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Abstract
Sod grown on plastic (SOP) is a sod established on a thin layer of growing medium

atop a plastic sheet. It can be harvested with minimal damage to the roots, thereby

reducing transplant shock. Kentucky bluegrass (KBG; Poa pratensis L.) is a com-

monly used cool-season turfgrass species in sod production and sports fields.

However, KBG is slow to germinate, which can leave the initial stages of SOP pro-

duction vulnerable to erosion and increased production time. We hypothesized that

incorporating perennial ryegrass (PRG; Lolium perenne L.)—a faster-germinating

species—could help stabilize the growing medium until KBG germinates. Thus, the

objective of this study was to evaluate the establishment and strength of cool-season

SOP seeded with varying KBG and PRG seeding ratios. This study was conducted at

the Hancock Turfgrass Research Center in East Lansing, MI, in June–October 2023,

and May–September 2024. Six KBG-PRG seeding ratios based on seed count (100:0,

98:2, 96:4, 92:8, 84:16, and 0:100) were evaluated. The addition of 16% PRG resulted

in a 58% increase in tensile strength compared with the 100:0 ratio and resulted in a

56:44 KBG-to-PRG shoot ratio.

Plain Language Summary
Sod grown on plastic (SOP) is a sod that is established on a growing medium on top

of a plastic sheet. Kentucky bluegrass (KBG) is commonly used due to its rhizomes,

which allow it to be harvested as sod. However, its slow germination leaves the soil

vulnerable to erosion and increases the time to harvest. Perennial ryegrass (PRG),

though uncommon in sod production, germinates quickly and has the potential to

stabilize soil during KBG establishment. Thus, this study evaluated six KBG-PRG

seed ratios based on seed count (100:0, 98:2, 96:4, 92:8, 84:16, and 0:100) to assess

their impact on SOP establishment. After 4 months, sod with 16% PRG showed the

highest tensile strength among KBG-dominant mixes.

Abbreviations: KBG, Kentucky bluegrass; PLS, pure live seed; PRG, perennial ryegrass; SOP, sod grown on plastic.
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1 INTRODUCTION

Kentucky bluegrass (Poa pratensis L.; KBG) is a common

cool-season turfgrass species used in sod production across

the northern United States and southern Canada—valued for

its sod-forming abilities and recovery due to its rhizomatous

growth habit (Beard et al., 1969). In conventional sod pro-

duction, KBG is seeded directly on native soils and can take

11–24 months to harvest, ensuring that rhizomes are fully

knitted together (Braun et al., 2021, 2022; Decker, 2001). Dur-

ing harvest, a sod cutter removes the sod from the soil by

cutting through the roots, which, in turn, causes root damage

(Decker, 2001). Consequently, prompt care and immediate

transplanting are essential for successful establishment (Beard

et al., 1969; Decker, 2001).

High-performance sports fields are typically constructed

using a sand-based growing medium to enhance drainage and

minimize soil compaction (Bingaman & Kohnke, 1970; Hen-

derson et al., 2005; Kowalewski et al., 2010). However, only

a limited number of conventional sod farms grow KBG on

a sandy growing medium, posing a challenge for sports field

managers. Differences in soil texture between the transplanted

sod and the field can lead to soil layering issues (Blake et al.,

1981; Gardner, 1953), which may adversely affect root growth

and field performance.

An alternative to conventional sod production is sod grown

on plastic (SOP), where turfgrass is cultivated on a thin layer

of growing medium placed atop a plastic sheet (Bearss et al.,

2024; Neel et al., 1978; Sorochan & Rogers, 2001). This

method allows the use of a desired growing medium instead

of the native soil (Neel et al., 1978; Sorochan & Rogers,

2001), which may help prevent soil layering issues. It can also

reduce production time by encouraging roots to interweave

upon contact with the plastic (Cisar & Snyder, 1992; Neel

et al., 1978; Roberts et al., 2001). During harvest, the sod

can be rolled without damaging the roots (Cisar & Snyder,

1992; Neel et al., 1978), thereby reducing transplant shock

and increasing rooting after transplant (Neel et al., 1978).

Despite its advantages, SOP production poses unique

challenges, particularly for the production of KBG, which

generally requires 7–14 days to germinate (Braun et al., 2023;

Folck et al., 2023). Typically, SOP production areas are sloped

to facilitate surface drainage, which increases the risk of

soil erosion—especially following heavy precipitation events.

This leaves the surface highly susceptible to erosion during

this period due to the absence of an established root system.

Perennial ryegrass (Lolium perenne L.; PRG) germi-

nates as early as 5 days (Braun et al., 2023) and offers a

potential solution to this problem. It has been used to con-

trol soil erosion (Brown et al., 2010) and could stabilize

the sandy growing medium during KBG establishment in

SOP production. The development of improved PRG has

allowed the use of KBG-PRG seed mixtures (Niehaus, 1976),

which are now commonly used in sports fields to improve

genetic diversity and resilience to environmental stresses

(Dunn et al., 2002).

These mixtures have demonstrated superior turf cover

and traffic tolerance compared with monocultures (Brede

& Duich, 1984; Stier et al., 2008). However, the rapid

establishment and competitiveness of PRG can impede the

establishment of KBG, potentially affecting the long-term

composition of a KBG-dominated stand (Braun et al., 2023;

Engel & Trout, 1980; Folck et al., 2023). Larsen et al. (2004)

have shown that when KBG and PRG are sown simultane-

ously, KBG accounted for only 3%–30% of the tillers after

9 or 12 months of establishment, even though it represented

50%–59% of the viable seeds in the mixture. Another study

found that a 50:50 KBG-to-PRG mixture by weight resulted

in a composition of 67% PRG and 27% KBG after 4 years

(Hsiang et al., 1997). Although, as the sod matures, KBG may

outcompete PRG depending on the cultivar type, seeding rate,

and seeding timing (Stier et al., 2008). Proctor et al. (2015)

observed that seeding ratios with high KBG (80%–90% KBG

by weight) developed into a stand dominated by >95% KBG

within 2 years, and seeding ratios with high KBG reached a

similar composition after 3 years.

These research studies highlight the importance of select-

ing appropriate seeding ratios when aiming to produce

KBG-dominated sod, as the initial seeding ratio signifi-

cantly influences the turfgrass composition. However, Brede

& Duich (1984) observed that most of these seeding ratio stud-

ies have relied on weight-based measurements. It is important

to note that variations in seed size, purity, and germination

rates among turfgrass species and cultivars can influence the

number of pure live seeds (PLS) per unit weight (Christians

et al., 1979). For example, KBG has a smaller seed size than

PRG (Braun et al., 2023). As a result, KBG has more seeds

per unit weight (∼1,200,000 seeds lb−1) than PRG (∼240,000

seeds lb−1; Braun et al., 2023; Christians et al., 2016). Such

differences in PLS can affect the consistency and reliability

of these studies. Therefore, calculating the seeding ratio and

rates based on PLS is recommended to ensure more accurate

and repeatable results.

Although the benefits of KBG-PRG mixtures for sports

fields are well documented, their application in SOP produc-

tion remains limited. To address this gap, a research study was

conducted at Michigan State University from 2023 to 2024 to

determine the optimal KBG-PRG seeding ratio for SOP pro-

duction. The objectives of the study were (a) to evaluate the

surface stability and harvestability of cool-season SOP seeded

with varying KBG-PRG ratios, and (b) to provide a seeding

ratio recommendation for sod farmers that mitigates compli-

cations of establishing cool-season species on plastic. The

researchers hypothesized that incorporating small amounts of

PRG into the seed mix could mitigate erosion concerns in SOP

production.
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F I G U R E 1 Sod grown on plastic establishment process at Hancock Turfgrass Research Center, East Lansing, MI, in June 2023. (a) DuraEgde

Pro Clay was used as the base and laser-graded to a 1% slope. (b) A white plastic sheet was laid down on the area. (c) Sand was topdressed on top of

the plastic sheet, then seeds were sown by hand and fertilizer was applied. (d) A germination blanket was placed over the area, followed by thorough

irrigation.

T A B L E 1 Particle size distribution of sand used for sod grown on plastic establishment at the Hancock Turfgrass Research Center, East

Lansing, MI, in 2023.

Description Very coarse sand Coarse sand Medium sand Fine sand Very fine sand Silt + clay
Size (mm) 2.0–1.0 1.0–0.5 0.5–0.25 0.25–0.15 0.15–0.05 <0.05–0.002

Percentage (%) 12.1 19.6 40.5 19.7 2.1 0.3

2 MATERIALS AND METHODS

2.1 Experimental design

Research was conducted in 2023 (June 8–October 6) and 2024

(May 24–September 20) at the Hancock Turfgrass Research

Center, East Lansing, MI. Treatments were arranged in a ran-

domized complete block design with three replications and

consisted of six KBG:PRG seeding ratios (100:0, 98:2, 96:4,

92:8, 84:16, and 0:100), which followed a pure live seeding

rate of 20 PLS inch−2. Plots measured 5 ft × 5 ft.

2.2 Site preparation, establishment, and
maintenance

The experimental site was laser-graded to a 1% slope to facil-

itate proper drainage (Figure 1a), and DuraEdge Pro Clay

(DuraEdge Products, Inc.) was installed to provide a firm

subsurface. A 3-mil, 70% white polyethylene film (Gine-

gar Plastics Ltd.) was laid over the laser-graded clay base

(Figure 1b). A 1-inch sand layer (Table 1) was topdressed

T A B L E 2 Vitality HD Sports 2.0 Kentucky bluegrass (Poa
pratensis L.) seed blend label.a

Cultivar Purity (%) Germination (%)
Bluebank 12.42 85.00

Hampton 12.41 85.00

Fullback 12.39 85.00

Noble 12.22 85.00

Other crop 0.00 —

Inert matter (Xalt seed

coating product)

50.56 —

Weed seed 0.00 —

aVitality.

using Turfco Mete-R-Matic IV Topdresser (Turfco) on top of

the plastic sheet (Figure 1c).

Vitality HD Sports 2.0 coated with Xalt (Vitality) and EGS

Tri Ryegrass (Landmark Seeds Inc.; Tables 2 and 3) were used

as the seed blends for KBG and PRG, respectively. Seeding

rates for the six seeding ratios were calculated based on seed

count, with a target rate of 20 PLS inch−2. To determine the
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T A B L E 3 EGS Tri perennial ryegrass (Lolium perenne L.) seed

blend label.a

Cultivar Purity (%) Germination (%)
Majesty 33.22 90.00

Spark 33.17 90.00

Salinas II 31.59 90.00

Other Crop 0.22 —

Inert matter 1.80 —

Weed seed 0.00

aLandmark Seeds Inc.

T A B L E 4 Seeding rates for Kentucky bluegrass (Poa pratensis
L.; KBG) and perennial ryegrass (Lolium perenne L.; PRG) for the six

seeding ratio treatments in East Lansing, MI, in 2023 and 2024.

PLS (inch−2)
Seeding ratea (lb
PLS 1000 ft−2)

Actual seeding
rateb (lb seed
1000 ft−2)

KBG:PRG KBG PRG KBG PRG KBG PRG
100:0 20 0 4.5 0 10.7 0

98:2 19.5 0.5 4.4 0.2 10.4 0.2

96:4 19.1 0.9 4.3 0.4 10.2 0.5

92:8 18.3 1.7 4.2 0.8 9.9 1.0

84:16 16.8 3.2 3.8 1.6 9.0 1.9

0:100 0 20 0 9.9 0 11.9

Abbreviation: PLS, pure live seed.
aConverted from number of PLS per square inch.
bActual amount of seed applied, adjusted for the percentage of PLS.

seeding rate for each species, the following calculations were

performed: (1) The PLS inch−2 for each species per treat-

ment was determined by multiplying the target seeding rate

(20 PLS inch−2) by the seeding ratio (Table 4). (2) The PLS

seeding rate (in pounds PLS per 1000 ft2) was then calcu-

lated by multiplying the number of PLS in a square inch by

seed per pound. To determine seed per pound, each blend was

manually counted for seed three times, and the average was

converted to seed per pound. The KBG blend averaged 1402

seeds g−1 (635,936 seeds lb−1), while the PRG blend averaged

642 seeds g−1 (291,206 seeds lb−1). (3) The actual seeding

rate (in pounds seed per 1000 ft2) was calculated by adjusting

the PLS seeding rate based on the calculated percentage PLS

from the seed labels (Tables 2 and 3). All plots were hand-

seeded in two directions. After seeding, the area was lightly

raked with the back side of a leaf rake to facilitate seed-to-soil

contact.

A starter fertilizer (12-23-12; Harell’s LLC) was applied at

the rate of 1 lb phosphorus 1000 ft−2 along with a polymer-

coated urea (44-0-0; Harrel’s) at the rate of 1 lb nitrogen

1000 ft−2. A germination blanket (A.M. Leonard) was placed

over the area and irrigated to field capacity (Figure 1d). The

germination blanket was removed 3 weeks after seeding, upon

observing adequate seedling emergence under the blanket.

The grass was maintained at a mowing height of 2 inches

using a push rotary mower with clippings collected after each

mowing. The area was irrigated based on relative potential

evapotranspiration, with total irrigation amounting to ∼12

inches in 2023 and 19 inches in 2024 (Figure 2). Additional

hand watering was applied to areas that were beginning to dry

out. Due to the sandy, shallow root zone and frequent irri-

gation, nitrogen leaching or volatilization may have occurred

following the initial fertilizer application, as indicated by the

light green color of the plots 1 month after seeding. To address

this, granular urea (46-0-0) was applied weekly at the rate

of 0.25 lb nitrogen 1000 ft−2 with a rotary spreader in two

perpendicular directions, resulting in a total of 3 lb nitrogen

1000 ft−2 over the weekly applications.

2.3 Data collection

Turfgrass cover, sod tensile strength, sod shear strength, stand

composition, and shoot density were measured at 4 months

after seeding (October 6, 2023, and September 20, 2024). To

quantify the percentage of turfgrass cover, a modified method

by Richardson et al. (2001) was used. Overhead images of

each plot were captured using a Canon PowerShot SX730HS

(Canon) digital camera set to macro mode with the follow-

ing settings: ISO 800, F4.0, and a shutter speed of 1/250s.

The images were analyzed using ImageJ software (Schneider

et al., 2012). To measure sod tensile strength, one 1 ft × 1.5 ft

sod piece was harvested from each plot and pulled apart using

a Calrochan Sod Puller (Kowalewski et al., 2008; Sorochan

& Rogers, 2000; Sorochan et al., 1999), and a CHATIL-

LON DFE-200 Digital Force Gauge (AMETEK) was used

to measure peak force (pound-force) during sod pull. Sod

shear strength was determined from the average of three peak

shear resistance (in Newton-meters, or Nm) measurements

using a Turf-Tec Shear Strength Tester (Turf-Tec Interna-

tional; Thoms et al., 2022). To measure stand composition

and shoot density, three 1-inch × 1-inch samples were col-

lected from each plot. Shoots were counted individually and

classified as either KBG or PRG.

2.4 Statistical analysis

All data were analyzed using R software (R Core Team, 2025).

Seeding ratio, year, and seeding ratio × year were treated as

fixed effects. Year was treated as a fixed effect to account

for substantial variation in climatic conditions between years

(Figure 2). Whereas replication (block) was treated as a ran-

dom effect to account for spatial variability within the research

area. The ANOVA was conducted to examine the significance
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F I G U R E 2 Reference potential evapotranspiration recorded (in inches per day) at the Hancock Turfgrass Research Center, East Lansing, MI,

in 2023 and 2024. Data were obtained from the Michigan Automated Weather Network (Enviro-weather;

https://mawn.geo.msu.edu/station.asp?id=htc).

T A B L E 5 Analysis of variance testing for the effect of Kentucky bluegrass (Poa pratensis L.; KBG) and perennial ryegrass (Lolium perenne L.;

PRG) seeding ratios and year on turfgrass cover, sod tensile strength, sod shear strength, shoot density and stand composition of a sod grown on

plastic and harvested at 4 months after seeding in East Lansing, MI, in 2023 and 2024.

Effect
Turfgrass
cover

Sod tensile
strength

Sod shear
strength Shoot density

Stand composition
KBG PRG

Ratio (R) *** *** NS * *** ***

Year (Y) *** *** *** *** NS NS

R × Y * NS NS * NS NS

*Significant at the .05 probability level.

**Significant at the .01 probability level.

***Significant at the .001 probability level. NS, not significant.

of the fixed effects and their interactions. Post hoc mean sep-

aration tests were conducted using Fisher’s protected LSD

when F tests were significant at α ≤ 0.05.

3 RESULTS AND DISCUSSION

3.1 Turfgrass cover

The ANOVA results revealed a significant interaction

between seeding ratio and year for turfgrass cover (Table 5).

In 2023, no significant differences were observed among

the seeding ratio treatments. In 2024, significant differences

were observed among the seeding ratio treatments. The 100:0

treatment had the lowest turfgrass cover, but the addition of

2%–16% PRG led to an average increase of 57% in turfgrass

cover (Figure 3).

The rapid establishment of PRG likely explains its con-

tribution to improved turfgrass cover (Braun et al., 2023).

Germination occurs within 3–5 days, whereas KBG requires

7–14 days to germinate, even when improved cultivars are

used (Braun et al., 2023; Folck et al., 2023). Another con-

tributing factor in this study was the high nitrogen application

during establishment. Due to the quicker germination of PRG,

the applied nitrogen was more readily utilized by PRG than by

KBG.

The lower turfgrass cover observed in the 100:0 treatment

(Figure 3) can also be explained by the timing of estab-

lishment. This study was conducted in May and June (late

spring/early summer in Michigan), a period not considered

favorable for establishing KBG due to high temperatures

(Giolo et al., 2017). If KBG had been seeded during the cooler

temperatures of early fall, the results may have differed.

The differences in turfgrass cover observed in the 100:0

treatment between 2023 and 2024 (Figure 3)—with the 100:0

treatment showing significantly lower turfgrass cover among

seeding ratio treatments in 2024—can be attributed to varia-

tions in precipitation during the first 2 weeks of establishment.

In 2023, only one precipitation event occurred, delivering

0.1 inch of rainfall (Figure 4). Whereas, in 2024, there were

seven precipitation events, with the highest delivering 0.3 inch

of rainfall (Figure 4). This variation in early rainfall likely

influenced KBG establishment. Excessive precipitation dur-

ing germination can lead to soil erosion, washing away seeds

and resulting in reduced turfgrass cover in 100:0 plots, as seen

in 2024 (Figure 3).

For pastures and lawns, PRG has been recommended to

mitigate establishment challenges (Blaser, 1964) and has

https://mawn.geo.msu.edu/station.asp?id=htc
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F I G U R E 3 Interaction of Kentucky bluegrass (Poa pratensis L.) and perennial ryegrass (Lolium perenne L.) seeding ratio and year on the

percentage of turfgrass cover of sod grown on plastic, harvested 4 months after seeding in (a) 2023 and (b) 2024 in East Lansing, MI. Within each

year, means followed by the same letters are not statistically different based on Fisher’s protected LSD test (α ≤ 0.05). The gray line represents the

pure Kentucky bluegrass (100:0) mean for that year. The percentages above the bars indicate the increase in turfgrass cover compared with the 100:0

treatment.

F I G U R E 4 Total precipitation (in inches) during the first 2 weeks of turfgrass establishment at the Hancock Turfgrass Research Center, East

Lansing, MI, in 2023 and 2024. Data were obtained from the Michigan Automated Weather Network (Enviro-weather;

https://mawn.geo.msu.edu/station.asp?id=htc).

https://mawn.geo.msu.edu/station.asp?id=htc
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also been used effectively for soil erosion control (Brown

et al., 2010). By stabilizing the soil surface and providing

rapid cover, PRG promotes better establishment. This benefit

was demonstrated by the improved turfgrass cover achieved

when PRG is incorporated into the seed mix, highlighting

its value as a beneficial component in KBG-dominated SOP

production.

3.2 Sod strength

Tensile strength refers to the resistance of sod to being pulled

apart and is commonly used to assess its harvestability. It

quantifies the breaking point of the sod during handling (Li

et al., 2013). In contrast, shear strength measures the stability

of the sod surface (Li et al., 2013).

The ANOVA results revealed no significant interaction

between seeding ratio and year for sod tensile and shear

strength (Table 5). As a result, the main effects of seeding ratio

and year were further examined. Both factors influenced sod

tensile strength. All seeding ratio treatments exceeded 38 lb-

force—the minimum threshold for harvestable, mature KBG

sod (Figure 5a), as measured using the Calrochan Sod Puller

(Sorochan & Rogers, 2000). Pure KBG (100:0) exhibited the

lowest tensile strength, while pure PRG (0:100) demonstrated

a significantly higher tensile strength—80% greater than that

of pure KBG. The addition of 2%, 4%, or 8% PRG did not

significantly increase tensile strength. Whereas the inclusion

of 16% PRG resulted in a 58% increase in tensile strength

(Figure 5a).

The low tensile strength observed in the 100:0 treatment

can likely be attributed to the age of the sod at the time

of harvest. Braun et al. (2022) reported that conventionally

grown KBG sod exhibited increasing sod tensile strength over

time, suggesting that the results of the present study may dif-

fer if evaluated over a longer establishment period. In KBG,

rhizomes are the primary contributors to its sod-forming abil-

ities (Rieke & Beard, 1969). However, substantial rhizome

development typically does not occur until the later stages of

development (Etter, 1951; Moser et al., 1968).

In contrast, tall fescue (Schedonorus arundinaceus)—a

bunch-type species similar to PRG—did not show the same

increase in sod strength over time in a conventional sod pro-

duction system (Braun et al., 2022). However, results may

differ in SOP production, where roots become “bound” by

the plastic. This allows bunch-type species with strong pri-

mary rooting systems to knit together and form a sod (Decker,

2001), mimicking the sod-forming ability of rhizomes in

KBG.

Therefore, this study demonstrated that incorporating PRG

into the seed mix helped stabilize the sandy growing medium,

resulting in a good “nurse” plant in KBG-dominated SOP

production. The addition of 16% PRG significantly increased

sod tensile strength in young, KBG-dominated sod, where

rhizomes are not yet fully developed. However, over time,

mixtures with higher KBG percentages may perform better

than observed in this study.

Regarding shear strength, the ANOVA showed no sig-

nificant interaction between seeding ratio and year, and the

seeding ratio did not significantly influence shear strength

(Table 5). These findings suggest that adding PRG has a

limited effect on improving surface stability. Other factors,

such as soil type and soil moisture, have been shown to

influence shear strength (Henderson et al., 2005). Since this

study used the same soil type and maintained similar water

content throughout, no differences in shear strength were

observed.

Additionally, year had a significant effect on both tensile

and shear strength, with values being higher in 2023 com-

pared with 2024 (Figure 5). This difference may be attributed

to the higher reference potential evapotranspiration observed

in 2024 compared with 2023 (Figure 2). Although irrigation

was based on reference potential evapotranspiration estimates,

the timing and application of supplemental irrigation may

have been inadequate, potentially leading to differences that

affected sod strength development.

3.3 Turfgrass stand composition and
density

Turfgrass stand composition is a critical consideration, par-

ticularly when a sod farmer aims to produce KBG-dominated

sod. When KBG and PRG are grown together, PRG often out-

competes KBG (Engel & Trout, 1980; Hsiang et al., 1997;

Larsen et al., 2004). To address this issue, 84:16 KBG-to-

PRG and lower seeding ratios were examined in this study.

This decision was informed by findings from Gibeault et al.

(1980), who demonstrated that an 85:15 KBG-to-PRG ratio by

weight resulted in an approximate 50:50 KBG-to-PRG shoot

ratio after 3 years.

No interaction between species composition and year was

detected, indicating consistent trends across both 2023 and

2024 (Table 5). As a result, pooled data from both years were

analyzed. The overall stand composition generally aligned

with the seeding ratios, but KBG plant counts were slightly

lower than anticipated based on initial viable seed counts

(Table 6). This aligns with findings from Larsen et al.

(2004), who reported that simultaneous sowing of KBG

and PRG often results in deviations from the initial seed

ratios, with higher PRG and lower KBG plant counts than

expected.

In this study, an 84:16 KBG-to-PRG seeding ratio resulted

in a 56:44 KBG-to-PRG shoot ratio. However, it should

be noted that contamination of KBG in pure PRG plots

and PRG in pure KBG plots was observed (Table 6). This
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F I G U R E 5 Effect of Kentucky bluegrass (Poa pratensis L.) and perennial ryegrass (Lolium perenne L.) seeding ratio and year on (a) sod

tensile strength and (b) shear strength of sod grown on plastic, harvested 4 months after seeding in East Lansing, MI, in 2023 and 2024. Within

seeding ratio and year, means followed by the same letters are not statistically different based on Fisher’s protected LSD test (α ≤ 0.05). The dotted

gray line represents the minimum tensile strength value required to harvest a mature Kentucky bluegrass sod (Sorochan & Rogers, 2000).

contamination may be attributed to surface drainage within

SOP production, which could have carried seeds into adjacent

plots during irrigation or rainfall events.

3.4 Perennial ryegrass SOP

One unexpected finding in this study was that the pure PRG

plots exhibited the highest turfgrass cover (Figure 3) and

tensile strength (Figure 5a) among all seeding ratio treat-

ments. PRG has a bunch-type growth habit—characterized by

a lack of rhizomes and stolons but a strong primary rooting

system—which limits its ability to be harvested as big roll sod.

However, SOP production has proven effective for turfgrass

species with a bunch-type growth habit, such as tall fes-

cue (Decker, 2001). Given that the 0:100 treatment exceeded

the minimum threshold for harvesting mature sod using the

Calrochan Sod Puller (Sorochan & Rogers, 2000), further

research could explore refining the establishment techniques

for PRG SOP.

4 Study limitations and future research

The use of cultivar blends rather than single cultivars may

have confounded the results, making it difficult to determine

which cultivar contributed most to the increased sod strength

and turfgrass cover. Future research should compare individ-

ual KBG and PRG cultivars to better isolate their effects.

In addition, the relatively short study period and spring

seeding time likely favored PRG over KBG. Studies estab-

lished in the fall and conducted over longer durations would
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T A B L E 6 Effect of Kentucky bluegrass (Poa pratensis L.; KBG)

and perennial ryegrass (Lolium perenne L.; PRG) seeding ratios and

year on the shoot density and stand composition of a sod grown on

plastic harvested at 4 months after seeding in East Lansing, MI, in 2023

and 2024.

Seeding ratioa Shoot densityb Species compositionb

(KBG:PRG) 2023 2024 KBG (%) PRG (%)
100:0 18 34ab 91a 9c

98:2 16 12c 83a 17c

96:4 14 27abc 76ab 24bc

92:8 13 19bc 70ab 30bc

84:16 13 24bc 59b 41b

0:100 13 42a 10c 90a

Note: Within a column, means followed by the same letters are not statistically

different based on Fisher’s protected LSD test (α ≤ 0.05).

Abbreviation: PLS, pure live seed.
aBased on 20 PLS inch−2.
bShoots were individually counted from 1-inch2 samples and classified as either

KBG or PRG.

provide further insight into species’ performance under

different establishment conditions.

The high nitrogen application—5.2 lb 1000 ft−2—during

the course of a single SOP production may have favored

PRG over KBG, contributing to the results observed in this

study. Future studies investigating nitrogen fertility practices,

including optimal rates and timing of application, would pro-

vide practical recommendations for fertility strategies in SOP

production.

5 CONCLUSIONS

This study demonstrated the effectiveness of incorporating

PRG into KBG-dominated SOP, offering valuable insights

for cool-season sod farmers. While KBG remains popular

for its familiarity and proven performance, adding PRG to

the seed mix provides several advantages; A KBG-PRG mix-

ture enables farmers to produce more resilient sod in less

time, as early as 4 months, meeting the growing demand for

high-quality sod for sports fields and improving profitability.

The addition of 16% PRG was found to provide an optimal

balance, enhancing turfgrass cover and achieving acceptable

sod strength while maintaining a KBG-dominated sod (56:44

KBG-to-PRG shoot ratio).
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