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Seashore paspalum (Paspalum vaginatum Sw.) is an important warm-season 

perennial turfgrass, known for its tolerance to salinity. Turfgrass is used for homes, 

municipalities, sod farms, resorts, and sports fields. Seashore paspalum has historically 

been planted in sub-tropical and tropical climates because of its heat tolerance. Seashore 

paspalum could become an alternative turfgrass and seed crop in Oregon’s Willamette 

Valley (OWV) if summer temperatures increase because of climate change. Typically, 

seashore paspalum has been propagated vegetatively through rhizomes and stolons, but 

transporting this vegetative material has been problematic as much of the material either 

does not survive or does not transplant well. Ideally, it would be commercially beneficial 

to grow seashore paspalum from seed. However, planting seed has been restricted due to 

low seed germination rate, slow germination, and variable establishment in the field. 

Thus, the purpose of this research was 1) to establish the optimum blowing point (OBP) 

to separate pure seashore paspalum seeds from light inert matter in order to allow for 

more accurate seed testing and possibly improved seed cleaning, 2) to determine the 

extent of dormancy in newly harvested seeds and germination requirements for 

laboratory germination test, and 3) to identify the optimum time for planting seashore 

paspalum under OWV environmental conditions.  

The results for the OBP study showed that an air velocity of 2.2 m/s was the OBP 

for seashore paspalum.  The results of germination studies indicated that there is 

significant dormancy in seashore paspalum and that given this dormancy, an alternating 

temperature regime of 20/30⁰C (16 h dark/8 h light) provided best germination test 



results.  The results for the establishment study showed that there were no significant 

differences in establishment among cultivars of seashore paspalum. Furthermore, 

seashore paspalum established at a range of 480 to 549 GDD (GDD = [(Max. Temp ⁰ C + 

Min. Temp ⁰C)/2] - 5⁰ C) based on air temperature and achieved ≥ 90% green within 90 

days. July and August proved optimum for establishment due to lower Poa annua 

intrusion. 
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SEED QUALITY AND PLANT ESTABLISHMENT STUDIES OF 

SEASHORE PASPALUM (Paspalum vaginatum Sw.) 
 

CHAPTER 1 
 

GENERAL INTRODUCTION 

 

There are needs to provide home, resort, sports fields, and high-quality golf 

course turfgrass on salt-affected soils that have varying water quantity and quality. It is 

necessary to provide turfgrass with reduced pesticide and fertilizer requirements. One 

grass that has shown significant promise in meeting these requirements is the warm-

season, perennial C4 turfgrass, Paspalum vaginatum Sw., commonly referred to as 

seashore paspalum. Seashore paspalum is an excellent choice for many turfgrass 

applications, in particular, in high traffic areas and in areas where drought and/or salt 

affected soils are problems because it is a halophytic grass (i.e., a plant that can grow in 

saline water and soil) (Farlex, 2013). Seashore paspalum has been successfully planted 

and established from seed on several golf courses including the Korineum Golf and 

Country Club located at Esentepe, North Cyprus (Figure 1.1). The Korineum Golf and 

Country Club includes fairways, roughs, and a hotel with residence community. Home 

lawns have also been successfully planted and established with seeded seashore 

paspalum, e.g., Bakersfield, California (Figure 1.2). 
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                      Figure 1.1 Seeded seashore paspalum planted July 2006 at the Korineum  
                      Golf and Country Club located at Esentepe, North Cyprus.  

 

 

                        Figure 1.2 Seashore paspalum home lawn seeded 5 January 2009 in  
                        Bakersfield, CA. 
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Oregon’s Willamette Valley (OWV) shows promise as a location for seashore 

paspalum grass seed production. Since 2004, there has been commercial production of 

seashore paspalum grass seed within the OWV (Figure 1.3). Current crop value is 

estimated at $1,250,000 and production capacity is available for increasing acreage as the 

market continues to develop. There is good potential for large-scale commercial uses of 

seeded seashore paspalum. The 10-year average (2002 – 2011) temperatures in the OWV 

are within the ranges for seashore paspalum. The climate is suitable for propagation of 

warm-season grasses, such as seashore paspalum, which most actively grows at 

temperatures between 27 – 35 ⁰C and are dormant when temperatures fall below 10 – 13 

⁰C (Beard, 2002; Beard, 2005; Beard and Almodares; 1980, Christians, 2004).  

 

 
 
Figure 1.3 Seashore paspalum grass seed field near  
Canby, OR, July 8, 2008 (by Bill Rose). 

 

However, despite potentially favorable climate conditions in the OWV, seashore 

paspalum has not yet been used for turfgrass applications. Establishment of seashore 
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paspalum for seed production in the OWV has been erratic and not commercially reliable. 

There are also issues with current methods of seeding and establishment of seashore 

paspalum. Historically, seashore paspalum has been vegetatively propagated by rhizomes 

and stolons in sub-tropical and tropical climates (Casler and Duncan, 2003). Currently, 

seashore paspalum is produced in the southern U.S. as sprigs (short pieces of stolons) or 

as vegetative sod. While vegetatively propagated varieties have strengths for golf course 

and sports field applications, maintaining viable sprigs or sod is difficult when 

transporting the vegetative plant material over substantial distances. The presence of soil 

in harvested sprigs and sod is a concern when establishing seashore paspalum in sand-

based systems (i.e., greens and athletic fields) (A. Kowalewski, personal communication, 

2013). Further, there are phytosanitary regulations which do not allow for the presence of 

soil in international shipments (Canada, 2013, USDA-APHIS, 2013).  

Planting seashore paspalum seed is a viable alternative to vegetative propagation. 

It is possible to store seeds for extended time periods, and simplifies transporting 

seashore paspalum both domestically and internationally. However, use of seashore 

paspalum seed has been restricted due to low seed germination rate, slow germination, 

and variable establishment (Shin et al., 2006). A fundamental problem with seashore 

paspalum seed commercialization has been the inability of seed testing labs to effectively 

identify seed of acceptable planting value. Only seeds containing caryopsis (Merriam-

Webster, 2013) with mature embryos and sufficient endosperm development have the 

capacity to produce normal plants (Elias et al., 2003), but the current method for 

separating the viable seed from nonviable is by hand through visual analysis which is 

inefficient and ineffective. There is a lack of consistently available commercial seed of 

good planting value. Therefore, the objective of this research was to establish a uniform 

blowing procedure for seeded seashore paspalum by identifying the optimum blowing 

point (OBP) on a General-type blower through visual assessment and measurement of 

germination capacity. Seed germination is the fundamental requirement for plant 

establishment from seed of every crop. Dormant seeds are defined as living seeds which 
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will not germinate under optimum environmental conditions for seed germination. Newly 

harvested seashore paspalum seed is known to exhibit seed dormancy that decreases over 

time.  

The objectives of this research were to: 1) determine the level of seed dormancy 

in seashore paspalum and the effect of pre-chilling treatment on breaking dormancy; and 

2) determine the optimum light and temperature requirements for laboratory germination 

of seashore paspalum.  

Finally, not enough research has been done to determine if establishment of 

seashore paspalum for turf and seed production in the OWV is warranted. The objectives 

of this research were to: 1) determine if seashore paspalum could be successfully 

established in the OWV; 2) determine if there are differences in establishment between 

three commercially available varieties of seashore paspalum; and 3) determine the 

optimum planting month for seeded seashore paspalum establishment in the OWV. 
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CHAPTER 2  
 

 

OPTIMUM BLOWING POINT FOR SEEDS OF SEASHORE PASPALUM  

(Paspalum vaginatum Sw.) 

 

 

 

 

 

Abstract 

 

A uniform blowing procedure is a mechanical process to separate light-weight 

inert matter (LWIM) from pure seeds. It is commonly used to separate pure seeds from 

light inert matter in seed samples of some grass species; however a protocol for 

separating the pure seeds of seashore paspalum (Paspalum vaginatum Sw.) using a 

uniform blowing procedure has not been established yet. Currently, separating pure seed 

from inert matter of seashore paspalum samples is visually conducted based on the 

standard that considers any seed with “some degree of endosperm development” as a 

pure seed unit. Unfortunately, this standard is subjective and can result in variability 

among samples. Therefore, the purpose of this study was to establish a uniform blowing 

procedure by identifying the optimum blowing point (OBP) for seashore paspalum. The 

OBP is the point at which virtually all LWIM is removed from a sample by blowing, 

while pure seeds are retained. To conduct this study, eight samples, representing six 

seashore paspalum cultivars and two seashore paspalum blends, were collected from 

Oregon and California over three crop years. A General-type seed blower was used to 

blow out the LWIM. An anemometer was used to assess the air velocity of the OBP from 

each sample. Ten blowing points ranging from 1.8 – 2.7 m/s were used to determine the 

OBP. The endosperm development at each blowing point was visually assessed using a 

microscope. The LWIM and the heavy, pure seed fractions were germinated to measure 

the planting value of each fraction and to confirm that the OBP did not result in losing 

many pure seeds. Results showed that germination of caryopses, with less than 1/2 

endosperm development as measured from the base of the rachilla, ranged between 4 – 
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10%, and produced small, weak seedlings. Therefore, caryopses with ½ or more 

endosperm development were selected to separate pure seed from empty, underdeveloped 

seed, and LWIM. It was found that an air velocity of 2.2 m/s achieved the OBP for all 

samples used in the study in the reference blower used at Oregon State University Seed 

laboratory (OSUSL). 

Abbreviations: Optimum blowing point, OBP; Oregon State University Seed 

laboratory, OSUSL; Seashore paspalum, PS; Light-weight inert matter, LWIM; 

Association of Official Seed Analysts, AOSA; International Seed Testing Association, 

ISTA; Equivalent air velocity, EVA. 
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Introduction 

 

In seed purity testing, it is necessary to separate light-weight materials and empty 

seeds from well-developed pure seed units. Seashore paspalum is indeterminate with 

continuous flowering and progressively ripening florets (Rose, 2008). This presents 

challenges in choosing the best time to harvest when there is mature seashore paspalum 

seed mixed with immature seeds on the same plant. Erratic germination can occur due to 

differences in the levels of maturity of seed harvested in the same field or even from the 

same plant. Harvested seashore paspalum seed typically includes various sizes and levels 

of endosperm fill (Campbell and Reece, 2008; (Loomis and Connor, 1992). Typically, 

immature seeds are lighter in weight and smaller in size than fully developed seeds and 

can be separated by air based on the difference in terminal velocity between mature and 

immature seeds (Garay et al., 2013). However, there has not been a uniform blowing 

procedure established yet by either the Association of Official Seed Analysts (AOSA) or 

the International Seed Testing Association (ISTA) to separate mature, pure seed units 

from immature seeds and LWIM in PS samples. The absence of such procedure results in 

lack of uniformity in seed testing among seed laboratories (Elias et al., 2012). At present, 

many seed laboratories determine whether or not to consider the seashore paspalum seed 

unit by visual assessment based on the principle that if a seed has “some degree of 

endosperm development,” (AOSA, 2012) it is considered pure seed. Others use the one-

third endosperm development criterion as it is the case for some grass species (Elias et 

al., 2003). Unfortunately, this approach increases analyst subjectivity in the determination 

of seashore paspalum pure seed units because “some degree of endosperm” is not a 

measurable unit. Furthermore, depending on the analyst’s consistency and objectivity, 

this current standard can also allow small, underdeveloped seashore paspalum seeds to be 

identified as pure seeds, which can lead to variability in purity analysis results. Thus, the 

seashore paspalum pure seed percentage in a purity analysis can be erroneously 

increased. In addition, if such seashore paspalum seed units are present in the pure seed 
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fraction in large numbers, and are planted for germination testing, the germination test 

results would also be incorrect (Garay et al., 2009).  

Research studies have shown that only seed units containing caryopsis with 

mature embryos and sufficient endosperm development have the capacity to produce 

normal plants (Elias et al., 2003; Everson, 1974). Further studies have shown that the 

value of a seed depends largely on the degree to which the caryopsis is developed (Elias 

et al., 2012; Thomson, 1954).  

Studies have also demonstrated that larger, heavier seeds have greater planting 

value and possess greater germination capability than underdeveloped seeds (Elias et al., 

2012; Everson, 1974). Garay and Elias (2008) also found correlations between 

endosperm content and planting value in seashore paspalum. Seashore paspalum seed has 

a thick seed coat which makes it difficult to determine whether the seed contains an 

embryo and endosperm, even with using a light source and hand lens, microscope, or 

diaphanoscope, and hence using uniform blowing procedure would be helpful and reduce 

subjectivity. Also, detecting the amount of endosperm in seeds using the finger-tip 

pressure method is inaccurate and impractical. Such methods rely on human subjectivity, 

which contributes to variability between laboratories (Garay et al., 2009). The 

determination of the purity and planting value of seashore paspalum seed lots is essential 

to protect seed buyers from fraudulent quality, and to help in deciding the planting rate 

for establishing new fields. Therefore, a practical, objective, and repeatable method, such 

as a uniform blowing procedure to separate LWIM from pure seashore paspalum seed is 

earnestly needed.  

 Uniform blowing methods for certain grass species have been developed by both 

AOSA and ISTA (AOSA, 2012; ISTA, 2012). Everson (1974) asserted that the uniform 

blowing method eliminated the tedium of the hand method, reduced the time required to 

separate seed, and provided more uniform test results among seed laboratories. 

Furthermore, using OBP to separate LWIM from pure seed of various grasses provides 

ways to determine the percentage of pure seed and LWIM in seed samples (Elias et al., 
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2012), Thomson (1954), Everson (1974), and Garay, et al. (2009) reported that the use of 

seed blowers has contributed to speeding up and improving uniformity of purity analyses, 

especially for grass seeds. They indicated that blowers are particularly useful for 

separating empty florets, bits of stems and leaves, chaff, and other inert materials. Garay 

et al. (2009) showed that empty florets, which are considered LWIM are much lighter 

than the mature florets, which are identified as pure seed. This LWIM has a lower 

terminal velocity than mature seeds when placed in a column of air in a seed blower, thus 

underdeveloped florets can be removed from the sample by using the appropriate air 

velocity. Air velocity is defined as the air speed within a column controlled by the air-

gate opening of the blower (Garay et al., 2013). When the correct air velocity is found, 

materials with lower terminal velocity, e.g., light-weight inert matter fraction, are blown 

out into the capture pan, whereas the well-developed heavy seeds (heavy fraction) are 

retained in the sample cup of the blower and are classified as pure seed (Garay et al., 

2009). The point at which almost all the LWIM including florets and spikelets lacking 

caryopses and those containing immature or underdeveloped caryopses is blown out of a 

sample, along with a minimal number of marginally-developed pure seed units is called 

the optimal blowing point (OBP) (Garay and Elias, 2013).  

Finally, Garay et al. (2009) observed that assessing pure seed units and planting 

value of blowing materials, in a sample can be carried out in two ways: (1) visual 

assessment, with a diaphanoscope or similar light source, to verify the presence and size 

of seed within grass florets; and/or by (2) assessment of the germination response of 

seeds removed from the light fraction by blowing. Therefore, the objective of this study 

was to establish a uniform blowing procedure for seashore paspalum by identifying the 

OBP through visual assessment and measurement of germination capacity. 
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Materials and Methods 

 

This study comprised eight samples of seashore paspalum seeds selected from six 

different cultivars and two blends that were produced in Oregon and California over three 

crop years, 2006, 2008 and 2009 (Table 2.1). 

 

Table 2.1 Cultivars, lot number, crop year, and production  
region of eight seashore paspalum seed lots used in the study. 
 

 

 

The samples represented different cleaning conditions and contained various 

levels of empty and immature seeds to choose an optimum blowing point that were 

representative of a wide range of samples from different years. All seed samples were 

tested for purity and germination at the OSUSL prior to initiation of the study. The purity 

of the eight seed samples ranged from 96.82 – 99.21% and the germination ranged from 

65 – 92%.  

 

Seashore Paspalum Sample 

According to AOSA and ISTA rules, the minimum sample size to conduct a seed 

purity test for any sample is 2,500 seeds. The weight of the 2,500 seeds will vary from 

Variety Lot Number
Production 

Area Crop Year
Blend SSS-289-953-1 California 2009
Blend SSS-287-951-1 California 2007
Experimental B28-6-9HSCP Oregon 2006
Experimental C8-08-QOC Oregon 2008
Experimental C8-08-SPOC Oregon 2008
Ocean Mist SSS-289-952-1 California 2009
Ocean Shores SSS-289-951-1 California 2009
Seaspray M65-8-SEASPRAY-B Oregon 2008
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species to species, and from cultivar to cultivar, depending on the size of the seeds. For 

example, the weight of 2,500 Glycine max seeds is approximately 500 g, but for Festuca 

arundinacea it is 5 g. The weight for 2,500 seashore paspalum seeds was unknown. To 

determine the weight of the 2,500 seashore paspalum seeds used in the study, three 

replications of 1,000 seeds each from the eight different seed lots were counted, 

weighted, averaged, and multiplied by 2.5. The results are listed in Table 1.2. An 

analytical scale (Mettler Toledo Model AG104, Columbus, OH,) was used to weigh each 

replication.  

 

Optimum Blowing Point Determination (OBP) 

To determine the OBP, 1.6 g of each of the eight seed lots listed in Table 1.2 were 

placed into packets. Three replicates of each seed lot were prepared and labeled. Each 

packet was blown using a General-type blower (Model #6038, Hoffman Manufacturing, 

Inc., Albany, Oregon) for three minutes (as described by Everson, 1974) at each of ten air 

velocities: 1.8, 1.9, 2.0, 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, and 2.7 m/s. The air velocity (air 

speed) was measured using a Turbo Wind Speed Indicator (Model D96008, Davis 

Instruments, Hayward, California) at the beginning of each blowing event. The OBP is 

determined by the value of the air-gate opening of a blower and the corresponding 

equivalent air velocity (EAV) value for such a point. The EAV is measured using a fan-

type anemometer placed in the air column of the blower. The identified OBP and 

corresponding EAV point can be reproduced indefinitely within an individual blower 

simply by using an anemometer to find the EAV. It should be stressed that the OBP is 

unique for each blower (Garay and Elias, 2013).  

 Blowing data were collected for three replicates of each of the eight samples for 

each of the ten blower settings mentioned above. Each resulting seashore paspalum light-

weight inert matter fraction was weighed using an electronic analytical scale and data 

were recorded. All materials blown into the collection pan of the blower at each air-gate 

opening were removed for examination. Weed and other crop seeds, when found, were 
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removed from both the heavy fraction in the blower cup and from the light-weight inert 

matter fraction blown into the pan. The florets blown into the pan, as well as extraneous 

materials (e.g., plant debris, sand) were separated from the heavy fraction and included 

with light-weight inert matter. The number of florets lacking caryopses (empty), and 

those that had 1/3, and 1/2 endosperm development in the caryopses, as well as the pure 

seeds from each blower setting, were counted and data were recorded. Seashore paspalum 

florets remaining in the blower cup were recorded as pure seed, whereas the florets blown 

into the light fraction bin of the blower were identified as light-weight inert matter. As 

described by Garay et al., (2009), the OBP is the point when empty florets curve and pure 

seed curve intersect. 

 

Seashore Paspalum Germination Tests 

Germination tests were conducted to determine the planting value of the seeds in 

the light and in the heavy fractions after the blowing process have been completed. 

Germination blotters placed in a plastic box were moistened with water and extra 

moisture was drained off. A vacuum counter with 100 evenly spaced holes was used to 

plant the seashore paspalum seeds onto the blotter substrata within the plastic 

germination boxes. Covers were placed on each plastic germination box, and all were 

placed in the OSUSL germination chamber with alternating temperatures of 20-30 ⁰C ± 

1⁰ (16 h at 20 ⁰C in dark and 8 h at 30 ⁰C in light) (Baker, unpublished data, 2011). The 

light source was cool, white fluorescent light with 125 foot candle intensity, evenly 

distributed (AOSA, 2012). All germination boxes were monitored for the presence of 

adequate moisture every other day, and a spray bottle was used to add water as needed. 

 

Visual Assessment of Seashore Paspalum Florets  

As stated by Garay, et al. (2008), both visual assessment and germination capacity 

of seed units should be used to identify the OBP. The preferred methodology for visual 

observation is using the diaphanoscope, which is an inspection station with an opaque 
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glass or plastic surface positioned over a small opening providing a light source from 

below. The light provides a view of the internal seed structure, as long as seed coats are 

thin or translucent enough to allow the light to shine through them (Elias et al., 2012). A 

stereo light microscope (M3Z Stereo- microscope, Wild Heerbrugg AG, Gais, 

Switzerland) was used to observe the inner structure of seashore paspalum seeds. 

Caryopsis development of each seashore paspalum floret (seed) was classified and 

recorded as <1/3, 1/3 – 1/2, and >1/2 of endosperm development measured from base of 

the rachilla (Garay and Elias, 2008).  
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Results and Discussion 

 

Based on the information in Table 2.2, the largest 2,500 seed weight among the 

eight seed lots was 1.5 g. 0.1 g was added to the largest value (1.5 g), thus 1.6 g was 

identified as the weight for a 2,500 seed weight of seashore paspalum. This weight should 

cover a wide range of seashore paspalum cultivars in the market, if not all. According to 

the AOSA and ISTA rules, 2,500 seeds should be the minimum sample size for a purity 

test of any crop, regardless of the weight of the sample. This step is essential, if we 

include the uniform blowing procedure of this crop in the AOSA rules for testing seeds.  

 

 
 

Planting Value of Seashore Paspalum with Different Endosperm Development 

Garay et al., (2008) found that caryopses (i.e., fruit of the grass family) with <1/2 

of endosperm development measured from base of the rachilla have no planting value. 

Therefore, it was determined to use 1/2 or more endosperm development in seashore 

paspalum seed caryopses for determining the OBP to avoid including seeds with little or 

no planting value in the pure seed fraction. 

Table 2.2.  1,000 seed count weights used to calculate grams required for min. 
                   2,500 seashore paspalum seeds per blowing point test replication.

Lot Number Rep 1 Rep 2 Rep 3
3 Rep 
Avg.

2,500 
Seeds

C8-08-QOC 0.5308 0.5675 0.5372 0.5452 1.3629
C8-08-SPOC 0.5782 0.5749 0.5782 0.5771 1.4428
SSS-287-951-1 0.6156 0.6118 0.6154 0.6143 1.5357
SSS-289-951-1 0.6051 0.6089 0.6074 0.6071 1.5178
SSS-289-952-1 0.5665 0.5539 0.5584 0.5596 1.3990
SSS-289-953-1 0.5732 0.5733 0.5729 0.5731 1.4328
B28-6-9HSCP 0.5176 0.5373 0.5352 0.5300 1.3251
M65-8-SEASPRAY-B 0.3902 0.3856 0.3715 0.3824 0.9561

Averages 0.5472 0.5517 0.5470 0.5486 1.3715

Grams
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Seeds of seashore paspalum Lot C8-08-SPOC were visually classified based on 

endosperm development into empty, <1/3, 1/3 – 1/2, and >1/2 endosperm filling the 

caryopses as measured from the base of the rachilla. The germination capacity of each 

category was determined using germination tests. The results showed that the average 

germination was 0%, 2%, 17%, and 29% for the empty, <1/3, 1/3 – 1/2, and >1/2 

endosperm filling seeds, respectively. Figure 2.1 visually illustrates the germination of 

seeds 1/3 and >1/2 endosperm development. It should be noted that seedlings of the < ½ 

categories were small and weak compared to the seedlings of >1/2 category. Such small 

seedlings are difficult to survive under harsh field conditions. 

. 

                 
  

Figure 2.1 Germination of one seashore paspalum seed lot after separating  
the seeds into less than half (left) and greater than half endosperm  
development (right).  

 
 

Visual Verification of Pure Seed Units 

The process of identifying the OBP for seashore paspalum seeds was based on the 

difference in terminal velocity between well-developed pure seed units, empty florets, 

and light-weight inert matter in response to various air velocities (Garay and Elias, 2008). 

The OBP for seashore paspalum was identified as the point at which empty and 

underdeveloped seeds (i.e., <1/2 endosperm development of the caryopsis measured from 

the base of the rachilla) are separated from pure seeds (i.e., >1/2 endosperm development 
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of the caryopsis). The diaphanoscope was used for visual examination to differentiate 

between empty, <1/2 and >1/2 endosperm development of seeds (Figure 2.2). This 

process was hard because of the thick seed coat of PS, which makes it difficult to see the 

endosperm. Measuring the germination capacity of seeds in such cases is important to 

validate the visual determination of pure seeds. 

 

 

                 Figure 2.2 Empty floret and >1/2 endosperm fill  
                 caryopsis. 

 

Selecting the Optimum Blowing Point (OBP) 

When plotting the empty and underdeveloped seeds vs. the well-developed pure 

seeds that are blown-out of seed samples at different air velocities, cross-over points are 

developed (Figure 2.3).  
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Figure 2.3. Cross-over points and mean germination percentage (green) of eight seashore  
paspalum samples blown at t1 different air velocities to determine the optimum  
blowing point. The cross-over point indicates the point at which empty seeds and  
 light weight inert matter (red) are separated from pure seeds (blue). 
 
The cross-over point indicates the point at which empty seeds and light weight inert 

matter are separated from pure seeds, which determines the OBP. The average cross-over 

points and germination mean percentage of the eight seashore paspalum samples blown at 

ten different air velocities are illustrated in Figure 2.3 determining the OBP for each 

sample. Results indicated that the equivalent air velocity (EAV) for the OBP of the eight 

samples is approximately 2.2 m/s (Figure 2.4), at which point almost all light-weight inert 

matter including empty florets and a very small amount of developed light seeds were 

blown out. 
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Figure 2.4 Average cross-over point and mean germination percentage (green) of eight           
seashore paspalum samples blown at 10 different air velocities to determine the optimum  
blowing point. The cross-over point indicates the point at which empty seeds and light 
weight inert matter (red) are separated from pure seeds (blue). 
 
 
Verification of the OBP through Germination Tests 

The cross-over points indicated that seeds <1/2 endosperm development in the 

caryopses and light-weight inert matter are separated from pure seed units. The 

germination percentages of the eight seashore paspalum samples blown at ten different 

air velocities are shown in Figure 2.5. As illustrated, no seeds with planting value were 

identified at less than EAV of 2.2 m/s. 
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Figure 2.5. Germination percentages of eight seashore paspalum seed samples blown  
at 10 different air velocities.  
  



22 
 

Conclusions 
 

 
The 2,500 seed weight of seashore paspalum that can be used for purity testing of 

samples was determined to be 1.6 g. Results confirmed the earlier findings of Garay et 

al., (2008) that caryopses (i.e., seeds of the grass family) with less than 1/2 of endosperm 

development measured from the base of the rachilla have no planting value. Such seeds 

have low germination capacity and produce small, weak seedlings. Caryopses with 1/2 or 

more endosperm development were selected to separate pure seashore paspalum seed 

from empty, under-developed seed, and from light-weight inert matter. There were no 

seashore paspalum seeds of planting value identified at less than 2.2 m/s. Therefore, The 

OBP for seashore paspalum was identified as approximately 2.2 m/s (equivalent air 

velocity, EAV) at which point almost all light-weight inert matter including empty 

florets, and a very small amount of developed light seed, were blown out. 
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CHAPTER 3 
 

SEED GERMINATION AND DORMANCY OF SEASHORE PASPALUM 

(Paspalum vaginatum Sw.) 

 

 

Abstract 

 

Seeds might be viable, but not germinate even under optimum environmental 

conditions because they are dormant. Newly harvested seashore paspalum (Paspalum 

vaginatum Sw.) seed is known to exhibit dormancy. No reports are available to measure 

the magnitude, an effective method of breaking such dormancy, and to determine the 

optimum temperature and light requirements to achieve maximum potential germination 

in laboratory tests. The objectives of this research were to: 1) determine the level of 

dormancy in newly harvested seashore paspalum seeds and measure the effect of pre-

chilling treatment on breaking dormancy; and 2) determine the optimum temperature and 

light requirements for a standard germination test of seashore paspalum. To determine the 

level of dormancy in newly harvested seashore paspalum seeds, two freshly harvested 

seashore paspalum seed samples were obtained from a 2012 crop grown in Oregon. 

Tetrazolium (TZ) tests were conducted to measure seed viability, including dormant 

seeds that may be present in the two samples. Germination tests were conducted on the 

same two samples at 20/35oC for 4-week test period. Solution of 0.2% KNO3 was used to 

moisten the blotter papers that were used as germination media. No pre-chilling treatment 

was used to break dormancy. The percentage of the germination tests was subtracted 

from the percentage of the TZ test results to determine the percent of dormant seed in the 

samples. To determine the effect of pre-chilling treatment in breaking dormancy, the 

same samples were pre-chilled at 10⁰C for 7 days before conducting germination under 

the same conditions stated above. Germination results of the two samples with and 
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without pre-chilling treatments were compared to measure the effect of pre-chilling in 

breaking dormancy. 

To determine the optimum temperature and light requirements for a standard 

germination test, two commercially available seashore paspalum varieties, ‘Ocean Mist’ 

and ‘Ocean Shores,’ were used. Germination tests were conducted over a 4-week period 

under constant dark and alternating dark and light treatments at temperature regimes of 

alternating15/25, 20/30, and 20/35⁰C with 16 h dark for the lower temperatures and 8 h 

light for the higher temperatures, respectively. TZ viability results for samples 1 and 2 

were 91 and 92%, respectively. No-chill germination results for the same samples were 

26 and 29%, respectively, which indicated high dormancy levels. It also indicated that 

using 0.2% solution of KNO3 did not break dormancy. The pre-chilling treatment 

germination results were 23 and 25% for sample 1 and 2, respectively, indicating no 

effectiveness in breaking dormancy. Temperature regimes of 20/30oC and 20/35oC with 

alternating 16 h dark/8 h light increased germination, compared to 15/25oC and 

continuous dark.  
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Introduction 
 

Seed germination is defined as the ability of seeds to develop normal root and 

shoot systems under favorable germination conditions of moisture, temperature and light, 

in the absence of dormancy (Elias et al., 2012).  Dormant seeds are defined as living 

seeds, which will not germinate under optimum environmental conditions (Copeland and 

McDonald, 2001.  A standard germination test is the most common method used to 

evaluate germination capacity of a seed lot. The percentage of seed germination and 

purity are required for labeling seeds and to protect seed buyers from purchasing poor 

quality seeds (USDA, 1940). There are certain grass seeds that remain dormant in the soil 

over a number of years until suitable germination conditions prevail. Newly harvested 

seashore paspalum (Paspalum vaginatum Sw.) seed is known to exhibit various levels of 

dormancy that decreases over time (Garay and Elias, 2008). Seed dormancy can be 

detected by determining the difference in seed viability results by the tetrazolium (TZ) 

test and by the germination test (Elias et al., 2012). The tetrazolium is a biochemical test 

that measures the activity of dehydrogenase enzyme in the live tissues of seeds during the 

respiration. As reactions are catalyzed, hydrogen ions reduce the colorless TZ (2, 3, 5-

triphenyl TZ chloride) solution into formazan, which stain the viable seed tissues red 

(Elias et al., 2012) (Figure 3.1). 

Newly harvested seashore paspalum seed can have high TZ test results (e.g., 

90%), but the germination percentage can be as low as 40% for the same sample (S. 

Elias, Oregon State University Seed Laboratory, Corvallis, OR, personal communication, 

2012). 
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Figure 3.1 The colorless tetrazolium chloride changes to red formazan  
through  chemical reaction (Elias et al., 2012). 

 
Several methods may be used to break dormancy in seeds. The chemical 

compound potassium nitrate (KNO3) is known to help in breaking dormancy of some 

grass seed species (Elias et al., 2012). It has been reported that KNO3 was successful in 

increasing germination of seashore paspalum (Shim et al., 2008; Shin et al., 2006). For 

some species, light is one of the methods used to break dormancy, as it is the case in 

lettuce (Copeland and McDonald, 2001).  

Toole et al. (1953) found that the red light wavelength 660 nm increased 

germination percentage of Letuca sativa seeds, whereas far-red light, light of 

wavelengths near the upper edge of human visibility (730 nm), inhibited germination 

compared with dark controls (Campbell and Reece, 2008). Pre-chilling is also a way to 

break dormancy. Exposing imbibed ryegrass seed to temperature of 10º C for 7 days 

broke dormancy in freshly harvested Lolium perenne L. seed (Garay and Elias, 2008). 

Various germination temperature regimes of 15/25, 20/30, 20/35, 25/30, 25/35oC, have 

been investigated for germination testing of seashore paspalum and other warm-season 

turfgrass seeds (Duncan, 1997; Evers and Parsons, 2010; Shim et al., 2008; Shin et al., 

2006).  In general, alternating temperatures, e.g., 15/25oC are known simulate the day and 

night cycle in cool-season grasses and to enhance germination compared to constant 

temperature, e.g., 20oC (Elias et al., 2012). The AOSA rules for testing seeds (2012) have 

published dormancy breaking methods for many grass species, but seashore paspalum is 
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not one of them. On the other hand, the International Seed Testing Association (ISTA, 

2012) recommends 20/30oC for germinating of seashore paspalum seed. However, 

validating this germination temperature and investigating the light requirement for the 

germination test is still needed. Thus, the objectives of this research were to: 1) determine 

the level of dormancy in newly harvested seashore paspalum seeds and measure the 

effect of pre-chilling treatment on breaking dormancy; and 2) determine the optimum 

temperature and light requirements for a standard germination test of seashore paspalum.  
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Materials and Methods 

 

Determination of Dormancy Level in Newly Harvested Seashore Paspalum Seeds 

To determine the level of dormancy in newly harvested, two samples of freshly 

harvested seashore paspalum seed representing two seed lots grown in Oregon in 2012. 

The two lots: M50-12-11614 and M50-12-11614-A, cultivar ‘Seaspray’ were obtained 

from G. Zielinski (Salem, OR).    

Tetrazolium (TZ) tests were conducted to measure seed viability, including 

dormant seeds that may be present in the two samples. Two replications of 100 seeds 

each were soaked in water for 24 h for complete seed-tissue hydration, and then pierced 

with a needle and placed in a 1% solution of tetrazolium (TZ) for 24 h. Seeds were then 

evaluated under the microscope with appropriate light and were classified into viable 

(uniformly stained seeds) and non-viable seeds (Elias et al., 2012). Seed germination tests 

were conducted on the same two samples at 20-35oC for 4-week test period, with 0.2% 

KNO3 solution on moistened blotter paper, which were used as germination media, 

without any treatment to break dormancy. The percentage of the germination tests was 

subtracted from the percentage of the TZ test results to determine the percent of dormant 

seed in the samples.  

A completely randomized factorial design was used to determine the dormancy 

level extent in the two seashore paspalum lots used in the study. Factor 1 is the seed lots 

and factor 2 is method of viability determination (i.e., TZ test vs. germination test). Data 

were subjected to ANOVA at P < 0.05. Whenever the effect was significant, means were 

separated using Fisher’s Least Significant Difference (LSD) test at the 0.05 probability 

level.  

 

Pre-chilling Treatment in Breaking Dormancy 

To determine the effect of pre-chilling treatment in breaking dormancy, the same 

samples used in the previous study were subjected to no-chill and pre-chill treatments at 
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the Oregon State University Seed Laboratory (OSUSL). In both no-chill and pre-chill 

treatment, the germination media was moistened with 0.2% solution of KNO3. Seeds with 

the pre-chilled treatment were exposed to 10ºC for 7d before conducting germination test. 

Germination tests were conducted at 20/35oC (20C, 16 h dark/35C, 8 h light) for 4-week 

test period.  

A 2 x 2 completely randomized factorial design, with four replications of each 

treatment was used to determine the effects of chill, no-chill treatments on the 

germination of the two seashore paspalum lots used in the study.’ Data were subjected to 

ANOVA at P < 0.05. Whenever the effect was significant, means were separated using 

Fisher’s Least Significant Difference (LSD) test at the 0.05 probability level.  

 

Optimum Light and Temperature Requirements for Lab Germination of Seashore 

Paspalum  

Two commercially available seashore paspalum varieties ‘Ocean Mist’ (2009 

crop, Lot SSS-289-952-1) and ‘Ocean Shores’ (2008 crop, Lot SSS-289-951-1) were 

obtained from Landmark Turf and Native Seed, Spokane, Washington. The purity and 

germination of the samples were tested at the OSUSL using ISTA recommendations 

(ISTA 2012) prior to beginning the study.  

Two standard blotter papers were placed in two transparent plastic boxes with 

fitted lids measuring 11 x 11 x 3.5 cm (Hoffman Manufacturing, Inc., Albany, OR). The 

blotters were moistened with water and extra moisture was drained. A vacuum counter 

with 100 evenly spaced holes was used to plant 100 seashore paspalum seeds onto the 

blotters. All boxes were covered with fitted lids. To prevent light intrusion aluminum foil 

(Safeway, Inc., Pleasanton, CA) was cut to size and used to double-wrap the dark 

treatment boxes. The alternating dark/light treatment boxes had no foil cover to assure 

adequate light penetration. The boxes were randomly placed in the OSUSL growth 

chambers calibrated to three alternating experimental temperature regimes of 15/25, 

20/30, and 20/35oC with 16 h dark for the lower temperatures and 8 h light for the higher 
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temperatures, respectively. Cool, white fluorescent light sources, with 125 foot-candle 

intensity, with light evenly distributed across the boxes were used (AOSA, 2010). All 

germination boxes were monitored for the presence of adequate moisture every other day, 

and a spray bottle was used to add water as needed. Boxes were removed from growth 

chambers every seven days, and the numbers of germinated seashore paspalum seedlings 

for each treatment were recorded. Emergent seedlings were reported in weekly intervals 

over a 4-week period.  Germination was considered complete when a shoot consisting of 

the coleoptile and enclosed leaves had elongated, with the radicle having broken through 

the coleorhizae and seed coat and developed into a primary root (AOSA, 2012). 

Germinated seeds were removed from the boxes to eliminate secondary infection. To 

minimize the effects of possible variances in temperature and light intensity, following 

data collection, germination boxes were randomly returned to different shelf locations 

and positions within the same growth chamber.  

A 2 x 3 x 2 completely randomized factorial design, with three replications of 

each treatment was used to determine the effects of two light treatments and three 

temperatures on the germination of the two seashore paspalum cultivars ‘Ocean Mist’ and 

‘Ocean Shores.’ Data were collected and subjected to ANOVA at P < 0.05. Whenever the 

effect was significant, means were separated using Fisher’s Least Significant Difference 

(LSD) test at the 0.05 probability level. OriginPro9 (OriginLab Corporation, 

Northampton, MA) statistical software was used to analyze the data. 
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Results and Discussion 

 

Determination of Dormancy Level in Newly Harvested Seashore Paspalum Seeds 

The TZ test viability results for samples 1 (M50-12-11614) and 2 (M50-12-

11614-A) were 91 and 92%, respectively. The no-chill germination results for the same 

samples were 26 and 29%, respectively. These results indicated high dormancy levels. A 

temperature regime of 20/35oC (20oC in dark for 16 h and 35oC in light for 8 h) was used 

according to the internal protocol of AOSASL. The germination test period was 4 weeks, 

which is sufficient time for the germination of most grass species (AOSA, 2012). This 

regime provides both suitable temperature for warm season grass like seashore paspalum 

and light duration that simulate the day/night cycle.  The type of dormancy in this case 

appears to be physiological dormancy related to the imbalanced hormone (e.g., abscisic 

acid, coumarin) in newly harvested seeds, which leads to inhibition of germination 

(Copeland and McDonald, 2001). A different method for breaking dormancy has to be 

employed in this case. Elias and Garay (2008) found that pre-chilling perennial ryegrass 

seeds at 10⁰C for 7d breaks dormancy, produce uniform seedlings, and speed up 

germination of freshly harvested Lolium perenne L. seeds. 

 

Effect of Pre-Chilling Treatment in Breaking Dormancy 

Since KNO3 was not effective in breaking dormancy as shown in the previous 

study, pre-chilling treatment was proposed for this study based on previous reports 

(AOSA, 2012; Elias and Garay, 2008). To determine the effect of pre-chilling treatment 

in breaking dormancy, the same samples used in the previous study (M50-12-11614 and 

M50-12-11614-A) were subjected to no-chill and pre-chill treatments. In both no-chill 

and pre-chill treatments, the germination media was moistened with 0.2% solution of 

KNO3. Seeds with the pre-chilled treatment were exposed to 10ºC for 7d before 

conducting germination test. Germination tests were conducted at 20/35⁰C (20⁰C, 16 h 
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dark/35⁰C, 8 h light) for 4-week test period according to the internal procedure of the 

OSUSL.  

After being subjected to pre-chill treatment, the germination of samples 1 and 2 

decreased from 26 and 29% (without pre-chilling treatment) to 23 and 25%, respectively 

(Figure 3.2; Table 3.1). For many cold and warm season grass species, as well as other 

crops, it has been found that low temperatures effectively break dormancy. Dormancy is 

a mechanism of survival to protect the seed from germinating at harsh environmental 

conditions that may reduce chances for survival and completing their life cycle (Elias et 

al., 2012). However, the pre-chilling treatment did not break the dormancy while 

decreasing the germination by an average of 4%.  

 

 
                Figure 3.2 Seed germination of seashore paspalum as affected by TZ,  
                No Chill and Pre Chill Treatments. 
  



35 
 
 
Table 3.1  Analysis of variance for seed lot, pre-chilling treatments and their  
                   interactions on seed germination in seashore paspalum with significance  
                   at P < 0.001. 

   
Source of Variation DF Mean Square F Value Prob > F 

Seed Lots 1 18.166 1.173   NS† 
Treatments 2 11630.863 751.051 *** 
Seed Lots x Treatments 2 2.701 0.174 NS 
Error 18 15.486     
Total 23 1024.524     
*** Significant at P < 0.001       
† NS, Not significant         

 

Seed dormancy in seashore paspalum is a common occurrence and results in 

unreliable germination, delayed and poor stand establishment, increased weed intrusion, 

and inconsistent turf quality. Since dormancy decreases with after-ripening it is possible 

that there are physiological or physical dormancy mechanisms. Research is needed to 

understand and clarify these foundational processes. Adkins et al. (2002) suggests that 

warm-season grass seed dormancy is related to embryo and also seed coat assemblies. 

Seed dormancy caused by seed coat needs to be investigated as well as the effect of 

seashore paspalum endosperm, pericarp, glumes, lemma, and palea on germination 

(Duclos et al., 2013). It has been reported that seed dormancy in the tropical grass 

Digitaria milanjiana was consistently broken by removing the lemma and palea (Hacker, 

1984). Research is needed to determine the effect of this methodology on seashore 

paspalum seed. Voigt and Tischler (1996) reported that excessive seed dormancy in other 

warm-season grasses is widespread while investigating Panicum coloratum L., 

Eragrostis curvula (Schrad.) Nees, and Eragrostis superba Peyr. Attempts were made at 

breaking dormancy with concentrated H2SO4 or 2-chloroethanol sodium hypochlorite 

solution. However, although H2SO4 increased the germination of all three grasses, 

emergence was not increased for the Eragrostis species. Only Eragrostis curvula 

(Schrad.) Nees showed greater germination and emergence with the 2-chloroethanol 
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sodium hypochlorite solution. Sarath et al., (2007) found that the warm-season grasses 

Panicum virgatum L., Andropogon gerardii Vitman, and Sorghastrum nutans (L.) Nash 

was strongly affected by H2O2, abscisic acid, diphenyleneiodonium, and nitric oxide in 

germination response. Sarath et al., (2005) stated that Panicum virgatum L. cv Kanlow 

seed germination was significantly higher when treated with sodium nitroprusside, 

sodium cyanide, and potassium ferricyanide. Research concerning the seeds of seashore 

paspalum is needed to understand, 1) the interactions of oxidation and redox with seed 

physiology; 2) the specific nitric oxide mechanism used in breaking of dormancy; 3) 

whether dormancy results from environmental conditions or seed physiology (i.e., 

endogenous, exogenous) processes (Orth et al., 2000). 

 

Determination of the Optimum temperature and Light Requirements for a 
Standard Germination Test of Seashore Paspalum 
 

ANOVA showed significant differences among cultivar, dark and light treatment, 

and temperature regimes at P <0.05 on their effects on germination (Table 3.2 and 

Figures 3.2 and 3.3). Cultivar x light regimes, cultivar x temperature regimes, and 

cultivar x light x temperature regime interactions were not significantly different (Table 

3.2), indicating that the responses of cultivars to light treatment and temperatures were 

similar.  

Both cultivars germinated better under the alternating light regime (38%) than 

under the constant dark (21%) (Figure 3.3). Temperature regimes of 20/30oC and 20/35oC 

with alternating 16 h dark / 8 h light increased germination of both cultivars compared to 

15/25oC (Figure 3.1). In general, as temperature increased in the presence of light, seed 

germination increased. 

However, there was no significant difference in germination response between 

20/30oC and 20/35⁰C. The average germination of the two cultivars was 37, 36, and 15% 

at 20/35, 20/30, and 15/25oC, respectively (Figure 3.4). The treatment 15/25⁰C showed 

the lowest germination response regardless whether in dark or dark/light conditions. This 
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is not unexpected since seashore paspalum is a warm-season grass. One such example is 

Cynodon dactylon which enters dormancy at ~10⁰C with optimum growing temperatures 

20/30⁰C (Christians, 2004). These results confirmed the earlier findings of Hsu et al. 

(1985), in that 20/30⁰C was required for optimum germination of the warm-season 

grasses Andropogon gerardi Vitman, Bothriochloa caucasica (Trin.) C.E. Hubb., I (L.) 

Nash., and Panicum virgatum L. 

 

Table 3.2 Analysis of variance for cultivar, light, temperature and their interactions on 
seed germination in seashore paspalum with significance at P <0.05. 

 

Source of Variation DF Mean Square F Value Prob > 
F 

Cultivar 1 406.694 7.618 * 
Dark/Light 1 2483.361 46.515 *** 
Temp 2 1832.250 34.319 *** 
Cultivar x Light/Dark 1 34.028 0.637 NS† 
Cultivar x Temp 2 56.194 1.053 NS 
Dark/Light x Temp 2 452.028 8.467 ** 
Cultivar x Light/Dark x Temp 2 37.194 0.697 NS 
Error 24 53.389     
Total 35 256.021     
 

*** Significant at P < 0.001         
**   Significant at P < 0.01         
*     Significant at P < 0.05         
†     Not significant at P > 0.05 
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Figure 3.3 Seed germination response of seashore paspalum to constant dark and        
              alternating dark/light treatments. Bars with different letters are significantly    
              different according to LSD test (P <0.05). 

 

 

Figure 3.4 Seed germination response of seashore paspalum to three alternating 
temperature regimes. Bars with the same letter are not significantly different  
according to LSD test (P <0.05). 
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Therefore, recommended optimum laboratory germination conditions are 

alternating dark/light at 20/30oC temperature. Since 20/30oC temperature is more widely 

available in seed laboratories, and germination responses are statistically equal to 

20/35oC, it is recommended that a temperature range of 20/30oC continue to be used to 

germinate seashore paspalum for testing, as is currently recommended by ISTA (2012). 

This will achieve harmonization with ISTA rules for easier international trade. 
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Conclusions 
 

The decrease in germination from 26 and 29% down to 23 and 25%, respectively, 

shows that pre-chilling was not effective for breaking dormancy and enhancing 

germination. Therefore, pre-chill treatment at 10⁰C for 7d before conducting a standard 

germination test is not recommended for newly harvested and dormant seeds of seashore 

paspalum. Alternating dark/light with 20/30⁰C temperature regime achieved maximum 

germination for laboratory germination test. Alternatively, temperature of 20/35⁰C could 

be used as well.  

Future studies may consider decreasing the pre-chilling temperature from 10oC to 

5oC as well as using dry heat and chemical treatments in order to break dormancy. 
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CHAPTER 4 
 
 

 SEASHORE PASPALUM (Paspalum vaginatum Sw.) ESTABLISHMENT  
FROM SEED IN OREGON’S WILLAMETTE VALLEY 

 
 

Abstract 

Turfgrass is an excellent plant for large scale landscaping, site remediation, and 

golf courses. Seashore paspalum (Paspalum vaginatum Sw.) has shown promise in these 

applications, but with lower inputs than other turfgrass species which require more water 

and fertilizer and which do not do well in salt affected soils. However, the establishment 

of seashore paspalum for turf and for seed production in Oregon’s Willamette Valley 

(OWV) has proved variable and few research reports have been published concerning 

optimum conditions and time to plant in Oregon. The aims of this study were to 

determine if seashore paspalum could be successfully established in the OWV, if there 

were differences in establishment between three seashore paspalum cultivars, and the 

optimum month for planting. Seashore paspalum was planted over three years, at one 

location, with three replicates per treatment. Analysis of variance showed that there were 

no significant differences in establishment among the three cultivars of seashore 

paspalum used in the study (P > 0.05). Furthermore, seashore paspalum established at a 

range of 480 to 549 GDD based on air temperature achieved ≥ 90% green within 90 days. 

Seashore paspalum was best established for planting in July and August 2010, and in 

June, July and August 2011, and May and June 2012. Despite establishment in other 

months, July and August proved optimum as a result of lower Poa annua intrusion. Thus, 

it is possible to establish seashore paspalum in the OWV when it is seeded in May – 

August. 
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Introduction 

 

Turfgrass is an essential plant used to control erosion, stabilize coastal sand 

dunes, and for bioremediation (Duncan and Carrow, 1999). However, because of 

increasing environmental concern there is a growing need to provide a reduced input 

turfgrass that can flourish with little irrigation and fertilizers, and can succeed in salt-

affected soils. A turfgrass variety with these attributes is the warm-season halophytic 

grass seashore paspalum. 

Historically the majority of seashore paspalum has been propagated in the 

southern U.S. from sprigs or sod due to lack of seed production reliability (Duncan and 

Carrow, 1999). However, maintaining viable sprigs or sod is difficult when transporting 

plant material over substantial distances. Furthermore, the presence of soil in harvested 

sprigs and sod is a concern when establishing seashore paspalum in sand-based systems 

(i.e., greens and athletic fields) (A. Kowalewski, personal conversation, 2013). For 

example, there are phytosanitary regulations which do not allow for the presence of soil 

in international shipments (Canada, 2013, USDA-APHIS, 2013). Thus importing 

seashore paspalum seed or vegetative sod is expensive and problematic. 

Unfortunately, few regions have been able to successfully produce seashore 

paspalum seed in the U.S. because of climatic conditions (Duncan and Carrow, 1999). 

However, the USDA does place the OWV in the 10o F winter-hardiness climate zone, 

Zone 8b (USDA, 2012). This is the same climate zone as portions of the southern U.S. 

where warm-season turfgrass (e.g., seashore paspalum) is normally grown (Figure 5.1). 

In addition, the 10-year average (2002 – 2011) temperatures in the OWV are within the 

ranges for planting and establishing seashore paspalum. The OWV climate seems suitable 

for propagation of warm-season grasses such as seashore paspalum which most actively 

grow at temperatures between 27-35⁰C  and are dormant when temperatures fall below 

10-13⁰C (Beard, 2002; Beard, 2005; Beard and Almodares, 1980; Christians, 2004).  
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Despite the favorable, warm-season climate conditions, seashore paspalum 

establishment in the OWV have been erratic, and seed production quantities not 

commercially reliable. Few research reports have been published investigating if seashore 

paspalum establishment for seed production in the OWV is warranted.  

 

 
 
Figure 4.1 USDA Plant Hardiness Zone Map illustrating the OWV and many parts of the  
southern U.S. lie within Zone 8b (USDA, 2012). 
 

Accordingly, the aims of this study were to 1) determine if seashore paspalum 

could be successfully established in OWV; 2) determine if there are differences in 

establishment between three commercially available varieties of seashore paspalum; and 

3) determine the optimum planting month for seashore paspalum establishment in the 

OWV. 
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Materials and Methods 

 

Field studies were initiated in July 2010 at the Oregon State University, Lewis-

Brown Horticulture Farm (LBF) in Corvallis, Oregon (44⁰ 32’ 51.9148” N, 123⁰ 12’ 

58.3866” W). Experimental design was a randomized complete block design (CRBD) 

with three replications. Factors included planting year (2010 and 2011), seashore 

paspalum cultivars (‘Ocean Mist’, ‘Ocean Shores’ and ‘Seaspray’), and month. Soil type 

was Chehalis silty clay loam (fine-silty, mixed, mesic Cumulic Ultic Haploxerolls) with 

slope of 0 to 3 percent.  

 

Site Preparation 

Research areas were prepared for seeding in 2010 using a Ryan Jr. Sod Cutter 

(RyanTurf, 2009) to remove existing plant vegetation. After cutting the sod, the existing 

organic matter was removed, and the surface was graded and leveled. The area was 

irrigated for 30 days to germinate seed bank weeds. At the end of 30 days, Roundup 

Weed and Grass Killer™ (Glyphosate) was applied at manufacturer’s recommended 

application rate of 9.4 ml/ m2 (Monsanto, 2001). Prior to seeding, Anderson’s Golf 

Products SGN75 18-9-18 fertilizer was applied at the rate of 2.4 g/m2  (Duncan & 

Carrow, 1999).  

Seashore paspalum varieties ‘Ocean Mist’, ‘Ocean Shores’, and ‘Seaspray’ were 

seeded in randomized plots on the first of every month from 1 July 2010 – 1 June 2012. 

Individual plots were 0.91 m x 0.91 m = 0.83 m2. Plots were planted at the 4.9 g/m2 

recommended planting rates for seeding seashore paspalum (Simplot, 2012). On the first 

of each month, seed was evenly applied by hand. Following seeding, plots were manually 

raked from several different directions and rolled to assure effective seed to soil contact. 

Water on all plots was applied 6 times per day, every 2 hours, for 6 minutes per 

application, beginning at 10:00 am and totaling 0.5 mm of water per day. When rain 

provided sufficient soil moisture, watering was discontinued. Watering was also reduced 
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after the entire plot showed emergent grass seedlings. In 2011 an adjacent area was 

prepared, seeded, and established using the same procedures described for year 2010 

above.  

 

Plot Maintenance 

After seeding, the plots were fertilized every other week until October at the rate 

of 227 g per 92.9 m2. Plots were mowed twice each week during the growing season 

(June through October) at 16 mm (5/8”) with a Model #20-3.5RP-7 Mclane Trimmer reel 

mower and clippings were removed. Plots were not mowed when turf was dormant 

(November through May). 

Following seashore paspalum establishment, irrigation was applied at 98% of 

evapotranspiration (ET0) (Allen et al., 2005). The onsite Rain Bird Maxicom weather 

station was used to calculate ET0. Run times were calculated at midnight using the prior 

day’s cumulative ET0.  

 

Response Variables  

Percent green turf cover (0-100%) was quantified weekly with digital image 

analysis (Karcher and Richardson, 2003, Karcher and Richardson, 2005, Richardson et 

al., 2001). Digital images were collected using a Canon Powershot G5 camera (Canon, 

Tokyo) mounted on a 0.31 m2 enclosed photo box with four 40-W spring lamps (TCP; 

Lighthouse supply, Bristol, VA). The light box/camera assemblage was wheeled to, and 

placed in, the center of each turf plot for image collection during growing months (Figure 

4.2). Weekly images were initiated when seashore paspalum seedling emergence was 

first observed in 2010, 2011 and 2012. Plots were regularly weeded to ensure that the 

results reflected true percent green turf cover. Seashore paspalum was considered 

established when percent green turf cover was ≥ 90%.  
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Statistical Analysis  

Data were analyzed using the OriginPro9 (OriginLab Corporation, Northampton, 

MA) statistical software program, and One-way ANOVA with statistical significance 

declared at P<0.05. Results were tested using Fisher’s Least Significant Difference 

(LSD) at the 0.05 probability level. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Figure 4.2 Light box and camera assemblage used to capture digital imagery to 
  determine % green turf ground cover of seashore paspalum establishment plots  
 (pictures courtesy of Brian McDonald, OSU Turf Research). 
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Results and Discussion 

 

Analysis of variance determined that seashore paspalum cultivar and year did not 

significantly affect the number of days after seeding required to reach 90% (DAS 90) 

green turf cover (P > 0.05). Therefore, data were pooled across variety and year and 

ANOVA results determined that the effects of seeding month on DAS 90 in the OWV 

were significant at P < 0.0001 (Table 4.1). 

 

Table 4.1 ANOVA results for the effects of seeding month March - October on the 
 number of days after seeding required for reaching reach 90% green turf                
cover (DAS90) in the OWV, Corvallis, OR. 

 
      

Source of Variation DF 
Sum of 
Squares 

Mean 
Square F value Prob>F 

Month 7 1715714.438 245102.063 624.739 *** 
Error 136 53356.500 392.327     
Total 143 1769070.938       
*** Significant at P < 0.0001           

 

While seashore paspalum germinated and achieved ≥ 90% green turf cover when 

seeding from March to October in the OWV, the optimum seeding months for seashore 

paspalum establishment in the OWV were May, June, July and August (Figure 4.3). 

Seashore paspalum, seeded in July, achieved ≥ 90% green turf cover in the shortest 

period of time, an average of 48 days after seeding; seashore paspalum seeded in May, 

June and August required a mean of 74 days (± 95% CI = 70 and 77) to achieve ≥ 90% 

green turf cover; seashore paspalum seeded in March and April required a mean of 152 

days (± 95% CI = 137 and 166) to achieve ≥ 90% green turf cover; and finally, seashore 

paspalum seeded in September and October required an average of 328 days (± 95% CI = 

314 and 341) to reach ≥ 90% green turf cover.  
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Figure 4.3 Effects of seeding month on the number of days after seeding required 
for seashore paspalum to achieve 90% green turf cover (DAS 90) in Corvallis, 
OR, 2010 and 2011.  Mean DAS90 values represent 144 data points across 
seashore paspalum  cultivars, 2 years, eight seeding months and three replications. 
Bars with the same letter are not significantly different  according to LSD test 
(0.05). 

 
 

New Mexico State University’s Turfgrass Salinity Research Center in Las Cruces 

identified no differences in establishment between seeded Cynodon dactylon and 

seashore paspalum turf, and showed that mean growing degree days (GDD) (GDD = 

[(Max. Temp ⁰ C + Min. Temp ⁰C)/2] - 5⁰ C) of 2033 (late-seeded plots) and 2700 

(early-seeded plots) were required to achieve 75% ground cover (Schiavon et al., 2012). 
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In Arkansas, seeded Cynodon dactylon required 950 GDD to reached 95% ground cover 

(Patton et al., 2004; Patton et al., 2008; Schiavon et al., 2012). Results did not confirm 

earlier studies in that GDD necessary to reach ≥ 90% green turf cover in the OWV was 

461 (± 95% CI = 419 and 503). Further research is needed to resolve these differences in 

GDD results. 

For all planting months, other than July and August, frequent hand weeding was 

necessary to control Poa annua intrusion. As suggested by others, temperatures 

exceeding 25⁰C (77⁰ F) are likely to reduce annual bluegrass germination (McElroy et 

al., 2004; Ohadi et al., 2010;  Shem-Tov and Fennimore, 2003; Vargas and Turgeon, 

2004; Wu et al., 1987). Those wishing to establish seashore paspalum, while minimizing 

annual bluegrass pressure, should seed when monthly atmospheric temperatures exceed 

15/25⁰C night/day (Baker, unpublished data, 2012). Ten-year average historical 

temperature data would suggest that the optimum seashore paspalum planting months 

would be July, followed by August, June, and May (Figure 4.4). 

For those hoping to seed earlier in the year, prior to July, soil fumigation and/or 

the application of a non-selective herbicide immediately prior to seeding, followed by 

hand or herbicide rouging, will likely be required to minimize Poa annua infestation 

during seashore paspalum establishment. 
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Figure 4.4 10-year average (2002 – 2011) minimum and maximum 
monthly temperatures (⁰C) at Corvallis, OR (WeatherSource, 2013). 
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Conclusions 

 

Seashore paspalum can be successfully established in the OWV. It is important to 

seed during the months of July, followed by August, June, and May, when the least 

number of days are required to achieve 90% green turf cover. ANOVA (P > 0.05) 

determined that seashore paspalum variety and year had no significant effect on the days 

required after seeding to reach 90% green turf cover.  
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CONCLUSIONS 

 

Seashore paspalum is a warm-season, C4 turfgrass typically grown in latitudes 45⁰ 

or lower. Seashore paspalum is an excellent choice for many turfgrass applications, in 

particular, in high traffic areas and in areas where drought and/or salt affected soils are 

problems. The world seashore paspalum seed market for 2011 – 2012 is estimated at 

$1,500,000 – 2,000,000. With reliable seed availability, it is estimated that this market 

could annually exceed $20,000,000 within five years (Baker, unpublished data, 2013). 

However, commercialization has been severely restricted due to lack of consistent 

supplies of seeds with good planting value. There has also been little research to 

determine the optimum methods for identifying and establishing seashore paspalum seed. 

Current methods of viable seed identification are ineffective and cost prohibitive. Thus 

the first objective of this research was to determine whether or not a mechanical blower 

could be used to separate nonviable vs. viable (planting value) seashore paspalum seed. It 

was determined that a blowing point of 2.2 m/s would separate out seeds with good 

planting value from empty florets and seeds with <1/2 endosperm fill having extremely 

poor germination potential. The second objective of this research was to determine the 

best method for breaking dormancy and promoting germination of seashore paspalum 

seeds. It was found that germination decreased from 26 and 29% down to 23 and 25%, 

respectively through pre-chilling. Therefore, pre-chill germination is not recommended 

for breaking dormancy and increasing % germination of seashore paspalum seeds. There 

was also significant interaction (P <0.01) of dark/light x temp on germination. As 

temperature increases in the presence of light, seashore paspalum seed germination 

performance increases. Therefore, the recommended optimum laboratory germination 

conditions are 20/30⁰C temperature with alternating dark/light. Finally, the third 

objective was to determine whether or not seashore paspalum could be successfully 

established in the OWV. It was found that the optimum month for seeding in the field 
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was July, followed by August, June, and May, when the least number of days are 

required to achieve 90% green turf cover.  

There are clear advantages to using seashore paspalum seed rather than 

sprigs in planting golf courses, sports fields, resort and home lawns, and for 

environmental purposes nationally and internationally. At this point, the OWV is 

one of very few geographic locations showing promise for seed production. 

However, there are still issues concerning new cultivar development, pollination, 

required temperatures and heat units until flowering, timing seed physiological 

maturity for harvest of this indeterminate species, and harvest methodologies that 

need to be worked out. Further research is needed to determine exactly why the 

OWV is one of the best areas for seashore paspalum seed production, to identify 

specific methodologies for commercial production and to realize consistent 

commercially-viable seashore paspalum seed production yield.  

Future research should include the following: 1) preparation of OBP 

calibration samples for the purpose of lab correlation of General-blowers; 2) 

further low- and high-temperature treatments, use of chemicals (e.g., gibberellic 

acid, ethylene, ethephon), prewashing, and soaking to determine dormancy-

breaking effectiveness; and 4) investigate seed production and harvest 

technologies. 
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