
Turfgrass Systems for Saline Irrigation Water 
 

J. Walworth, D. Kopec, A. Pond, and J.Gilbert 
 

Abstract 
 

Seashore Paspalum (Paspalum vaginatum) is a warm-season halophyte with excellent salt tolerance after 
establishment.  In areas which require overseeding, there is a need for a cool-season counterpart suitable 
for over-seeding.  The goal of this field research is to evaluate a year-round turfgrass system for saline 
conditions using perennial ryegrass (Lolium perenne), alkaligrass (Puccinellia distans), and a combination 
of perennial ryegrass and Puccinellia as the cool-season grasses.  In the summer months, paspalum quality 
and density were reduced when overseeded with ryegrass or with a combination of puccinellia and 
ryegrass.  Ryegrass quality and density decreased slightly as irrigation water salinity was increased from 0 
to 3000 to 6000 mg/L.  In addition, the percentage of cover by overseeded ryegrass decreased significantly 
when 6000 mg/L irrigation water was applied. Puccinellia was much more sensitive to salinity than 
ryegrass and overall quality, turf density, and percent cover by puccinellia were greatly reduced by 
addition of salt.  However, in the absence of added salt, puccinellia quality, percent cover, density, and 
color were generally greater than that of ryegrass.  The puccinellia/ryegrass overseed mixture generally 
performed intermediate relative to either grass alone.   
 

Introduction 
 
Seashore Paspalum (Paspalum vaginatum) is a halophyte with excellent salt tolerance after establishment.  
However it does enter winter dormancy, similar to that of bermudagrass.  If paspalum is to be fully 
accepted in areas which require overseeding, there is a need for a cool-season counterpart suitable for over-
seeding in saline soil conditions.  The goal of this research is to evaluate a year-round turfgrass system for 
such saline conditions.  Perennial ryegrass (Lolium perenne), alkaligrass (Puccinellia distans), and a 
combination of perennial ryegrass and Puccinellia are the cool-season grasses used in this study for fall 
over-seeding with the purpose of maintaining year-round green turf in salt-impacted soils. 
 

Materials and Methods 
 
This study consists of a split-plot design field study with four replicates.  Main blocks are three salinity 
levels imposed by addition of a dry salt mixture consisting of NaCl, MgSO4, and CaSO4 formulated to 
mimic the salt composition of Tucson reclaimed water.  The salt mixture is applied to plots with a drop 
spreader two times per week.  Salt application rates are based on irrigation quantity, and are designed to 
simulate a range of irrigation water qualities: 
   

1. Control - no salt added, receives only the salt in the Tucson reclaimed water (TDS~680 mg/L)   
2. TDS = 3,000 mg/L  
3. TDS = 6,000 mg/L 

 
Salinity treatments were initiated in August, 2005, and have been continuously applied since.   
 
Split-plots consist of species of over-seeded cool-season grasses.  On October 12, 2005 main plots were 
split into thirds, with each main plot over-seeded with Lolium perenne, Puccinellia distans, or a mixture of 
these two species.  Seeding rates were 6950 g/1000 ft2 for the perennial ryegrass, 890 g/1000 ft2 for 
Puccinellia, and 3475 g/1000 ft perennial ryegrass and 445 g/1000 ft2 of puccinellia in the mixed treatment.  
Seeding rates were designed to apply the same number of seeds per unit area for each of the three sub-plot 
treatments.  In the fall of 2007, overseeding plots were changed to include a non-overseeded paspalum plot 
in addition to plots overseeded with ryegrass, puccinellia, or a 1:1 ryegrass/puccinellia mixture.  Thus in 
2007, each main plot receiving one of the three levels of salt was at that time divided into four, rather than 
three, subplots. 
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Irrigation was applied uniformly over all plots by sprinklers, at a rate equal to net evapotranspiration.  All 
plots were rated visually approximately once per month for color, quality, and density using National Turf 
Evaluation Program rating scales.   
 

Results and Discussion 
 
This report covers the third year of this study.  During the second year data on overseeding were not 
collected due to problems with the overseeding, as Poa trivialis was inadvertently overseeded instead of 
Puccinellia.  Therefore, the data in this report include only those taken during the fall and winter of 2007 
and the spring and summer of 2008, which includes a non-overseeded (paspalum only) control.  
 
Soil salinity 
 
Soil salinity levels have proved difficult to control during the monsoon season, when clean rainfall 
effectively flushes salts from the soil profile (see figure, below).  Salts have been applied as a dry mixture 
consisting of NaCl, MgSO4, and CaSO4 formulated to mimic the relative salt composition of Tucson 
reclaimed water.  The salt mixture has been applied to plots with a drop spreader twice per week.  Salt 
application rates were selected to simulate a range of irrigation water qualities (no salt control; 3,000 mg/L; 
6,000 mg/L) and were designed to result in a comparable range of soil salinities.   
 
During monsoon season however, soil salinity levels among the three salt treatments became non-
significant.  In general, difference between the two highest levels of added salt levels diminished during 
monsoon rains.  However soil salinity levels were much closer to target levels during the overseed months, 
which is critical to the overseed turf responses. 
 
Integrity between soil salinities was maintained through the cool winter and spring months.  However, soil 
salinity levels dropped in the salted plots during the summer rainy season, and the soils with applied salts 
were only slightly more saline than the untreated control soil.  As monsoon rains decreased, salinity in 
salted soils increased once again, although differences between the two levels of added salt were minimal 
until October.  At the levels of salt applied, several months are required to accumulate sufficient salt to 
differentiate among salinity treatments. 
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Visual turfgrass quality  
 
Visual turfgrass quality ratings, based on a scale of 1 (worst) to 10 (best) are shown below.  The overseed 
grasses are separated to simplify the graphic presentation and to allow trends to more easily be seen.  The 
performance of paspalum alone (without any overseeding) can be seen in the upper panel below.  During 
winter dormancy the visual quality of the turfgrass dropped to 1.0 and it peaked in July, at the height of the 
warm season.  Paspalum is very tolerant of moderate levels of soil salinity, which is reflected in the very 
slight reduction of quality with increasing levels of salt addition.  The negative effect of salt on paspalum 
was only apparent as this grass entered dormancy, and this effect was slight.  
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Paspalum overseeded with ryegrass maintained a more even quality over the observation period, however 
the quality of overseeded paspalum was not as good as that of paspalum alone during the hot months of 
June through September, most likely because of competition provided by ryegrass during transition from 
cool to warm conditions (second panel, above).   
 
Ryegrass demonstrated good salt tolerance, but overall quality of the turf overseeded with ryegrass declined 
slightly at the highest level of salt addition (third panel, above).  Quality of overseeded ryegrass was 
relatively low, and generally below 6.0, especially with the addition of salt. 
 
In contrast, in plots overseeded with puccinellia, turfgrass quality was high (approximately 7.0) in plots that 
did not receive additions of salt (lower panel, above).  Although puccinellia is reported to be a highly salt 
tolerant grass, its performance was poor when either 3000 or 6000 mg/L irrigation water was simulated, 
reaching a quality score of 7.0 on July 21, 2008 (during the monsoon), followed by a decline from 
accumulated heat and humidity. 
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The quality of the combination of ryegrass and puccinellia as an overseed mixture was slightly better than 

plots 

he quality ratings discussed above largely reflect the speed and amount of germination and subsequent 

ercent plot cover by cool season grass 

yegrass germinated and filled in rapidly, covering well over 50% of the ground surface by early January 

uccinellia was much more severely impacted by salinity (middle panel, below).  Whereas in the control 
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 the unsalted plots (third panel, below), it was observed that the puccinellia/ryegrass overseeding mix 

re 

ote that at the beginning of summer (June 1), all mixtures had the same percent overseed composition 

 
 

ryegrass alone in the plots not amended with salt, and no better than ryegrass alone in saltier plots.  
Including ryegrass with puccinellia resulted in improved turf quality relative to puccinellia alone, in 
amended with salt.  
 
T
growth of the overseed grasses.  In the figure below are plotted evaluations of the percentage of cover 
afforded by each of the overseed grass combinations.   
 
P
 
R
in all plots but those receiving the highest level of salt (upper panel, below).  At the 6000 mg/L level, salt 
delayed and inhibited the development of ryegrass.  Note that by summer, that there was approximately a 
20% absolute difference in ryegrass cover, being rate dependant on salinity level alone. 
 
P
plots that received no salt, puccinellia covered essentially 100% of the ground in January and February, 
3000 mg/L of salt reduced this to approximately 60%, and 6000 mg/L of salt to about 20%.  This reflects
an important distinction of salinity tolerance – that between growing plants and germinating seeds.  The 
germination process is relatively sensitive to stresses, the germinating seedlings and young plants being 
much more susceptible to salinity than mature plants.  Furthermore, it has been widely reported that 
germination stresses to phytotoxic agents are closely related to seed size.  Puccinellia, with very smal
seeds, is not surprisingly more sensitive to salinity during germination than large-seeded ryegrass.  As a
overseed mono-stand, Puccinellia alone did not cover well under high salinity (6000 ppm) conditions, 
essentially producing  20% or less plot coverage at all times.  Its turf quality was largely based on the re
of the paspalum in an otherwise weak stand. 
 
In
behaved much as the puccinellia alone, covering 100% of the plot by early February.  In the two sets of 
plots with added salt (both the 3000 and 6000 mg/L levels), the puccinellia/ryegrass mixture behaved mo
like the ryegrass alone, filling to nearly 80% and 60%, respectively by early February. 
 
N
cover values (approximately 62 to 65% cool season grass cover). 

Ryegrass

0
10
20
30
40
50
60
70
80
90

100

11/14/2007 1/3/2008 2/22/2008 4/12/2008 6/1/2008

Date

%
 o

ve
rs

ee
de

d 
gr

as
s

Control

3,000 mg/L

6,000 mg/L

Turfgrass, Landscape and Urban IPM Research Summary, (P-157), February 2009 51
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Visual de

isual density ratings (1 to 10) in the non-overseeded control plots illustrate the growth of paspalum 
nel, 

hen ryegrass alone was used for overseeding, its initial establishment was fair, but was then reduced by 

, 
 

 
occurred from November to January. 

nsity ratings 
 
V
without competition from overseeded grass, and peak in the middle of the warm season in July (top pa
below).  Density of paspalum reached a minimum, as expected, during mid-winter, when the grass was 
dormant.  Density of paspalum was essentially unaffected by salt additions. 
 
W
cold temperatures, later slowly recovering.  Turf density was maintained throughout the winter, however 
the density during the summer was reduced (second panel, below).  This effect of competition from the 
ryegrass is reflected both in the density and the quality ratings discussed above.  Interestingly, summer 
density of paspalum was affected by salinity (either 3000 or 6000 mg/L) when overseeded with ryegrass
but not when grown without overseeding.  Ryegrass density in the cool season was reduced by 6000 mg/L
of salt, but not by 3000 mg/L.  In either case, ryegrass density was poor after hard cold temperatures, which
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Density of the puccinellia overseeded plots reflects the sensitivity of puccinellia germination and 
development to salinity, and was substantially reduced when either 3000 or 6000 mg/L of salt was added 

son 

 due 

 overseed mixture was only slightly better than the puccinellia alone in 
e salted plot, and not as good in the unsalted plots (bottom panel, below).  Again, density of the paspalum 

(third panel, below).  Perhaps because the puccinellia is less competitive with paspalum, warm-sea
density in this combination was better than when paspalum was overseeded with ryegrass.  This is 
consistent with the slow rate of coverage of puccinellia alone, its turf density later becoming acceptable
to an increase in paspalum cover. 
 
Density of the puccinellia/ryegrass
th
was not as good as the non-overseeded paspalum.  However, in contrast to the paspalum overseeded with 
ryegrass, the paspalum overseeded with a puccinellia/ryegrass mix was did not exhibit increased sensitivity 
to salt. 
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Visual color ratings 

 the non-overseeded control (top panel, below) indicate that the color of the 
aspalum alone was not affected by added salt level.  Color of the overseeded ryegrass (second panel, 

 

d 

 and 

 
Visual color ratings of
p
below) shows that the color of the ryegrass was less than that of the paspalum, but that overseeding
paspalum with ryegrass did not affect the color of the paspalum during the warm season, and that the  
overall turfgrass color of this combination was not affected by added salt.  Overseeded puccinellia ha
better color than the ryegrass in the absence of salt.  Where 3000 mg/L of salt was added, color of 
puccinellia was equivalent to that of ryegrass, but where 6000 mg/L of salt was added, the color rating of 
the puccinellia was considerably lower than the ryegrass.  This effect was reduced when puccinellia
ryegrass were used in combination for overseeding, but the color rating was still lower than that of the 
ryegrass alone when 6000 mg/L of salt was added.
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Summary 
 
 

1. Non overseeded paspalum was apparently tolerant of the soil salinity levels, however warm season 
soil salinity levels were reduced relative to those in the cool season due to monsoon rain leaching.   

 
In the summer months, paspalum quality and density were reduced when overseeded with ryegrass 
or with a combination of puccinellia and ryegrass.  Competition from ryegrass also decreased the 
tolerance of paspalum to added salinity during the warm season. 

 
2. Ryegrass quality and density decreased slightly as irrigation water salinity was increased from 0 to 

3000 to 6000 mg/L.  In addition, the percentage of cover by overseeded ryegrass decreased 
significantly when 6000 mg/L irrigation water was applied. 

 
3. Puccinellia was much more sensitive to salinity than ryegrass.  Overall quality, turf density, and 

percent cover by puccinellia were greatly reduced by addition of salt.  Whereas in the absence of 
added salt, puccinellia quality, percent cover, density, and color were generally greater than that of 
ryegrass.  However, when 3000 or 6000 mg/L irrigation water was used, the performance of 
ryegrass was better.  This may be due to the sensitivity of the very small-seeded puccinellia during 
germination and establishment phases of growth. 

 
4. The puccinellia/ryegrass overseed mixture generally performed intermediate relative to either 

grass alone.  Quality of the mix was slightly better than ryegrass alone in unsalted plots and 
equivalent to ryegrass alone in salted plots.  Similarly, the percent cover was similar to the 
puccinellia alone in the absence of supplemental salt and similar to ryegrass alone when salt was 
added.  On the other hand, density of the puccinellia/ryegrass mix was only slightly better than 
puccinellia alone in salted plots, and not as good in unsalted plots.  For the 1:1 seed mixture, color 
also was not as good as ryegrass alone in soils irrigated with 6000 mg/L water.  

 

Turfgrass, Landscape and Urban IPM Research Summary, (P-157), February 2009 56




