertilize the soil prior to seeding whereas

added fertilizer would improve establishment for potable irrigated soil.

Although turf establishment was better with effluent irrigation, data

from the second turf quality rating in July 1987 indicated that

fertilized potable plots surpassed unfertilized effluent plot quality.

This may be because the larger plants had a higher nitrogen requirement

than what was available in the effluent (Fig.8).

Effluent irrigated plots with no additional fertilizer and potable

plots fertilized at 48.4 kilograms of nitrogen per hectare per month were

evaluated 13 times over the study period. This segment of the turf

quality study was done in order to determine if unfertilized effluent

plots produced a turf of acceptable quality for areas of low intensity

management such as home lawns, playgrounds, cemeteries and parks.

Overall, effluent irrigation alone did not produce as high a quality turf

as potable irrigation with additional commercial fertilizer (Fig.8).

Ratings also showed that after a hard freeze in November 1987,

unfertilized effluent plots recovered more slowly than fertilized potable
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plots suggesting that adequate amounts of nitrogen increased winter

hardiness of cool season grasses. Effluent did, however, produce better

turf quality ratings during the summer of 1988 when ryegrass on potable

plots suffered from the combination of high temperatures and high

nitrogen treatments. Table 8 shows that although fertilized potable plots

frequently performed better than unfertilized effluent plots, the mean

turf quality rating was 6.4 and 5.6 respectively (9 = Best) and was not

significantly different between treatments.

Figures 9 and 10 show the quality of effluent and potable plots

amended with four identical commercial fertilizer rates. Both irrigation

regimes had better quality when fertilized at higher rates of nitrogen

until June for effluent and July for potable. Effluent and potable plots

that were treated with higher rates of commercial nitrogen fertilizer

began showing signs of chlorosis and cool season ryegrass loss at this

time. Greater chlorosis was found on turf irrigated with effluent and may

have been a result of high soil phosphorus producing insoluble iron

phosphates in the soil and the plant. High soil nitrates may have further

contributed to the chlorosis by inducing a growth rate that exceeded the

ability of the plant to absorb or translocate iron. During chlorosis

symptoms, a soil test was performed which showed that adequate levels of

soil iron and zinc were present (Lindsay and Norvell 1978). Leaf tissue

was also collected and analyzed for iron and zinc (Table 9). At this

time, a foliar application of ferrous sulfate was applied which corrected

the problem until the treated leaf tissue was removed by mowing (Table
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Table 8.	 Mean turf quality ratings*** of unfertilized effluent
and fertilized** potable plots over study period.

Irrigation Regime 

Potable	 Effluent

MAY	 2.0a*	 3.9b

JUL	 6.5a	 5.0b

AUG	 6.7a	 6.1b

SEP	 7.5a	 6.7b

OCT	 8.5a	 8.1a

DEC	 4.0a	 2.8a

JAN	 5.8a	 2.0b

FEB	 6.5a	 3.5b

MAR	 7.6a	 4.7b

APR	 7.5a	 5.8b

MAY	 6.3a	 6.0b

JUN	 6.7a	 8.6b

JUL	 4.6a	 5.9b

AUG	 5.2a	 9.0b

MEAN	 6.4a	 5.6a

*	 Values in a given row followed by the same letter do not
differ at the 5% significance level.

** Fertilized at a rate of 48.4 kilograms of nitrogen per hectare
per month.

*** Turf quality ratings were judged on a scale of 0 to 9 with 9
being best.
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Table 9.	 Iron and zinc concentrations in soil and leaf tissue
during time of turf chlorosis.

= = =

Irrigation Regime

Potable	 Effluent

milligrams per kilogram

'	 Soil
Iron	 6.6a*	 6.4a
Zinc	 1.3a	 1.1a

Leaf
Iron	 165a	 166a
Zinc	 101a	 72b

* Values in any given row followed by the same letter do not
differ at the 5% significance level.
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10). Fertilized potable plots did not show signs of severe chlorosis but

did show signs of perennial ryegrass burnout one month later than the

fertilized effluent plots. The earlier ryegrass loss on fertilized

effluent plots was probably a response to the higher levels of nitrogen

in the soil (Fig.4). Excessive rates of soil nitrogen can lead to lower

heat tolerance of cool season grasses plus earlier and more sudden

burnout during high summer temperatures. Figures 9 and 10 show that

effluent plots receiving no fertilizer produced the highest quality turf

of all treatments during the hot months of June, July and August. These

plots had no noticeable chlorosis or ryegrass burnout and a more gradual

transformation into the bermudagrass growing season.

Mean quality of turf amended with four identical fertilization

rates showed that the quality of effluent irrigated plots was not

significantly different than potable irrigated plots (Table 11).

However, monthly turf quality varied considerably with season and between

irrigation regime. Figure 11 shows that potable plots had higher quality

than effluent plots during January, February, March and July 1988. Colder

temperatures in the winter months may have caused a slow response of

effluent irrigated plots to the first application of commercial

fertilizer. Potable plots may have had superior quality at this time

because of previous commercial nitrogen fertilization. Iron chlorosis and

sudden ryegrass burnout on the fertilized effluent plots resulted in

relatively low quality in July. During the months of April, May, June

and August 1988, effluent plots produced higher quality ratings than

potable under identical fertilization rates. These data suggest that the



Table 10. Iron and zinc concentrations in leaf tissue before
and after iron sulfate application.
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Potable	 Effluent

Before	 After	 Before	 After

milligrams per kilogram

Iron	 165a*	 428b	 166a	 414b

Zinc	 101a	 83b	 72c	 64c

* Values in a given row followed by the same letter do not
differ at the 5% significance level.
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Table 11.	 Mean quality ratings*** of effluent and potable
irrigated turf under four fertilization treatments**.

Irrigation Regime

EffluentPotable

JAN 3.7a* 5.7b

FEB 6.1a 5.6a

MAR 6.7a 6.1a

APR 6.5a 6.8a

MAY 5.8a 6.8b

JUN 6.3a 7.6b

JUL 4.8a 3.5b

AUG 4.9a 7.5b

MEAN 5.8a 5.9a

*	 Values in a given row followed by the same letter do not
differ at the 5% significance level.

**	 Fertilized at rates of 0.0, 16.1, 32.3 and 48.4 kilograms of
nitrogen per hectare per month.

*** Turf quality ratings were judged on a scale of 0 to 9 with 9
being best.
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additional nutrients in effluent were responsible for the superior

performance. They also suggest that effluent could produce turf of equal

quality to that grown under potable irrigation while using less

commercial fertilizer.

Management Considerations 

The use of secondary treated municipal effluent for turf irrigation

can produce a different plant growth environment than potable water

irrigation. Because of this, turf professionals need knowledge of the

soil and water characteristics influenced by effluent to promote the

highest quality turf. Good turf quality means increased aesthetic values

and better use of recreational areas. Poor turf quality, particularly on

high value golf courses, is a primary concern to the turf professional

and can lead to loss of both income and employment.

This study showed that secondary treated effluent contained

higher levels of beneficial plant nutrients plus greater concentrations

of potentially hazardous sodium and soluble salts compared to potable

water. Salinity and exchangeable sodium percentage were greater in soils

irrigated with effluent. Therefore, effluent irrigated turf should be

amended more regularly with sulfur materials or a form of water soluble

calcium, such as gypsum, to maintain acceptable exchangeable sodium

percentage levels. Soil aerification may be required on a more regular

basis and irrigation should be scheduled to promote leaching. Reduced

germination from effluent may also be compensated for by adjusting

seeding rates.
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Effluent irrigated soils also contained significantly higher

levels of nitrogen and phosphorus. Fertilization schedules and rates

should, therefore, be adjusted to take these nutrients into account.

Nitrogen application rates can be decreased as needed, depending on the

growing season and quality of turf desired. Application of commercial

phosphorus fertilizer may not be necessary and should be minimized on

established turf to reduce the potential for weed seed establishment and

iron chlorosis. Pre-plant soil fertilization can be reduced, if not

eliminated. Foliar iron application may be required on a more regular

basis to prevent chlorosis. If effluent is managed like potable water

irrigation, there is also greater potential for nitrogen overfertilization

of cool season grasses during summer months.
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SUMMARY AND CONCLUSIONS

Field research was undertaken to compare the effect of secondary

treated municipal wastewater irrigation and potable water irrigation on

two species of turfgrass. During April 1987, common bermudagrass (Cvnodon 

dact lon L. Pers.) was seeded to a 557.4 square meter (6000 square foot)

research plot containing Sonoita gravelly sandy loam soil. In October

1987, perennial ryegrass (Lolium perenne L.) was overseeded to maintain

an actively growing turf. Lysimeters were installed to a depth of 61.0

centimeters (24 inches) and all irrigation was scheduled to maximize turf

growth rather than to maximize effluent disposal. Soil was sampled to a

depth of 0.0 - 0.01 centimeters (0.0 - 4.0 inches) at three month

intervals and analyzed for pH, electrical conductivity, sodium, calcium

+ magnesium, exchangeable sodium percentage, nitrate, phosphorus and

potassium. Soils were essentially homogenous at the beginning of the

study. Irrigation and leachate waters were collected at two week

intervals and analyzed for pH, electrical conductivity, sodium, calcium

+ magnesium, sodium absorption ratio, potassium and bicarbonate.

Nitrogen and phosphorus content of the irrigation waters were analyzed

periodically.

Unfertilized plots were established from seed using either

effluent or potable irrigation water. Between May 1987 and December 1987,

plots were treated with effluent irrigation without additional

commercial fertilizer and compared to potable irrigated plots fertilized

with 48.4 kilograms of nitrogen per hectare per month (1.0 pound of
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nitrogen per 1000 square feet per month). This was done in order to

evaluate the quality of effluent irrigated turf under low intensity

management. From January 1988 through August 1988, all plots were

amended with four identical rates of commercial nitrogen fertilizer in

order to determine how the higher nutrient content of the effluent water

affected turf quality. Turf quality was assessed by visual evaluation 14

times during the experiment.

The study showed that effluent water can be a valuable irrigation

source for turf in the desert Southwest if certain precautions are

observed with its use. When compared with potable water, wastewater

contains higher levels of many beneficial plant nutrients, as well as

potentially hazardous concentrations of sodium and soluble salts which

can influence soil, leachate and turf quality.

The following conclusions were drawn from the results of this

experiment.

Soil Quality 

(a) Electrical conductivity, sodium, exchangeable sodium

percentage, nitrate and phosphorus contents of effluent irrigated soil

were significantly higher than potable irrigated soil at the end of the

study. This indicates that. effluent irrigation can alter soil chemical

properties over a relatively short period of time. Soil characteristics

of pH, calcium + magnesium and potassium remained relatively constant.
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Water Duality

(a) Values of electrical conductivity, sodium, calcium +

magnesium, sodium absorption ratio, nitrogen, phosphorus, potassium and

bicarbonate were greater in effluent irrigation water than corresponding

values for potable irrigation water.

(b) Effluent and potable leachate values	 for electrical

conductivity, sodium, calcium + magnesium, potassium and bicarbonate were

significantly higher than their respective irrigation waters.

(c) Effluent leachate was significantly higher than potable

leachate for electrical conductivity, sodium and sodium absorption ratio,

while potable leachate contained a significantly higher concentration of

calcium + magnesium. Data for pH, potassium and bicarbonates were not

significantly different.

Turf Duality

(a) Laboratory germination for common bermudagrass and perennial

ryegrass was significantly lower using effluent water than with potable

water. Unfertilized field plots irrigated with effluent water showed

significantly lower seed germination but produced greater initial ground

coverage than unfertilized potable plots.

(b) Turf quality of potable plots fertilized with 48.4 kilograms

of nitrogen per hectare per month over a 16 month period varied at

certain times from the quality of turf achieved with effluent and no

commercial fertilizer. However, mean quality 	 ratings were not

significantly different when averaged over the entire study period.
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(c) From January 1988 to August 1988, effluent and potable

irrigated turf was amended with four identical rates of commercial

fertilizer. Effluent irrigated plots produced superior quality in April,

May, June and August. Potable plots performed	 better in January,

February, March and July. Mean quality ratings compared over the entire

period were not significantly different.

(d) During July 1988, effluent plots amended with 16.1, 32.3

and 48.4 kilograms of nitrogen per hectare per month (0.3, 0.7 and 1.0

pounds of nitrogen per 1000 square feet) showed signs of severe iron

chlorosis and sudden burnout of cool season ryegrass. Fertilized potable

plots, unfertilized potable and unfertilized effluent plots did not show

these symptoms at this time.

Management Considerations 

(a) The higher electrical conductivity of effluent water may

require greater leaching fractions than potable irrigation.

(b) A regular program of soil and/or water amendments should be

conducted to reduce sodium hazards and prevent excessive exchangeable

sodium percentage values.

(c) Nitrogen and phosphorus inputs from secondary treated

effluent water should be considered in fertilization programs.

(d) Lower seed germination with effluent water may need to be

compensated for by adjusting seeding rates. Pre - plant fertilization

can be reduced or eliminated.
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(e) Secondary effluent irrigation creates a greater potential

for overfertilization of cool season grasses in the summer months and may

require more frequent foliar applied iron at this time.

(f) High phosphorus levels produced in effluent irrigated soil

may promote weed seed establishment, as well as promote iron chlorosis

by reducing available soil iron.
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Table A-1.	 pH of irrigation and leachate waters: Monthly
averages.

Date

Irrigation Water Leachate Water

Potable Effluent Potable Effluent

4-87 8.2 7.0 7.7a* 7.9a

5-87 7.8 7.3 8.0a 7.7a

6-87 8.1 7.2 7.7a 8.0a

7-87 7.9 7.1 7.6a 7.4a

8-87 8.0 7.3 8.0a 7.6a

9-87 7.9 7.3 7.5a 7.3a

10-87 7.8 7.2 7.3a 7.3a

11-87 7.7 7.5 7.1a 7.2a

12-87 8.2 7.6 7.3a 7.2a

1-88 8.2 8.1 7.1a 7.3a

2-88 8.3 9.1 7.3a 7.3a

3-88 8.2 9.3 7.1a 7.2a

4-88 8.2 7.8 7.2a 7.2a

5-88 7.8 7.5 7.1a 7.2a

6-88 7.6 7.2 6.9a 7.3a

7-88 7.8 7.5 6.9a 7.1a

* Values in a given row followed by the same letter do not differ
significantly at the 5% level.



Table A-2. Electrical conductivity of irrigation and leachate
waters: Monthly averages.

Date

Irrigation Water Leachate Water

Potable	 Effluent	 Potable

	 deciSiemens per meter  

Effluent

4-87 0.16 0.71 0.64a* 1.00b

5-87 0.20 0.73 0.31a 0.91b

6-87 0.23 0.72 0.62a 1.10b

7-87 0.23 0.86 0.61a 0.87b

8-87 0.20 0.78 0.76a 0.91b

9-87 0.20 0.72 0.78a 0.90b

10-87 0.21 0.73 0.65a 0.88b

11-87 0.22 0.70 0.52a 0.86b

12-87 0.21 0.68 1.08a 0.88b

1-88 0.22 0.69 1.08a 0.72b

2-88 0.22 0.66 0.49a 0.92b

3-88 0.21 0.65 0.47a 0.89b

4-88 0.21 0.81 0.44a 0.73b

5-88 0.20 0.80 0.48a 0.90b

6-88 0.19 0.71 0.46a 1.10b

7-88 0.21 0.69 0.58a 1.22b

* Values in a given row followed by the same letter do not differ
significantly at the 5% level.
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Table A-3.	 Sodium level of irrigation and leachate waters:
Monthly averages.

Date

Irrigation Water Leachate Water

Potable	 Effluent	 Potable

	  millimoles per liter 	

Effluent

4-87 1.17 4.90 1.22a* 3.66b

5-87 0.95 4.72 1.44a 4.61b

6-87 0.76 3.85 1.50a 5.02b

7-87 0.72 4.18 1.37a 4.97b

8-87 0.82 4.05 1.11a 4.05b

9-87 0.85 4.12 1.14a 4.73b

10-87 0.62 3.52 0.82a 4.55b

11-87 0.82 3.89 0.84a 4.84b

12-87 1.04 4.01 1.31a 4.77b

1-88 1.25 4.27 1.22a 4.04b

2-88 0.96 4.17 1.01a 4.38b

3-88 1.02 4.17 1.02a 4.65b

4-88 0.81 4.36 1.34a 4.72b

5-88 0.82 4.33 1.44a 5.37b

6-88 0.70 4.12 1.38a 6.54b

7-88 0.73 3.99 1.42a 7.57b

* Values in a given row followed by the same letter do not differ
significantly at the 5% level.



Table A-4. Calcium + magnesium level of irrigation and leachate
waters: Monthly averages.

Date

Irrigation Water Leachate Water

Potable	 Effluent	 Potable

	 millimoles per liter 	

Effluent

4-87 0.89 1.46 3.06a* 3.49b

5-87 0.89 1.47 2.02a 3.09b

6-87 0.85 1.18 2.51a 2.94a

7-87 0.73 1.25 2.44a 1.81a

8-87 0.67 1.13 2.70a 1.92b

9-87 0.74 1.22 3.50a 2.04b

10-87 0.81 1.17 2.26a 1.81a

11-87 0.74 1.21 2.21a 1.88a

12-87 0.71 1.30 7.18a 2.10b

1-88 0.65 1.18 6.12a 1.93b

2-88 0.67 1.14 2.26a 2.51a

3-88 0.69 1.06 2.29a 2.22a

4-88 0.85 1.40 1.90a 1.84a

5-88 0.83 1.33 2.30a 2.53a

6-88 0.82 1.35 2.14a 1.93a

7-88 0.85 1.33 2.70a 2.77a

* Values in a given row followed by the same letter do not differ
significantly at the 5% level.
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Table A-5.	 Sodium absorption ratio of irrigation and leachate
waters: Monthly averages.

Date

Irrigation Water Leachate Water

Potable	 Effluent Potable Effluent

4-87 1.2 4.1 0.7a* 2.0b

5-87 1.0 3.9 1.0a 2.4b

6-87 0.8 3.5 1.0a 2.9b

7-87 0.9 3.7 0.9a 3.7b

8-87 1.0 3.8 0.7a 3.4b

9-87 1.0 3.7 0.6a 3.3b

10-87 0.7 3.3 0.5a 3.4b

11-87 1.0 3.5 0.6a 3.5b

12-87 1.2 3.5 0.5a 3.3b

1-88 1.5 3.9 0.5a 3.0b

2-88 1.2 3.9 0.7a 2.8b

3-88 1.2 4.1 0.7a 3.2b

4-88 0.9 3.7 1.0a 3.5b

5-88 0.9 3.7 0.9a 3.9b

6-88 0.8 3.6 1.0a 4.7b

7-88 0.8 3.4 0.9a 4.7b

* Values in a given row followed by the same letter do not differ
significantly at the 5% level.
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Table A-6.	 Potassium level of irrigation and leachate waters:
Monthly averages.

Date

Irrigation Water Leachate Water

Potable	 Effluent	 Potable

	 millimoles per liter 	

Effluent

4-87 0.05 0.35 0.74a* 0.57b

5-87 0.05 0.34 0.59a 0.69b

6-87 0.07 0.32 0.56a 0.84b

7-87 0.03 0.35 0.44a 0.38a

8-87 0.06 0.33 0.42a 0.37a

9-87 0.06 0.36 0.47a 0.34b

10-87 0.04 0.28 0.20a 0.28a

11-87 0.06 0.27 0.19a 0.26a

12-87 0.06 0.28 0.37a 0.28a

1-88 0.05 0.28 0.45a 0.32b

2-88 0.04 0.30 0.49a 0.38a

3-88 0.05 0.31 0.48a 0.40a

4-88 0.04 0.26 0.31a 0.26a

5-88 0.03 0.30 0.36a 0.52b

6-88 0.05 0.37 0.29a 0.68b

7-88 0.04 0.26 0.38a 0.56b

* Values in a given row followed by the same letter do not differ
significantly at the 5% level.
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Table A-7.	 Bicarbonate level of irrigation and leachate
waters: Monthly averages.

Date

Irrigation Water Leachate Water

Potable	 Effluent	 Potable

	 millimoles per liter 	

Effluent

4-87 2.0 5.0 5.9a* 4.9b

5-87 1.7 4.5 4.6a 5.7b

6-87 2.1 4.3 6.7a 7.8b

7-87 2.0 4.2 6.3a 5.2b

8-87 2.0 4.0 8.1a 5.9b

9-87 1.9 4.2 10.9a 5.7b

10-87 2.0 4.2 6.5a 5.3b

11-87 2.0 3.1 5.9a 5.6b

12-87 2.0 3.1 5.4a 5.0a

1-88 2.1 3.6 4.4a 4.0a

2-88 2.0 3.2 4.7a 4.8a

3-88 2.0 2.7 5.5a 5.6a

4-88 2.0 5.0 4.6a 4.9a

5-88 2.0 4.8 4.9a 5.4a

6-88 1.9 4.6 5.6a 5.8a

7-88 2.0 4.9 5.6a 5.8a

* Values in a given row followed by the same letter do not differ
significantly at the 6% level.
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