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St. Augustinegrass (Steotaprum secundatum (Walt) Kuntze) and zoysiagrass 

(Zoysia japonica) are intensively in urban areas in Florida. Fertilization rules in Florida 

impose restrictive rates, and nitrogen (N) sources to reduce N losses through the soil 

thought causing non-point source pollution from fertilizers. Limited information is 

available about N source responses in St. Augustinegrass and zoysiagrass. A field 

study was established to evaluate the response of 7 N sources including ammonium 

nitrate (34% N) (AN), urea (46%) (U), sulfur coated urea (30% SCU), sulfur coated urea 

(50% SCU) (SCUMIX), polymer coated urea (32.8% PCU) (PCUMIX), biosolid (100% 

natural organic N) (BS) at 49 kg N ha-1 60 d-1, and polymer coated urea (32.8% PCU) at 

98 kg N ha-1 120 d-1. Turfgrass quality and color ratings, and chlorophyll index (CI) were 

evaluated weekly, multispectral reflectance every two weeks, and biomass production 

once a month from 2008 thru 2010 to determine shoot growth rate, estimation of N 

content, and Total Kjeldahl Nitrogen in tissue (TKN). Root growth was measured at 2 

depths (0-15 and 15-30 cm). Soluble and sulfur coated sources produced higher quality, 

color, CI, shoot growth rate, higher normalized difference vegetation Index (NDVI), 

lower Stress indices and higher leaf area index (LAI) than PCUMIX and BS. Polymer 
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coated sources produced and intermediate to long term response. Soluble sources and 

sulfur coated sources produced higher quality and color in St. Augustinegrass. 

Otherwise, PCUMIX produced a longer term response and BS did not produce an 

acceptable quality. All N sources produced good quality and color on zoysiagrass. 

Zoysiagrass had higher growth rate than St. Augustinegrass. Consequently, higher TKN 

was obtained with zoysiagrass than St. Augustinegrass. Total Kjeldahl Nitrogen was 

higher in soluble sources and SCUMIX. Only deficient N values were observed during 

fertilizer cycle 1 in 2008 from PCUMIX and BS. Total Kjeldahk Nitrogen in tissue 

increased over the time with no N deficient ranges in any of the N sources. 

Consequently, CI increase over the time due to the increase in TKN. Root growth was 

not influenced by N sources. In addition, St. Augustinegrass produced higher root 

growth at 0 to 15 cm depth, while zoysiagrass produced the highest root length density 

(RLD). Leaf area index (LAI) was higher in zoysiagrass than St. Augustinegrass due to 

higher canopy density.  

The results of this research indicate that soluble sources and SCUMIX produce 

faster and higher response. Polymer coated urea and BS sources produce long term 

response. Zoysiagrass produce higher growth parameters than St. Augustinegrass. 

That is valuable information that describes the responses of the fertilizer in order to 

evaluate the N source required to reach the turfgrass health and quality required in 

urban areas in Florida. 
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CHAPTER 1 
INTRODUCTION AND LITERATURE REVIEW 

 
Grasses in Our World 

 
Grasses are in the family Poaceae and provide both food and forage. Grasses 

also serve many other purposes, such as construction material as with bamboo 

(Bambusa vulgaris Schrad. ex J.C. Wendl.) and as a biomass grass source to produce 

methanol and other alternative energy sources (Beard and Green, 1994).  

Turfgrass benefits are classified as functional, recreational and aesthetic (Beard 

and Green, 1994). Functional benefits of turfgrass include protection of natural 

resources through erosion control, pollution filtration and oxygen production. Pimentel 

(2000) reported that loss of soil in the United States is estimated to be 6.9 billion of tons 

each year. Turfgrass is valuable for reducing soil erosion risk due to the dense ground 

cover and high shoot density that ranges from 75 million to more than 20 billion shoots 

per hectare (Beard, 1973). Gross et al. (1990) reported sediment losses of 

approximately 10 to 60 kg ha-2 from turfgrass plots during a 30 minute storm that 

produced 76 mm h-1 of rainfall compared with soil loss from bare soil plots that 

averaged in 223 kg ha-2 at the same storm rate. The loss of nutrients resulting from soil 

erosion has an estimated cost of up to $ 20 billion a year (Troech, 1991).  

Turfgrass provides safe recreational surfaces for sports including soccer, football, 

golf, baseball, horse racing, tennis, etc. (Beard and Green, 1994). Lawns are an integral 

part of our environment and enhance any landscape (Trenholm and Unruh, 2005). They 

add value to our homes and provide a safe surface for play and outdoor activities. Lawn 

grasses may also reduce threats from wildfires. In Florida, the most widely used 
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lawngrass is St. Augustinegrass (Stenotaphrum secundatum (Walt.) Kuntze. 

Zoysiagrass (Zoysia japonica Steud.) has recently gained in popularity as a lawngrass 

and is being planted in many home sites statewide. Trenholm and Unruh (2007) 

mentioned there are approximately 2 million of hectares of home lawn grasses in the 

state of Florida and almost 40% of them is St. Augustinegrass. 

Economic Impact of the Urban Turfgrass Industry in Florida 

Turfgrass is intensively used in many urban areas such as residential lawns, 

commercial landscapes, and golf courses. Most of the landscape space occupied by 

turfgrass generates an aesthetic environmental value to urban society. The turfgrass 

industry also provides an important economic benefit in the United States. In 2002, 

inputs from the industry across the country were valued at $57.9 billion dollars and a 

total employment of 822,849 jobs (Haydu et al., 2006). The turfgrass industry in Florida 

is the second largest in the United States (Haydu et al., 2006), around 1.59 million of 

hectares are occupied and maintained by golf courses, sod farms and homeowners 

(Hodges and Stevens, 2010). These areas have continued to grow rapidly due to 

increasing demand. This accounted for total revenue of $6.26 billion and a total 

employment of 157,240 jobs (Hodges and Stevens, 2010). 

In 2007, the landscape turfgrass sector was valued at $2.66 billion, representing 

44% of the total sales of landscape industry. In the same year, the landscape industry 

employed a total of 62,272 people (Hodges and Stevens, 2010). 
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Benefits of Turfgrasses 

Biomass (leaves, stolons, stems, roots etc.) production by turfgrass provides an 

excellent resource for trapping nutrients and other potential pollutants found in storm 

water runoff, improving water infiltration and filtering through the surface (Bread and 

Green, 1994). Studies showed that surface water runoff sediment losses from tobacco 

(Nicotiana tabacum L.) was 6.7 mm ha-2 4 wk-1during the growing season, while runoff 

sediment losses from tall fescue (Festuca arundenacia Schreb.) was only 0.6 mm ha-1 

4wk-1 (Angle, 1985; Gross et al., 1990). 

Nitrogen (N) and phosphorus (P) losses in the same experiment were 0.012 and 

0.001 kg ha-1 wk-1 from all fescue as compared to 2.34 and 0.48 kg ha-1 wk-1 from 

tobacco. Erickson (2001) reported that runoff N losses from St. Augustinegrass sod 

were significantly less than from mixed-species landscape plants during the first year 

after installation. Losses were 48.3 vs. 4.1 kg N ha-1 for mixed landscape plantings and 

St. Augustinegrass, respectively. 

St. Augustinegrass 

St. Augustinegrass is believed native from the Gulf of Mexico and Mediterranean 

(Trenholm and Unruh, 2005). Other authors mentioned that St. Augustinegrass is native 

from the West Indies and came to the southern United States during the colonial period 

(Christians, 2007). 

 St. Augustinegrass grows best in well drained soils and can grow in a wide 

variety of fertility ranges. Desirable features include vigorous growth, good salinity and 

shade tolerance, and adaptability to a wide range of soil types.  

Disadvantages include poor wear tolerance, excessive thatch accumulation, 

coarse texture, and susceptibility to cold injury and chinch bugs. In Florida, Floratam is 
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the most widely used cultivar. Floratam was released in 1973 by the University of 

Florida and Texas A&M. It has coarse textured leaf blades and possesses poor shade 

and cold tolerance. Other cultivars with similar characteristics include Bitter Blue, 

Classic, Sapphire, and Delta Shade. Dwarf or semi-dwarf cultivars include Captiva, 

Delmar, Seville, and Palmetto, poses the best shade tolerance of the species. 

Nitrogen fertilization requirements range from 49 to 249 kg N ha-1 depending on 

location (South, Central or North Florida) and desired maintenance level. St. 

Augustinegrass mowing heights should range from 8.9 to 10.2 cm for the standard type 

cultivars and 5.1 to 6.4 for the dwarf varieties.  

Zoysiagrass 

Zoysiagrass was introduced in the United States from Asia in 1895 (Christians, 

2007). Several cultivars are gaining popularity in Florida for use in athletic fields, golf 

courses and commercial landscapes (Trenholm and Unruh, 2005). Advantages of 

zoysiagrass include dense growth, a finer leaf texture than many other lawngrass 

species, and good tolerance to shade, traffic and salt. Disadvantages include heavy 

thatch production, slow growth and spring green-up, susceptibility to Rhizoctonia solani 

Kuhn, and nematodes. Varieties tend to form shallow root systems and are weakened 

when grown in soils with low potassium levels (Trenholm and Unruh, 2005). Empire 

zoysiagrass is being used increasingly in urban landscapes with mixed results. Nitrogen 

requirements are less than those of St. Augustinegrass, ranging from 98 to 196 kg of N 

ha-1 annually. Mowing height ranges from 2.54 cm to 7.62 cm. Empire zoysiagrass 

performs well at 7.62 cm mowing height during active growing (Unruh et al., 2007).  
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Environmental Concern of Water Quality from Turfgrass Systems in Florida 

Water is the main resource needed to sustain life on earth. Approximately 97% of 

fresh water used for human consumption is ground water, (Hornsby et al., 1999). 

Approximately 10% of the turfgrass managed in the US is under relatively high 

management, including fertilization and irrigation (Beard and Green, 1994). In Florida, 

approximately 1.95 million of hectares of turfgrass (Hodges and Stevens, 2010) is 

maintained, which represents 11.5% of the total area of Florida. If management 

practices related to fertilization and irrigation are done improperly, the result could be 

nutrient movement of N or phosphorus (P) as leachate or runoff that could potentially 

pollute ground and or surface waters. 

Eutrophication of water bodies can result due to oxygen depletion and algae 

blooms. Eutrophication can occur at P levels of 0.01 to 0.035 mg L-1(Mallin and 

Wheeler, 2000). The United States Environmental Protection Agency (EPA) limit for 

nitrate-N (NO3-N) in drinking water is 10 mg L-1, which sometimes is exceeded by 100-

150% (Saha, 2004). When consumed, high concentrations of NO3-N can produce 

methemoglobin, a toxic compound resulting from the combination of nitrite (NO2-N) with 

hemoglobin. This results in a lack of blood to carry oxygen and result in serious health 

concerns (Liyanage et al., 2000). 

Some advocate that turfgrass systems in urban environments are principal 

contributors of non-point source pollution, although no scientific evidence relates N 

practices in urban landscape with nutrient pollution (Flipse et al., 1984). Local 

ordinances in Florida have been imposed to reduce potential nonpoint source pollution 

potentially resulting from fertilization of turfgrass in landscape. Best Management 

Practices (BMP‟s) for Florida Green Industries were established in 2002 through the 
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Florida Department of Environmental Protection (FDEP) and the University of Florida 

Institute of Food and Agricultural Sciences (IFAS). The ensuing educational program is 

designed to teach BMP‟s for fertilization, irrigation, management, selection, and 

pesticide safety to reduce potential nonpoint source pollution. Numerous city and county 

governments in the state, as well as a newly enacted state statute, require that all 

applicators of fertilizer to urban turf areas attend the training and receive a “Certificate of 

Completion” in the BMP‟s (Sartain et al., 2008).  

Lawn fertilization recommendations in Florida have been changed in order to 

reduce potential N impact on ground water resources. Since December 31, 2007 every 

one who fertilizes a home lawn must comply with a new state rule (Department of 

Agriculture and Consumer Services (DACS), No 4640400, Rule 5E-1.003, 2007).  

The rule regulates N application rates. Slow release nitrogen can be applied at a 

maximum of 49 kg of N ha-1 per application, while soluble nitrogen can be applied at a 

maximum rate of 34.3 kg ha-1 per application (Department of Agriculture and Consumer 

Services (DACS), No 4640400, Rule 5E-1.003, 2007). 

Soil Nitrogen Cycle  

The content of N in soils ranges from 0 (clean sands) to 2.5% (organic soils). 

Nitrogen is absorbed by turfgrass as nitrate or ammonium. Through the process of 

mineralization, organic nitrogen (organic matter) is converted into available N forms for 

plants. The process of mineralization involves two steps: ammonification and 

nitrification. Ammonification is the process where organic matter is converted to 

ammonia (NH+
3) and then ammonium (NH+

4) (Carrow et al., 2001). The ammonium 

could be nitrified to nitrate, taken up by the plant, attracted to cation exchange sites, 

fixed in the clay minerals or lost via volatilization or leaching. Nitrification is the 
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conversion of ammonium to nitrite by the Nitrosomonas and Nitrospora bacteria and 

then into nitrate by the nitrobacter bacteria. At this point, the nitrate can be taken up by 

the plant, lost through denitrification as N2O or leached through the soil. 

Mineralization of nitrogen is influenced by microbial activity, which is affected by 

environmental conditions such as soil temperature, moisture, oxygen, and pH. Optimal 

temperature for microbial activation for nitrification range from 30 to 35 °C, with a 

minimum soil temperature of 15 to 17 °C. There must also be adequate soil moisture for 

mineralization to occur. Nitrification declines at pH levels lower than 5.5 (Carrow et al., 

2001). 

Nitrogen Response in Turfgrass 

Nitrogen (N) is the nutrient required in greatest quantities by turfgrass, promoting 

vigor, quality, shoot density and color (Bowman et al., 2002). Functions of N are widely 

described as having both a structural and functional component. As N is taken up by 

plant it is assimilated into amino acids that provide the basis of formation of N 

compounds. These amino acids serve as precursors for proteins, chlorophyll, enzyme, 

hormones, osmoregulators and nucleic acids (Carrow et al., 2001).   

Turfgrass responses to nitrogen are increased green color, shoot growth, shoot 

density, and root growth. Moderate rates of N can increase carbohydrate reserves, 

thatch accumulation and recuperative potential, as well as improve many stress 

tolerances such high temperature stress, cold tolerance, drought resistance, 

compaction and wear tolerance (Carrow et al., 2001). However, excess N can reduce 

carbohydrate reserves and stress tolerance and can also lead to increased disease and 

potentially insect outbreaks. 
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Nitrogen Fertilization in Warm Season Turfgrasses 

Nitrogen deficiencies in turfgrass are visually detected by loss of green color 

(chlorosis) that appears first in older leaves. Newer leaves remain green until the plant 

is able to convert N compounds to a soluble form and translocate it to new leaves 

(Carrow et al., 2001). Additional symptoms of N deficiency include lack of growth, loss 

of leaves, tillers, and thinning of turf (Carrow et al., 2001). Nitrogen requirements 

depend on the species, growth season and use regime. Warm-season turfgrass 

receiving appropriate N fertilization will typically have between 2.75 to 3.75 % total N 

content (TKN) in leaf tissue (Carrow, 2001). Sufficiency ranges of N in St. 

Augustinegrass and zoysiagrass in leaf tissue have been identified as ranging from 1.90 

to 2.17 % (Christians, 2007) or 2.00 to 3.00 % (Sartain, 2001). 

Trenholm (2007) suggest that N applications to St. Augustinegrass range from 98 

to 249 kg of N ha-2 year-1. Recommended zoysiagrass range is from 147 to 245 kg of N 

ha-2 year-1, but these researchers have demonstrated that the cultivar Empire can 

perform optimally with 98 to 196 kg N ha-2 yr-1. 

Fertilization timing in warm-season turfgrass should correspond to the growth 

pattern and N needs during the year, with greatest needs during the summer months 

when growth is greatest. Application of N prior to start of active growth can be 

problematic through depletion of carbohydrates needed for spring green-up and the 

potential for winter damage to succulent new tissue resulting from N application. 

Fertilization is likewise not recommended after the growing season has ended in central 

and north Florida, which occurs from October to March. 
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Nitrogen Fertilizer Sources Used in Turfgrasses and Their Mode of Action 

Nitrogen may be applied from numerous sources, which are classified as quick 

release (water soluble), controlled-release, slow-release, or organic N. Florida soils 

typically have a limited ability to retain N and therefore require regular additions for 

maintenance of a healthy turfgrass (Sartain and Kruse 2001).  

Quick release sources indicate rapid availability of N after application. Primary 

quick release sources are ammonium sulfate, ammonium nitrate and urea. 

Ammonium sulfate (AS) is a white crystalline material containing 20-21% N and 24 

% S. Solubility is somewhat lower than other quick release sources (Sartain, 2009). It 

has low hygroscopicity and contains N and sulfur. Nitrification of ammonium sulfate 

produces acidity in the soil, making it the preferred N source for alkaline soils (Sartain 

and Kruse, 2001). It produces a dark green color in turfgrass due to increasing the 

availability of Iron (Fe) and Manganese (Mn). It is subject to volatilization if not watered 

in shortly after application (Sartain, 2009). 

Ammonium nitrate (AN) is 33-34% N and is readily soluble. It has high 

hygroscopicity, a risk of explosion when combined with fuel and is considered more 

prone to leaching and denitrification (Havlin et al., 2005). It is subject to volatilization if 

not watered in shortly after application. 

Urea (U) is 45 -46% N and has a relatively low salt index of 1.62. Application 

without watering in may burn turfgrass (Sartain, 2009). Urea is a non-ionic compound 

when placed into the soil solution and may leach rapidly through the soil profile if not 

taken up by the root system. Urea requires the enzyme urease for conversion to NH+
4. 

It is subject to volatilization if not watered in shortly after application. 
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Controlled release and slow release nitrogen refers to timed release or reduced 

solubility. These products release N into the soil solution at rates or amounts that permit 

maximum uptake and use efficiency of applied nutrient (Sartain, 2009). They have lower 

potential to cause injury from fertilizer burn, can be applied at higher N rates, and 

require fewer applications than quick release N sources. Disadvantages include the 

slow response applications and higher cost than quick release sources. 

A coated fertilizer is a term used to characterized fertilizer materials with a core 

covered with a water insoluble coating (Sartain, 2009). The coating makes a physical 

barrier that limits or controls the rate of water penetration into the fertilizer granule. 

These products may use different multilayer coats including sulfur and polymer.  

Sartain and Kruse (2001) described sulfur coated urea (SCU) as containing from 

32 to 38 % N. The mechanism of SCU release is by water penetration through 

microspores and imperfections. The release depends on thickness of sulfur coating, 

biological activity through degradation of the sulfur coating, soil pH, moisture and 

temperature. Turfgrass responses to these materials may last from 6 to 16 weeks 

(Sartain, 2009). 

Polymer coated urea fertilizers (PCU) contain around 40% of N (Sartain and 

Kruse, 2001). Carrow et al. (2001) describes the mechanism of release as due to 

osmotic diffusion. The coating acts as a semi-permeable membrane through which 

water moves to dilute the urea granule and then it diffuse it. Diffusion depends on 

coating thickness, diffusion rate and temperature. 

Natural organic nitrogen sources are characterized by a low N content, which vary 

among the different sources (Carrow et al., 2001). Materials commonly used to develop 
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these fertilizers are hoof and horn meal, fish scrap and meal, dried and composted 

manure, composted poultry waste, and sewage sludge (Carrow, 2001). Release of N 

depends of several factors including the carbon to nitrogen ratio, microbial activity, 

temperature, soil moisture, oxygen, and soil pH. They have a low burn potential and 

provide a slow release of N over a long period of time (Christians, 2007).  

Fate of Nitrogen Applied to Turfgrass 

Nitrogen not taken up by turf has the potential to leach through the soil profile as 

NO3-N, as it is not held in the negatively charged soils. In Florida, soil characteristics 

including high water table, low cation exchange capacity (CEC), high infiltration rates 

and poor water holding capacity make them vulnerable to nitrate (NO3-N) leaching. 

Other factors affecting NO3-N leaching include irrigation management, degree of 

turfgrass establishment, species, N rates, application timing and N sources (Bowman et 

al., 2002). 

Irrigation applied at rates exceeding evapotranspiration has been shown to 

increase NO3
-
 leaching from Kentucky bluegrass (Poa pratensis L.) (Morton et al., 

1988). Snyder et al. (1984) found that daily irrigation of hybrid bermudagrass (Cynodon 

dactylon x C. transvaalensis Burt-Davy) resulted in N losses from 22% to 56% of total N 

applied. In contrast, Bowman et al. (1998) reported N losses of less than 1% by 

scheduled irrigation based on soil moisture determined by tensiometers.  

Turfgrass establishment method also affected N loss. Leachate concentration was 

greater from Kentucky bluegrass that had been seeded (15.89 mg L-1) than that which 

was sodded (9.52 mg L-1) in the first two months due to time of seed emergence and 

root growth development (Geron et al., 1993). As the turfgrass matured, concentrations 
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were reduced to 1 mg L-1 and 5.3 mg L-1 of NO3
-N from seeding and sodding, 

respectively. The authors cited root development as the reason for reduction in NO3-N 

leachate concentration (Geron et al., 1993). Some researchers believe that established 

mixed species in a landscape such ornamental plant and turf may reduce N leaching. 

Ericskon et al. (2001) reported that N losses from ornamental plants through leaching 

were 48.3 Kg N ha-1 compared with 4.1 kg N ha-1 yr-1 from St Augustinegrass fertilized 

with 300 kg of N ha-1. Nitrogen leaching was low through the year and only increase 

during excessive rainfall events. During summer months NO-
3 is absorbed efficiently 

and little leaching occur. 

Erickson concludes that St. Augustinegrass were more efficient by storage of N in 

the turf form thatch-soil. Also, there is a high shoot and root density in St. 

Augustinegrass when compared to ornamental plants. Genotype characteristics of 

turfgrass varieties have a fundamental role on nitrogen uptake capacity. Carrow (1989) 

mentioned that St. Augustinegrass has a high genetic potential for rooting depth, which 

could provide better nutrient uptake. St. Augustinegrass produced more root volume, 

root length density, and dry weight when compared to Empire zoysiagrass in the first 30 

cm (Fuentealba, 2010).  Also, Fuentealba (2010) mentioned that Empire zoysiagrass 

has been shown to produce fewer roots at lower depths (>30 cm) than St. 

Augustinegrass, and the rate root development for St. Augustinegrass was significantly 

greater than Empire zoysiagrass at 2.71 cm day-1 and 1.77 cm day-1 respectively.  

However, less N is needed in Empire zoysiagrass to maintain healthy turf. In a lysimeter 

greenhouse study, Bowman et al. (2002) reported that Floratam had the least NO3-N 

leaching compared with centipedegrass, Meyer zoysiagrass, Emerald zoysiagrass, 
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hybrid bermudagrass and common bermudagrass. Greatest leaching losses were from 

Meyer zoysiagrass. Greatest losses occurred from the first application, when from 48% 

to 100% of NO3-N and 4 to 16% of the NH4-N applied was leached. In subsequent 

applications, leaching losses were reduced. Nitrogen recovery was 63 and 84% from 

Meyer zoysiagrass and St. Augustinegrass, respectively. Greater root length density in 

Floratam St. Augustinegrass below 30 cm depth was attributed to reducing NO3-N 

leaching losses.  

Some authors have determined that N source can also affect NO3-N leaching. 

Brown et al. (1997) found that soluble sources such as ammonium nitrate (NH4NO3) 

produced substantially higher NO3-N concentration in leachate. Soluble sources 

solubilize N more rapidly and move into the soil profile instantly. Those characteristics 

may increase the potential losses if fertilizer is over applied or turf cover or density is 

poor. Brown et al. (1981) tested the NO3-N losses from various N sources on a sandy 

soil media. Soluble sources such as ammonium nitrate had highest NO3-N losses. 

Highest total N losses were 23 % of the total N applied. Nitrate concentration in 

leachate from NH4NO3 was 170 mg L-1 at 15 to 35 days after application. Leachate from 

12-12-12 resulted in 10 mg L-1 from 5 to 20 days only. Losses from IBDU did not exceed 

10 mg L-1 and NO-
3 concentration from Milorganite was very small. Highest total N 

losses were 23 % of the total N applied from NH4NO3.  

Use of controlled-release fertilizers applied over a high root mass turf genotype 

reduced fertilizer loss in drainage water (Kilian et al.,1961). In contrast, Quiroga et al. 

(2001) found that properly timing application during the growing season and proper 

irrigation practices limited N losses for soluble sources. Sartain (2008) demonstrated 
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that residential turfgrass can accumulate at least 4.9 g m-2 N applied from soluble 

sources with no appreciable NO3-N leaching. 

Petrovic (2004) reported less NO3-N concentrations leached from slow release N 

sources applied to Kentucky bluegrass (0-12 % on N applied). In contrast, Erickson et 

al. (2008) observed no differences on N concentration on leaching from St. 

Augustinegrass in South Florida.  

There is a lack of knowledge comparing the effect of nitrogen sources effect on 

leaching and turf health on warm-season turfgrasses. Hence, the main objective of this 

project was to compare the effect of N source on NO3-N leaching (data not presented), 

and turfgrass responses from Floratam St. Augustinegrass and Empire zoysiagrass. 
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CHAPTER 2 
MATERIALS AND METHODS 

Location 

The research was conducted at the G.C. Horn Turfgrass Research Facility at the 

Plant Science Research and Education Unit, Citra, FL. from July 2008 through 

November 2010. Turfgrasses evaluated were Floratam St. Augustinegrass and Empire 

zoysiagrass, both of which were established as sod in 2005. The soil type was Tavares 

sand (Hyperthermic Uncoated Typic Quartzipsamments), with a pH of 6.8 and organic 

matter content of 1.3 %.  

Experimental Plots 

Experimental plots measured 4.0 m x 4.0 m High-density polyethylene (HDPE) 

drainage lysimeters were installed in the center of each plot, with the top approximately 

10 cm below the soil surface. The lysimeter was concave with a diameter of 57 cm by 

88 cm in height with a total volume of 168 L. Lysimeters were assembled by placing 

cylinders into a single piece galvanized steel base unit measuring 25.4 cm in height. 

Gravel was placed in the bottom of each lysimeter for a volume of 38 L. Gravel was 

covered with fitted non-woven polyolefin cloth that was secured with a hoop of 1.3 cm 

HDPE tubing to reduce soil intrusion into the reservoir. Soil was replaced into the 

lysimeters as it had been removed from the soil profile. Soil was gently tamped with a 

tamping tool (17 kg and 858 cm2) to approximate original soil bulk density, which was 

checked before. A bulkhead fitting was inserted into the base of each unit, to which 

collection tubing (0.95 cm low density polyethylene) was attached. The tubing was run 

underground to central aboveground collection portals, and connected in a PVC tower 

and organized in numerical order inside box.  
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Fertilizer Treatments 

Six of the 8 N treatments were applied at a rate of 49.0 kg N ha-1 in equally split 

applications throughout the growing season. Treatments are listed in Table 1. In 2008, 

treatments were applied on 24 July and 24 September. In 2009, treatments were 

applied on 17 April, 17 June, 17 August and 17 October. In 2010, treatments were 

applied on 21 April, 21 June, 20 July and 19 October. Granular N was applied by hand 

in two directions to each plot to assure uniform coverage of the fertilizer. Irrigation was 

applied at a rate of 6.4 mm immediately after every application to solubilize the 

fertilizers and transport them into the root zone. 

Leachate samples were collected on a weekly basis. In 2008, sampling events 

started on 17 July (base line) and continued through 27 October. In 2009, sampling 

events resumed on 18 January and continued through the end of the year. Samples 

were collected by applying a vacuum to the collection tubing with a vacuum pump 

(Gardner Denver Welch Vacuum Technologies, Inc. Skokie, IL) and withdrawing 

percolate from the reservoir of the lysimeter until dry. Vacuum pressure was maintained 

at approximately 69.6 cm Hg. Leachate volume was recorded and a sample of 20 mL 

was collected for analysis of NO3-N concentration. The sample was acidified with 1 mL 

of sulfuric acid (H2SO4) (conc. 93.6%) to prevent denitrification and placed in a cooler at 

a temperature of 0°C. Samples were collected 1 minute after leachate started to release 

from the lysimeter to obtain a homogeneous sample of the total volume. Any 

concentrations that were lower than the minimum detection limit (MDL) of 0.05 mg L-1 

were corrected to the MDL value. 

Time of sample collection was recorded. The pH of the sample was tested in the 

field with a pH paper tester. In addition to plot samples, 5 duplicates, 2 field blanks and 
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2 equipment blanks were also collected at each sampling event. After every sampling 

event equipment was cleaned and washed 3 times with distilled water to avoid 

contamination. Nitrate concentration was measured using an Auto Analyzer 3 

continuous segmented flow analyzer (Seal Analytical, Mequon, WI) at the University of 

Florida Analytical Research Laboratory in Gainesville. Results are presented as NO3-N 

concentration (mg L-1) and total nitrate-N loading (TNL) as kg NO3-N ha-2. Total nitrate-

N loading was determined by the following formula: 

TNL= (Nitrate-N concentration (mg L-1) x Total leachate volume (L))/ unit area of 

the lysimeters). 

Turfgrass Health Evaluations 

All turfgrass visual evaluations were made every twice a month. In 2008, 

evaluations were conducted from 29 July through 17 October. In 2009, evaluations were 

conducted from 6 March thru 26 November and in 2010 evaluations were conducted 

from 3 March thru 13 November. Turfgrass quality ratings were measured on a scale 

from 1-9, where 1= dead, brown turf and 9= optimal, green turf. Acceptable turfgrass 

quality was considered 5.5. Color ratings were measured with the same scale, with 1 

representing completely chlorotic turf and 9 representing a deep green color.  

Acceptable turfgrass color was 5.5. A chlorophyll meter (CM-1000) (Spectrum 

Technologies, Inc., Plainfield, IL) was used to determine an estimate of chlorophyll as 

determined by a ratio of reflectance. Multispectral reflectance readings (MSR) were 

measured once a month during the experiment with a Cropscan model MSR 16 

radiometer (CROPSCAN, Inc., Rochester, MN). Reflectance was measured at 

wavelengths of 450, 550, 660, 694, 710, 760, 835, and 930 nm. In addition, the 

following growth and stress indices were evaluated: 
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 NDVI (normalized difference vegetation index) growth index computed as (R930 – 
R660) / (R930 + R660). Best= 1.0. 

 IR/R (leaf area index) growth index computed as R930/R660. Best= highest value. 

 Stress1 index computed as R710/R760. Best= lowest value. 

 Stress 2 index computed as R710/R810. Best= lowest value.  

Shoot Growth 

Clippings were harvested two weeks after each treatment application. In 2008, 

harvest dates were 7 August, 8 October, and 30 October (terminal harvest). In 2009, 

harvests occurred on 5 May, 5 June, 9 September, 29 October, and 26 November 

(terminal harvest). In 2010, harvest dates were 1 May, 10 June, 8 July, 11 August, 3 

September, 13 October and 3 November. Clippings were collected with a Honda walk-

behind mower with a back bag collector. Mowing area was 0.306 m x 3.65 m.  Mowing 

height was 10.2 and 7.65 cm for St. Augustinegrass and Zoysiagrass, respectively. The 

samples were dried in an oven for 48 hours at 75 0C and weighed. The dry tissue was 

ground and nitrogen concentration was determined as Total Kjeldahl Nitrogen (TKN). 

Root Growth 

Root harvest collections were made by taking three soil cores. In 2008 and 2009, 

cores were taken at 0-15 cm depth from each plot. The area of the core was 6.01 cm2. 

In 2008, cores were taken on 30 October and in 2009 on 23 November. In 2010, coring 

dates were 12 May, 12 July and 12 October. Samples were collected from two depths: 

0-15 cm and 15- 30 cm. Samples were washed free of soil, scanned with a root scanner 

and analyzed by the software WinRizho (WinRhizo, Regent Instruments, Quebec, 

Canada) to obtain variables of total root volume, surface area and length and root 
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length density. Samples were then dried for 72 hours at 75 °C and weighed for a total 

dry weight.  

Maintenance Practices 

Turfgrass was mowed weekly throughout the study period with a Honda 54 cm 

walk-behind mower.  Clippings were returned to the ground. Height of cut (HOC) was 

10.2 and 7.65 cm on Floratam St. Augustinegrass and Empire zoysiagrass, 

respectively. Irrigation was applied at 2.55 cm weekly, or as needed, depending on 

weather conditions. Nemacur 10% (Ethyl-3methyl-4(methylthio)phenyl(1-methylethyl) 

phospharamidate was applied in April 2008 to control nematodes in Zoysiagrass plots. 

Barricade 65GW (Prodiamine 65%) was applied as a pre-emergence herbicide to 

control grassy weeds and broadleaves in September 2008 and 2009. Image 70DG 

(Imazquin) was applied in March 2009 and 2010 for control of grassy weeds, sedges 

and broadleaves. Plots were verticut in late March 2009 and 2010 to reduce thatch build 

up.  

Experimental Design and Statistical Analysis 

The experimental design was a split plot with four replications, turfgrass species 

as whole plots and N treatments as sub plots.  

Data were analyzed with the SAS analytical program (SAS institute, Inc. 2009). 

Analyses of Variance (ANOVA) were performed to determine the significance of the 

variables at the 0.05 significance level. Means were separated using single degree of 

freedom contrast analysis.  

The model for this experiment was:  

 yijkl = µ + bi + τk + wij + υl + (τυ)kl + eijkl 
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 yijkl : is the response for treatment combination kl located in block I and whole plot 
ij. 

 µ: is the overall mean. 

 bi: is the fixed effect of block i, i= 1…m. 

 τk: is the effect of treatment level k of the whole plot factor, k= 1…t1. 

 wij: is the random effect associated with whole plot j located in block i, j= 1…,t1. 

 υl: is the effect of treatment level l of the subplot factor, l= 1…,t1. 

 (τυ)kl: is the effect of interaction between treatment levels k and l. 

 eijkl: is the deviation reflecting variation about the population values. 

 eijkl ~ Normal[0,σ2] 

 bi  ~ Normal[0,σb
2] 

 wij ~ Normal[0,σw2] 
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Table 2-1. Description of treatments, analysis, release characteristic and frequency of 
application. 

Treatment Analysis 
Release 

Characteristic 
Application 

Rate (kg ha-1) 

 
Frequency of 
application 

(days) 
 

Control - - - - 
 

Ammonium 
Nitrate (AN) 

 

 
34-0-0 

 
Soluble 

49 60 

Urea (U) 46-0-0 Soluble 49 
 

60 
 

Sulfur Coated 
Urea (SCU) 

 
16-0-8 

30% Sulfur 
coated 

49 60 

Sulfur Coated 
Urea (SCU) 

 
19-0-19 

50% Sulfur 
coated 

49 
60 
 

Polymer Coated 
Urea (PCU) 

 
41-0-0 

32.8% Polymer 
coated 

49 60 

Polymer Coated 
Urea (PCU) 

 
41-0-0 

32.8% Polymer 
coated 

98 120 

Biosolid 
(Natural 
Organic 

Nitrogen) 
(NON) 

6-2-0 
100% Natural 

organic 
nitrogen 

49 60 
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CHAPTER 3 
EFFECT OF NITROGEN SOURCES ON TURFGRASS QUALITY, COLOR, SHOOT 
GROWTH RATE, LEAF TISSUE N CONCENTRATION, NITROGEN CONTENT AND 

ROOT GROWTH 

Nitrogen (N) is an essential element in a turfgrass fertilization program. Adequate 

N is required to maintain acceptable aesthetic appearance, shoot growth, sufficient N 

leaf concentration and a healthy root system. Nitrogen deficiencies in turfgrass are 

visually detected by loss of green color (chlorosis) that appears first in older leaves. 

Older leaves remain green until the plant is able to convert N compounds to a soluble 

form and translocate it to new leaves (Carrow et al., 2001). Additional symptoms of N 

deficiency include lack of growth, loss of leaves and tillers, and thinning of turf (Carrow 

et al., 2001). Nitrogen may be applied from numerous sources, which are classified as 

quick release (water soluble), controlled-release, slow-release, or organic N. Florida 

soils typically have a limited ability to retain N and therefore require regular additions of 

N for maintenance of a healthy turfgrass (Sartain and Kruse, 2001).  

 Previous research has investigated the effect of N sources on turfgrass quality. 

Trenholm and Unruh (2004) tested high and low rates of N over bermudagrass cultivars 

Tifsport and Tifdwarf. The authors concluded that higher N rates (514 kg ha-1 yr-1) 

produced better visual quality responses, regardless of the N sources. Floratam St. 

Augustinegrass was also tested and had no differences in quality from N at rates of 

either 98 or 196 kg ha-1 yr-1. 

Sartain (1992) evaluated different N sources on bermudagrass. Sources tested 

included milorganite and other natural organic slow-release N from sources such as 

hydrolyzed poultry feather meal, blood meal, soybean meal and bone meal. Also tested 

were ureaform and water soluble urea and ammonium sulfate. The natural organic 
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products produced greater growth rate responses compared with milorganite and 

ureaform. The author also reported highest quality was obtained from natural organic 

sources based on hydrolyzed poultry feather meal, blood meal, soybean meal, and 

bone meal). 

Hummel and Waddington (1981) evaluated several N sources on Kentucky 

bluegrass (Poa pratensis L.). The N sources were sulfur coated urea, isubutylidene 

diurea (IBDU), ureaformaldehyde, activated sewage sludge, organiform, and 

ammonium sulfate. Results indicated that sulfur coated urea had more uniform growth 

compared to IBDU, which produced slower growth responses. Turfgrass quality was 

reduced with ureaform, organiform and sewage sludge. Lower values of N recovery 

were obtained (from 15 to 29%) with ureaform, organiform, and sewage sludge. 

Recovery of N in clippings was higher from ammonium sulfate and sulfur coated urea 

(48 and 52%, respectively).  

Sartain (2008) tested the effect of N sources and rates on St. Augustinegrass. 

Materials evaluated were soluble urea and a combination of urea and ammonium 

nitrate. Soluble sources were applied at 4.88 g m-2 every 30 days. Controlled release 

sources evaluated were sulfur coated urea (SCU) applied at 4.88 g N m-2 every 60 days 

and a polymer coated urea with 6 month release properties that was applied at 12.26, 

9.76 and 7.32 g N m-2. Results showed that visual quality was maintained through the 

study with a rating of 6 or better. Urea and control release (polymer coated) applied at 

12.26 g N m-2 obtained significant higher visual quality than urea- ammonium nitrate, 

sulfur coated urea, and control release source applied at 7.32 g N m-2. 
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Maintaining adequate N tissue concentration is critical for sustaining turfgrass 

health. Quiroga et al. (2001) concluded that N concentration in bermudagrass clippings 

were lower from hydroform slow release N, which supplied 43.6 g N kg-1 compared with 

sulfur coated urea and water soluble urea, which supplied 51.6 and 50.5 g N kg-1 

respectively. Sartain (2008) found that tissue levels in St. Augustinegrass in response to 

soluble N sources were in a sufficient range of 20 g N kg-1. In contrast, turfgrass that 

received controlled release N were below the recommended 20 g N kg-1 concentration 

and would be considered deficient in tissue N. 

There is little information about the effect of N sources on turfgrass root growth. 

Horst et al. (1985) reported that the addition of calcium to urea or nitrate N increased 

both bermudagrass quality and root growth. 

Some research has reported on differences in rooting between warm-season 

turfgrass species. Bowman et al. (2002) reported that St. Augustinegrass had higher 

root length density than Meyer zoysiagrass in a greenhouse study comparing nitrate-N 

leaching from multiple warm-season turfgrass species. This resulted in less nitrate-N 

leached from St. Augustinegrass than from Meyer zoysiagrass. Fuentealba (2010) 

noted that Empire zoysiagrass produced fewer roots at lower depths (>30 cm) than St. 

Augustinegrass and that the rate of root development for St. Augustinegrass was 

greater than for Empire zoysiagrass (2.71 and 1.77 cm day-1, respectively). 

There is little information on the effect of N source on nitrate-N leaching from 

warm-season turfgrass species.  Hence the following hypotheses were formulated for 

this experiment: 

 Soluble nitrogen sources will provide faster color and quality responses than 
controlled release and organic sources in St. Augustinegrass and zoysiagrass.  
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 Nitrogen leaf tissue content, growth rate, and N uptake will be higher with soluble 
sources. 

 Polymer coated sources will provide a long to intermediate response in variables 
such visual quality, color, growth rate, N uptake, and N tissue concentration. 

 St. Augustinegrass will produce a higher shoot growth rate, root dry weight, root 
volume, root surface area, and root length density than zoysiagrass. 

 To answer the hypothesis formulated the research objectives of this study were: 

1. To evaluate the response of various N sources on acceptable visual 

turfgrass quality and color. 

2. To compare the effect of various N sources on shoot growth, N uptake 

and N tissue concentration with sulfur coated sources, polymer coated 

sources and organic N. 

3. To evaluate differences between the two grasses for shoot growth rate, 

root dry matter, root volume, root surface area, and root length density. 

4. To determinate the effect of nitrogen sources on root dry matter, root 

volume, root surface area, and root length density. 

Materials and Methods 

Location and Experimental Site 

The research was conducted at the G.C. Horn Turfgrass Research Facility at the 

Plant Science Research and Education Unit, Citra, FL. from July 2008 through 

November 2010. Turfgrasses evaluated were „Floratam‟ St. Augustinegrass and Empire 

zoysiagrass, both of which were established as sod in 2005. The soil type was Tavares 

sand (Hyperthermic Uncoated Typic Quartzipsamments), with a pH of 6.8 and organic 

matter content of 1.3 %. Experimental plots measured 4.0 m x 4.0 m.  
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Treatments  

Treatments are listed in Table 1. Six of the 8 N treatments were applied at a rate 

of 49.0 kg N ha-1 in 4 equally split applications throughout the growing season. One of 

the treatments was applied at a rate of 98.0 kg ha-1 twice a year. In 2008, treatments 

were applied on 24 July and 24 September. In 2009, treatments were applied on 17 

April, 17 June, 17 August and 17 October. In 2010, treatments were applied on 21 April, 

21 June, 20 July and 19 October. Granular N was applied by hand in two directions to 

each plot to assure uniform plot coverage. Irrigation was applied at a rate of 6.4 mm 

immediately after every treatment application. 

Response Variables 

Turfgrass quality ratings were measured on a scale from 1-9, where 1= dead, 

brown turf and 9= optimal, green turf. Acceptable turfgrass quality was considered 5.5. 

Color ratings were measured with the same scale, with 1 representing completely 

chlorotic turf and 9 representing a deep green color.  Acceptable turfgrass color was 5.5 

(Morris and Shearman, 2011). All turfgrass visual evaluations were made on a biweekly 

basis. In 2008, evaluations were conducted from 29 July through 17 October. In 2009, 

evaluations were conducted from 6 March thru 26 November and in 2010 evaluations 

were conducted from 3 March thru 13 November.  

Clippings were harvested two weeks after each treatment application. In 2008, 

harvest dates were 7 August, 8 October, and 30 October (terminal harvest). In 2009, 

harvests occurred on 5 May, 5 June, 9 September, 29 October, and 26 November 

(terminal harvest). In 2010, harvest dates were 1 May, 10 June, 8 July, 11 August, 3 

September, 13 October and 3 November. Clippings were collected with a Honda walk-

behind mower with a back bag collector. Mowing area was 0.306 m x 3.65 m. Mowing 
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height was 10.2 and 7.65 cm for St. Augustinegrass and zoysiagrass, respectively. The 

samples were dried in an oven for 48 hours at 75 0C and weighed.  The dry tissue was 

ground and nitrogen concentration was determined as Total Kjeldahl Nitrogen (TKN). 

Also TKN were multiplied by the growth biomass and divided by the mowing frequency 

of 7 days to obtain an estimate of N uptake from clippings. 

Root harvest collections were made by taking three soil cores. In 2008 and 2009, 

cores were taken at 0-15 cm depth from each plot. The area of the core was 6.01 cm2. 

In 2008, cores were taken on 30 October and in 2009 on 23 November. In 2010, coring 

dates were 12 May, 12 July and 12 October. Samples were collected at 0-15 cm and 

15-30 cm. Samples were washed free of soil, scanned with a root scanner and analyzed 

by the software Winrizho (WinRhizo, Regent Instruments, Quebec, Canada) to obtain 

variables of total root volume, surface area and length and root length density. Samples 

were then dried for 72 hours at 75 °C and weighed for a total dry weight.  

Data Presented and Statistical Analysis  

Data are presented by Fertilizer Cycle (FC), which is defined as the period of 

approximately 60 days between each fertilizer application and as annual averages or 

totals. In 2008, there were two FCs, since the research began in mid-season that year. 

In 2009 and 2010, there were 4 FCs. Nitrogen sources were grouped by release 

characteristics for analysis. Groups were: SCUMIX (SCU1 and SCU2), PCUMIX (PCU1 

and PCU2).  

The experimental design was a split plot design with four replications, with 

turfgrass species as whole plots and N treatments as sub plots. Data were analyzed 

with the mixed model procedure (Proc MIXED) of the SAS analytical program (SAS 

Institute Inc., 2009). Repeated measures were used to obtain results for visual quality, 
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color, shoot growth rate, leaf tissue N concentration and N uptake and root growth. 

Analysis of Variance (ANOVA) determined differences at the 0.05 significance level. 

Means were separated using contrast analysis.  

Results and Discussion 

Visual Quality 

Visual quality was affected by the interaction of N source, grass and year (Table 3-

1). In 2008, quality differed due to the interaction of N source and grass (Table 3-2). 

Averaged over all dates in 2008, St. Augustinegrass visual quality was above 

acceptable, with the exception of plots that received SCU2. Averaged over the growing 

season, zoysiagrass quality scores in 2008 were above the acceptable level of 5.5. 

Contrast analysis showed no difference between N sources, including the control. 

Contrast analysis showed no differences in turf quality between N sources in either 

grass (Table 3-2). Acceptable responses in control plots may be residual effects of 3 

years of previous research imposed on these plots. 

In 2008, differences occurred due to grass in FC1, with higher quality scores in 

zoysiagrass (Table 3-4). An interaction N source and grass occurred in FC2 in 2008. 

There were no differences St. Augustinegrass and zoysiagrass due to N source in FC2 

for 2008. (Table 3-5 and 3-6). 

In 2009, differences occurred due to main effects of N source and grass (Table 3-

3). Zoysiagrass produced higher visual quality than St. Augustinegrass (5.6 and 5.2, 

respectively). Throughout the year treated plots had higher visual quality than control 

plots. There were no differences between the soluble sources compared with sulfur 

coated sources (6 and 5.7, respectively). Soluble sources were higher than PCUMIX 

and BS alone and combined with SCUMIX (5.2, 5.2 and 5.4, respectively). Turf quality 
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values were lower than the acceptable level of 5.5 from PCU1, PCU2 (PCUMIX), and 

BS. Sulfur coated sources were higher than PCUMIX, suggesting a faster release of N.  

In 2009, in FC1, 2, 3 and 4, zoysiagrass had higher quality than St. 

Augustinegrass (Table 3-4). The highly differences between zoysiagrass and St. 

Augustinegrass occurred in FC2 (5.7 and 5.2, respectively), during the hottest months 

of June and August. During this time, maximum soil and air temperature was 37.0 and 

26.6 °C, respectively (Figure 3-2 and 3-4). Scores from the PCUMIX and SCUMIX did 

not reach acceptable quality in FC 1 and 2. Biosolid (BS) treatment did not reach 

acceptable quality at any time during this year. The PCUMIX were lower in FC2 and 4 

than SCUMIX. The rate and timing (120 days) of this treatment is likely the cause of this 

response and may indicate that this treatment is not suitable for maintaining turf quality 

when applied once every 120 days at the rates tested in this research. 

In 2010, responses were due to an interaction of N sources and grass and (Table 

3-2). As seen in other years, higher quality occurred in zoysiagrass. St. Augustinegrass 

had acceptable ratings from all treatments except for control and BS plots. In St. 

Augustinegrass, there were highly differences in turf quality between the untreated and 

treated plots when quality was averaged over the growing season. In 2010, no 

differences were observed between soluble and SCUMIX, SCUMIX and PCUMIX, and 

SCUMIX and PCUMIX mixed compared with BS, suggesting a similar N release from 

those sources in 2010. Soluble N sources both produced quality scores of 6.2, which 

were significantly higher than scores produced from PCUMIX or BS (5.5 and 5.1) and 

BS, SCUMIX and PCUMIX combined, which obtained a score of 5.5. These results 

indicated a faster response from soluble sources and SCUMIX compared to PCUMIX 
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and BS. Polymer coated sources had a slow response, which is reflected by the 

minimum acceptable score attained. Biosolid had the lowest visual quality scores. 

Mineralization of the BS may reduce the release of N, resulting in reduced visual quality 

as reported by Castillo et al. (2011). Carrow (1997) demonstrated that natural organic 

fertilizers have an initial and long term N release in warm-season grasses. 

Zoysiagrass produced acceptable ratings in all N sources except for control plots 

in 2010, which had lower visual quality than the treated plots (Table 3-2). Trenholm and 

Unruh (2007) have reported that Empire zoysiagrass produced higher visual quality 

than St. Augustinegrass with less N, indicating that zoysiagrass is more responsive to N 

than St. Augustinegrass. 

In FC1, there were also differences between soluble vs. PCUMIX, soluble vs. MIX 

and SCUMIX vs. PCUMIX. All scores except for AN were below an acceptable rating in 

FC1. Faster responses from soluble sources were again seen in FC1. During FC1 only 

AN obtained acceptable visual quality, with a score of 5.6. In FC1, soil temperature was 

low and that could affect the nitrification process from Urea as compared with AN. 

No differences were observed between soluble and SCUMIX, SCUMIX and 

PCUMIX, and SCUMIX and PCUMIX mixed compared with BS, suggesting a similar N 

release from those sources in 2010. Trenholm and Unruh (2007) have reported that 

Empire zoysiagrass produced higher visual quality than St. Augustinegrass with less N, 

indicating that zoysiagrass is more responsive to N than St. Augustinegrass. 

In all FCs in St. Augustinegrass in 2010, there were differences due to N source 

(Table 3-5). Contrast analysis showed that the untreated plots had lower quality than 

the treated plots for each FC, with levels below acceptable quality in the untreated plots 
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throughout the year. In FC1, there were significant differences between soluble sources 

vs. PCUMIX, BS, and MIX. Sulfur coated sources were significantly higher than 

PCUMIX in FC1. There were differences between SCUMIX and PCUMIX in FC1. 

In FC2, there were differences in visual quality between soluble sources and 

SCUMIX, with scores of 6.5 and 5.8, respectively. Soluble sources were higher than 

PCUMIX and BS, and MIX during FC, 2. In FC3, no differences occurred between 

soluble sources and SCUMIX. Significant differences were found between soluble vs. 

PCUMIX, BS, and MIX. The polymer coated sources increased in quality over time, 

related to the mechanism of N release over time, which resulted in no differences vs. 

SCUMIX. In FC4, the combination of SCUMIX and PCUMIX was higher than the BS 

(6.1 and 5.3, respectively). The BS in 2010 did not achieve acceptable visual quality 

score during any FC. Carrow (1997) found similar results with milorganite, which had 

lower visual quality than urea-treated plots in Tifway bermudagrass. Carrow (1997) also 

compared polymer coated sulfur coated urea with soluble urea and reported similar 

average annual visual quality scores, which was similar to results in FC4 with soluble 

sources and PCUMIX, and SCUMIX and PCUMIX.  

Some climatological facts might have affected responses during 2010. Starting in 

FC3, extended periods of high temperatures were recorded (Figure 3-3), causing 

multiple environmental stresses on the turf plots. Lack of differences may be related to 

continuous N release influenced by temperature in FC3. Similar results were noticed by 

Sartain (2008), who observed that one application of controlled release N source was 

sufficient to maintain turfgrass quality in St. Augustinegrass in an extended period. After 

FC2, all N sources except for control and BS showed acceptable ratings of 5.5, 
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suggesting a sustained release of N by the PCUMIX. There were no differences 

between SCUMIX and PCUMIX and BS during 2010, with the exception of FC2 and 4. 

The response of SCUMIX and PCUMIX was similar to the soluble sources, which might 

be attributed to the increased N release over time. 

In zoysiagrass in 2010 (Table 3-6), differences occurred in FC1, were soluble 

sources was higher than PCUMIX and MIX. Sulfur coated sources were higher than 

PCUMIX. No differences were observed between soluble sources and BS. During FC2, 

3, and 4, no differences occurred between N sources, which agrees in the higher 

response to N reported by Trenholm and Unruh (2007). 

Color  

Color was affected by the interaction of N source, grass, and year (Table 3-7). In 

2008 and 2009, color differed due to both grass and N (Table 3-8). In 2010, color 

differed due to the interaction of N source and grass (Table 3-9).  

In 2008, St. Augustinegrass averaged an acceptable score of 5.8. Zoysiagrass 

scores were also above acceptable (6.8), and was significantly higher than St. 

Augustinegrass (Table 3-8). There were differences in 2008 between soluble sources 

and SCUMIX compared with PCUMIX. No differences were observed when those 

sources were compared with BS. 

Analysis by FC shows a response to main effects of grass and N source in each 

FC in 2008 (Table 3-10). In FC1 of 2008, soluble sources had higher scores than 

PCUMIX, BS and MIX. Sulfur coated sources also were higher than PCUMIX, with 

scores of 6.0 and 5.4, respectively. No differences were obtained in FC2 due to the 

increase in color from the polymer coated sources and the BS. 
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In 2009, average quality in St. Augustinegrass was 5.3, which is below acceptable 

(Table 3-8). This is similar to results for visual quality and may be due to the slower N 

release of Biosolid and PCUMIX. Zoysiagrass obtained a score of 5.9 which was higher 

than St. Augustinegrass. Treated plots had higher color scores than the untreated plots 

in both grasses. There were no differences in color between N sources with similar 

release characteristics. There were also no differences between soluble sources vs. 

SCUMIX. In contrast, differences were observed from soluble sources compared with 

PCUMIX, BS, and MIX. The combination of SCUMIX and PCUMIX were higher than 

BS. Soluble sources, SCUMIX were higher than other N sources in both years.  

In FC1 and 2 of 2009 (Table 3-10), all contrasts differed except for soluble vs. 

SCUMIX. In FC3, the BS scores were lower than other treatments, and in FC4 soluble 

sources had higher color scores than PCUMIX, BS and MIX. Biosolid was inconsistent 

in response, with increases in color scores in some FCs and not in others. The majority 

of differences occurred in FC1 and 2, where the soluble sources were significantly 

higher with each contrast with PCUMIX, BS and the combination of SCUMIX, PCUMIX 

and BS. No significant differences were observed in comparison between soluble 

sources and SCUMIX. Increases in scores were observed from the polymer coated 

sources from 5.2 to 6.1 and 5.4 to 6.0 from FC 2 to 3. Those increases resulted in no 

significant differences when were compared with soluble sources and SCUMIX in FC3. 

Only differences were observed from the comparisons between soluble sources vs. BS 

and the combination of SCUMIX and PCUMIX vs. BS. The highest score from PCUMIX 

reaffirm the long term response from those sources compared to the rest of N sources. 

The FC3 corresponds to the months of August through October. The highest 
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temperature on average observed during those months in 2009 was 36.4 °C. It was 

possible that the temperature combined with rainfall affected the release of the material, 

increasing the scores at that FC. In FC4, PCUMIX had reduced scores, resulting in 

differences when the soluble materials were compared with the PCUMIX and also the 

SCUMIX compared with the PCUMIX.  

Climatological factors that might have affected 2009 color scores include total 

rainfall (1096.8 mm), which was higher than 2008 (904.7 mm). Higher temperatures in 

2009 might have likewise influenced turf color. This combination of climatological factors 

may increase soil moisture, solubilizing the sulfur coat and increasing the diffusion rate 

from the granule of the fertilizers, increasing N release from the SCUMIX and PCUMIX, 

which resulted in greater color. 

In 2010, differences in color were affected by the interaction of turfgrass and N 

source (Table 3-9). In St. Augustinegrass there were differences between the untreated 

and the treated plots. There were no differences in color from soluble sources 

compared with SCUMIX. Similar responses were found by Hummel et al. (1981), who 

reported a good color response and slow release characteristics from SCU in Kentucky 

bluegrass compared with soluble N sources. Other differences were observed with 

soluble sources compared with PCUMIX and the soluble sources compared with the 

combination of SCUMIX, PCUMIX and BS. Sulfur coated sources did not differ from 

PCUMIX, although both sources combined differed from BS. All N sources produced an 

acceptable rating except for control and Biosolid. Results observed in color by BS were 

similar to turf quality. The lower responses from BS in quality and color in St. 

Augustinegrass may attribute to the mineralization of the material, which has been 
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previously reported. Castillo et al. (2011) reported that N organic mineralization from 

municipal BS was higher by incorporation into the first 15 to 20 cm of soil than when 

surface applied. According to Castillo at al., the N mineralization of BS is in majority 

organic N, which that the plant cannot take up rapidly N because it has to be 

mineralized to NO3 and NH4. This process of converting natural N to available forms for 

the plants may take longer than in other N sources such soluble sources. Surface 

application used in this research may have influenced the mineralization rate to release 

constant N to the plant, which resulted in a lower color response from the BS. 

In zoysiagrass in 2010, no differences were seen between N sources. Untreated 

plots had lower color scores than treated plots. All N sources obtained an acceptable 

turf color rating >5.5, except the control. This is similar to the quality results for 

zoysiagrass. 

Analysis by FC shows a response to main effects of grass and N source in each 

FC in 2008 and 2009, and in FC1 in 2010. The remaining FCs in 2010 were affected by 

the interaction of N source and grass (Table 3-10). In FC1 of 2010, scores were very 

low due to delayed spring green up .Only soluble sources produced acceptable color 

scores at this time, with a score <5.5 from the other N sources. The results are 

consistent with Carrow (1997), who obtained higher color ratings in hybrid 

bermudagrass from soluble sources. The author noted poor initial and intermediate 

responses, but good long term color response from polymer coated urea. Hummel et al. 

(1984) described that one application of SCU provided acceptable color through the 

summer, fall and spring in Kentucky bluegrass. In this research, SCU provided a color 

similar to soluble sources. Biosolid did not maintain color comparable to the other N 
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sources, other than in FC3. Temperatures averaged 36.5 °C in FC3 may have 

increased mineralization of N, making more available for grass uptake. 

There was an interaction effect between N source and grass in FC2, 3 and 4 in 

2010 (Table 3-11, 3-12). Nitrogen source effect was in St Augustinegrass in FC2, 3 and 

4 (Table 3-11). Scores were higher in the treated plots than in the untreated plots. In FC 

2, soluble sources were significantly higher than SCUMIX, PCUMIX, and BS and also 

against the combination of PCUMIX, SCUMIX, and BS. No significant differences were 

found from the contrast between SCUMIX and PCUMIX, suggesting similar N release 

from those materials. The BS did not produce acceptable color during any of these FCs, 

similar to what was observed with the visual quality. 

In contrast, zoysiagrass responded more uniformly to the N sources (Table 3-12). 

The only difference was non-treated vs. treated plots, with no other color difference due 

to N source. A similar response were reported by Carrow (1997), who found no 

differences from 1 to 30 days in bermudagrass in response to different N sources 

against urea. According to our results, St. Augustinegrass requires specific N sources to 

obtain desirable color ratings. Faster results will occur from soluble N sources and sulfur 

coated sources. Polymer coated sources and BS will not produce acceptable color 

initially in St. Augustinegrass. 

Carrow (1997) reported a response of between 30 to 60 days for turf quality and 

color from a small granular size polymer coated urea. Carrow also reported that polymer 

coated urea with regular granule performed with highest long term N release for 61 to 

95 days after application, with 71 to 86% of turf quality and color greater than urea 

treated plots. 
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Shoot Growth Rate 

Shoot growth rate was affected by the interaction of grass and year and N source 

and year (Table 3-13). 

Shoot growth differed due to grass in 2008, with greater shoot growth in 

zoysiagrass (Table 3-14). In 2008, growth of zoysiagrass compared to St. 

Augustinegrass was 8.61and 5.89 kg DM ha-1 d-1, respectively, an increase of 59% 

more growth in zoysiagrass. 

In 2008, soluble sources (10.41 kg DM ha-1 d-1) produced higher shoot growth rate 

than PCUMIX and BS (4.89 and 7.03 kg DM ha-1 d-1, respectively) (Table 3-15). No 

differences occurred between soluble and SCUMIX, SCUMIX and PCUMIX, and the 

combination of SCUMIX and PCUMIX vs. BS. 

There were differences in FC1 in 2008 due to N source and grass (Table3-16). 

Zoysiagrass produced 9.47 kg DM ha-1 d-1, which was higher than St. Augustinegrass, 

which produced 5.34 kg DM ha-1 d-1. In FC1, maximum growth was produced by AN, 

Urea, SCU1, and SCU2, with lowest growth rate from PCU1 and PCU2. No differences 

occurred in FC2 for N source. 

In 2009, no differences occurred between St Augustinegrass and zoysiagrass 

(Table 3-14). Also in 2009, soluble sources produced higher shoot growth rate than 

PCUMIX, BS, and MIX. Sulfur coated sources produced higher shoot growth rate than 

PCUMIX (8.55 and 5.50 kg DM ha-1 d-1, respectively). No significant differences 

occurred between soluble sources and SCUMIX. 

In 2009, zoysiagrass had greater shoot growth in FC1 and 2, while growth was 

greater in St. Augustinegrass for FC3 and 4. The growth rate produced in FC 3 was 

15.37 and 7.88 kg DM ha-1 d-1 for St. Augustinegrass and Zoysiagrass respectively. In 
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the FC3, according to the data register in soil temperature and air temperature (Figure 

3-2, 3-4) were 36.4 and 25.3 °C which could affect in the higher growth rate obtained 

from St. Augustinegrass. However, some of the zoysiagrass was affected by take-all 

root rot (Gaeumannomyces graminis var. graminis), which reduced shoot growth rate. 

There were differences in growth due to N in FC2 and 3. The soluble sources and the 

SCUMIX sources produced higher growth rates in both cycles. In FC 2 higher growth 

rates were produced by AN, Urea, and SCU1 (12.77, 9.97, and 12.63 kg DM ha-1 d-1 

respectively). Lowest shoot growth rate was produced by PCU2 and BS (1.82 and 2.38 

kg DM ha-1 d-1, respectively).  

As seen previously, zoysiagrass had greater growth than St. Augustinegrass in 

2010 (5.25 and 1.94 kg DM ha-1 d-1, respectively) (Table 3-14). Similar results were 

observed by Bowman et al. (2002), who reported that Emerald zoysiagrass produced 

higher shoot growth than St. Augustinegrass in a greenhouse study. Agronomically, 

zoysiagrass produced greater biomass with the same fertilizer compared with St. 

Augustinegrass, which is favorable in terms of yield production. In contrast, from the 

stand point of a homeowner, that could mean an increase in mowing practices to 

maintain a desirable turf. However, the mowing frequency applied during this research 

was the recommended interval of 7 days, with no scalping problems observed.  

There were also differences due to N source variable in 2010 (Table 3-15). 

Average values showed that AN, Urea and SCU1 produced a higher growth rate than 

other treatments in 2009. There was greater growth from SCUMIX than from PCUMIX 

(8.55 and 5.5 kg DM ha-1 d-1, respectively). All treated plots produced more shoot 

growth than control plots. In 2010, treated plots had greater growth than control plots 
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and soluble sources produced more than the biosolid treatment (4.48 and 2.93 kg DM 

ha-1 d-1respectively). Carrow (1997) reported a similar decline in growth from Milorganite 

compared to polymer coated urea and Urea. He attributed this to a longer term 

response to polymer coated sources increasing their release over time. No significant 

differences were obtained from the contrast between soluble sources and SCUMIX, 

which was similar to results obtained for visual quality and color. Results obtained from 

SCU1 treatments showed yield equal to that produced by soluble sources. Similar 

results were reported by Sartain (2008), who found no differences in dry matter between 

soluble Urea compared with sulfur coated urea. 

There was an interaction of N sources by grass for shoot growth in FC1, 3 and 4 in 

2010. In St. Augustinegrass, each of these FCs had a response to N source (Table 3-

17). Significantly higher growth was obtained from the treated plots vs. the untreated 

plots in these FCs. In FC1, higher growth was obtained from soluble sources vs. 

SCUMIX, PCUMIX, BS, and MIX. Maximum growth rate was obtained from AN and 

Urea, which produced 1.50 and 1.77 kg DM ha-1 d-1. In contrast, lowest growth rates 

were obtained from PCU1, PCU2, and BS with 0.68, 0.43, and 0.22 kg DM ha-1 d-1. In 

FC3, there were differences between soluble sources vs. BS and MIX. Lowest growth 

occurred with BS, which produced 1.63 kg DM ha-1 d-1 vs. 3.8 kg DM ha-1 d-1 from the 

controlled release sources. In FC4, there were again differences in growth between  

In zoysiagrass, in FC1, differences were observed from PCU1 and PCU2, which 

produced 2.78 and 1.20 kg DM ha-1 d-1, respectively. Ammonium nitrate, which 

produced 2.6 kg DM ha-1 d-1, differed from BS, which produced 1.5 kg DM ha-1 d-1. 

Sulfur coated sources produced higher dry matter than PCUMIX and BS with 3.0, 1.9, 
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and 1.5 kg DM ha-1 d-1. In FC3 and 4, the only differences were between the untreated 

plots vs. the treated plots. These results are similar to those obtained for, turf quality 

and color. Nitrogen sources respond as expected in St Augustinegrass, with soluble 

sources and SCUMIX providing very similar responses and the PCUMIX with initial slow 

responses and better response over time. Biosolid tended to not provide adequate 

response in St Augustinegrass compared with other N sources. In zoysiagrass, as in 

turf quality and color, any N source tended to produce similar growth. 

Nitrogen Content 

Shoot growth was analyzed for total N content. Total Nitrogen Kjeldahl 

concentration in the clippings was multiplied by the dry matter to calculate an estimate 

of N content in a specific date for each fertilizer cycle. 

Nitrogen content was affected by the interactions of grass and year and N source 

and year (Table 3-19). Control plots had significantly lower N concentration than the 

treated plots for the three years of evaluation. In 2008, levels were 1.30 vs. 0.73 kg N 

ha-1 for zoysiagrass and St. Augustinegrass, respectively (Table 3-20). In 2008, higher 

N levels were found in soluble sources and SCU1. In 2008, soluble sources had higher 

N than PCUMIX, with levels of 1.54 and 0.62 kg N ha-1, respectively (Table 3-21). The 

soluble sources had higher N content than the combination of SCUMIX, PCUMIX, and 

BS with 1.54 and 0.93 kg N ha-1 respectively. Sulfur coated sources, were higher than 

PCUMIX Biosolid levels did not differ from the soluble sources. 

In 2008, differences were due to N source and grass in FC1 and due to grass only 

in FC2 (Table 3-22). In both FCs, zoysiagrass had higher N content than St. 

Augustinegrass. Zoysiagrass levels for FC1 and 2 were 1.43 and 1.16 kg N ha-1 

compared to 0.66 and 0.79 kg N ha-1 for St. Augustinegrass. In FC1, higher N was 
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obtained from soluble sources and SCUMIX sources and lowest from PCUMIX sources. 

Contrast analysis showed differences between soluble sources vs. PCUMIX, soluble 

sources vs. MIX, and SCUMIX vs. PCUMIX. The results showed a lower N 

concentration from PCUMIX sources, which would be due to the slower N release of 

this product. 

In 2009, No differences occurred between St. Augustine and zoysiagrass shoot 

growth rate (1.21 and 1.06 kg N ha-1, respectively) (Table 3-20). 

In 2009, soluble sources and the SCUMIX obtained higher N content values than 

the rest of N sources on average (Table 3-21). There were differences between soluble 

sources vs. all the contrast such as PCUMIX, BS, and the MIX. Lower N uptake was 

obtained from PCUMIX and BS, which obtained levels of 0.87 and 0.71 kg N ha-1. Sulfur 

coated urea sources were higher than PCUMIX with 1.54 and 0.87 kg N ha-1. Sulfur 

coated urea sources had a similar N response than soluble sources, which was faster 

than the PCUMIX. 

In 2009, results of the analysis of variance showed an effect due to grass in FC1, 

3 and 4 (Table 3-22). Nitrogen source responses were observed in FC2, 3 and 4. 

Zoysiagrass obtained higher N content than St. Augustinegrass in FC1 with 1.02 and 

0.33 kg N ha-1 respectively. No differences were observed in FC 2. In contrast, St. 

Augustinegrass had higher N content than zoysiagrass in FC3 (2.47, 1.59 kg N ha-1 

respectively). In FC4 St. Augustinegrass was also higher than zoysiagrass (1.28, 0.56 

kg N ha-1). Differences due to N source were found in FC2 and 3, which correspond to 

the growing season. Higher N content in FC2 was obtained from soluble sources, which 

on average resulted in levels of 2.74 kg N ha-1 and SCUMIX, at a content of 2.47 kg N 
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ha-1. Lowest levels were obtained from PCUMIX sources and BS with 0.26 and 0.26 kg 

N ha-1, respectively. In addition, in FC3 higher N content was obtained from soluble 

sources and SCUMIX sources (3.08 and 2.78 kg N ha-1 respectively). Contrast analysis 

showed that in FC2 and 3 the soluble sources were significantly higher than PCUMIX, 

BS and MIX in each of the contrasts. In contrast, SCUMIX obtained similar N resulting 

in no differences between soluble sources and SCUMIX. In addition, SCUMIX N content 

was significant higher than PCUMIX. The combination of SUCMIX and PCUMIX 

compared with BS did not differ. 

In 2010, zoysiagrass had 1.18 vs. 0.41 kg N ha-1 for St. Augustinegrass (Table 3-

20). Higher N content produced by zoysiagrass might have been due to greater root 

length density from 0 to 15 cm, and an accumulation effect of N produced by this 

variety. In 2010, all N sources resulted in similar N content and all were higher than the 

control plots (Table 3-21). Results were analyzed by FC to evaluate the N content over 

time.  

In 2010, there was an interaction in FC1, 3 and 4 due to N source and grass 

(Table 3-22). In St. Augustinegrass, N concentration was affected by N source in all 3 

FCs (Table 3-23). Higher N was obtained from the soluble sources and the SCUMIX 

sources which obtained on average 0.45, and 0.25 kg N ha-1 Lowest N was from the 

PCUMIX sources and the BS in FC1 (0.12 and 0.04 kg N ha-1, respectively). The 

contrast analysis showed that significantly higher differences were found from the 

treated plots than from control plots. Soluble sources obtained significantly higher N 

than SUCMIX, PCUMIX, BS and MIX. No significant differences occurred between the 

contrasts that involved SCUMIX vs. PCUMIX, SCUMIX and PCUMIX vs. BS. 
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In zoysiagrass, there were differences due to N source in all FCs which was 

similar to growth rate which was resulted in higher N from zoysiagrass than from St. 

Augustinegrass (Table 3-24). The contrast analysis showed differences between treated 

vs. non-treated plots, with no differences due to N source. 

Total Kjeldahl Tissue Nitrogen Concentration in Tissue 

Leaf tissue N concentration was obtained by the determination of total N in the 

tissue of each harvest to evaluate the N concentration.  

Leaf tissue N concentration was affected by the interaction of N source and year 

(Table 3-16). Analyzing results by year, the N source variable was highly significant for 

each year. The results showed an increase in concentration over time in all N sources 

except for the control. According to contrast analysis, higher differences occurred each 

year between the treated plots vs. the untreated plots, which obtained very low N 

concentrations. 

In 2008, the soluble sources obtained N concentrations of 21.66 (AN), 21.35 

(Urea) and 20.61 (SCU1) g N Kg-1 DM (Table 3-26). The rest of the sources obtained 

values less than 20 g N kg-1 DM which is the acceptable range for St. Augustinegrass 

and zoysiagrass according to previous research. Sartain (2001) and Hochmuth et al. 

(2009) considered this rate as a good to very good quality turfgrass. The contrast 

analysis showed that the soluble sources on average were significantly higher than 

PCUMIX, BS, and MIX from each of the contrasts. The contrast between soluble 

sources vs. SCUMIX did not show differences due to responses from SCU1, which was 

equal to the soluble level of 20.61 g N kg-1 DM. SCU2, PCU1, PCU2 and, BS did not 

obtain sufficient N concentration in the tissue. Other differences obtained were from the 

contrast of the combination of SCUMIX and PCUMIX vs. BS, which obtained 19.16 and 
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17.26 g N kg-1 DM, respectively. Biosolid had the lowest N concentration in 2008. 

Analyzed by FC (Table 3-27), there were differences between grasses, with higher 

values in zoysiagrass for FC1 and 2 (19.86 and 21.51 g N kg-1 DM) in comparison with 

St. Augustinegrass (16.12 and 18.20 g N kg-1 DM). 

In 2009, results showed a similar response, with highest N concentration from AN, 

Urea and, SCU1 (25.74, 25.18, and 26.82 g N kg-1 DM, respectively) (Table 3-26). In 

contrast to 2008, the rest of the N sources obtained adequate N. The contrasts showed 

higher differences from soluble sources compared with PCUMIX, BS, and the 

combination of them, including SCUMIX. No differences were obtained from the 

contrast of the combination of SCUMIX and PCUMIX vs. BS because those sources 

obtained similar N concentration ranges.  

Analyzed by FC, effects were due to N source and grass in FC1, 2 and 3 (Table 3-

27). In FC 4, significant effects were due to N source only. Zoysiagrass had higher N 

concentration than St. Augustinegrass in FC1 and 3, but not in FC2. Contrast analysis 

showed that Zoysiagrass was higher than St. Augustinegrass in FC2 with 21.51 

compared to17.65 g N kg-1 DM. The St. Augustinegrass concentration was lower than 

what would provide acceptable grass. In FC3, zoysiagrass was again higher than St. 

Augustinegrass with 24.24 compared to 20.24 g N kg-1 DM. No differences occurred in 

FC4. The N content data before showed that increased in N uptake from zoysiagrass 

form those cycles were only 0.05 kg N ha-1. In contrast, zoysiagrass increased 0.70 kg 

N ha-1 in the same period, 93.3% increase from St. Augustinegrass compared with only 

6.7% from zoysiagrass. Soluble sources and SCUMIX had the highest N concentration 

values in FC1 and 2. Contrast analysis showed higher levels in treated plots vs. control 



 

58 

plots. In FC1, there were differences between soluble sources and PCUMIX. Polymer 

coated urea 1 and BS produced the lower N concentrations with 16.82 and 17.95 g N 

kg-1 DM, respectively. Quiroga (2001) found that hybrid bermudagrass obtained higher 

N concentrations from Urea and SCU vs. Ureaform. Graham et al. (2002), reported less 

N tissue concentration from milorganite compared with Urea and sulfur coated urea in 

bentgrass (Agrostis stolonifera L.). Polymer coated urea 1 and Biosolid did not reach 

the sufficient N concentration recommended according to our results (≥ 20 g N kg-1 DM). 

In FC2 a slightly increase occurred in all N sources, such SCU1, SCU2, PCU1 and, 

Biosolid. However two N sources did not produced sufficient N concentrations ranges 

such PCU2 and Biosolid. 

In FC3, all N sources had N concentrations above the sufficient range. Higher N 

concentrations were obtained from AN, Urea and SCU1. Contrast analysis showed that 

the soluble sources were higher in comparisons with PCUMIX, BS, and MIX. Sulfur 

coated sources were higher than PCUMIX. Sulfur coated sources had a response 

similar to the soluble sources. In FC4, the N concentrations for all N sources were 

above than the sufficient range. The mean for the N sources excluding the control for 

that FC were between 29.82 and 32.82 g N kg-1 DM with a 95% of confidence. The 

contrast analysis showed no significant differences between all contrasts that include 

the N sources. 

In 2010, no differences were found (Table 3-26). 

Analyzed by FC, interactions occurred in FC1, 2 and 3, due to N source and grass 

(Table 3-27). In FC 4 effects occurred only due to N source. In FC1, contrast analysis 

did not reveal differences between grasses; however, there were differences due to N 
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source. The soluble sources had higher TKN than the BS with 34.45 and 29.17 g N kg-1 

DM, respectively. In FC2, there was an interaction of N source by grass. 

Nitrogen sources differed in both turfgrasses (Table 3-28). In St. Augustinegrass, 

higher N concentrations were produced by AN, Urea, and SCU1 and lower N tissue 

concentrations were produced by PCU2 and BS in FC 1 and 2. Soluble sources and 

PCUMIX did not statistically differ from all the FCs mentioned, suggesting a similar N 

release. The contrast analysis showed that in FC1 higher N concentrations were 

obtained from soluble sources vs. BS and PCUMIX and the combination of them and 

SCUMIX. The combination of SCUMIX and PCUMIX were also higher than BS. The 

soluble sources were greater than PCUMIX and BS in FC1 but in the rest of FCs Urea 

did not differ from PCUMIX, which might be attributed to the longer and slower response 

form PCUMIX vs. BS. 

In FC2, no differences were obtained from soluble sources vs. PCUMIX, BS and 

the combination of them and SCUMIX. Sulfur coated urea sources were higher than 

PCUMIX, which is predictable due to the similar response from between SCUMIX and 

the soluble sources. No differences occurred between the combination of SCUMIX, 

PCUMIX and BS. In FC3, higher differences were obtained from soluble sources 

compared to BS and the combination of SCUMIX, PCUMIX and BS. Biosolid was 

significantly lower than the combination of SCUMIX and PCUMIX. No significant 

differences were obtained from the contrast between SCUMIX and PCUMIX. 

In zoysiagrass there were no differences in any FC, other than treated vs. un-

treated plots (Table 3-29). McCrimmon (2000) reported that zoysiagrass cultivars under 

high N treatments did not differ from each other for TKN and that cultivars under low N 
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treatments had similar concentrations than higher treatments. These responses indicate 

that high N rates are not needed for zoysiagrass to maintain adequate N concentration. 

Root Growth 

The analysis of variance showed differences due to grass and sampling date 

(Table 3-30). 

St. Augustinegrass produced higher root weight (4.31 vs. 2.76 kg DM m-3) surface 

area (1.01 vs. 0.85 cm-2 cm-3) and volume (0.23 vs. 0.14 cm-3 cm-3) than zoysiagrass 

(Table 3-31). Contrast analysis showed that there were no significant differences in RW 

on May 12 as compared to July 12, however, greater RW was produced on May 12 

compared to Oct 12 and July 12 compared to Oct 12. This is not surprising, as root 

growth of warm-season grasses slows considerably in the fall months. Root surface 

area and RV were greatest in July, followed by May and lowest in Oct (Table 3-31), 

again standard for warm-season grass growth. Similar results were reported by 

Gonzalez (2010), who observed similar seasonal patterns for root growth. Root 

biomass, RLD, RSA, and RV in the top 15 cm of the soil profile were less at the 

beginning and at the end of the growing season and greatest in mid-summer. 

Root length density (RLD) showed a significant interaction for sampling date and 

grass (table 3-32). Both grasses had higher RLD during July 12 (9.69 and 7.14 cm-3 cm-

3 following by May 12 (4.93 and 4.53 cm-3 cm-3) and least RLD in October 12 (3.49 and 

3.13 cm-3 cm-3). Contrast analysis showed greater RLD in zoysiagrass on July 12 (9.69 

and 7.14 cm-1 cm-3, respectively), with no differences between grass on the other 

sampling dates The results disagree with Bowman et al. (2002), who reported that St. 

Augustinegrass  had higher total root biomass compared with zoysiagrass. St. 
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Augustinegrass produced more roots at deeper depths, which could increase its ability 

to absorb nutrients and reduce N losses. 

Root variables (RW, RSA, RV, and RLD) were analyzed by depth (0-15 cm and 

15-30 cm). At 0-15 cm, there were no differences due to N sources on any date. (Table 

3-34). There were differences between grasses on May 12 and July 12 for RV and RLD. 

On both dates, St. Augustinegrass had greater RV while zoysiagrass had greater RLD. 

At 15-30 cm, there were differences due to grass for all variables on all dates, except for 

RSA on 12 July. Greater root measurements were found for St. Augustinegrass for all 

variables on all dates, with the exception of RLD on 12 July. These data indicate that 

RLD is greater in zoysiagrass in the top 15 cm, but all rooting measurements are 

greater in St. Augustinegrass at the deeper levels. Fuentealba (2010) reported higher 

volume, RLD and root dry weight in St. Augustinegrass vs. Empire zoysiagrass at a 

depth of 30 cm. Similarly, Bowman, et al. (2002) documented greater RLD in St. 

Augustinegrass at 21 to 31 cm depth in a greenhouse study. 

In May12, St. Augustinegrass obtained significant higher RW, RSA, RV and RLD 

than zoysiagrass. In July 12 again St. Augustinegrass was significant higher than 

zoysiagrass in RW and RV. No significant differences were produced in RSA and RLD. 

In October 12, St. Augustinegrass again was higher in RW, RSA, RV, and RLD than 

zoysiagrass. 
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Table 3-1. ANOVA table for visual quality. 

ANOVA DF 
Visual Quality (1-9) 

p-value 

Year (Y) 2 <.0001 
Grass (G) 1 <.0001 
G*Y 2 0.0039 
N source (N) 7 <.0001 
N*Y 14 <.0001 
N*G 7 <.0001 
N*Y*G 14 <.0001 
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Table 3-2. Effect of N sources on visual quality on St. Augustinegrass and zoysiagrass 
in 2008 and 2010. 

Turfgrass N Source Visual Quality 
  2008 2010 

St. Augustinegrass Control 5.6 2.6 
 AN 5.8 6.2 
 Urea 5.9 6.2 
 SCU1 6.0 5.9 
 SCU2 5.3 5.8 
 PCU1 5.6 5.5 
 PCU2 5.8 5.5 
 Biosolid 5.9 5.1 

Contrasts® Control vs. Others NS *** 

 Soluble vs. SCUMIX NS NS 

 Soluble vs. PCUMIX NS * 

 Soluble vs. BS NS * 

 Soluble vs. MIX NS * 

 SCUMIX vs. PCUMIX NS NS 

 SCUMIX & PCUMIX vs. BS NS NS 

Zoysiagrass Control 5.6 4.1 
 AN 6.1 6.2 
 Urea 5.9 5.8 
 SCU1 6.0 5.7 
 SCU2 5.9 5.9 
 PCU1 6.0 5.9 
 PCU2 5.8 5.7 
 Biosolid 5.9 5.9 

Contrasts® Control vs. Others NS *** 

 Soluble vs. SCUMIX NS NS 

 Soluble vs. PCUMIX NS NS 

 Soluble vs. BS NS NS 

 Soluble vs. BS & SCUMIX & PCUMIX NS NS 

 SCUMIX vs. PCUMIX NS NS 

 SCUMIX & PCUMIX vs. BS NS NS 

ANOVA DF p-value 
N source (N) 7 0.7427 <.0001 

Grass (G) 1 <.0001 <.0001 
N*G 7 0.0003 <.0001 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001Treatment code: SCU1= sulfur coated 
urea 1; SCU2= sulfur coated urea 2; PCU1= polymer coated urea 1; PCU2= polymer 
coated urea 2 applied at 98 kg ha-2 every 120-d cycle; SCUMIX= sulfur coated urea1 
and sulfur coated urea grouped; PCUMIX= polymer coated urea 1 and polymer coated 
urea 2 grouped; BS= Biosolid; Soluble= Ammonium nitrate and Urea grouped; MIX= 
SCUMIX, PCUMIX, and Biosolid grouped. ®=Single degree contrasts performed at the 
alpha level 0.05. 
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Table 3-3. Effect of turfgrasses and N sources in visual quality in 2009. 

Visual Quality 2009 
(1-9) 

Turfgrasses St. Augustinegrass 5.2 
 Zoysiagrass 5.6 

Contrast® SA vs. ZO *** 
N sources Control 4.3 

 AN 6.1 
 Urea 5.9 
 SCU1 5.8 
 SCU2 5.6 
 PCU1 5.3 
 PCU2 5.2 
 Biosolid 5.2 

Contrasts® Control vs. Others *** 
 Soluble vs. SCUMIX NS 
 Soluble vs. PCUMIX *** 
 Soluble vs. BS *** 
 Soluble vs. MIX *** 
 SCUMIX vs. PCUMIX * 
 SCUMIX & PCUMIX vs. BS NS 

ANOVA DF p-value 
N source (N) 7 <.0001 

Grass (G) 1 <.0001 
N*G 7 0.4305 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001Treatment code: SCU1= sulfur coated 
urea 1; SCU2= sulfur coated urea 2; PCU1= polymer coated urea 1; PCU2= polymer 
coated urea 2 applied at 98 kg ha-2 every 120-d cycle; SCUMIX= sulfur coated urea1 
and sulfur coated urea grouped; PCUMIX= polymer coated urea 1 and polymer coated 
urea 2 grouped; BS= Biosolid; Soluble= Ammonium nitrate and Urea grouped; MIX= 

SCUMIX, PCUMIX, and Biosolid grouped. ®=Single degree contrasts performed at the 
alpha level 0.05. SA= St. Augustinegrass, ZO= Zoysiagrass. ®=Single degree contrasts 
performed at the alpha level 0.05. 
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Table 3-4. The response of N sources during the fertilizer cycles in visual quality in in 
2008, and 2009. 

Treatment 

Visual Quality 

2008 2009 

¶FC1 FC1 FC2 FC3 FC4 

Ratings Scale (1-9) 

Control 5.5 4.3 4.3 4.3 4.0 
AN 5.9 5.7 6.2 6.4 6.1 

Urea 5.9 5.6 6.0 6.2 5.9 
SCU1 5.9 5.4 6.0 6.2 5.9 
SCU2 5.5 5.4 5.7 5.7 5.6 
PCU1 5.8 5.2 5.2 5.8 5.2 

PCU2 5.7 5.0 5.1 5.6 5.1 

Biosolid 5.9 5.0 5.2 5.4 5.2 
Contrasts®  

Control vs. Others NS *** *** *** *** 
Soluble vs. SCUMIX NS NS NS NS NS 
Soluble vs. PCUMIX NS ** *** ** ** 

Soluble vs. BS NS ** *** ** * 
Soluble vs. MIX NS ** *** ** * 

SCUMIX vs. PCUMIX NS NS *** NS * 
SCUMIX & PCUMIX vs. BS NS NS NS NS NS 

Turfgrasses  

St. Augustinegrass 5.6 4.9 5.2 5.6 5.2 
Zoysiagrass 5.9 5.5 5.7 5.8 5.5 
Contrast®  
SA vs. ZO *** ** *** * * 

ANOVA DF p-value 

N source (N) 7 0.8415 <.0001 <.0001 <.0001 0.0006 

Grass 1 <.0001 0.0022 <.0001 0.0237 0.0164 
N*G 7 0.1214 0.9719 0.2244 0.6537 0.3123 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped; 
SA= St. Augustinegrass; ZO= Zoysiagrass. ®= Single degree contrasts performed at 
the alpha level 0.05. 
¶=Means of 4 evaluations events, average over each 60-d cycle.  
FC: Fertilizer cycle, FC1: April-June, FC2: June-August, FC3: August-October, and 
FC4: October-December, *FC1 2008 correspond to August-October, *FC2 2008 
correspond to October-December. 
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Table 3-5. The response of N sources during the fertilizer cycle (FC) in St. 
Augustinegrass visual quality in FC2 in 2008 and in FC1, 2, 3, and 4 in 2010. 

Treatment 

St. Augustinegrass Visual Quality 

2008 2010 

FC2 FC1 FC2 FC3 FC4 

Ratings Scale (1-9) 

Control 5.8 2.7 2.3 2.6 3.1 
AN 5.8 5.4 6.5 6.7 6.6 

Urea 6.0 5.4 6.5 6.6 6.5 

SCU1 6.1 5.0 5.9 6.5 6.3 

SCU2 5.4 5.3 5.8 6.2 6.1 

PCU1 5.8 4.8 5.5 5.9 6.1 

PCU2 5.9 4.7 5.5 6.1 6.1 

Biosolid 6.0 4.8 5.0 5.4 5.3 
Contrasts®      

Control vs. Others NS *** *** *** *** 
Soluble vs. SCUMIX NS NS ** NS NS 
Soluble vs. PCUMIX NS *** *** * NS 

Soluble vs. BS NS *** *** ** ** 
Soluble vs. MIX NS *** *** * * 

SCUMIX vs. PCUMIX NS ** NS NS NS 
SCUMIX & PCUMIX vs. BS NS NS * NS * 

ANOVA DF p-value 

N source (N) 7 0.2949 <.0001 <.0001 <.0001 <.0001 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. 
®= Single degree contrasts performed at the alpha level 0.05. 
¶=Means of 4 evaluations events, average over each 60-d cycle.  
FC: Fertilizer cycle, FC1: April-June, FC2: June-August, FC3: August-October, and 
FC4: October-December, *FC1 2008 correspond to August-October, *FC2 2008 
correspond to October-December. 
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Table 3-6. The response of N sources during the fertilizer cycle (FC) in zoysiagrass 
visual quality in FC2 in 2008 and in FC1, 2, 3, and 4 in 2010. 

Treatment 

Zoysiagrass Visual Quality 

2008 2010 

FC2 FC1 FC2 FC3 FC4 

Ratings Scale (1-9) 

Control 5.6 4.1 4.0 4.4 3.8 
AN 6.1 5.6 6.2 6.5 6.5 

Urea 5.8 5.3 5.9 6.4 5.8 

SCU1 5.9 5.2 6.0 6.0 5.8 

SCU2 5.9 5.3 6.0 6.2 6.0 

PCU1 6.0 5.0 5.8 6.5 6.6 

PCU2 5.9 4.7 5.4 6.7 6.3 

Biosolid 5.9 5.1 5.8 6.5 6.5 
Contrasts®      

Control vs. Others NS *** *** *** *** 

Soluble vs. SCUMIX NS NS NS NS NS 
Soluble vs. PCUMIX NS ** NS NS NS 

Soluble vs. BS NS NS NS NS NS 
Soluble vs. MIX NS * NS NS NS 

SCUMIX vs. PCUMIX NS * NS NS NS 
SCUMIX & PCUMIX vs. BS NS NS NS NS NS 

ANOVA DF p-value 

N source (N) 7 0.5610 0.0003 0.0359 0.0021 0.0004 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. 
®= Single degree contrasts performed at the alpha level 0.05. 
¶=Means of 4 evaluations events, average over each 60-d cycle.  
FC: Fertilizer cycle, FC1: April-June, FC2: June-August, FC3: August-October, and 
FC4: October-December, *FC1 2008 correspond to August-October, *FC2 2008 
correspond to October-December. 
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Table 3-7. ANOVA table for color. 

ANOVA DF 
Color (1-9) 

p-value 

Year (Y) 2 <.0001 
Grass (G) 1 <.0001 
G*Y 2 0.0068 
N source (N) 7 <.0001 
N*Y 14 <.0001 
N*G 7 <.0001 
N*Y*G 14 <.0001 

 
 
Table 3-8. Effect of turfgrasses and N sources on color in 2008 and 2009. 

Color 2008 and 2009  
(1-9)  

  2008 2009 
Turfgrasses St. Augustinegrass 5.8 5.3 

 Zoysiagrass 6.0 5.7 
Contrast® SA vs. ZO *** *** 

 Control 5.4 4.1 
 AN 6.2 6.0 
 Urea 6.1 6.0 
 SCU1 6.2 5.9 
 SCU2 6.0 5.8 
 PCU1 5.7 5.6 
 PCU2 5.7 5.5 
 Biosolid 5.9 5.3 

Contrasts® Control vs. Others *** *** 
 Soluble vs. SCUMIX NS NS 
 Soluble vs. PCUMIX ** ** 
 Soluble vs. BS NS *** 
 Soluble vs. MIX * ** 
 SCUMIX vs. PCUMIX ** * 
 SCUMIX & PCUMIX vs. BS NS * 

ANOVA DF p-value 
N source (N) 7 0.0007 <.0001 

Grass (G) 1 <.0001 <.0001 
N*G 7 0.7225 0.9333 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001Treatment code: SCU1= sulfur coated 
urea 1; SCU2= sulfur coated urea 2; PCU1= polymer coated urea 1; PCU2= polymer 
coated urea 2 applied at 98 kg ha-2 every 120-d cycle; SCUMIX= sulfur coated urea1 
and sulfur coated urea grouped; PCUMIX= polymer coated urea 1 and polymer coated 
urea 2 grouped; BS= Biosolid; Soluble= Ammonium nitrate and Urea grouped; MIX= 

SCUMIX, PCUMIX, and Biosolid grouped. ®=Single degree contrasts performed at the 
alpha level 0.05. SA= St. Augustinegrass, ZO= Zoysiagrass. ®=Single degree contrasts 
performed at the alpha level 0.05. 



 

69 

Table 3-9. The effect of N sources on St. Augustinegrass and zoysiagrass color in 2010. 

Turfgrass N Source 
Color 
2010 

St. Augustinegrass Control 2.6 
 AN 6.1 
 Urea 6.0 
 SCU1 5.8 
 SCU2 5.8 
 PCU1 5.5 
 PCU2 5.6 
 Biosolid 5.0 

Contrasts® Control vs. Others *** 
 Soluble vs. SCUMIX NS 
 Soluble vs. PCUMIX ** 
 Soluble vs. BS *** 
 Soluble vs. MIX *** 
 SCUMIX vs. PCUMIX NS 
 SCUMIX & PCUMIX vs. BS ** 

Zoysiagrass Control 4.1 
 AN 6.1 
 Urea 6.0 
 SCU1 6.0 
 SCU2 6.0 
 PCU1 6.0 
 PCU2 6.0 
 Biosolid 6.0 

Contrasts® Control vs. Others *** 
 Soluble vs. SCUMIX NS 
 Soluble vs. PCUMIX NS 
 Soluble vs. BS NS 
 Soluble vs. MIX NS 
 SCUMIX vs. PCUMIX NS 
 SCUMIX & PCUMIX vs. BS NS 

ANOVA DF p-value 
N source (N) 7 <.0001 

Grass (G) 1 <.0001 
N*G 7 <.0001 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001Treatment code: Others= urea, 
ammonium nitrate, sulfur coated urea 1, sulfur coated urea 2, polymer coated urea 1, 
polymer coated urea 2, Biosolid; SCU1= sulfur coated urea 1; SCU2= sulfur coated 
urea 2; PCU1= polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg 
ha-2 every 120-d cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; 
PCUMIX= polymer coated urea 1 and polymer coated urea 2 grouped; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. 
®=Single degree contrasts performed at the alpha level 0.05. 
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Table 3-10. The response of N sources during the fertilizer cycles in color in 2008, 
2009, and 2010. 

Treatment 

Color 

2008 2009 2010 

¶FC1 FC2 FC1 FC2 FC3 FC4 FC1 

Ratings Scale (1-9) 

Control 5.3 5.5 4.2 4.1 4.0 4.0 3.2 
AN 6.3 6.1 5.7 6.1 6.1 6.1 5.5 

Urea 6.1 6.1 5.8 6.2 6.0 6.0 5.5 
SCU1 6.2 6.1 5.6 6.1 6.1 6.0 5.2 
SCU2 5.9 6.1 5.6 6.1 5.8 5.6 5.5 
PCU1 5.5 5.9 5.4 5.2 6.1 5.3 5.1 

PCU2 5.4 6.1 5.3 5.4 6.0 5.1 5.0 

Biosolid 5.8 5.9 5.1 5.3 5.4 5.3 5.1 
Contrasts®        

Control vs. Others *** *** *** *** *** *** *** 
Soluble vs. SCUMIX NS NS NS NS NS NS NS 
Soluble vs. PCUMIX *** NS ** *** NS ** *** 

Soluble vs. BS * NS *** *** * * *** 
Soluble vs. MIX ** NS ** *** NS * *** 

SCUMIX vs. PCUMIX *** NS * *** NS * ** 
SCUMIX & PCUMIX vs. BS NS NS * * * NS NS 

Turfgrasses  

St. Augustinegrass 5.7 5.9 5.1 5.4 5.5 5.3 4.9 
Zoysiagrass 5.9 6.1 5.6 5.7 5.8 5.5 5.2 
Contrast®  
SA vs. ZO ** *** * *** *** * ** 

ANOVA DF p-value 

N source (N) 7 <.0001 0.0025 <.0001 <.0001 <.0001 0.0002 <.0001 

Grass (G) 1 0.0029 <.0001 0.0130 <.0001 <.0001 0.0444 0.0014 
N*G 7 0.9738 0.5175 0.9999 0.2523 0.3653 0.2463 0.1057 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped; 
SA= St. Augustinegrass; ZO= Zoysiagrass. ®= Single degree contrasts performed at 
the alpha level 0.05. 
¶=Means of 4 evaluations events, average over each 60-d cycle.  
FC: Fertilizer cycle, FC1: April-June, FC2: June-August, FC3: August-October, and 
FC4: October-December, *FC1 2008 correspond to August-October, *FC2 2008 
correspond to October-December. 
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Table 3-11. The response of N sources by the fertilizer cycle (FC) in St. Augustinegrass 
color in FC2, 3, and 4 in 2010. 

Treatment 

St. Augustinegrass Color 

2010 

FC2 FC3 FC4 

Ratings Scale (1-9) 

Control 2.3 2.6 3.0 
AN 6.2 6.6 6.5 

Urea 6.3 6.3 6.2 

SCU1 5.7 6.3 6.5 

SCU2 5.8 6.1 5.6 

PCU1 5.5 6.0 5.6 

PCU2 5.7 6.1 5.6 
Biosolid 5.1 5.2 4.8 

Contrasts®    

Control vs. Others *** *** *** 
Soluble vs. SCUMIX * NS NS 
Soluble vs. PCUMIX ** NS * 

Soluble vs. BS *** ** *** 
Soluble vs. MIX ** * ** 

SCUMIX vs. PCUMIX NS NS NS 
SCUMIX & PCUMIX vs. BS NS ** ** 

ANOVA DF p-value 

N source (N) 7 <.0001 <.0001 <.0001 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. 
®= Single degree contrasts performed at the alpha level 0.05. 
¶=Means of 4 evaluations events, average over each 60-d cycle.  
FC: Fertilizer cycle, FC1: April-June, FC2: June-August, FC3: August-October, and 
FC4: October-December, *FC1 2008 correspond to August-October, *FC2 2008 
correspond to October-December. 
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Table 3-12. The response of N sources by the fertilizer cycle (FC) in zoysiagrass color 
in FC2, 3 and 4 in 2010. 

Treatment 

Zoysiagrass Color 

2010 

FC2 FC3 FC4 

Ratings Scale (1-9) 

Control 3.8 4.8 4.0 
AN 6.1 6.5 6.5 

Urea 5.8 6.4 6.0 

SCU1 6.0 6.5 6.4 

SCU2 6.1 6.4 6.3 

PCU1 6.0 6.5 6.3 

PCU2 6.0 6.6 6.3 

Biosolid 6.0 6.6 6.3 
Contrasts® *** *** *** 

Control vs. Others NS NS NS 
Soluble vs. SCUMIX NS NS NS 
Soluble vs. PCUMIX NS NS NS 

Soluble vs. BS NS NS NS 
Soluble vs. MIX NS NS NS 

SCUMIX vs. PCUMIX NS NS NS 
SCUMIX & PCUMIX vs. BS NS NS NS 

ANOVA DF p-value 

N source (N) 7 <.0001 0.0039 0.0010 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. 
®= Single degree contrasts performed at the alpha level 0.05. 
¶=Means of 4 evaluations events, average over each 60-d cycle.  
FC: Fertilizer cycle, FC1: April-June, FC2: June-August, FC3: August-October, and 
FC4: October-December, *FC1 2008 correspond to August-October, *FC2 2008 
correspond to October-December. 
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Table 3-13. ANOVA table for shoot growth rate. 

ANOVA DF 
Shoot Growth Rate (kg DM ha-1 d-1) 

p-value 

Year (Y) 2 <.0001 
Grass (G) 1 <.0001 
G*Y 2 <.0001 
N source (N) 7 0.0011 
N*Y 14 0.0002 
N*G 7 0.3970 
N*Y*G 14 0.7061 

 

Table 3-14. The effect of turfgrasses on shoot growth rate in 2008, 2009, and 2010. 

Turfgrasses 
2008 2009 2010 

kg DM ha-1 d-1 

St. Augustinegrass 5.89 7.05 1.94 
Zoysiagrass 8.61 6.23 5.25 

Contrast  
SA vs. ZO *** NS *** 

ANOVA DF p-value 
Grass 1 0.0003 0.2830 <.0001 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001Treatment code: SA= St. 
Augustinegrass, ZO= Zoysiagrass. ®=Single degree contrasts performed at the alpha 
level 0.05. 
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Table 3-15. The effect of N sources on shoot growth rate in 2008, 2009, and 2010. 

Treatment 
2008 2009 2010 

kg DM ha-1 d-1 

Control 3.17 1.49 0.48 
AN 10.49 10.00 4.42 

Urea 10.34 8.92 4.55 
SCU1 10.62 10.11 3.89 
SCU2 6.59 7.00 4.61 
PCU1 4.67 5.60 4.33 
PCU2 5.11 5.41 3.54 

Biosolid 7.03 4.58 2.93 
Contrasts®    

Control vs. Others * *** *** 
Soluble vs. SCUMIX NS NS NS 
Soluble vs. PCUMIX * ** NS 

Soluble vs. BS NS ** * 
Soluble vs. MIX * * NS 

SCUMIX vs. PCUMIX NS * NS 
SCUMIX & PCUMIX vs. BS NS NS NS 

ANOVA DF p-value 
N source 7 0.0766 0.0017 0.0005 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001Treatment code: Others= urea, 
ammonium nitrate, sulfur coated urea 1, sulfur coated urea 2, polymer coated urea 1, 
polymer coated urea 2, Biosolid; SCU1= sulfur coated urea 1; SCU2= sulfur coated 
urea 2; PCU1= polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg 
ha-2 every 120-d cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; 
PCUMIX= polymer coated urea 1 and polymer coated urea 2 grouped; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. 
®=Single degree contrasts performed at the alpha level 0.05. 
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Table 3-16. The effect of turfgrasses and N sources on shoot growth rate by fertilizer 
cycle in 2008, 2009, and 2010. 

Treatment 

Shoot Growth Rate 

2008 2009 2010 

¶FC1 FC2 FC1 FC2 FC3 FC4 FC2 

kg DM ha-1 d-1 

Control 2.86 3.48 2.93 0.29 1.73 1.02 1.19 
AN 10.97 10.01 5.08 12.77 17.35 4.78 6.68 

Urea 12.63 8.04 5.98 9.97 14.48 5.26 7.39 

SCU1 12.28 8.96 5.06 12.63 17.41 5.34 6.33 

SCU2 7.64 5.55 5.59 5.29 12.26 4.88 7.68 

PCU1 2.96 6.38 3.79 2.02 11.78 4.82 7.92 

PCU2 2.44 7.78 5.21 1.82 8.99 5.61 6.66 

Biosolid 7.46 6.59 4.56 2.38 9.00 2.37 5.45 
Contrasts®        

Control vs. Others * NS NS ** *** ** *** 
Soluble vs. SCUMIX NS NS NS NS NS NS NS 
Soluble vs. PCUMIX *** NS NS *** * NS NS 

Soluble vs. BS NS NS NS *** * NS NS 
Soluble vs. MIX * NS NS *** NS NS NS 

SCUMIX vs. PCUMIX ** NS NS ** NS NS NS 
SCUMIX & PCUMIX vs. BS NS NS NS NS NS * NS 

Turfgrasses  

St. Augustinegrass 5.34 6.44 2.65 4.30 15.37 5.89 4.42 

Zoysiagrass 9.47 7.76 6.90 7.49 7.88 2.63 10.38 

Contrast®  

SA vs. ZO *** NS *** ** *** *** *** 

ANOVA DF p-value 

N source (N) 7 0.0127 0.3551 0.7768 0.0001 0.0040 0.0829 0.0010 

Grass (G) 1 0.0007 0.1599 0.0007 0.0036 0.0001 <.0001 <.0001 

N*G 7 0.1868 0.8990 0.9727 0.4549 0.5198 0.0912 0.1534 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. ®= 
Single degree contrasts performed at the alpha level 0.05. 
¶=Means of 4 evaluations events, average over each 60-d cycle.  
FC: Fertilizer cycle, FC1: April-June, FC2: June-August, FC3: August-October, and 
FC4: October-December, *FC1 2008 correspond to August-October, *FC2 2008 
correspond to October-December. 
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Table 3-17. The response of N sources by the fertilizer cycle (FC) in St. Augustinegrass 
shoot growth rate in FC1, 3, and 4 in 2010. 

Treatment 

St. Augustinegrass Shoot Growth Rate 

2010 

¶FC1 FC3 FC4 

kg DM ha-1 d-1 

Control 0.21 0.85 0.04 
AN 1.50 5.05 0.50 

Urea 1.77 4.77 0.35 

SCU1 0.89 3.62 0.31 

SCU2 1.25 3.80 0.28 

PCU1 0.68 4.10 0.37 

PCU2 0.43 3.68 0.27 

Biosolid 0.22 1.63 0.05 
Contrasts®    

Control vs. Others * ** ** 
Soluble vs. SCUMIX * NS NS 
Soluble vs. PCUMIX *** NS NS 

Soluble vs. BS *** ** ** 
Soluble vs. MIX *** * * 

SCUMIX vs. PCUMIX NS NS NS 
SCUMIX & PCUMIX vs. BS * * * 

ANOVA DF p-value 

N source (N) 7 0.0008 0.0144 0.0168 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. ®= 
Single degree contrasts performed at the alpha level 0.05. 
¶=Means of 4 evaluations events, average over each 60-d cycle.  
FC: Fertilizer cycle, FC1: April-June, FC2: June-August, FC3: August-October, and 
FC4: October-December, *FC1 2008 correspond to August-October, *FC2 2008 
correspond to October-December. 
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Table 3-18. The response of N sources by the fertilizer cycle (FC) in zoysiagrass shoot 
growth rate in FC1, 3, and 4 in 2010. 

Treatment 

Zoysiagrass Growth Rate 

2010 

¶FC1 FC3 FC4 

kg DM ha-1 d-1 

Control 0.18 1.53 0.15 
AN 3.04 8.71 1.56 

Urea 2.69 10.02 2.28 

SCU1 2.69 9.04 1.52 

SCU2 3.55 11.56 2.69 

PCU1 2.78 11.75 3.21 

PCU2 1.20 9.64 2.67 

Biosolid 1.52 9.27 2.28 
Contrasts®    

Control vs. Others *** *** *** 
Soluble vs. SCUMIX NS NS NS 
Soluble vs. PCUMIX NS NS NS 

Soluble vs. BS * NS NS 
Soluble vs. MIX NS NS NS 

SCUMIX vs. PCUMIX * NS NS 
SCUMIX & PCUMIX vs. BS NS NS NS 

ANOVA DF p-value 

N source (N) 7 0.0004 0.0010 0.0094 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. ®= 
Single degree contrasts performed at the alpha level 0.05. 
¶=Means of 4 evaluations events, average over each 60-d cycle.  
FC: Fertilizer cycle, FC1: April-June, FC2: June-August, FC3: August-October, and 
FC4: October-December, *FC1 2008 correspond to August-October, *FC2 2008 
correspond to October-December. 
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Table 3-19. ANOVA table for nitrogen content. 

ANOVA DF 
Nitrogen Content (kg N ha-1) 

p-value 

Year (Y) 2 <.0001 
Grass (G) 1 <.0001 
G*Y 2 <.0001 
N source (N) 7 0.0016 
N*Y 14 0.0024 
N*G 7 0.1811 
N*Y*G 14 0.6391 

 
 
Table 3-20. The effect of turfgrasses on nitrogen content in 2008, 2009, and 2010. 

Turfgrasses 
2008 2009 2010 

kg N ha-1 

St. Augustinegrass 0.73 1.21 0.41 
Zoysiagrass 1.30 1.06 1.18 

Contrast  
SA vs. ZO *** NS *** 

ANOVA DF p-value 
Grass 1 <.0001 0.3162 <.0001 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001Treatment code: SA= St. 
Augustinegrass, ZO= Zoysiagrass. ®=Single degree contrasts performed at the alpha 
level 0.05. 
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Table 3-21. The effect of N sources on nitrogen content in 2008, 2009, and 2010. 

Treatment 
2008 2009 2010 

kg N ha-1 

Control 0.33 0.13 0.04 
AN 1.58 1.83 1.00 

Urea 1.51 1.54 1.03 
SCU1 1.54 1.91 0.87 
SCU2 0.98 1.18 1.04 
PCU1 0.61 0.88 0.97 
PCU2 0.64 0.87 0.76 

Biosolid 0.92 0.71 0.66 
Contrasts®    

Control vs. Others * *** *** 
Soluble vs. SCUMIX NS NS NS 
Soluble vs. PCUMIX ** ** NS 

Soluble vs. BS NS ** NS 
Soluble vs. MIX * * NS 

SCUMIX vs. PCUMIX * * NS 
SCUMIX & PCUMIX vs. BS NS NS NS 

ANOVA DF p-value 
N source 7 0.0399 0.0010 0.0021 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001. Treatment code: Others= urea, 
ammonium nitrate, sulfur coated urea 1, sulfur coated urea 2, polymer coated urea 1, 
polymer coated urea 2, Biosolid; SCU1= sulfur coated urea 1; SCU2= sulfur coated 
urea 2; PCU1= polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg 
ha-2 every 120-d cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; 
PCUMIX= polymer coated urea 1 and polymer coated urea 2 grouped; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. 
®=Single degree contrasts performed at the alpha level 0.05. 
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Table 3-22. The effect of turfgrasses and N sources on nitrogen content by fertilizer 
cycle in 2008, 2009, and 2010. 

Treatment 

Nitrogen Content 

2008 2009 2010 

¶FC1 FC2 FC1 FC2 FC3 FC4 FC2 

kg N ha-1 

Control 0.33 0.33 0.25 0.03 0.16 0.10 0.05 
AN 1.65 1.51 0.77 2.00 3.53 1.01 2.61 

Urea 1.86 1.17 0.94 1.48 2.64 1.12 2.32 

SCU1 1.80 1.28 0.72 2.17 3.56 1.18 2.15 

SCU2 1.10 0.86 0.96 2.78 2.00 0.98 2.12 

PCU1 0.37 0.84 0.47 0.28 1.61 1.17 1.77 

PCU2 0.31 0.98 0.68 0.24 1.30 1.26 1.62 

Biosolid 0.98 0.86 0.62 0.26 1.42 0.55 1.30 
Contrasts®        

Control vs. Others NS ** * ** ** ** *** 
Soluble vs. SCUMIX NS NS NS NS NS NS NS 
Soluble vs. PCUMIX ** NS NS *** * NS * 

Soluble vs. BS NS NS NS ** * NS * 
Soluble vs. MIX * NS NS ** * NS * 

SCUMIX vs. PCUMIX * NS NS ** * NS NS 
SCUMIX & PCUMIX vs. BS NS NS NS NS NS NS NS 

Turfgrasses  

St. Augustinegrass 0.66 0.79 0.33 0.74 2.47 1.28 1.00 

Zoysiagrass 1.43 1.16 1.02 1.07 1.59 0.56 2.48 

Contrast®  

SA vs. ZO *** * *** NS * *** *** 

ANOVA DF p-value 

N source (N) 7 0.0303 0.0759 0.1922 0.0002 0.0039 0.0698 0.0009 

Grass (G) 1 0.0004 0.0251 0.0005 0.0662 0.0312 <.0001 <.0001 

N*G 7 0.3449 0.9584 0.9267 0.6016 0.5075 0.2020 0.1212 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. ®= 
Single degree contrasts performed at the alpha level 0.05. 
¶=Means of 4 evaluations events, average over each 60-d cycle.  
FC: Fertilizer cycle, FC1: April-June, FC2: June-August, FC3: August-October, and 
FC4: October-December, *FC1 2008 correspond to August-October, *FC2 2008 
correspond to October-December. 
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Table 3-23. The response of N sources by the fertilizer cycle (FC) in St. Augustinegrass 
nitrogen content In FC1, 3, and 4 in 2010. 

Treatment 

St. Augustinegrass Nitrogen Content 

2010 

¶FC1 FC3 FC4 

kg N ha-1 

Control 0.03 0.06 0.002 
AN 0.43 1.09 0.10 

Urea 0.47 0.97 0.06 

SCU1 0.23 0.77 0.05 

SCU2 0.28 0.72 0.05 

PCU1 0.15 0.79 0.07 

PCU2 0.09 0.73 0.05 

Biosolid 0.04 0.31 0.008 
Contrasts®    

Control vs. Others * ** ** 
Soluble vs. SCUMIX * NS NS 
Soluble vs. PCUMIX *** NS NS 

Soluble vs. BS *** ** ** 
Soluble vs. MIX *** * * 

SCUMIX vs. PCUMIX NS NS NS 
SCUMIX & PCUMIX vs. BS NS * * 

ANOVA DF p-value 

N source (N) 7 0.0016 0.0118 0.0207 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. ®= 
Single degree contrasts performed at the alpha level 0.05. 
¶=Means of 4 evaluations events, average over each 60-d cycle.  
FC: Fertilizer cycle, FC1: April-June, FC2: June-August, FC3: August-October, and 
FC4: October-December, *FC1 2008 correspond to August-October, *FC2 2008 
correspond to October-December. 
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Table 3-24. The response of N sources by the fertilizer cycle (FC) in zoysiagrass 
nitrogen content In FC1, 3, and 4 in 2010. 

Treatment 

Zoysiagrass Nitrogen Content 

2010 

¶FC1 FC3 FC4 

kg N ha-1 

Control 0.01 0.12 0.01 
AN 0.65 1.85 0.29 

Urea 0.62 2.32 0.43 

SCU1 0.58 2.00 0.28 

SCU2 0.87 2.75 0.52 

PCU1 0.68 2.70 0.65 

PCU2 0.27 2.05 0.51 

Biosolid 0.36 2.14 0.44 
Contrasts®    

Control vs. Others *** *** ** 
Soluble vs. SCUMIX NS NS NS 
Soluble vs. PCUMIX NS NS NS 

Soluble vs. BS NS NS NS 
Soluble vs. MIX NS NS NS 

SCUMIX vs. PCUMIX NS NS NS 
SCUMIX & PCUMIX vs. BS NS NS NS 

ANOVA DF p-value 

N source (N) 7 0.0022 0.0080 0.0278 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. ®= 
Single degree contrasts performed at the alpha level 0.05. 
¶=Means of 4 evaluations events, average over each 60-d cycle.  
FC: Fertilizer cycle, FC1: April-June, FC2: June-August, FC3: August-October, and 
FC4: October-December, *FC1 2008 correspond to August-October, *FC2 2008 
correspond to October-December. 
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Table 3-25. ANOVA table for leaf tissue nitrogen concentration. 

ANOVA DF 
Leaf Tissue N Concentration (g N kg-1 DM) 

p-value 

Year (Y) 2 <.0001 
Grass (G) 1 <.0001 
G*Y 2 0.1444 
N source (N) 7 <.0001 
N*Y 14 <.0001 
N*G 7 0.1674 
N*Y*G 14 0.2920 

 
 
Table 3-26. The effect of N sources on leaf tissue nitrogen concentration rate in 2008, 

2009, and 2010. 

Treatment 
2008 2009 2010 

g N kg-1 DM 

Control 14.46 13.98 14.13 
AN 21.66 25.74 31.33 

Urea 21.35 25.18 30.65 
SCU1 20.61 26.82 30.91 
SCU2 19.68 22.88 30.44 
PCU1 17.63 23.47 30.74 
PCU2 18.74 22.75 28.72 

Biosolid 17.26 22.13 27.74 
Contrasts®    

Control vs. Others *** *** *** 
Soluble vs. SCUMIX NS NS NS 
Soluble vs. PCUMIX *** * NS 

Soluble vs. BS *** ** NS 
Soluble vs. MIX *** * NS 

SCUMIX vs. PCUMIX * * NS 
SCUMIX & PCUMIX vs. BS * NS NS 

ANOVA DF p-value 
N source 7 <.0001 <.0001 <.0001 

NS, *,**,***, = P>0.05, P<0.05, P<0.01, P<0.001.Treatment code: Others= urea, 
ammonium nitrate, sulfur coated urea 1, sulfur coated urea 2, polymer coated urea 1, 
polymer coated urea 2, Biosolid; SCU1= sulfur coated urea 1; SCU2= sulfur coated 
urea 2; PCU1= polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg 
ha-2 every 120-d cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; 
PCUMIX= polymer coated urea 1 and polymer coated urea 2 grouped; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. 
®=Single degree contrasts performed at the alpha level 0.05. 
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Table 3-27. The effect of turfgrasses and N sources on shoot growth rate by fertilizer 
cycle in 2008, 2009, and 2010. 

Treatment 

Leaf Tissue Nitrogen Concentration 

2008 2009 2010 

¶FC1 FC2 FC1 FC2 FC3 FC4 FC4 

g N kg-1 DM -1 

Control 15.16 13.76 13.10 15.45 13.29 14.08 14.90 
AN 20.40 22.93 22.93 22.26 27.03 30.75 27.26 

Urea 19.93 22.77 22.77 21.76 25.49 30.72 26.42 

SCU1 19.58 21.65 21.65 23.78 28.79 33.05 25.98 

SCU2 18.00 21.36 21.36 21.63 21.07 27.48 29.99 

PCU1 16.91 18.35 16.82 21.75 20.76 34.55 29.36 

PCU2 17.38 20.10 20.10 19.08 20.25 31.56 26.89 

Biosolid 16.12 17.95 17.95 18.87 20.47 31.22 24.72 
Contrasts®        

Control vs. Others * ** ** ** *** *** *** 
Soluble vs. SCUMIX NS NS NS NS NS NS NS 
Soluble vs. PCUMIX * NS * NS ** NS NS 

Soluble vs. BS * NS NS NS * NS NS 
Soluble vs. MIX * NS NS NS * NS NS 

SCUMIX vs. PCUMIX NS NS NS NS * NS NS 
SCUMIX & PCUMIX vs. BS NS NS NS NS NS NS NS 

Turfgrasses  

St. Augustinegrass 16.12 18.20 17.65 21.96 20.24 28.57 24.87 

Zoysiagrass 19.86 21.51 21.51 19.18 24.05 29.79 25.75 

Contrast®  

SA vs. ZO *** * ** ** ** NS NS 

ANOVA DF p-value 

N source (N) 7 0.1200 0.0654 0.0192 0.0244 0.0002 <.0001 <.0001 

Grass (G) 1 <.0001 0.0267 0.0069 0.0070 0.0077 0.2459 0.1976 

N*G 7 0.0573 0.4198 0.5331 0.2278 0.7237 0.4570 0.9891 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. ®= 
Single degree contrasts performed at the alpha level 0.05. 
¶=Means of 4 evaluations events, average over each 60-d cycle.  
FC: Fertilizer cycle, FC1: April-June, FC2: June-August, FC3: August-October, and 
FC4: October-December, *FC1 2008 correspond to August-October, *FC2 2008 
correspond to October-December. 
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Table 3-28. The response of N sources by the fertilizer cycle (FC) in St. Augustinegrass 
leaf tissue nitrogen concentration In FC1, 2, and 3 in 2010. 

Treatment 

St. Augustinegrass Leaf Tissue Nitrogen 
Concentration 

2010 

¶FC1 FC2 FC3 

g N kg-1 DM 

Control 13.22 16.34 13.05 
AN 38.73 35.14 30.26 

Urea 35.60 31.10 28.30 

SCU1 37.99 33.96 30.45 

SCU2 31.33 30.92 26.80 

PCU1 31.25 26.66 27.30 

PCU2 29.00 28.26 27.13 

Biosolid 27.23 26.41 24.37 
Contrasts®    

Control vs. Others *** *** *** 
Soluble vs. SCUMIX NS NS NS 
Soluble vs. PCUMIX *** ** NS 

Soluble vs. BS *** * ** 
Soluble vs. MIX *** * * 

SCUMIX vs. PCUMIX * * NS 
SCUMIX & PCUMIX vs. BS * NS * 

ANOVA DF p-value 

N source (N) 7 <.0001 <.0001 <.0001 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. ®= 
Single degree contrasts performed at the alpha level 0.05. 
¶=Means of 4 evaluations events, average over each 60-d cycle.  
FC: Fertilizer cycle, FC1: April-June, FC2: June-August, FC3: August-October, and 
FC4: October-December, *FC1 2008 correspond to August-October, *FC2 2008 
correspond to October-December. 
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Table 3-29. The response of N sources by the fertilizer cycle (FC) in zoysiagrass leaf 
tissue nitrogen concentration In FC1, 2, and 3 in 2010. 

Treatment 

Zoysiagrass Leaf Tissue Nitrogen Concentration 

2010 

¶FC1 FC2 FC3 

g N kg-1 DM 

Control 13.26 16.85 13.03 
AN 30.75 35.48 29.75 

Urea 32.75 33.55 32.77 

SCU1 31.25 33.60 30.97 

SCU2 34.84 34.05 33.64 

PCU1 33.92 35.39 32.99 

PCU2 31.14 34.45 38.65 

Biosolid 31.11 33.62 31.99 
Contrasts®    

Control vs. Others *** *** *** 
Soluble vs. SCUMIX NS NS NS 
Soluble vs. PCUMIX NS NS NS 

Soluble vs. BS NS NS NS 
Soluble vs. MIX NS NS NS 

SCUMIX vs. PCUMIX NS NS NS 
SCUMIX & PCUMIX vs. BS NS NS NS 

ANOVA DF p-value 

N source (N) 7 <.0001 <.0001 <.0001 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. ®= 
Single degree contrasts performed at the alpha level 0.05. 
¶=Means of 4 evaluations events, average over each 60-d cycle.  
FC: Fertilizer cycle, FC1: April-June, FC2: June-August, FC3: August-October, and 
FC4: October-December, *FC1 2008 correspond to August-October, *FC2 2008 
correspond to October-December. 
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Table 3-30. ANOVA table for root weight, root surface area, and root volume. 

ANOVA DF 
Root Weight  

(kg DM m-3 soil) 
Root Surface Area 

(cm2 cm-3 soil) 
Root Volume  
(cm3 cm-3 soil) 

p-value 

Sampling (S) 2 <.0001 <.0001 <.0001 
Grass (G) 1 <.0001 0.0029 <.0001 
S*G 2 0.7957 0.3495 0.0999 
N source (N) 7 0.2092 0.4777 0.7867 
N*S 14 0.9866 0.9676 0.3702 
N*G 7 0.6685 0.9427 0.5950 
N*G*S 14 0.9783 0.8665 0.7828 

 
 
Table 3-31. The effect of turfgrasses and sampling date on root weight root surface area 

and root volume in 2010. 

Turfgrasses 
Root Weight 

(kg DM m-3 soil) 
Root Surface Area 

(cm2 cm-3 soil) 
Root Volume 
(cm3 cm-3 soil) 

St. Augustinegrass ‡4.31 1.01 0.23 
Zoysiagrass 2.76 0.85 0.14 

Contrast    
SA vs. ZO *** ** *** 

Sampling Date    
May 12 4.45 0.97 0.20 
July 12 3.95 1.35 0.27 
October 12 2.21 0.48 0.09 

Contrasts    
May 12 vs. July 12 NS *** *** 

May 12 vs. October 12 *** *** *** 
July 12 vs. October 12 *** *** *** 
ANOVA DF p-value 

Sampling 2 <.0001 <.0001 <.0001 
Grass 1 <.0001 0.0022 <.0001 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001; SA= St. Augustinegrass, ZO= 
Zoysiagrass. ®= Single degree contrasts performed at the alpha level 0.05. ‡= Means 
of 3 root cores per plot per grass, average over 3 sampling events. 
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Table 3-32. ANOVA table for length density. 

ANOVA DF 
Root Length Density (cm3 cm-3 soil) 

p-value 

Sampling (S) 2 <.0001 
Grass (G) 1 0.0365 
S*G 2 <.0001 
N source (N) 7 0.3585 
N*S 14 0.8243 
N*G 7 0.7491 
N*G*S 14 0.8516 

 
 
Table 3-33. The effect of turfgrasses on root length density in May 12, July 12, and 

October 12 in 2010. 

Turfgrasses 
Root Length Density 

(cm3 cm-3 soil) 
May 12 July 12 October 12 

St. Augustinegrass ‡4.93 7.14 3.49 
Zoysiagrass 4.53 9.69 3.13 

Contrast    
SA vs. ZO NS *** NS 

ANOVA DF p-value 
Grass 1 0.5665 <.0001 0.4798 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001; SA= St. Augustinegrass, ZO= 
Zoysiagrass. RSA= Root surface area, RV= Root volume, RLD= Root length density. 
®= Single degree contrasts performed at the alpha level 0.05. ‡= Means of 3 root cores 
per plot per grass, average over 3 sampling events.  
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Table 3-34. The effect of N sources and turfgrasses on root weight, root surface area, 
root volume, and root length density form 0 to 15 cm depth in May 12, July 
12, and October 12 in 2010. 

Treatments 
May12 July 12 October 12 

RW RSA RV RLD RW RSA RV RLD RW RSA RV RLD 

Control ‡6.56 1.49 0.22 7.58 5.74 1.24 0.22 8.45 3.76 0.65 0.11 4.99 

AN 7.27 1.51 0.33 8.13 6.53 1.46 0.35 8.03 2.05 0.82 0.17 5.03 
Urea 6.39 1.62 0.33 8.67 5.75 1.38 0.26 8.91 3.02 0.62 0.12 3.87 
SCU1 7.72 1.62 0.31 6.98 6.27 1.37 0.29 8.10 3.58 0.71 0.11 5.82 
SCU2 7.75 1.67 0.35 8.15 6.40 1.25 0.26 7.82 3.48 0.70 0.10 5.90 
PCU1 7.11 1.60 0.40 7.41 4.98 1.23 0.23 8.23 3.08 0.61 0.11 4.48 
PCU2 6.57 1.60 0.25 8.49 6.22 1.42 0.28 9.23 2.58 0.73 0.11 5.85 

Biosolid 6.55 1.54 0.20 7.88 7.17 1.43 0.29 8.55 3.33 0.85 0.17 5.55 
Contrasts®             
CT vs. ALL NS NS NS NS NS NS NS NS NS NS NS NS 

SS vs. SCUX NS NS NS NS NS NS NS NS NS NS NS NS 
SS vs. PCUX NS NS NS NS NS NS NS NS NS NS NS NS 

SS vs. BS NS NS NS NS NS NS NS NS NS NS NS NS 
SS vs. MIX NS NS NS NS NS NS NS NS NS NS NS NS 

SCUX vs. PCUX NS NS NS NS NS NS NS NS NS NS NS NS 
CRX vs. BS NS NS NS NS NS NS NS NS NS NS NS NS 
Turfgrasses             

SA 7.35 1.54 0.33 7.05 6.64 1.38 0.32 7.10 3.51 0.73 0.14 4.88 
ZO 6.63 1.63 0.27 8.53 5.62 1.32 0.22 9.72 2.71 0.69 0.11 5.49 

Contrast             
SA vs. ZO NS NS * *** NS NS ** *** NS NS NS NS 

ANOVA DF p-value 
N source (N) 7 0.8973 0.2423 0.8575 0.2297 0.7552 0.7043 0.3384 0.4457 0.5410 0.7728 0.3853 0.6339 

Grass (G) 1 0.1934 0.2765 0.0225 <.0001 0.1188 0.4630 0.0016 <.0001 0.0773 0.5185 0.0973 0.3523 
N*G 7 0.9442 0.1643 0.3425 0.2212 0.6928 0.6158 0.6885 0.4392 0.5506 0.2454 0.1259 0.7914 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
RW: Root weight (kg DM m-3 soil); RSA: Root surface area (cm2 cm-3 soil); RV: Root 
volume (cm3 cm-3 soil); RLD: Root length density (cm3 cm-3 soil). 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped. ®= Single degree contrasts performed at the 
alpha level 0.05. 
‡= Means of 3 root cores per plot per grass, average over 3 sampling events.  
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Table 3-35. The effect of N sources and turfgrasses on root weight, root surface area, 
root volume, and root length density form 15 to 30 cm depth in May 12, July 
12, and October 12 in 2010. 

Treatments 
May12 July 12 October 12 

RW RSA RV RLD RW RSA RV RLD RW RSA RV RLD 

Control 1.78 0.37 0.07 1.31 1.46 1.24 0.22 8.61 1.30 0.25 0.05 1.53 
AN 0.78 0.34 0.06 1.16 1.69 1.42 0.30 8.73 1.66 0.23 0.05 1.26 

Urea 2.19 0.47 0.16 1.95 1.55 1.38 0.26 8.73 1.22 0.27 0.06 1.62 
SCU1 1.65 0.38 0.08 1.22 1.77 1.37 0.29 8.11 2.20 0.30 0.07 1.71 
SCU2 1.74 0.49 0.15 1.03 3.23 1.25 0.26 7.82 1.25 0.28 0.06 1.53 
PCU1 1.54 0.38 0.07 1.29 1.28 1.28 0.28 7.53 0.66 0.18 0.03 1.32 
PCU2 1.27 0.39 0.09 1.37 1.12 1.42 0.28 9.23 1.28 0.22 0.05 1.30 

Biosolid 1.34 0.36 0.07 1.05 2.02 1.43 0.29 8.55 0.92 0.19 0.03 1.20 
Contrasts®             
CT vs. ALL NS NS NS NS NS NS NS NS NS NS NS NS 

SS vs. SCUX NS NS NS NS NS NS NS NS NS NS NS NS 
SS vs. PCUX NS NS NS NS NS NS NS NS NS NS NS NS 

SS vs. BS NS NS NS NS NS NS NS NS NS NS NS NS 
SS vs. MIX NS NS NS NS NS NS NS NS NS NS NS NS 

SCUX vs. PCUX NS NS NS NS NS NS NS NS NS NS NS NS 
CRX vs. BS NS NS NS NS NS NS NS NS NS NS NS NS 
Turfgrasses             

SA 3.16 0.62 0.19 2.82 3.02 1.37 0.31 7.17 2.20 0.40 0.09 2.10 
ZO 0.67 0.07 0.01 0.53 0.51 1.33 0.23 9.66 0.43 0.08 0.01 0.77 

Contrast             
SA vs. ZO *** *** *** *** *** NS * *** *** *** *** *** 

ANOVA DF p-value 
N source (N) 7 0.3378 0.3307 0.2764 0.1011 0.4165 0.8824 0.9180 0.2488 0.4264 0.6296 0.4768 0.8849 

Grass (G) 1 <.0001 <.0001 <.0001 <.0001 <.0001 0.6411 0.0121 <.0001 <.0001 <.0001 <.0001 <.0001 
N*G 7 0.0984 0.0525 0.0529 0.0567 0.3599 0.7493 0.8830 0.3022 0.4219 0.4674 0.4403 0.6154 

NS,*, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
RW: Root weight (kg DM m-3 soil); RSA: Root surface area (cm2 cm-3 soil); RV: Root 
volume (cm3 cm-3 soil); RLD: Root length density (cm3 cm-3 soil). 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped. ®= Single degree contrasts performed at the 
alpha level 0.05. 
‡= Means of 3 root cores per plot per grass, average over 3 sampling events.  
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Figure 3-1. Average rainfall (mm), maximum and minimum soil temperature (°C) per month in 2008. 
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Figure 3-2. Average rainfall (mm), maximum and minimum soil temperature (°C) per month in 2009. 
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Figure 3-3. Average rainfall (mm), maximum and minimum soil temperature (°C) per month in 2010. 
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Figure 3-4. Air temperature (°C) and solar radiation (w/m2) during 2008, 2009, and 2010.
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CHAPTER 4 
EFFECT OF NITROGEN SOURCE ON MULTISPECTRAL REFLECTANCE AND 

CHLOROPHYLL INDEX IN ST. AUGUSTINEGRASS AND ZOYSIAGRASS 

Turfgrass quality evaluations are used in turfgrass research as a standard for 

assessing response to treatments (Trenholm et al., 1999). Quality is influenced by many 

factors, including visual factors such as shoot density, texture, uniformity, color, growth 

and smoothness (Turgeon, 2005). Turfgrass quality has to be evaluated according to 

the function of the grass. The principal quality characteristics for a lawn grasses are 

high shoot density, uniformity, and color (Turgeon, 2005).  

The response of turfgrass quality and color to nitrogen (N) sources has been 

evaluated on a scale from 1 to 9, with 9 being highest quality and 1 being poorest. A 

rating of 5.5 or above is generally considered acceptable (National Turfgrass Evaluation 

Program, 2011). Quality evaluations in turfgrass are often correlated with non-subjective 

variables such as leaf tissue N concentration, yield, chlorophyll index or concentration, 

and multispectral reflectance (MSR) values and ratios. 

Multispectral reflectance has been used to assess plant light reflectance at various 

wavelengths of light energy. The percentage of light not reflected is either absorbed by 

the plant or transmitted downward to the soil surface. Because of the dense canopies 

formed by healthy turfgrass, the portion of the spectral energy attributable to 

transmittance is negligible. Leaf reflectance in the visible wavelength is correlated with 

the concentration of leaf pigments, particularly chlorophyll (Gitelson and Merzlyak, 

1994). Reflectance values and indices have been highly correlated with 

photosynthetically active radiation (PAR), leaf area index (LAI), and plant response to 

stress (Trenholm. et al, 1999). Wavelengths in the visible ranges (400-700 nm) can be 

absorbed by plant pigments and reflectance is very low due to absorption by chlorophyll 
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(Gitelson and Merzlyak, 1994). Some factors that can affect plant canopy reflectance 

include cell structure, water content, and pigment concentration of leaf tissue (Maas et 

al., 1989).  

Plants under stress situations typically show decreased reflectance in the near-

infrared (NIR) spectral region (760 -810 nm). There may also be an increase in 

reflectance in the red spectral region (647-760 nm) due to a decrease in chlorophyll 

content (Guyot, 1990). In the infrared region (IR) (760-2500 nm), energy is absorbed 

and produces vibrational frequencies and overtones which is detectable in the NIR 

region (Malley et al., 2000). These changes in the spectral reflectance may indicate 

changes in plant growth or physiological status (Carter and Miller, 1994). Indices 

developed from spectral data have been used to determine plant health status. 

Normalized difference vegetation index (NDVI) is defined as the NIR minus visible 

reflectance divided by NIR plus visible reflectance (R930 – R660) / (R930 + R660).It has 

been shown to be well correlated with PAR (Asrar et al., 1984). Leaf area index is 

defined as the reflectance in the NIR range divided in the red range (IR/R) (R930/R660), 

and has been associated with biomass (Daughtry et al., 1992). In turfgrass, this may be 

assessed as canopy density (Trenholm et al., 1999). 

Several researchers have been demonstrated the utility of multispectral 

reflectance. Trenholm et al. (1999) demonstrated that reflectance at 661 and 813 nm, 

as well as indices NVDI, IR/R (LAI), Stress 1, and Stress 2 were highly correlated with 

visual turf quality, shoot density, and shoot tissue injury in seashore paspalum 

(Paspalum vaginatum Swartz) and hybrid bermudagrass (Cynodon dactylon L. x C. 

transvaalensisBurtt-Davy).Water stress in common bermudagrass (Cynodon dactylon 



 

97 

L.) was shown to have lower NDVI (Sonmez et al., 2008). Plots under reduced water 

stress had higher NDVI values (Sonemz et al., 2008).  

Indices such as Stress 2 (computed as R706/R813) had a strong negative 

association with color and quality in seashore paspalum and hybrid bermudagrass 

(Trenholm et al., 1999). There was a limited association between Stress1 (computed as 

R706/R760) and color and quality). Kruse et al. (2006) reported that regressing NDVI, 

Stress 1, and Stress 2 against N concentrations yielded better results when there were 

distinct differences in N concentration between N rates in creeping bentgrass (Agrostis 

stolonifera L.). The authors concluded that NDVI might be better suited for determining 

the relative N status of turfgrass plants when compared to a well-fertilized control. 

Measurements of chlorophyll index (CI) may also be used to predict plant 

physiological responses. Chlorophyll concentration may be considered a measure of 

plant vitality or as an indirect measure of turf color (Pocklington et al., 1974). 

Blackmer et al. (1994) reported that reflectance at 550 nm provide a stronger 

relationship with both leaf N concentration and chlorophyll meter readings than 

chlorophyll meter and leaf N concentration in corn (Zea mays L.). 

The Field Scout CM1000Chlorophyll Meter (Spectrum Technology, Plainfield, IL) 

uses ambient and reflected light at 700nm and 840 nm to calculate a relative CI. It 

senses light at wavelengths of 700 and 840 nm to estimate the quantity of chlorophyll in 

leaves. The ambient and reflected light at each wavelength is measured. Chlorophyll a 

absorbs light at 700 nm and, as a result, the reflection of that wavelength from the leaf 

is reduced, compared to the light reflected at 840 nm. Wavelengths of 840 nm are 

unaffected by leaf chlorophyll content and serve as an indication of how much light is 
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reflected due to leaf physical characteristics such as the presence of a waxy or hairy 

leaf surface. (www.specmeters.com).This instrument has been used by multiple 

researchers in warm season turfgrass. Sharma (2009) observed that the CI increased 

as N rate increased in St. Augustinegrass in a glasshouse study. The CI was highest 

when the turf received 98 kg N ha-1 in comparison with 24 and 73 kg N ha-1. Rodriguez 

and Miller (2000) described the relationship of CI with chlorophyll content (g kg-1 fresh 

tissue) (r2=0.79) and visual quality, and total Kjeldahl N (TKN) (r2=0.71) in a glasshouse 

experiment on Floratam St. Augustinegrass. Correlations were lower in a field study 

conducted on Floralawn (r2=0.53), Floratam (r2=0.63) and Floratine (r2=0.32). The 

researchers reported low correlations for CI and TKN as well, with values of r2= 0.32, 

0.54, and r2= 0.12 from Floralawn, Floratam, and Floratine St. Augustinegrass, 

respectively. 

While there is a growing pool of research evaluating the effects of instruments 

such as those discussed on turfgrass research, there are additional potential uses for 

this field of research. Therefore, the objectives of this study were as follows: 

 To evaluate the effect of N source on multispectral reflectance ratios NDVI, LAI, 
Stress1, and Stress 2 in St. Augustinegrass and zoysiagrass. 

 To evaluate the effect of N source on CI in St. Augustinegrass and zoysiagrass. 

 To determine a relationship between qualitative measurements (visual quality and 
color) with quantitative measurements such as growth rate and N concentration in 
St. Augustinegrass and zoysiagrass. 

 To determine the utility of MSR measurements for correlating qualitative and 
quantitative measurements.  

We formulated the following hypothesis to test: 

 Indices NDVI and LAI will increase with soluble and sulfur coated N sources, and 
Stress 1 and Stress 2 will decrease values with soluble and sulfur coated sources. 

http://www.specmeters.com/


 

99 

 Higher CI values will be achieved with soluble and sulfur coated N sources. 

Materials and Methods 

Location and Experimental Site 

The research was conducted at the G.C. Horn Turfgrass Research Facility at the 

Plant Science Research and Education Unit, Citra, FL. from July 2008 through 

November 2010. Turfgrasses evaluated were „Floratam‟ St. Augustinegrass and Empire 

zoysiagrass, both of which were established as sod in 2005. The soil type was Tavares 

sand (Hyperthermic Uncoated Typic Quartzipsamments), with a pH of 6.8 and organic 

matter content of 1.3 %. Experimental plots measured 4.0 m x 4.0 m.  

Treatments 

Treatments are listed in Table 1. Six of the 8 N treatments were applied at a rate 

of 49.0kg N ha-1 in 4 equally split applications throughout the growing season. One of 

the treatments was applied at a rate of 98.0 kg ha-1 twice a year. In 2008, treatments 

were applied on 24 July and 24September. In 2009, treatments were applied on17April, 

17June, 17Augustand 17 October. In 2010, treatments were applied on 21April,21 June, 

20July and 19 October. Granular N was applied by hand in two directions to each plot to 

assure uniform plot coverage. Irrigation was applied at a rate of 6.4 mm immediately 

after every treatment application. 

Response Variables 

All turfgrass visual evaluations were made on a biweekly basis. In 2008, 

evaluations were conducted from 29 July through 17 October. In 2009, evaluations were 

conducted from 6 March through 26 November and in 2010 evaluations were conducted 

from 3 March through 13 November. Turfgrass quality ratings were measured on a 

scale from 1-9, where 1= dead, brown turf and 9= optimal, green turf. Acceptable 
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turfgrass quality was considered 5.5 Color ratings were measured with the same scale, 

with 1 representing completely chlorotic turf and 9 representing a deep green color. 

Acceptable turfgrass color was 5.5. A chlorophyll meter (CM-1000) (Spectrum 

Technologies, Inc., Plainfield, IL) was used to determine a measure of CI as determined 

by a ratio of reflectance. Measurements were taken holding the meter approximately 1.5 

m from the turf canopy. This yielded a circular area of evaluation of approximately 180 

cm2 per measurement. All measurements were taken in full sun between 1100and 1300 

h with the meter facing away from the sun. Multispectral reflectance readings (MSR) 

were measured once a month during the experiment with a Cropscan model MSR 16 

radiometer (CROPSCAN, Inc., Rochester, MN). The radiometer was held at 2 m and 

measured an area of approximately 1 m2. Reflectance was measured at wavelengths of 

450, 550, 660, 694, 710, 760, 835, and 930 nm. In addition, the following growth and 

stress indices were evaluated: NDVI (normalized difference vegetation index) growth 

index computed as (R930 – R660) / (R930 + R660). Best= 1.0. 

 IR/R (leaf area index) growth index computed as R930/R660. Best= highest value. 

 Stress1 index computed as R710/R760. Best= lowest value. 

 Stress 2 index computed as R710/R810. Best= lowest value. 

Data Presented and Statistical Analysis 

Data are presented by Fertilizer Cycle (FC), which is defined as the period of 

approximately 60 days between each fertilizer application and as annual averages or 

totals. In 2008, there were two FCs, since the research began in July for that year. 

There were 4 FCs in both 2009 and 2010. Nitrogen sources were grouped with same 

release characteristics for analysis. Groupings were: SCUMIX (SCU1 and SCU2), 

PCUMIX (PCU1 and PCU2). 
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The experimental design was a split plot design with four replications, with 

turfgrass species as whole plots and N treatments as sub plots. Data were analyzed 

with the mixed model procedure (Proc MIXED) of the SAS analytical program(SAS 

Institute Inc., 2009). Repeated measures were used to obtain results for NDVI, LAI, 

Stress 1 and Stress 2. Analysis of Variance (ANOVA) determined differences at the 

0.05 significance level. The sources of variation were N source, grass and year, and 

their interactions. Correlation coefficients were calculated using PROC CORR in SAS. 

Results and Discussion 

Chlorophyll Index 

Chlorophyll index varied due to interactions of grass and year, N source and year, 

and N source and grass (Table 4-1). In 2009, zoysiagrass CI was 266, higher than St. 

Augustinegrass index of 251 .The concentration of chlorophyll represented by the CI is 

related to growth rate and N concentration. Zoysiagrass had greater growth rate and N 

concentration in 2009 than St. Augustinegrass as previously discussed in Chapter 3. 

Higher TKN results in higher CI, which is related to the increased chlorophyll. 

Chlorophyll index varied due to N source in each of the three years (Table 4-3). 

The control plots had lower CI than treated plots in each year. In 2008, higher CI was 

obtained from soluble sources (AN and urea) and sulfur coated sources, with values of 

295, 280 and an average of 273 for SCU, respectively. Lower CI values were obtained 

from polymer coated sources and Biosolid (average of 223 and 225, respectively). 

There were differences between soluble sources vs. PCUMIX and Biosolid and MIX. 

SCUMIX had higher CI than PCUMIX. No differences were obtained from the 

comparison between SCUMIX and PCUMIX vs. Biosolid.  
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In 2009, CI was again higher from soluble than from Biosolid. There were also 

differences from SCUMIX vs. PCUMIX and the combination of them vs. Biosolid. In 

2010, the only difference between treated plots was from the combination of SCUMIX 

and PCUMIX vs. Biosolid.  

These results can be attributed to the faster N release, which increased N 

concentration in leaves and produced higher CI values initially.  

Results were analyzed by FC for each year (Table 4-4). In 2008, significant effects 

were due to N source only. In FC1, AN and Urea produced higher CI values (335.7 

and320.0, respectively) than PCUMIX or BS, with no difference compared to SCU. 

Results were similar in FC2, except that there were no differences between SCUMIX 

and PCUMIX. Again these results are related to the timing of N release between the 

various products. In 2009, all FCs differed due to N source and in FC2, 3 and 4, there 

were also differences due to grass (Table 4-4). Results of N sources were very similar 

to 2008, with highest values from soluble sources. In FC1 and 2, soluble sources had 

significantly higher values than PCUMIX, BS, and MIX. Sulfur coated urea sources also 

had higher values than PCUMIX in FC 1. Polymer coated urea had an intermediate and 

long term N release as indicated by the CI increase over time, similar to the response of 

SCUMIX. Biosolid had lower values than the controlled release sources. In FC3, the 

combination of PCUMIX and SCUMIX was significantly higher than BS. In FC4, there 

were no differences between any plots receiving treatments, but all treated plots were 

higher than untreated. The faster response from soluble sources and slow to 

intermediate response from PCUMIX and BS produced differences in CI, which may 

indicate that more fertilization applications are needed to produce CI values comparable 



 

103 

to soluble sources. Rodriguez and Miller (2000) found a strong relationship between 

visual quality, which includes color, and CI, with an r2 of 0.79 in St. Augustinegrass. 

Where differences occurred due to grass in 2009, higher values were obtained in 

zoysiagrass. 

In 2010, significant N source effects were observed during the 4 FCs, and effects 

due to grass were observed only in FC1 and 2. Zoysiagrass values were higher than St. 

Augustinegrass in FC1 and 2. 

In all FCs, control plots had lower values than any treated plots. In FC1 and 4, 

there were no differences between any treated plots. In FC2, SCUMIX and PCUMIX 

were higher than BS and in FC3, soluble sources had higher values than BS. 

Multispectral Reflectance 

The ANOVA indicated that there were interactions of N source and grass at 

wavelengths 550, 660, 694 and for indices Stress 1, Stress 2 and LAI (Table 4-5). There 

was an interaction of grass and year at wavelengths 550 and 994 and for the LAI ratio. 

Leaf area index of zoysiagrass was higher than St. Augustinegrass in 2008 (7.9 

and 7.4 respectively) and in 2009 (10.8 and 10.3) (Table 4-6). That indicates that higher 

density was produced by zoysiagrass, similar to growth rate responses of zoysiagrass. 

It is possible that higher density allowed more light absorption, thus producing an 

increase in biomass. Trenholm et al. (1999) demonstrated that LAI was highly 

correlated with shoot density. The interaction of N source and year in LAI showed no 

significant differences in any of the years between N sources (Table 4-7). 

Normalized vegetation index (NDVI) was analyzed by FC (Table 4-8). In 2008 

there was a difference between grasses in FC1, with higher values in zoysiagrass. In 

2009, there were differences due to grass in FC3 and 4, with higher values again in 
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zoysiagrass. In 2010, significant effects were obtained by grass in FC1, with higher 

values in zoysiagrass. In FC4, differences occurred due to main effects of N and grass. 

Again, zoysiagrass had higher NDVI than St. Augustinegrass (0.71 and 0.69 

respectively). All treated plots were significantly higher than the untreated plots and 

soluble sources had higher NDVI than BS in FC4 (0.73 and 0.67 respectively). The 

NDVI ratio is associated with turfgrass quality and N status (Kruse et al.,2006). These 

higher NDVI values are similar to those found for zoysiagrass quality, color, growth and 

TKN compared to St. Augustinegrass in this research. 

Stress 1 values did not differ due to treatment effects until FC3 and 4 of 2009, 

where zoysiagrass again had better values than St. Augustinegrass (Table 4-9). In 

2010, there were differences due to main effects of grass in FC1 and grass and N in 

FC4. Zoysiagrass again had better values where differences due to grass occurred. In 

FC4, stress levels were higher in untreated vs. treated plots and BS showed a 

significantly higher ratio than soluble sources (0.40 and 0.33) and the combination of 

SCUMIX and PCUMIX (0.40 and 0.35, respectively). 

The Stress 2 ratio had similar responses to the Stress 1 ratio (Table 4-10). There 

were no differences due to treatments in 2008. In 2009, differences due to grass were 

seen in FC2, 3 and 4, with best responses in zoysiagrass. In 2010, there were 

responses to main effects of N and grass in FC4. As previously seen, best values were 

seen in zoysiagrass. Treated plots had better values than untreated. Soluble N and the 

combination of SCUMIX and PCUMIX had better scores than BS. The Stress ratios 1 

and 2 have been shown to have a strong negative correlation with visual turf quality and 

shoot density in turfgrass (Trenholm et al., 1999). Our results indicate that stress 1 and 
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2 ratios in zoysiagrass consistently had higher values for growth indices and lower 

values for stress indices than St. Augustinegrass. The higher visual quality, color, and 

CI values produced by zoysiagrass were higher than St. Augustinegrass, which resulted 

in lower stress indices. Biosolids consistently had lower values than the other N 

sources, indicating the importance of available N in maintaining a growing, dense stand 

of grass that is less susceptible to moderate stresses. 

Leaf area index differed between grasses in FC1 in 2008 (Table 4-11). As seen 

previously, higher values were in zoysiagrass (8.5 compared to 7.7 for St. 

Augustinegrass). In 2009, there were differences due to grass in FC3 and 4, with higher 

values in zoysiagrass (6.6 vs. 5.7 for FC3 and 7.1 and 6.4 in FC4). In 2010, differences 

were obtained in FC1 due to grass and in FC4 due to main effects of N source and 

grass. In both FCs, zoysiagrass obtained higher LAI than St. Augustinegrass. Treated 

plots had better values than untreated plots and soluble N plots had higher values than 

BS. Leaf area index has been associated with biomass (Daughtry et al., 1992) and is 

related to the higher density and growth rate seen in zoysiagrass. Trenholm et al. 

(1999) demonstrated that LAI was highly correlated with shoot density, so these results 

are not unexpected. 

Correlation 

Visual quality and color had some association with CI (r= 0.54, 0.61) (Table 4-12, 

Figure 4-1a and b) when averaged over time. Leaf area index and NVDI also had 

associations with CI (r= 0.54, 0.51) (Figure 4-2). Other variables were not highly 

correlated. Growth rate had a strong correlation with nitrogen uptake (NU) (r=0.94) 

(Table 4-13, Figure 4-3), but not with TKN (r=0.15).Rodriguez and Miller (2000) reported 

an r2= 0.79 in a regression between TKN concentration and CI in St Augustinegrass. 
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Analyzed by turfgrass, St Augustinegrass quality and color had positive 

correlations with CI (r = 0.62 and 0.69, respectively) (Table 4.14, Figure 4-4a, 4-5a). 

Visual quality and color likewise were associated positively with NDVI and LAI (r=0.51, 

0.52, respectively) (Table 4-17, Figure 4-7a). Similarly, Sharma (2009) found a strong 

correlation of color and quality with NDVI in St. Augustinegrass in a greenhouse study. 

We expected increased LAI would be associated with higher CI due to the increase in 

density and biomass. The observed correlation between CI and LAI was r= 0.64 in St. 

Augustinegrass. Chlorophyll index had some association with NDVI (r= 0.59). Our 

results agree with Kruse et al. (2006), who with reported regression form NDVI, Stress 

1, and Stress 2 against different N concentrations who obtained an r2= 0.63, 0.63 and 

0.68, respectively. Our results showed a poor relationship with the stress indices and 

NDVI. Growth rate was strongly correlated with NU (Figure 4-7b).  

Correlations were not as strong in zoysiagrass. There was a slight relationship 

between visual quality and growth rate and NU and with color and CI (r=0.53) (Table 4-

16, Figure 4-8 a and b, Figure 4-9a). As seen in St. Augustinegrass, growth rate was 

highly correlated with NU (r=0.94) (figure 4-9b). 

Results of the quantitative measurements support the visual and growth data. 

There were strong associations with growth and visual ratings and the measurements 

taken here. There were fewer responses to the stress indices.  
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Table 4-1 ANOVA table for chlorophyll index. 

ANOVA DF 
Chlorophyll Index  

p-value 

Year (Y) 2 <.0001 
Grass (G) 1 0.1021 
G*Y 2 0.0031 
N source (N) 7 <.0001 
N*Y 14 <.0001 
N*G 7 0.0032 
N*Y*G 14 0.3713 

 
 
Table 4-2 The effect of turfgrasses on chlorophyll index in 2008, 2009, and 2010. 

Turfgrasses 
2008 2009 2010 

Chlorophyll Index  

St. Augustinegrass 252 251 237 
Zoysiagrass 244 266 243 

Contrast  
SA vs. ZO NS ** NS 

ANOVA DF p-value 
Grass 1 0.0601 0.0030 0.0854 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001Treatment code: SA= St. 
Augustinegrass, ZO= Zoysiagrass. ®=Single degree contrasts performed at the alpha 
level 0.05. 
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Table 4-3. The effect of N sources on chlorophyll index in 2008, 2009, and 2010. 

Treatment 
2008 2009 2010 

Chlorophyll index 

Control 195 158 157 
AN 295 277 253 

Urea 281 283 260 
SCU1 280 285 248 
SCU2 266 283 265 
PCU1 225 275 255 
PCU2 221 254 252 

Biosolid 225 255 234 
Contrasts®    

Control vs. Others *** *** *** 
Soluble vs. SCUMIX NS NS NS 
Soluble vs. PCUMIX *** NS NS 

Soluble vs. BS *** * NS 
Soluble vs. MIX *** NS NS 

SCUMIX vs. PCUMIX *** * NS 
SCUMIX & PCUMIX vs. BS NS * * 

ANOVA DF p-value 
N source 7 <.0001 <.0001 <.0001 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001Treatment code: Others= urea, 
ammonium nitrate, sulfur coated urea 1, sulfur coated urea 2, polymer coated urea 1, 
polymer coated urea 2, Biosolid; SCU1= sulfur coated urea 1; SCU2= sulfur coated 
urea 2; PCU1= polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg 
ha-2 every 120-d cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; 
PCUMIX= polymer coated urea 1 and polymer coated urea 2 grouped; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. 
®=Single degree contrasts performed at the alpha level 0.05. 
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Table 4-4. The effect of turfgrasses and N sources on chlorophyll by fertilizer cycle in 
2008, 2009, and 2010. 

Treatment 

Chlorophyll Index 

2008 2009 2010 

¶FC1 FC2 FC1 FC2 FC3 FC4 FC1 FC2 FC3 FC4 

CI 

Control 218 172 136 161 171 181 144 171 165 136 

AN 336 255 240 314 283 286 215 252 285 265 

Urea 320 242 236 326 293 300 238 279 277 235 

SCU1 213 248 231 334 296 302 222 270 263 227 

SCU2 286 245 219 329 303 317 247 288 271 240 

PCU1 233 217 196 295 337 284 230 271 268 247 

PCU2 207 235 182 265 308 287 215 274 270 247 

Biosolid 248 202 203 283 279 281 216 253 244 231 

Contrasts®           

Control vs. Others *** *** *** *** *** *** *** *** *** *** 

Soluble vs. SCUMIX NS NS NS NS NS NS NS NS NS NS 

Soluble vs. PCUMIX *** * *** *** ** NS NS NS NS NS 

Soluble vs. BS *** ** * ** NS NS NS NS * NS 

Soluble vs. MIX *** * ** * NS NS NS NS NS NS 

SCUMIX vs. PCUMIX *** NS ** *** NS NS NS NS NS NS 

SCUMIX & PCUMIX vs. BS NS ** NS * * NS NS * NS NS 

Turfgrasses  

St. Augustinegrass 275 231 206 272 277 265 205 250 260 229 

Zoysiagrass 266 223 204 305 291 294 226 265 251 223 

Contrast®  

SA vs. ZO NS NS NS *** * * ** * NS NS 

ANOVA DF p-value 

N source (N) 7 <.0001 0.0002 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0022 

Grass (G) 1 0.1197 0.1036 0.8943 <.0001 0.0171 0.0286 0.0020 0.0469 0.1699 0.3883 

N*G 7 0.1381 0.3982 0.3342 0.2463 0.1155 0.2652 0.5220 0.6283 0.0731 0.2402 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. ®= 
Single degree contrasts performed at the alpha level 0.05. 
¶=Means of 4 evaluations events, average over each 60-d cycle.  
FC: Fertilizer cycle, FC1: April-June, FC2: June-August, FC3: August-October, and 
FC4: October-December, *FC1 2008 correspond to August-October, *FC2 2008 
correspond to October-December. 
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Table 4-5. ANOVA table for 450, 550, 660, 694, 710 wavelengths, and NDVI, LAI, 
stress 1, stress 2 ratios.  

ANOVA DF 
550 660 694 NDVI 

Stress 
1 

Stress 
2 

LAI 

p-value 

Year (Y) 2 0.0131 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 
Grass (G) 1 0.6417 0.4951 0.0945 0.4858 0.0530 0.0004 0.2563 
G*Y 2 0.0021 0.0813 0.0307 0.3863 0.0710 0.0693 <.0001 
N source (N) 7 <.0001 <.0001 <.0001 <.0001 0.9867 0.9829 <.0001 
N*Y 14 0.3071 0.2305 0.1996 0.5284 0.3634 0.3085 0.0008 
N*G 7 0.0002 0.0003 0.0002 0.1103 0.0473 0.0355 0.0001 
N*Y*G 14 0.3235 0.8794 0.8215 0.9966 0.9744 0.9685 0.5406 

NDVI= Normalized difference vegetation index, LAI= Leaf area index. 
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Table 4-6. The effect of turfgrasses on 550, 694 wavelengths and leaf area index ratio 
in 2008, 2009, and 2010. 

Turfgrasses 
2008 2009 2010 

550 
wv 

694 
wv 

LAI 
550 
wv 

694 
wv 

LAI 
550 
wv 

694 
wv 

LAI 

St. Augustinegrass 10.6 9.0 7.4 10.8 10.3 5.8 10.8 10.1 5.9 
Zoysiagrass 10.5 9.0 7.9 11.0 10.8 5.5 10.8 10.2 5.9 

Contrast  
SA vs. ZO NS NS ** NS * NS NS NS  

ANOVA DF p-value 
Grass 1 0.5666 0.9057 0.0011 0.1035 0.0322 0.0869 0.9446 0.6631 0.7313 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001Treatment code: SA= St. 
Augustinegrass, ZO= Zoysiagrass. LAI= Leaf area index. ®=Single degree contrasts 
performed at the alpha level 0.05.  
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Table 4-7. The effect of N sources on leaf area index in 2008, 2009, and 2010. 

Treatment 
2008 2009 2010 

LAI 

Control 5.9 4.6 4.8 
AN 8.8 5.9 6.3 

Urea 8.8 6.0 6.3 
SCU1 8.7 5.6 5.9 
SCU2 7.6 6.0 6.2 
PCU1 7.2 5.9 6.0 
PCU2 7.3 5.9 6.0 

Biosolid 7.0 5.5 5.7 
Contrasts®    

Control vs. Others NS NS NS 
Soluble vs. SCUMIX NS NS NS 
Soluble vs. PCUMIX NS NS NS 

Soluble vs. BS NS NS NS 
Soluble vs. MIX NS NS NS 

SCUMIX vs. PCUMIX NS NS NS 
SCUMIX & PCUMIX vs. BS NS NS NS 

ANOVA DF p-value 
N source 7 0.8074 0.9963 0.9804 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001Treatment code: Others= urea, 
ammonium nitrate, sulfur coated urea 1, sulfur coated urea 2, polymer coated urea 1, 
polymer coated urea 2, Biosolid; SCU1= sulfur coated urea 1; SCU2= sulfur coated 
urea 2; PCU1= polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg 
ha-2 every 120-d cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; 
PCUMIX= polymer coated urea 1 and polymer coated urea 2 grouped; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. 
LAI= Leaf area index. ®=Single degree contrasts performed at the alpha level 0.05.  
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Table 4-8. The effect of turfgrasses and N sources on normalized vegetation index by 
fertilizer cycle in 2008, 2009, and 2010. 

Treatment 

Normalized Vegetation Index 

2008 2009 2010 

¶FC1 FC2 FC1 FC2 FC3 FC4 FC1 FC2 FC3 FC4 

NDVI 

Control 0.72 0.67 0.50 0.65 0.65 0.64 0.57 0.66 0.67 0.57 

AN 0.79 0.76 0.53 0.73 0.71 0.75 0.67 0.72 0.71 0.74 

Urea 0.79 0.75 0.54 0.73 0.72 0.75 0.70 0.71 0.71 0.73 

SCU1 0.79 0.74 0.50 0.73 0.70 0.73 0.66 0.71 0.69 0.72 

SCU2 0.76 0.72 0.57 0.73 0.72 0.72 0.71 0.72 0.68 0.72 

PCU1 0.75 0.71 0.51 0.72 0.73 0.73 0.66 0.71 0.70 0.71 

PCU2 0.75 0.72 0.49 0.73 0.72 0.74 0.67 0.71 0.69 0.73 

Biosolid 0.75 0.69 0.50 0.72 0.69 0.71 0.66 0.70 0.70 0.67 

Contrasts®           

Control vs. Others NS NS NS NS NS NS NS NS NS *** 

Soluble vs. SCUMIX NS NS NS NS NS NS NS NS NS NS 

Soluble vs. PCUMIX NS NS NS NS NS NS NS NS NS NS 

Soluble vs. BS NS NS NS NS NS NS NS NS NS * 

Soluble vs. MIX NS NS NS NS NS NS NS NS NS NS 

SCUMIX vs. PCUMIX NS NS NS NS NS NS NS NS NS NS 

SCUMIX & PCUMIX vs. BS NS NS NS NS NS NS NS NS NS NS 

Turfgrasses  

St. Augustinegrass 0.75 0.73 0.50 0.72 0.69 0.71 0.64 0.71 0.70 0.69 

Zoysiagrass 0.78 0.72 0.53 0.72 0.72 0.73 0.68 0.71 0.69 0.71 

Contrast®  

SA vs. ZO *** NS NS NS *** * *** NS NS ** 

ANOVA DF p-value 

N source (N) 7 0.6073 0.9579 0.9991 0.6233 0.9023 0.5598 0.6299 0.9225 0.9992 0.0008 

Grass (G) 1 <.0001 0.5248 0.2428 0.6565 0.0008 0.0105 0.0004 0.9205 0.3954 0.0021 

N*G 7 0.2118 0.4736 0.8927 0.6456 0.4260 0.4081 0.5705 0.4049 0.7595 0.1193 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. 
NDVI= Normalized vegetation index. ®= Single degree contrasts performed at the alpha 
level 0.05. 
¶=Means of 4 evaluations events, average over each 60-d cycle.  
FC: Fertilizer cycle, FC1: April-June, FC2: June-August, FC3: August-October, and 
FC4: October-December, *FC1 2008 correspond to August-October, *FC2 2008 
correspond to October-December. 
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Table 4-9. The effect of turfgrasses and N sources on stress 1 index by fertilizer cycle in 
2008, 2009, and 2010. 

Treatment 

Stress 1 

2008 2009 2010 

¶FC1 FC2 FC1 FC2 FC3 FC4 FC1 FC2 FC3 FC4 

Stress 1 

Control 0.42 0.43 0.59 0.44 0.46 0.43 0.53 0.44 0.42 0.49 

AN 0.33 0.32 0.56 0.38 0.41 0.33 0.43 0.39 0.38 0.33 

Urea 0.33 0.33 0.56 0.38 0.40 0.33 0.41 0.39 0.39 0.34 

SCU1 0.32 0.34 0.58 0.38 0.42 0.35 0.44 0.40 0.41 0.35 

SCU2 0.37 0.36 0.51 0.37 0.40 0.36 0.39 0.39 0.42 0.35 

PCU1 0.38 0.38 0.59 0.38 0.39 0.34 0.45 0.40 0.40 0.35 

PCU2 0.39 0.36 0.60 0.37 0.39 0.33 0.43 0.39 0.40 0.35 

Biosolid 0.38 0.39 0.58 0.39 0.41 0.37 0.44 0.40 0.40 0.40 

Contrasts®           

Control vs. Others NS NS NS NS NS NS NS NS NS *** 

Soluble vs. SCUMIX NS NS NS NS NS NS NS NS NS NS 

Soluble vs. PCUMIX NS NS NS NS NS NS NS NS NS NS 

Soluble vs. BS NS NS NS NS NS NS NS NS NS ** 

Soluble vs. MIX NS NS NS NS NS  NS NS NS NS NS 

SCUMIX vs. PCUMIX NS NS NS NS NS NS NS NS NS NS 

SCUMIX & PCUMIX vs. BS NS NS NS NS NS NS NS NS NS * 

Turfgrasses  

St. Augustinegrass 0.37 0.36 0.58 0.38 0.43 0.38 0.45 0.40 0.39 0.35 

Zoysiagrass 0.36 0.37 0.56 0.39 0.39 0.33 0.43 0.40 0.41 0.39 

Contrast®  

SA vs. ZO NS NS NS NS *** *** * NS NS *** 

ANOVA DF p-value 

N source (N) 7 0.4561 0.8707 0.9982 0.6607 0.9184 0.4339 0.5583 0.9565 0.9998 <.0001 

Grass (G) 1 0.5089 0.3488 0.4124 0.2213 0.0002 <.0001 0.0305 0.4129 0.2098 <.0001 

N*G 7 0.1163 0.2048 0.9441 0.7123 0.3563 0.1274 0.7587 0.5408 0.9599 0.1146 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped.  
®= Single degree contrasts performed at the alpha level 0.05. 
¶=Means of 4 evaluations events, average over each 60-d cycle.  
FC: Fertilizer cycle, FC1: April-June, FC2: June-August, FC3: August-October, and 
FC4: October-December, *FC1 2008 correspond to August-October, *FC2 2008 
correspond to October-December. 
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Table 4-10. The effect of turfgrasses and N sources on stress 2 index by fertilizer cycle 
in 2008, 2009, and 2010. 

Treatment 

Stress 2 

2008 2009 2010 

¶FC1 FC2 FC1 FC2 FC3 FC4 FC1 FC2 FC3 FC4 

Stress 2 

Control 0.39 0.40 0.56 0.43 0.44 0.41 0.51 0.42 0.40 0.47 

AN 0.31 0.30 0.52 0.36 0.39 0.31 0.40 0.38 0.37 0.31 

Urea 0.30 0.31 0.52 0.36 0.38 0.31 0.39 0.38 0.37 0.32 

SCU1 0.30 0.31 0.55 0.36 0.40 0.34 0.41 0.38 0.39 0.33 

SCU2 0.34 0.33 0.48 0.35 0.38 0.34 0.37 0.37 0.40 0.33 

PCU1 0.35 0.35 0.56 0.36 0.37 0.33 0.42 0.38 0.38 0.34 

PCU2 0.36 0.33 0.57 0.36 0.37 0.32 0.41 0.37 0.38 0.32 

Biosolid 0.35 0.36 0.55 0.37 0.39 0.34 0.42 0.38 0.38 0.38 

Contrasts®           

Control vs. Others NS NS NS NS NS NS NS NS NS *** 

Soluble vs. SCUMIX NS NS NS NS NS NS NS NS NS NS 

Soluble vs. PCUMIX NS NS NS NS NS NS NS NS NS NS 

Soluble vs. BS NS NS NS NS NS NS NS NS NS ** 

Soluble vs. MIX NS NS NS NS NS NS NS NS NS NS 

SCUMIX vs. PCUMIX NS NS NS NS NS NS NS NS NS NS 

SCUMIX & PCUMIX vs. BS NS NS NS NS NS NS NS NS NS * 

Turfgrasses  

St. Augustinegrass 0.34 0.33 0.54 0.38 0.41 0.36 0.42 0.38 0.37 0.38 

Zoysiagrass 0.34 0.34 0.53 0.36 0.37 0.31 0.41 0.38 0.39 0.32 

Contrast®  

SA vs. ZO NS NS NS * *** *** NS NS NS *** 

ANOVA DF p-value 

N source (N) 7 0.5035 0.8362 0.9984 0.6290 0.8886 0.4741 0.4345 0.9400 0.9997 <.0001 

Grass (G) 1 0.5319 0.1089 0.5978 0.0324 <.0001 <.0001 0.0834 0.1386 0.1067 <.0001 

N*G 7 0.1110 0.1890 0.9659 0.7396 0.3783 0.1264 0.7858 0.5614 0.9068 0.1199 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped.  
®= Single degree contrasts performed at the alpha level 0.05. 
¶=Means of 4 evaluations events, average over each 60-d cycle.  
FC: Fertilizer cycle, FC1: April-June, FC2: June-August, FC3: August-October, and 
FC4: October-December, *FC1 2008 correspond to August-October, *FC2 2008 
correspond to October-December. 
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Table 4-11. The effect of turfgrasses and N sources on leaf area index by fertilizer cycle 
in 2008, 2009, and 2010. 

Treatment 

Leaf Area Index 

2008 2009 2010 

¶FC1 FC2 FC1 FC2 FC3 FC4 FC1 FC2 FC3 FC4 

LAI 

Control 6.4 5.2 3.2 5.0 4.9 5.3 3.9 5.1 5.6 3.7 

AN 9.1 8.2 3.7 6.6 6.0 7.4 5.5 6.4 6.5 6.9 

Urea 9.3 8.1 3.8 6.5 6.4 7.5 5.9 6.2 6.5 6.9 

SCU1 9.2 7.8 3.4 6.5 5.9 6.6 5.2 6.2 5.7 6.4 

SCU2 8.0 7.0 4.3 6.7 6.5 6.6 6.3 6.3 5.7 6.5 

PCU1 7.5 6.6 3.4 6.5 6.8 6.9 5.2 6.1 6.1 6.3 

PCU2 7.5 6.9 3.1 6.7 6.6 7.1 5.5 6.2 6.0 6.7 

Biosolid 7.5 6.1 3.4 6.3 5.8 6.4 5.3 5.9 6.1 5.2 

Contrasts®           

Control vs. Others NS NS NS NS NS NS NS NS NS *** 

Soluble vs. SCUMIX NS NS NS NS NS NS NS NS NS NS 

Soluble vs. PCUMIX NS NS NS NS NS NS NS NS NS NS 

Soluble vs. BS NS NS NS NS NS NS NS NS NS * 

Soluble vs. MIX NS NS NS NS NS NS NS NS NS NS 

SCUMIX vs. PCUMIX NS NS NS NS NS NS NS NS NS NS 

SCUMIX & PCUMIX vs. BS NS NS NS NS NS NS NS NS NS NS 

Turfgrasses  

St. Augustinegrass 7.7 6.9 3.4 6.3 5.7 6.4 4.8 6.0 6.2 5.7 

Zoysiagrass 8.5 7.0 3.7 6.4 6.6 7.1 5.8 6.1 5.8 6.4 

Contrast®  

SA vs. ZO *** NS NS NS *** * *** NS NS *** 

ANOVA DF p-value 

N source (N) 7 0.6532 0.8590 0.9944 0.8441 0.9171 0.9133 0.8130 0.9718 0.9998 0.0070 

Grass (G) 1 <.0001 0.7063 0.2014 0.6052 0.0003 0.0102 <.0001 0.8652 0.2707 0.0006 

N*G 7 0.2376 0.4083 0.9190 0.5808 0.5360 0.2131 0.9700 0.4377 0.6231 0.1186 

NS, *, **, ***, = P>0.05, P<0.05, P<0.01, P<0.001 
Treatment code: SCU1= sulfur coated urea 1; SCU2= sulfur coated urea 2; PCU1= 
polymer coated urea 1; PCU2= polymer coated urea 2 applied at 98 kg ha-2 every 120-d 
cycle; SCUMIX= sulfur coated urea1 and sulfur coated urea grouped; PCUMIX= 
polymer coated urea 1 and polymer coated urea 2 grouped; BS= Biosolid; Soluble= 
Ammonium nitrate and Urea grouped; MIX= SCUMIX, PCUMIX, and Biosolid grouped. 
LAI= Leaf area index. ®= Single degree contrasts performed at the alpha level 0.05. 
¶=Means of 4 evaluations events, average over each 60-d cycle.  
FC: Fertilizer cycle, FC1: April-June, FC2: June-August, FC3: August-October, and 
FC4: October-December, *FC1 2008 correspond to August-October, *FC2 2008 
correspond to October-December. 
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Table 4-12. Pearson correlation matrix of visual quality (VQ), color, and chlorophyll index (CI), with growth rate, nitrogen 
concentration (TKN), nitrogen content (NC), and reflectance values during the entire research. 

Variables 
Pearson Correlation Coefficients 

VQ Color CI GR TKN NC 
WV 
450 

WV 
550 

WV 
660 

WV 
694 

WV 
710 

NDVI LAI Stress 1 Stress 2 

VQ 1.00 0.90 0.54 0.48 0.36 0.48 -0.41 -0.37 -0.46 -0.45 -0.33 0.43 0.43 -0.40 -0.40 
Color 0.90 1.00 0.61 0.46 0.39 0.46 -0.39 -0.40 -0.46 -0.45 -0.37 0.40 0.42 -0.38 -0.37 
CI 0.54 0.61 1.00 0.46 0.34 0.45 -0.42 -0.35 -0.51 -0.49 -0.33 0.51 0.54 -0.46 -0.44 

N=640. NVDI= Normalized digital vegetation index, LAI= Leaf area index. 

 
Table 4-13. Pearson correlation matrix of growth rate (GR), nitrogen concentration (TKN), and nitrogen content (NC) with 

visual quality (VQ), color, chlorophyll index (CI), and reflectance values during the entire research. 

Variables 
Pearson Correlation Coefficients 

VQ Color CI GR TKN NC 
WV 
450 

WV 
550 

WV 
660 

WV 
694 

WV 
710 

NDVI LAI Stress 1 Stress 2 

GR 0.48 0.46 0.46 1.00 0.15 0.94 -0.24 -0.19 -0.35 -.035 -0.18 0.26 0.32 -0.20 -0.19 
NC 0.36 0.39 0.34 0.15 1.00 0.37 -0.14 -0.24 -0.11 -0.12 -0.21 0.23 0.19 -0.25 -0.22 
NU 0.48 0.46 0.44 0.46 0.34 0.94 -0.24 -0.19 -0.33 -0.33 -0.17 0.26 0.29 -0.20 -0.19 

N=640. NVDI= Normalized digital vegetation index, LAI= Leaf area index. 

Table 4-14. Pearson correlation matrix of visual quality (VQ), color, and chlorophyll index (CI), with growth rate, nitrogen 
concentration (TKN), nitrogen content (NC), and reflectance values during the entire research in St. 
Augustinegrass. 

Variables 
Pearson Correlation Coefficients 

VQ Color CI GR TKN NC 
WV 

450 

WV 

550 

WV 

660 

WV 

694 

WV 

710 
NDVI LAI Stress 1 Stress 2 

VQ 1.00 0.92 0.62 0.40 0.38 0.41 -0.48 -0.45 -0.54 -0.55 -0.46 0.51 0.52 -0.48 -0.49 
Color 0.92 1.00 0.69 0.41 0.37 0.40 -0.44 -0.44 -0.53 -0.55 -0.46 0.49 0.51 -0.44 -0.45 
CI 0.62 0.69 1.00 0.50 0.27 0.47 -0.49 -0.38 -0.60 -0.61 -0.42 0.59 0.64 -0.52 -0.52 

N=320. NVDI= Normalized digital vegetation index, LAI= Leaf area index. 
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Table 4-15. Pearson correlation matrix of growth rate (GR), nitrogen concentration (TKN), and nitrogen content (NC) with 
visual quality (VQ), color, chlorophyll index (CI), and reflectance values during the entire research in St. 
Augustinegrass. 

Variables 
Pearson Correlation Coefficients 

VQ Color CI GR TKN NC 
WV 

450 

WV 

550 

WV 

660 

WV 

694 

WV 

710 
NDVI LAI Stress 1 Stress 2 

GR 0.40 0.41 0.50 1.00 0.08 0.95 -0.31 -0.18 -0.39 -0.40 -0.21 0.33 0.38 -0.26 -0.25 
NC 0.37 0.37 0.27 0.08 1.00 0.27 -0.18 -0.31 -0.16 -0.18 -0.30 0.26 0.20 -0.30 -0.27 
NU 0.41 0.40 0.47 0.95 0.29 1.00 -0.31 -0.20 -0.38 -0.38 -0.22 0.33 0.36 -0.27 -0.26 

N=320. NVDI= Normalized digital vegetation index, LAI= Leaf area index. 

Table 4-16. Pearson correlation matrix of visual quality (VQ), color, and chlorophyll index (CI), with growth rate, nitrogen 
concentration (TKN), nitrogen content (NC), and reflectance values during the entire research in zoysiagrass. 

Variables 
Pearson Correlation Coefficients 

VQ Color CI GR TKN NC 
WV 

450 

WV 

550 

WV 

660 

WV 

694 

WV 

710 
NDVI LAI Stress 1 Stress 2 

VQ 1.00 0.85 0.46 0.54 0.30 0.54 -0.37 -0.33 -0.40 -0.39 -0.31 0.33 0.34 -0.34 -0.34 
Color 0.85 1.00 0.53 0.50 0.39 0.50 -0.41 -0.42 -0.41 -0.42 -0.39 0.40 0.33 -0.35 -0.35 
CI 0.47 0.53 1.00 0.42 0.39 0.42 -0.40 -0.34 -0.43 -0.41 -0.31 0.44 0.45 -0.42 -0.40 

N=320. NVDI= Normalized digital vegetation index, LAI= Leaf area index. 

 
Table 4-17. Pearson correlation matrix of growth rate (GR), nitrogen concentration (TKN), and nitrogen content (NC) with 

visual quality (VQ), color, chlorophyll index (CI), and reflectance values during the entire research in 
zoysiagrass. 

Variables 
Pearson Correlation Coefficients 

VQ Color CI GR NC NU 
WV 
450 

WV 
550 

WV 
660 

WV 
694 

WV 
710 

NDVI LAI Stress 1 Stress 2 

GR 0.54 0.50 0.42 1.00 0.18 0.94 -0.22 -0.23 -0.33 -0.35 -0.23 0.19 0.27 -0.15 -0.17 
NC 0.31 0.59 0.39 0.18 1.00 0.41 -0.12 -0.19 -0.06 -0.08 -0.18 0.20 0.17 -0.22 -0.20 
NU 0.54 0.50 0.42 0.94 1.00 0.47 -0.23 -0.21 -0.32 -0.34 -0.21 0.21 0.25 -0.17 -0.17 

N=320. NVDI= Normalized digital vegetation index, LAI= Leaf area index. 
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Figure 4-1. The relationship of evaluation variables. A) Relationship between visual 
quality and chlorophyll index and B) color and chlorophyll index. 
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Figure 4-2.  The relationship of evaluation variables. A) Relationship between 
chlorophyll index and NDVI, and B) chlorophyll index and LAI. 
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Figure 4-3. The relationship between growth rate and nitrogen content.  
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Figure 4-4. The relationship of evaluation variables. A) Relationship between visual 
quality and chlorophyll index and B) visual quality and NDVI in St 
Augustinegrass. 
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Figure 4-5. The relationship of evaluation variables. A) Relationship between color and 
chlorophyll index and B) chlorophyll index and NDVI in St Augustinegrass. 
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Figure 4-6. The relationship of evaluation variables. A) Relationship between visual 
quality and LAI and B) color and LAI in St Augustinegrass. 
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Figure 4-7. The relationship of evaluation variables. A) Relationship between chlorophyll 
index and LAI and B) growth rate and nitrogen content in St. Augustinegrass. 
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Figure 4-8. The relationship of evaluation variables. A) Relationship between visual 
quality and growth rate and B) visual quality and nitrogen content in 
zoysiagrass. 
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Figure 4-9. The relationship of evaluation variables. A) Relationship between visual 
quality and chlorophyll index and B) growth rate and nitrogen content in 
zoysiagrass. 
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CHAPTER 5 

SUMMARY AND CONCLUSIONS 

Nitrogen (N) is the nutrient required in greatest quantities by turfgrass, promoting 

vigor, quality, shoot density and color (Bowman et al. 2002). Turfgrass responses to 

nitrogen are increased green color, shoot growth, shoot density, and root growth. In 

Florida lawns, N fertilization is required to maintain turf health due to the low N retention 

by soils, low cation exchange capacity (CEC), high infiltration rates and poor water 

holding capacity. However, these soil conditions make soils vulnerable to nitrate-N 

(NO3-N) leaching. Nitrogen not taken up by turf has the potential to leach through the 

soil profile as NO3-N, as it is not held in the negatively charged soils.  

In addition, due to these soil characteristics and possible pollution due to 

fertilization practices, local ordinances have been imposed in Florida to reduce potential 

nonpoint source pollution from fertilization practices. Since December 31, 2007 every 

one who fertilizes a home lawn must comply with a new state rule (Department of 

Agriculture and Consumer Services (DACS), No 4640400, Rule 5E-1.003, 2007). The 

rule regulates N application rates. Slow release nitrogen can be applied at 49 kg of N 

ha-1 per application, while soluble nitrogen can be applied at a rate of 34.3 kg ha-1 per 

application (Department of Agriculture and Consumer Services (DACS), No 4640400, 

Rule 5E-1.003, 2007).  

St. Augustinegrass cultivar „Floratam‟ is the most widely used lawn grass in 

Florida.  There is increasing interest in and use of „Empire‟ zoysiagrass. Nitrogen 

fertilizers may be applied from numerous sources, which are classified as quick release 

or water soluble, controlled-release, slow-release, or organic N. Florida soils typically 
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have a limited ability to retain N and therefore require regular additions of N for 

maintenance of a healthy turfgrass (Sartain and Kruse 2001).  

The overall objective of this research was to evaluate the response of different N 

sources on the turfgrass aesthetic appearance and health of „Floratam‟ St. 

Augustinegrass and „Empire‟ zoysiagrass. The specific objectives addressed in this 

research were: 

 To evaluate the response of various N sources on acceptable visual turfgrass 
quality and color in St. Augustinegrass and zoysiagrass. 

 To compare the effect of various N sources on shoot growth, N uptake and N 
tissue concentration. 

 To evaluate differences between the two grasses for shoot growth rate, root dry 
matter, root volume, root surface area, and root length density. 

 To determinate the effect of nitrogen sources on root dry matter, root volume, root 
surface area, and root length density. 

 To evaluate the response of N source on chlorophyll index in St. Augustinegrass 
and Zoysiagrass. 

 To evaluate the response on N source on multispectral reflectance ratios NDV, 
LAI, Stress1, and Stress 2 in St. Augustinegrass and Zoysiagrass. 

 To determinate a relationship between visual quality and color with growth rate, 
TKN, N content, chlorophyll index and multispectral reflectance. 

The first objective of this research was to evaluate the response of various N 

sources on acceptable visual turfgrass quality and color in St. Augustinegrass and 

zoysiagrass. Annual visual quality showed a higher response from soluble sources 

include AN, and Urea, and also the sulfur coated urea sources (SCUMIX) during the 

three years of evaluations. In 2008, N sources in both turfgrasses produced the 

minimum score of 5.5. In 2009, zoysiagrass produced higher visual quality than St. 

Augustinegrass (5.6 and 5.2, respectively). No differences were observed between 



 

130 

soluble and SCUMIX (6.0 and 5.7 respectively). Soluble sources (6.0) produced higher 

visual quality than PCUMIX and Biosolid (5.2 and 5.2 respectively). Sulfur coated 

sources obtained higher visual quality than PCUMIX (5.7 and 5.2 respectively). In 2010, 

in St. Augustinegrass soluble sources and sulfur coated urea sources (6.2 and 5.8 

respectively) produced a higher visual quality than the polymer coated urea and Biosolid 

(5.5 and 5.1 respectively). On average soluble sources produced higher quality scores 

than PCMUX and Biosolid (6.2, 5.5 and 5.1 respectively). Biosolid did not produce the 

minimum acceptable visual quality on St. Augustinegrass compared with soluble 

sources and sulfur coated sources but produce the same respond than PCUMIX. In 

zoysiagrass, all N sources produced good quality regardless to the N sources. 

Color responses were similar to visual quality. Zoysiagrass produced higher color 

than St. Augustinegrass in 2008 (6.0 and 5.8, respectively) and 2009 (5.7 and 5.3, 

respectively). Soluble sources produced better color than PCUMIX in 2008 and 2009 

(6.1 and 5.7 for 2008, and 6.0 and 5.5 for 2009). Soluble sources produced higher color 

than Biosolid in 2009 (6.0 and 5.3 respectively). Sulfur coated sources produced higher 

color than PCUMIX in 2008 and 2009. Also the combination of the control release 

sources produced better color than Biosolid. Soluble sources and SCUMIX produced 

anual better and faster color standard than PCUMIX and Biosolid.  

In 2010, in St. Augustinegrass soluble sources produced better color than 

PCUMIX and Biosolid, also the combination of the control release sources produce 

better color than Biosolid. Biosolid produce the poorest color in St. Augustinegrass 

obtained a score lower than the minimum. In zoysiagrass, color responses were 
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practically equal form all N sources (6.0 on average). Color was more than the 

acceptable score regardless to the N source. 

The second objective was to compare the effect of various N sources on shoot 

growth, and TKN. Soluble sources produced higher shoot growth rate than PCUMIX in 

2008 (10.41 and 4.89 kg DM ha-1 d-1 respectively) and 2009 (9.46 and 5.50 kg DM ha-1 

d-1). Sulfur coated urea sources produced higher growth rate than PCUMIX in 2009. 

Soluble sources produced higher growth rate in 2009 (9.49 and 4.58 kg DM ha-1 d-1) 

and 2010 (4.48 and 2.93 kg DM ha-1 d-1) than Biosolid. During 2010 PCUMIX obtained 

similar growth rate than soluble sources and SCUMIX which means a long term 

response due to the higher plain N release from the fertilizers. That response agrees 

with the data observed in visual quality and color.  

The third objective was to evaluate differences between the two grasses for shoot 

growth rate, root dry matter, root volume, root surface area, and root length density. 

Zoysiagrass produced higher growth rate than St. Augustinegrass in 2008 (8.61 and 

5.89 kg DM ha-1 d-1) and 2010 (5.25 and 1.94 kg DM ha-1 d-1). During the fertilizer cycles 

zoysiagrass produced higher shoot growth rate than St. Augustinegrass in all FC, may 

be caused to higher density of the grass, higher N rate than the normal applied, and 

higher TKN. An exception occurred in FC3 and 4 which St. Augustinegrass produced 

higher growth rate caused by a biotic problem occurred in the plots during those cycles 

reducing substantially the shoot growth rate in zoysiagrass. 

St. Augustinegrass produced higher RW, RSA, and RV than zoysiagrass in 2010. 

In addition zoysiagrass produced higher RLD form 0 to 15 cm than St. Augustinegrass 

(8.53 and 7.05 cm cm-3) which may also agree the higher growth rate from zoysiagrass 
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than St. Augustinegrass. St. Augustinegrass obtained higher RW, RSA, RV, and RLD 

than zoysiagrass from 15 to 30 cm depth. 

The fourth objective was to determinate the effect of nitrogen sources on root dry 

matter, root volume, root surface area, and root length density. Nitrogen sources did not 

influence root variables regardless of depth or sampling date. 

The fifth objective was to evaluate the response of N source on chlorophyll index 

in St. Augustinegrass and zoysiagrass. Zoysiagrass obtained higher CI than St 

Augustinegrass in 2009 (266.1 and 251.1, respectively) which agrees with TKN data in 

2009.  Soluble sources produced higher CI than PCUMIX and BS in 2008, also 

SCUMIX CI were higher than PCUMIX. In 2009, PCUMIX CI increase obtained similar 

values than soluble sources. Biosolid obtained lower CI in 2009 than soluble sources 

and control release sources.  In 2010, only the control release sources obtained higher 

CI than Biosolid which might be caused by the increase in TKN observed in 2010. The 

responses across fertilizer cycles were similar than TKN as N concentration increase in 

the turf CI increase over the time. 

The sixth objective was to evaluate the response on N source on multispectral 

reflectance ratios NDV, LAI, Stress1, and Stress 2 in St. Augustinegrass and 

zoysiagrass. Soluble sources obtained higher NDVI, less Stress 1, less Stress 2, and 

higher LAI in FC4 in 2010 which is similar than results observed in visual quality and 

color. Otherwise, the control release sources obtained less Stress 1, less Stress 2 than 

Biosolid in FC4 in 2010. Zoysiagrass produced higher NDVI, less Stress 1, less Stress 

2, and higher LAI than St. Augustinegrass which agrees with results from visual quality, 

color, shoot growth rate and TKN. 
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The seventh objective was to determine a relationship between visual quality and 

color with growth rate, TKN, N content, chlorophyll index and multispectral reflectance. 

A slight relationship was obtained from CI with visual quality and color (r= 0.54 and 

0.61, respectively) and with CI and wavelength 660, NDVI and LAI (r=0.51, 0.51 and 

0.54, respectively). A strong relationship was found between shoot growth rate and N 

content.  Poor relationships were found with other variables which were lower than 0.50. 

Based on the results of this research, the best sources for fertilization of Floratam 

St. Augustinegrass would be soluble sources and SCUMIX and either of the N sources 

for Empire zoysiagrass. Soluble sources and SCUMIX provide equivalent responses in 

Floratam St. Augustinegrass and also provide a greater visual quality, color, and greater 

shoot growth rate, and shoot density. At the same time those sources produced enough 

TKN in the tissue form the first application providing good turf health resulting in less 

Stress indices and higher NDVI reflectance ratio. Polymer coated sources will achieve 

good turf standards in the long term response. Biosolid is not a good source to use in 

St. Augustinegrass because did not produce good quality and color standards, and also 

shoot growth rate at all. Despite PCUMIX and BS will not provide good results from the 

first fertilizer application treatment it will provide sufficient TKN in tissue.  

In Empire zoysiagrass any of the N sources will provide acceptable results in 

terms of quality, color, shoot growth rate, sufficient TKN in tissue, and shoot density. 

Zoysiagrass responded better than St. Augustinegrass to the N sources applied. 
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