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ABSTRACT 

Two studies were established to detennine the slow growth and low 

maintenance potential of select tufgrasses and maintenance regimes. One study 

focused on the effects of two daerent clipping disposal and fertilizer rate on five 

cool-season turfgrass species, and the other study examined the effects of mowing 

fÎequency on seven commercially available turfgrass mixtures. 

The clipping disposal and fertilizer rate study consisted of a two-year field 

study which examined the effects of turfgrass mixture composition (ten mixtures 

composed of combinations of Kentucky bluegrass, Canada bluegrass, creeping red 

fescue, sheeps fescue and p e r e ~ i a l  ryegrass); clipping disposal (clippings lefi on plots 

(grasscycling) and clippings removed); and fertilizer rates (0.5 and 1 Ib. of NI1000 

fl%wice a year) on the clipping yield, height, colour, percent nitrogen in tissue, and 

compositiw of these hirfgrasses. Turfgrass mixtures and fertilizer rates produced 

significant differences (pK0.35) in clipping yield and the percent nitrogen in the 

grasses for both treatment years. The plots treated with the high fertilizer rate 

produced, on average, 62.56 g/m2 more dry weight yield throughout the combined 

1995 and 1996 growing seasons than the plots treated with the low fertilizer rate 

(87.38 g/m2). The grasscycling treatment resulted in a significant difference 

@<0.0500) in the clipping yield in the 1995 field season clippings, but not in 1996. 

Plots imposed with grasscycling treatment produced on average 2.70 g/m2 more total 

dry weight yields over the plots where clipping were removed (34.30 g/m2). Turfgrass 

height, colour and plot cover also differed with the different hirfgrass mixtures and 



fertilizer rates. 

The mowing fiequency study examined the effects of turfgrass mùthw 

composition (seven commerciaily available mixtures), mowing fkequency (once a 

week, and biweekly) on clipping yield, height and colour of the select turfgrasses. A 

significant difference (p~0.0500) was found in the dry weight yield between Rirfgrass 

mixtures. 

The clipping disposai and fertilizer rate study found mixtures eight (Canada 

bluegniss, sheeps fescue, and peremial ryegrass) and six (Canada bluegrass, creeping 

red fescue, sheeps fescue, and p e r e ~ i a l  ryegrass) to be the slowea growing 

polystands, and Kentucky bluegrass to be the slowest growing monostand. 

Grasscycling is the best clipping disposal method and use of slow-release fertilizee at 

low application rates are recommended. 

Clipping yield fiom the mowing fiequency study indicates that mixture four 

(OSECO's Blue Chip Low Maintenance/Reclamation Mkture composed of equal parts 

of Canada bluegrass, hard fescue, chewings fescue, red fescue, and perennial ryegrass) 

and mixture three (Pickseed's Envirogreen corn posed of 20% Kentucky bluegrass, 40% 

creeping red fescue, 25% hard fescue and 15% peremial ryegrass) be recommended 

for slow growth and low maintenance. It is also recommended, to reduce lawn 

maintenance, that biweekly mowing should be implernented in most situations. 
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CEAPTER ONE 

INTRODUCTION 

Turfgrass is a dominant feature of urban landscapes. It is the predominant 

vegetation used for boulevards, road rights-of-way, sports fields, golf courses, parks, 

and lawns. It has many functional, recreationai and aesthetic benefits, which include: 

protection of soil fkom water and wind erosion; reduction of nuioff; provision of an 

effective groundcover; increased water retention in mils; increased soil organic matter; 

dissipation of heat in urban areas; reduction of noise pollution; hcreased visibility 

along rights-of-way; provision of wildlife habitat; a site to play a multitude of outdoor 

sports; reduced injuries due to cushioning; stress release; enhancement of the urban 

envùonments; and, increased overall well-being of people (Beard and Green, 1994). 

To enable turf's to provide these benefits it must be managed. Management 

of turfgrass systems oflen consists of mowing, fertilizing, herbicide use, imgating and 

clipping disposal. ALI of these management activities have environmental impacts. In 

an attempt to determine if the envuonmental impacts of turfgrass maintenance cm be 

reduced, there is renewed interest in how different species of grasses are afKected by 

mowing fiequency, fertilizer rates, and clipping disposal methods. 

ISSUE 

The most commonly used turfgrass in Manitoba is Kentuce bluegrass, Poo 

pratenFis L. (Cattani, 1994), it is also considered the most important and widely 

utilized cooCseason turf'grass species in North America (Beard, 1973). Kentucky 



bluegrass requires large amounts of irrigated water and fertiiïzer to remain green 

throughout the sumrner months, continual maintenance, and g r a s  clippings which 

contribute to yard waste are often disposed of in landfill sites. In order to reduce the 

strain on the City of Winnipeg's water source, to decrease the amount of chernical 

fertilizer used for lawn maintenance, to minimize the amount of time put into lawn 

care and to reduce the amount of gras clippings disposed of in landfill sites, cool- 

season turfgrasses were assessed for their slow growth, and low maintenance potential. 

PURPOSE 

The purpose of this study was to identify suitable turfgrass species for the City 

of Winnipeg, and once selected to determine their slow growth and low maintenance 

potential in order to recommend a turfgrass mixture and management regime that 

meets the criteria of slow growth and low maintenance. 

RESEARCH OBJECTIVES 

The objectives of this project were: 

1) to review literature related to turfgrass maintenance; 

2) to select slow growth turfgrass species suitable for the City of Winnipeg; 

3) to determine the effects of clipping disposal method, fertilizer rate, and mowing 
Eequency on the turfgrass mixtures chosen; 

4) to make recornmendations, based on the collected observations and measurements, 
on the slow growtMow maintenance potential of the turfgrasses to city planners, golf 
courses, contractors and home-owners. 



The hypothesis for this shidy is: 

Ho: Turfgrass mixture, clipping disposal method, fertïlizer rate, or rnowing fiequency 
do not have an effect on the growth and maintenance of established turf'grass 
plots. 

H,: Turfgniss mixture, clipping disposal method, fertilizer rate, or rnowing fiequency 
have an effect on the growth and rnainknance of established hirfgrass plots. 

METHODS 

For this practicum two snidies were completed. The first study was designed 

to evaluate the effects of clipping disposal and fertilizer rate on ten cool-season 

turfgrass mixtures. The second study was a continuation of the research started by 

Carriere and Mcleod (1994), seeded in 1994, and it was designed to determine the 

effects of mowing fkequency on seven cool-season commercially available turfgrass 

mixtures. Detailed methods c m  be found in Chapter three. 

ORGANlZATION 

This practicum is organized into five chapters. Following the Introductory 

Chapter, Chapter Two presents a review of the Iiterature pertaining to turfgrass. It 

contains hirfgrass ecology, selection characteristics of turfgrass species, turfgass 

management, turfgrass evaiuation methods and some environmentai impacts of 

turfgras management. Chapter Three descnbes the chosen methods for both the 

clipping disposa1 and fertiiïzer rate study, and the rnowhg fkequency study. Chapter 



Four includes the results and discussion for the clipping disposal and fertîlizer rate 

study. Chapter Five contains the results and discussion for the mowing eequency 

study. Chapter Six includes the conclusions, and recommendations portion of the 

practicum. 



CEAPTER TWO 

TURFGRASS: CHARACTERISTICS AND ISSUES 

The study of turfjgrass is a rnultidisciplinary field including agronomy, mil 

science, entomology, and plant pathology. This literature review addresses the 

ecological aspects of turfgrass, turfgras selection criteris, turf'ass management and 

the environmental impacts of turfgras management. 

2.1 Turfgnss Ecology 

To fùlly understand the turf'ass system, all aspects that influence the growth 

and survival of hirfgrass must be considered. These include the following: 

2.1.1 Turfgrass Growth 

Energy required for turfgrass growth, like al1 other plant, is obtained through 

the conversion of Iight energy into chemical energy through the process of 

photosynthesis. Most plants are grouped into one of two categories based on their 

photosynthetic pathway, either as cool-season (C,) plants or warm-season (C,) plants. 

Cool-season grasses fuc CO, using the Calvin Cycle with the fust stable metabolite 

being 3-phosphoglyceric acid (3-PGA), a 3-carbon product. Warm season grasses fi 

CO, using the dicarboxylic acid pathway, with the initial CO, fixation product being 

malic and aspartic acids, Ccarbon products (Salisbury & Ross, 1985). 

Once converted, energy is stored in the leaves, stems and roots of grasses, in 

the form of non-structural carbohydrates, such as, sucrose, starch a d o r  h c t a n s  (Hull, 



1992). This stored energy can then be broken down and utilized for grass 

maintenance and growth. 

2.1.2 Soil Properties 

Increased stress on soils resulting fiom human cultivation activities has led 

researchers to study how soils c m  be managed in a sustainable manner. 

Understanding soil properties is critical when planning turfgrass studies that include 

fertilization and cutting regimes to ensure both plant and soil health are maintained. 

Soil by defmition is a substrate, formed by the weathering of parent rock and 

comprised of organic and inorganic matter, that can support biological activity (Troeh 

Br Thompson, 1993). Soil studies focus on chernical, physical and biological 

properties, each of which mus- be considered. 

Chemical Properties 

Chemical properties of soil that may influence turfgrass growth include: 

nuhent availability, pH, cation exchange, and salinity (Donahue et al., 1983). 

Nutrientsr Soil fertility or nutrient availability refers to the inorganic elements 

accessible to plants for metabolism and growth. On average, 40 to 60% of the total 

volume of soi1 is composed of inorganic compounds (Winegardner, 1996). The 

seventeen essential inorganic nutrients that plants need are carbon, hydrogen, oxygen, 

nitrogen, potassium, phosphorus, calcium, magnesium, sulphur, iron, manganese, zinc, 



copper, boron, molybdenum, cobalt, and chlorine (Salisbury & Ross, 1985; Raven et 

ai., 1986). Turfgrasses require more available nitrogen than any of the other seventeen 

essential plant nutrients, with the exception of C, H and O (Turner & Hummel, 1992). 

Inorganic nutrient availability depends on the ability of the plant to extract nutrients 

fiom the soil, the quantity and type of nutrient sinks, soi1 pH, soil porosity and pore 

sizes and the persisting environmental state (Le. climate) (Donahue et al., 1983). 

Cornpetitive ability and nuîrient requirements of tur£grass is different for each 

species. For example, turfgrasses with deep roots are able to absorb nutrients fiom 

more soil horizons than can grasses with shallow roots (Donahue et al., 1983). Soils 

may be deficient in plant nutrients, especially nitrogen, as a result of vegetation 

removal, leaching, immobilization, denitrification, and volatilization. To replace the 

nitrogen and other nutrients that are lost during these processes, fertilizers are used. In 

natural systems fertilizers are not needed because dead vegetation is left in the system 

where it decomposes, and re-fertilizes the soil. 

Cool-season turfjpsses vary in the amount of nitrogen they require for growth. 

Based on Beard's (1973) nitrogen requirements, the turfgrasses are ranked fiom high 

nitrogen requirements to low nitrogen requirements: timothy gras (0.5-1 .O Ibs. of 

nitroged 1000 Plgrowing month) > ta11 fescue = peremial ryegrass (0.4-1 .O Ibs. of 

nitroged 1000 £l?growing month) > Kentucky bluegrass (0.4-0.7 Ibs. of nitroged LOO0 

p/growing month) > creeping red fescue = chewings fescue (02-0.4 Ibs. of nitroged 

1000 fi?/growing month). 



Soil pH: Soil pH is another important chernical property of soil. pH is a measure of 

the acidity or basicity of the soil. The pH scde ranges fiom O (highly acidic) to 14 

(highly basic), with 7 being neutral. The pH range of mils used to grow NIfgrasses is 

most oeen between 4.5 and 7.5 (Beard, 1973). 

Soil pH influences the solubility of minerais, the type of vegetation, and plant 

growth. Basic soils tend to reduce the availability of manganese, phosphorus and iron 

to plants. Acidic soils tend to decrease the solubility of phosphorous, but increase the 

solubility of potentially toxic metals like alminum. Plants in turn can also change 

soil pH. In order to maintain charge balance, plants release hydrogen (H3 ions into 

the soil when ammonium (NH;) is the nitrogen source, thereby decreasing soil pH. 

However, if the nitrogen the root takes up is in the form of nitrate (NO,), the root 

releases bicarbonate and hydroxyl ions into the soil, increasing the soil pH (Killham, 

1994). 

The optimal soil pH for most grasses is 6.5, when nutrient availability is tends 

to be highest (Beard, 1973). Turf'ses, however, Vary in their tolerance to pH. 

Some grow best in a soil with a pH of 4.5 to 5.5, whereas others grow best in soils 

with a more basic pH of 6.5 to 7.5. Sheeps fescue grows best in very acidic soils with 

a pH of 4.5 to 5.5. Canada bluegrass and creeping red fescue grow optimally in soils 

with a pH ranging between 5.5 to 6.5 (moderately acidic). Both Kentucky bluegrass 

and peremial ryegrass grow best in slightly acidic to neutral soils with a pH of 6.0 to 

7.0 (Beard, 1973). 



Cation exchange: Cation exchange is another chernical property of soils. Cation 

exchange is the replacement of one positively charged ion (cation) with another cation. 

This type of exchange occurs on the d a c e  of roots, clay, and humus colloids. It is 

an important reaction in soil fertility, fertilizer applications, nutrient uptake, and 

environmental quality (Tan, 1994). Cation exchange is pH dependent. In acidic soils 

there are fewer cation exchange sites, which often results in lower fertility. To 

increase soi1 fertility, acidic soils are limed, resulting in the replacement of H+ ions 

with Ca2+ ions which therefore increases the cation exchange capacity of that soi1 (Tan, 

1994). Organic matter can also influence the cation exchange capacity. Organic 

matter increases the cation exchange capacity of soil by providing sites for nutrients to 

adhere to (Miller & Donahue, 1995). 

Salinity: Saline soils have high concentrations of soluble salts, such as: sodium (Na'), 

calcium (ca2+), magnesium ( ~ f ) ,  and potassium (K') (Harivandi et al., 1992). Soi1 

salinity tends to have an inverse effect on the growth of turfgrasses due to decreased 

osmotic potential of the plant. The decline in osmotic potential makes it more difficult 

for the roots of the turfgrass plants to absorb water (Rowell, 1994). 

Soils are considered non-saline if they have an electrical conductivity (EC), on 

average, of 0-2.0 dS m-l; slightly saline if they have an EC, on average, of 2.0-4.0 dS 

m"; and severely saline if they have an EC, on average, of 16.1 dS rn-', or more 

(Plaster, 1997). Estimated salt tolerance of cool-season turfgrasses are ranked fiom 

moa tolerant to least tolerant: peremial ryegrass = ta11 fescue (tolerates 6-10 dS m") > 



creeping red fescue = chewings fescue = hard fescue (tolerates 3-6 dS m-') > Kentucky 

bluegrass (tolerates < 3 dS m'l) (Harivandi et al., 1992). 

Soil organic motter: 'The organic matter content influences many soi1 properties, 

iociuding (i) the capacity of a soi1 to supply N, P, S, aiid trace metals to plants; (ii) 

infiltration and retention of water; (üi) degree of aggregation and overall structure that 

affect air and water relationships; (iv) cation exchange capacity; (v) soil colour, which 

in tum affects temperature relationships; and (vi) adsorption or deactivation (or both) 

of agricultural chemicals." Organic matter is important in supplying plants with 

available nitrogen (Nelson & Sommers, 1982). 

So il temperature: Temperature is another important soil property . Indirectly it 

influences soil physiology and turfgrass growth. Soil temperature is controlled by a 

number of factors including diumal and seasonal changes, vegetation type and cover, 

moisture, and soil depth. 

One of the greatest effects of temperature on soil properties is its role in 

regulating microbial activity and uptake of water and minerals by plants. A rise of 

lo0C when the soil temperature is between O°C and 35O~, doubles the amount of plant 

growth, plant enzyxne activity (Leopold & Knedemann, 1975) and microbial activity in 

the soi1 (Killham, 1994). Cool-season turfgrasses have optimal root growth at soil 

temperatures between 10 to 1 8 ' ~  (Beard, 1973). 



P hysical properties 

Physical properties of soil inciude pore size, soil stability, texture, structure, 

consistency and hardness or cementation of layers. The physical properties of soi1 

critical to turfgrass research are pore space and size, and soi1 texture. 

One particular concem to park and golf course managers is the extent of soi1 

compaction. Soil compaction is defmed as "the pressing together of soil particles, 

resulting in a more dense soil mass with less pore spacen (Carrow and Petrovic, 1992). 

Soil compaction is ofien caused by foot or vehicular (lawn mowers and golf carts) 

ûSc. Compaction afTects soils by decreasing porosity and pore size, increasing buik 

density, increasing the mils water holding capacity and impeding the movement of 

water within the soil. Al1 of these impacts c m  effect hufgrass growth (Carrow and 

Petrovic, 19%). 

Porosity: The total volume of soil consists oE pore spaces (porosity), which comprise 

1/3 to 1/2 of the soil volume, and solid minerals and organic compounds, which 

comprise one half to two thirds of the overall soil volume (Winegardner, 1996). Pore 

spaces are the spaces between adjacent soil particles occupied by water or air. 

Porosity varies between soils, and is dependent on the degree of compaction, texture, 

and the concentration of soil organic matter present. Soils with high concentrations of 

clay and silt tend to have more, but smaller, pore spaces than soils with a high content 

of sand. 

Pore space and size decrease with increasing compaction, resulting in declined 



turf cover (Carrow, 1980). Clay and silts, the soil textures which have higher 

porosities but smaller pore sizes, are the two soils that are highiy affected by 

compaction. Soil compaction affects both the root and shoot growth of turf@as. 

Under moderate compaction in a turf's system there is an increase in shallow, 

surface, root growth and a reduction in the deep root growth. Carrow and Petrovic 

(1992) link this altered root growth to the decline in soil aeration. Plant roots require 

well aerated soils for aerobic respiration and growth. Pore size distribution in soils is 

more important than the soi1 porosity, for determinhg the soil aeration. 

Soil pores with diameters of 30 micrometres or greater aliow suffcient amounts 

of oxygen to reach the roots. Large pores when filled with min or irrigation water, 

rich in dissolved oxygen, are quickly drained of this water, but retain the rich oxygen 

supply. The principle way the soil oxygen concentration is increased is due to 

gravitational forces within these large pores. Smaller pores play a less important role 

in replenishing oxygen concentrations in soils. 

Bulk density: Bulk density is another physical property of soil that changes with soil 

compaction. Bulk density is the mass of air dry soil per unit volume, which includes 

solids and pore spaces (Waddington, 1969). Consequently, soils with large proportions 

of clays and silts (highly porous soils) will have lower bulk densities compared to 

more compact soils with high quautities of sand (Troeh & Thompson, 1993). 

Soil compaction causes an increase in bulk density. Rosenburg (1964) found 

that increased soil compaction led to reduced clipping yield and shoot density in 



turf'grass. If mil compaction becomes a problem for turî's managers there are a 

number of ways that it c a .  be remedied, resulting in healthier Rufgrass. Some ways 

of reducing soi1 compaction include: limiting the amount of traffic in an area; adding 

soi1 amendments, such as sand, to the soi1 pnor to seeding; and coring or aerating 

established turf systems. 

23 Tnrfgrass Setection 

When choosing a turf'grass, selection should be based on the following criteria: 

climatic conditions; curent tutfgrass use; environmental stresses the turfgrasses mus& 

face; the environmental tolerances it possesses; and the intended maintenance regimes 

that will be employed, which, where possible, should include low maintenance, low 

waste regimes (Watschke & Schmidt, 1992). 

2.2.1 Climatic conditions 

"Turfgrasses are classified into four categories based on their adaptation to a 

specific climatic condition. The four categories are: grasses that are adapted to the 

cool humid zone; warm humid zone; cool arid zone; and warm arid zone" (Ward, 

1969). Grasses that are best suited for Manitoba's cold semi-arid climate are al1 cool- 

season grasses from the genuses Agrostis, Poa, Festuca and Lolium (Watschke & 

Schmidt, 1992). Cool-season turfgrasses grow best at temperatures betweem 15 and 

2 4 ' ~  (Beard, 1973). They go donnant during the hot sumrner heat and resist fieezing 

stress in the cold winter months by ce11 dehydration (Levitt, 1980). Cool-season 



turfgrasses that are rnost resistant to fkezing stress, in order, are: Kentucky bluegrass, 

Canada bluegrass > creeping red fescue, ta11 fescue and sheeps fescue > peremial 

ryegrass (Gusta et al., 1980). 

2.2.2 Torfgrass use 

Turfgrass is the predominant vegetation used for boulevards and rights-of-way, 

sports fields, golf courses, parks, and lawns in most major Canadian cities. The City 

of Winnipeg, for example, has a number of dif5erent turfgras blends that are used for 

a multitude of purposes (see Grass seed mixtures for use in the City of Winnipeg in 

1992, Appendix A for details). Over 2300 hectares of twfgmss in Winnipeg are found 

within parks and boulevards and are maintained by the city's Parks and Recreation 

Department (The City of Winnipeg, Parks and Recreation Dept., 1997); 718 hectares 

of hirfgrass are found within the Winnipeg International Airport's land and are 

maintained by the airport (Canadian Forces Base-Winnipeg, 1994); 243 hectares of 

turfgrass are found within the city-run golf courses and are maintained by the City of 

Winnipeg's Parks and Recreation Department (Shane, 1997); and approximately 5200 

hectares of turfgrass are found within residential yards (Tomlinson, 1997). 

2 2 3  Appearance 

Turfgrass appearance is a persona1 preference, with a unifonn, dense, evenly 

textured, dark green lawn being preferred by the majority of people. 



22.4 Droaght tolerance 

Water use and conservation is a central concem for turf' managers. Water 

conservation is necessary to reduce the amount of treated drinking water used by 

home-owners for lawn care. On average only a few centimetres (1 in.) of water are 

needed per week to ensure the gras  receives enough water for growth (Cattani, 1994; 

Beard, 1973). Yet, the population of Winnipeg, cornprising 623 000 people, is using 

on average 16.7 million litres of waterlday (MYd) fkom April to October for outdoor 

water use (Water and Waste Department, The City of Winnipeg, 1995). This water is 

being used primarily used for watering home lawns, vegetable and flower gardens 

(Water and Waste Departmeni, The City of Winnipeg, 1995). The amount of water 

used per capita per day for outdoor use comes out to an average of 26 litres of water 

(Water and Waste Department, The City of Winnipeg, 1995). By utilizing turfrnses 

that are drought tolerant the amount of treated water needed for outdoor Iawn 

irrigation would be reduced. 

It is well known that certain turfgrasses are able to withstand and survive 

drought conditions better than others. Drought tolerance is defined as the ability of a 

plant to regrow d e r  being faced with drought conditions, where there is deficit plant 

a d o r  soi1 water conditions (Beard, 1973; Mimer & Butler, 1985). 

Wilson & Livingston (1932) used a ranking system (H=high, M-oderate, 

L=Iow, VL=very low), and ranked the wilt resistance of Kentucky bluegrass (Pou 

pratemis), Canada bluegrass (Poo compressa), and perennid ryegrass (Lolium 

perenne) as moderate, and both creeping red fescue (Festuca rubra) and sheeps fescue 



(Festuca ovina) as very low. Research conducted by Minner and Butler (1985), where 

55 varieties of Kentucky bluegrass, 34 varieties of perennial ryegrass, and 42 varieties 

of fine fescues, showed there were a number of varieties that were more drought 

tolerant than other varieties. Varieties of Kentucky bluegrass that are very drought 

tolerant include: 'A-20-6', 'H-7', 'Columbia', 'Haga', and 'Majestic'. Out of the 34 

perennial ryegrass varieties, they observed that most of them had an acceptable level 

of drought tolerance, but the five most drought tolerant varieties were 'Bellatrix', 

'Citation', 'Pemant', 'Sportiva', and Yorktown'. Of the red fescue varieties 'Waldorf, 

and 'Jamestown' were the most drought tolerant. Overall, Mimer & Butler (1985) 

found perennial ryegrass to be more drought tolerant than Kentucky bluegrass, which 

in turn was more tolerant than the fine fescues. Yeî, drought avoidance and drought 

induced domancy was highest in Kentucky bluegrass. 

2.2.5 Shade tolerance 

Shade tolerance is another important turfgrâss characteristic that must be 

considered when selecting a turf'gass mixture, because approximately 40% of al1 

turfgrass covered areas are shaded (Beard, 1973). Shade results in reduced and 

potentially limited sunlight for the grass which causes numerous physiological and 

morphological effects. Such as reduced root and shoot growth; tillering; shoot density; 

and plot cover. 

The overall physiological effects of shade on îurfgrass can include reduced tolerance to 

environmental stresses (Le., heat, cold, drought, and wear), disease, and insects, and 



reduced carbohydnite reserves (Be& 1973). 

Studies, i.e., Wilson (1962); Beard, (1965), show that creeping red fescue 

appears to be the most shade tolerant cool-season hirfgrass. Tall fescue and sorne 

ryegrasses are adapted to shade when grown in an environment where they are not 

threatened by winterkill (Beard, 1965). 

22.6 Competition/mÛtnres 

It has been found to be undesirable to seed a lawn with only one grass species, 

due to its lower resistance to disease and insect infestations, i-e., if a lawn composed 

of only one gras species is infested it is likely the whole lawn wilï be susceptible to 

disease and insect injury. Grass mixtures allow the uninfected grasses to fil1 in the 

gaps lefi by the infected grass. 

When choosing a Nifgrass mixture it should include no more than three to four 

grass species. Turfgrass mixtures with five or more grass species commonly end up 

with only two to three grass species surviving (Sunset Editoriai Staff, 1965). The 

grass species that survive are: the grasses that are better adapted to the soii, light and 

moistue conditions of that specific turf, resulting in them out-competing the grasses 

less adapted to the growing conditions; or those grasses that establish faster and crowd 

out the slower, but possibly more persistent grasses. 

2.3 Turfgrass Management 

The cornmonly desired lawn is dense, weed fiee, and dark green in colour. TO 



achieve this aesthetic quality lawn maintenance is required. There are a number of 

maintenance regimes that must be considered when rnanaging a turfgrass community, 

such as: mowing height, rnowing Eequency, weed control, fertilizers and fertilizer 

rates, clipping disposal, and irrigation. By utilizing a slow growing turfgrass less 

maintenance is required and environmental impacts of turfgrass management are 

reduced. 

23.1 Mowing heigbt 

Like most green plants, the major site of photosynthesis in grasses is in the 

leaves. Every time grasses are mowed they lose leaf surface ares resulting in a 

reduction in photosynthetic area and therefore a reduction in food production. By 

mowing too close to the ground the grasses cm be overly stressed due to the rernoval 

of such a large proportion of leaf area. It is recommended that the mowing height be 

3.80 cm (1.5 inches) for fine fescues and ryegrass and 6.35 cm (2.5 inches) for 

bluegrasses(Schultz, 1989). Beard(1973, Table 12.17p386). summarizedthe 

clipping heights in a table format , that included: 

Relative Cuttina Height ActuaI Cutting Hei& 
Very close 0.5-1.3 cm (0.2-0.5 inches) 
Medium 2.5-5 cm (1-2 inches) 

Sigh 3.8-7.6 cm (1.5-3 inches) 
Very hi@ 7.6-10 cm (3-4 inches) 

Turfmas Species 
Creeping bentgrass 
Red fescue 
Kentucky bluegrass 
Perennial ryegrass 
Ta11 fescue 
Canada bluegrass 



2 3 2  Mowing freqiency 

It has been found (Le., Madison 1962b; Lush, 1990) that increasing the interval 

between mowings results in a lawn with a decreased shoot density . This reduction in 

shoot density is caused by cornpetition between larger grass plants and smaller plants. 

When mowing fiequency is decreased the more vigorous plants are able to shade out 

the smaller plants and density therefore decreases. In an attempt to reduce lawn 

maintenance some turfgrass managers decrease the fiequency of mowing. But, 

because the grass density is affected by rnowing fiequency, these growers are actually 

sacrificing the aesthetic quality of their lawn. It is recommended that the frequency of 

mowing should be such that no more than 113 of the leaf area is removed during any 

one cutting (Cattani, 1994). The removal of more than 113 of the turf'grass leaf blade 

can result in reduced carbohydrate reserves. 

Not only is the aesthetic quality of the lawn reduced by decreased rnowing 

fiequency but the amount of maintenance and yard waste may actually be increased. 

When home owners decrease the mowing fiequency of their lawn in an attempt to 

reduce lawn maintenance the result is an increase in the amount of clippings produced 

(Madison, 1960; Madison, 1962a). This increased yield of clippings rnay alter the 

clipping disposal method used. If there is a large yield in clippings it is 

recommended that the clippings be removed fiom the lawn. Removal is recornmended 

because large amounts of clippings lefi on the lawn may result in increased turfgrass 

shading. Turfgrass shading is caused by the clippings lying near the top of the turf 

canopy, and results in a decreased shoot density (Soper et al., 1988). To prevent a 



decline in turf density and the reduction of carbohydrate reserves mowing fiequency 

should be moderate. Mowing too fkequently causes a decline in rooting capability and 

a drop in storage of carbohydrates (Turgeon, 1980). Decreasing the fkequency of 

mowing, and ensuring no more than 30% of the leaf blade is removed allows grasses 

to increase their carbohydrate reserves which improves the winter hardiness of 

turfgras species. 

2.33 Fertilizers and f e e e r  rates 

Plants require certain concentrations of inorganic nutrients for growth. These 

nutrients are broken into two groups, macronutrients and micronutrients. Since 

macronutrients are required in large amounts, and typically the limiting element for 

plant growth, they are the focus of this mdy. There are nine rnacronutrients, of which 

most packaged fertilizers contain only three: nitrogen, phosphorus, and potassium. 

Deficiency of any of these three rnacronutrients is the most common soil deficiency 

problem. 

Nitrogen is a vital constituent of the chlorophyll rnolecule, amino acids, 

proteins, nucleic acids, enzymes, and vitamins (Epstein, 1972). Nitrogen is essential 

for root development and the dark green colour of turfgrass species. Turfgrass grown 

in nitrogen deficient soils has poor root development and light-green to yellowish leaf 

blades. Excessive nitrogen can also be detrimental to turfgrass growth. Overfeeding 

the lawn with nitrogen fertilizer slows down the soil microorganisms ability to 

decompose dead grass to nutrients which results in increased thatch build-up (Schultz, 



1989). 

Phosphow is the second element in fertilizer's N-P-K ratio, it is required for 

photosynthesis, interconversion of carbohydrates, fat metabolism, oxidation reactions, 

energy relations ( Adenosine triphosphate (ATP), and Adenosine di phosphate (ADP)), 

and as a component of genetic material (Turner & Hummel, 1992). Phosphoms heQs 

seeds germinate and establish root systems. Sufficient phosphorus in the soi1 results in 

faster gras establishment and more hardy turf'gniss plants (Salisbury & ROSS, 1985). 

Potassium, also an essential element, is necessary for numerous plant functions, 

such as photosynthesis, carbohydrate and protein formation, water relationships, and 

enzymatic activity" (Turner & Hummel, 1992). Potassium makes grasses more 

resistant to stresses such as heat, drought, cold and disease (Turner & Hummel, 1992). 

Fertilizers occur in many forms. Some commonly used fertilizers include 

chemical fertilizers, manures, sewage sludge, composts and organic residues. 

The most commonly used fertilizers are water soluble (quick-release), and quite often 

the nitrogen (N) amounts are in excess of what the &grasses cm assimilate. 

Basic fertilizers have three key elements, one of more of which are often 

limiting in soils, nitrogen (N) in the form of total nitrogen, phosphorus (P) as available 

P,O,, and potassium (K) as water soluble &O. Once a basic fertilizer containing N, P 

and K is added to the soi1, plants on average are only able to efficiently use 30-70% 

of the added nitrogen, 50-80% of the added potassium, and as little as 20-30% of the 

added phosphorus (Donahue et al., 1983). 

Fertilizer rates are also important to turfgras maintenance, especially if the 



overall desire is a low maintenance turfgrass. For example, too much nitrogen applied 

to the lawn actually increases the maintenance required by increasing shoot density, 

and yield (Madison, 1962b). The overall result may be increased mowing fkequency 

or an altered clipping disposal method (Ledeboer & Skogley, 1963). The efficiency of 

nutrient uptake by plants varies with the type of plant, the soi1 properties, and method 

of fertilizer application. To increase the plants ability to take up nutrients, it is 

recommended that the fertilizer be applied in split applications, where the fertilizer is 

applied more than once in smaller quantities, rather than one large application 

(Donahue et al ,  1983). 

Fertilizer application dates are the third factor that must be considered when 

applying fertilizer. Fertilizer cm be applied at anytime throughout the gowing season, 

depending on the turf manager's reason for fertilizing. It is often recommended that 

fertilizers be applied in split-applications (more than one application), and that the best 

thne to apply fertilizer is when grasses are actively growing. For cool-season 

turfgrasses the best tirne to apply fertilizer is in the s p ~ g  and fa11 (Busey and Parker, 

1992). Ledeboer & Skogley (1963) found that fall nitrogen applications were more 

effective than summer and spring applications in achieving early spring green-up and 

increased shoot densis.. It is recommended that fertilizer be applied in early fa11 if the 

desire is to retain colour in the fall, and in fate fa11 if the desire is to achieve early 

spring green-up (Ledeboer & Skogley, 1963). 



23.4 Clipping disposal 

The most cornmon technique of disposing of gras clippings fkom home lawns 

is in landfill sites. Most parks, golf courses and playing fields r e m  the gras 

clippings or compost them. Grass clippings are recognized as a good source of 

nitrogen, phosphorus and potassium, and if left on the lawn are an important 

component in reducing lawn maintenance, both in dollars and t h e .  Studies have 

shown that clipphgs can provide up to half of the nitrogen necessary for successfbl 

lawn care (Schultz, 1989). Leaving the clippings on the mowed areas not only reduces 

the amount of tirne necessary to rake them up or empty the grass catcher bag, it also 

reduces the arnount of clippings that people bag and put in landfül sites, and may even 

reduce the arnount of fertilizer application necessary for hirfgrass maintenance. 

Mowing fiequency is important if the clippings are retumed to the lawn. When 

retuming clippings to the lawn (grasscycling), it is best to mow lawns more frequently, 

so that clippkigs IeA on the lawn are small and easily decomposed by soil microfauna, 

thereby reducing thatch build-up. 

23.5 Irrigation 

To maintain a lawn that has the desirable colour, shoot density, growth and 

regrowth capability, and overall appearance, irrigation is o f h  necessary (Mantell & 

Stanhill, 1966). Yet, few home owners take the soil moisture and field capacity of the 

soi1 into account when watering their lawn (Morton et al, 1988). Moa turfgrasses 

consume 2.5 to 7.5 mm of water per day (Beard, 1973) during peak growth periods. 



When designing a turf'grass irrigation schedule, the fkquency of irrigation is 

also an important component to take into consideration. Watering too often can be 

just as detrimental to the lawn as watering infkequentiy, therefore a balance must be 

found. Madison & Hagan (1962) set up a study in California with two irrigation 

treatments, five tirnedweek, and once/week, with bot .  treatments receiving a total of 2 

1/2 to 3 inches of water per week. It was found that watering frequently, five 

times/week, resulted in fewer, shallower roots, and that watering infkequently, 

oncelweek, resulted in fewer roots in the surface eight inches of soil, but an increased 

number of roots in the mil below eight inches. In conclusion, the grasses watered less 

freguently had deeper root systems, which is thought to improve drought tolerance, 

and increase nutrient absorption. 

Research has shown that the turfgrass species, the type of turfgrass ( i c . ,  cool- 

season vs. wm-season), soil type, topography, and the turfgrass management regime 

employed, al1 play a role in the amount of water turfgrasses need. Warm-season 

grasses use less water than cool-season grasses (Feldhake et al., 1983). Increasing the 

mowing height (Madison & Hagan, 1962; Biran et al., 1981), increasing the fertility 

rate (Krogman, 1966), increasing the fiequency of irrigation (Mantell & Stanhill, 

1966), and decreasing the soil compaction (O'Neil & Carrow, 1983), al1 resulted in 

turfgrasses that used more water. 

2 -4 Tu rfgrass Assessmen t 

Before turfgrass can be evaluated, there must be some understanding of the 



components that should be evaluated. There are a number of ways of evaluaîing 

turfgrass, and the evaluation method a tesearcher uses should be chosen based on the 

type of treatments being looked at. 

According to Beard (1973), dry matter yieid, verdure, visual estimates, 

botanicd composition and colour determination are some of the common evaiuation 

methods used in nirfgrass research. Dry rnatîer yield is representative of the shoot 

growth, and is ofien measured when determining the effects of fertilizer on turfgrass 

growth. Botanical composition measures the competitive ability of a grass species in a 

turf's stand. Colour is another evduation method, it is ofien rneasured to determine 

the effects of fertilizer and water. 

2.5 Environmental Impacts of Tuiigrass Management 

As citizens become more aware of anthropogenic impacts on the envuonment, 

they are increasingly concerned about environmental impacts fiom turf's 

maintenance (Dernoeden et al., 1994). These concems are primarily centred on the 

use oE soluble fertilizers, herbicides, lawn mowers (consumption of non-renewable 

fossil fuels and production of a i  pollutants), and turf'grass clippings that are disposed 

of in landfills, al1 of which are part of traditional lawn maintenance regimes. 

2.5.1 Soln ble fertilizers 

Moa commonly used fertilizers are water soluble (quick-release), often with 

nitrogen concentrations in excess of what turfgrasses cm assimilate (Morton et al., 



1988). Quick release of nutrients f?om such soluble fertilizers gives gras a quick 

boost of growth and deepens the colour, but, any excess nitrogen that is not needed by 

the plants is lost fkom the hirfgrass system due to denitrification, leaching, or ammonia 

volatilization. Some of the factors that influence nitrogen leaching include: fertilizer 

regimes (rate of nitrogen applied, form of aitrogen, and application timing), soi1 

texture and irrigation. Nitrogen leached fiom turfgrass in the form of nitrate-nitrogen 

(NO,-N) (Stam & DeRoo, 1981; Geron et al., 1993), or high concentrations of any 

form of nitrogen in nuioff (Tan, 1994), is a potential source of water pollution in 

surroundhg ground water systems. Petrovic (1990) found that niîrogen lost fiom the 

turfgrass system via leaching was often less than 10% of the applied nitrogen. 

2.5.2 Machinery used for turfgrass maintenance 

A third concem that mua be addressed in relation to turf'grass maintenance is 

the consumption of fossil fuels (energy) and the production of polluting emissions. 

Fossil fuel consumption was not a focus of this study, but is another factor that must 

be considered when analyzing the environmental impacts of turfgrass maintenance. 

2.53 Landfill space 

Another concem citizens have about traditional turfgrass management is that 

clippings are ofien disposed of in landfill sites. Canadians produce an estimated 1.7 

kg per capita per day- of municipal solid waste, making it one of the most wasteful 

countries in the worid (Environment Canada, 1992a & 1992b). Management of this 



waste has become one of the major environmental challenges of this decade. To 

reduce the amount of waste produced by Canadians, the Canadian Couacil of Ministers 

of the Environment set a target of 50% waste reduction by the year 2000. To reach 

this goal, the province of Manitoba developed The Waste Reduction and Prevention 

Act (WRAP). 

The Nationai Round Table on the Environment and the Economy (1991) succinctly 
summarizes the issue: 

Public concerns over the quality of our environment and the safety of 
current waste disposal practices, together with preferences for less 
wasteful Lifestyles, have created a major, grassroots political force that is 
pushing for local source reduction and recycling programs, and other 
foms of Sustainable Development. Residential source reduction and 
recycling, in particular, provides families and individuals with a 
constructive, handssn opportunity to have a direct and positive impact 
on the envuonment (p.7). 

Recycling of gras clippings within the hirfgrass system (grasscycling), composting of 

grass clippings, and source reduction of p s  clippings by using slow growth 

hirfgrass, are al1 ways of reducing the amount of  clippings going to landfill sites. 

The average amount of solid garbage that is produced per year in the City of 

Winnipeg is 215 000 tonnes, of which 43 000 tonnes or 20% of the total waste 

produced is residential yard waste, the majority of which is gras clippings (Ross, 

1997). In Winnipeg, most yard waste goes to one of the two local Iandfill sites, the 

most popular municipal waste disposal method. These sites take up large areas of 

space, and are relatively expensive to maintain. Tipping fees for the City of 

Winnipeg's landfill sites are $15.1 Olmetric tonne for residential garbage, and this fee 



will increase to $25.00/metric tome, once the upwming City of Winnipeg's budget is 

announced (Ross, 1997). Taking into consideration the mount of yard waste 

produced annuaity and the curent cost of waste disposal in landnll sites, the City of 

Winnipeg is currently paying $649 300lyear in yard waste disposal, and may be 

paying as much as $1 075 000/year, once the new tipping fee is imposed, if reduction 

of yard waste disposal is not realized. The City of Winnipeg has recently adopted a 

program which composts leaves each fali, potentially gras clippings could be included 

into this program. In 1994 the Recycling Council of Manitoba Inc. contracted a 

consu1taut to determine the benefits of implementing a "Don't Bag It" Lawn Care 

Program. But nothing M e r  was done with the program. 

By utilizing low-maintenance grasses that are more drought tolerant, slower 

growing, require fewer fertilizers, by adopting the practice of grasscycling or at lest  

composting, and by reducing the public's expectations the environmental impacts of 

turfgrass management may be reduced. By changing the public's expectations allows 

for an increased acceptance of a "lower" turfg~ass quality, 

Summary 

In an attempt to understand how to reduce the environmental impacts of 

turfgrass management and to decrease the amount of management required for 

turfgrass maintenance, this practicum focused on hirfgrass species, clipping disposal, 

fertilizer rate, and mowing fkequency. 



CHAPTER THREE 

METHODS 

In an attempt to meet the research objectives of this study three cornponents of 

turfgrass management, fertilizer rate, clipping disposal and mowing frequency , were 

exarnined in two separate -dies. The f~st study evaluated the effects clipping 

disposa1 and fertilizer rate had on clipping yield, height, colour, percent nitrogen in 

clippings, and plot cover of ten cool-season turf's mixtures. The second study 

evaluated rnowing fiequency, and the effect it had on the clipping yield, height, and 

colour on seven commercially available cool-season turfgrass mixtures. 

3.1 Effects of Clipping Disposal and Fertilizer Rate on Five Cool-Season 

Turfgrsss Species 

3.11 Scope 

The clipping disposal and fertilizer rate study was designed to evaluate the 

effects that clipping disposal and fertilizer rate had on the clipping yield, heigbt, 

colour, percent nitrogen in clippings, and plot cover of £ive cool-season turfgrass 

species commonly used in the City of Winnipeg. The five cool-season turfgrasses 

were each seeded individually in monostands, and together in polystaads, on May 29 

and 3011995, for a total of ten different turfgrass mixtures (as descnbed in Appendix A 

(Table A2)). Trial plots for this study were located at the University of Manitoba, 

Fort Garry Campus in the City of Winnipeg. 



3-12 ErperimenW design 

The experimental design of the clipping disposd and fedizer  rate study was a 

split-split-plot design. In this design there were three treatment factors 1) turf,, 

mixture (factor a), 2) clipping disposal (factor b), and 3) fertïlizer rate (factor c). 

Turfgrass mixture factor (a) contained ten different mixtures denoted jl, 2,....jio, where 

mixture one was composed of 100% Kentucky bluegms (j,); m h e  two was 

composed of 100% Canada bluegrass (d; mixture three was composed of 100% 

creeping red fescue ($); mixture four was composed of 100% sheeps fescue (#); 

mixture five was composed of 100% perennial ryegrass 6); mixture six was composed 

of 30% Canada bluegrass, 30% sheeps fescue, 30% creeping red fescue, and 10% 

peremial ryegrass (jJ; mixture seven was composed of 45% Canada bluegrass, 45% 

creeping red fescue, and 10% perennial ryegrass (,,); mixture eight was composed of 

45% Canada bluegrass, 45% sheeps fescue, 10% peremiai ryegrass (,,); mimure nine 

was composed of 45% creeping red fescue, 45% sheeps fescue, 10% perennial 

ryegrass and mixture ten was composed of 90% Kentucky biuegrass, and 10% 

peremial ryegrass (,,,). 

Clipping disposal (factor b) consisted of two different methods denoted ,, and 

,, where ,, was grasscycling (returning the clippings to the lawn), and , was clipping 

removal (removing the clippings nom the nirfgrass system). Factor c, fertilizer rate, 

consisted of tvvo rates denoted ,, and ., where ,, was a low rate of 0.5 lb of N/1000 ft2 

per application, and was a high rate of 1 lb of NllOOO A2 per application. Each rate 

was applied twice per growing season to the respective plots. 



Turfgniss mixture is referred to as the whole-plot factor and it was applied to 

the whole-plot. Clipping disposai is refemd to as the split-plot factor and the 

experimental units to which the two clipping disposal methods were applied are the 

split-plots, where each whole-plot had two split-plots, as iuustrated in Appendix B, 

Figure 1. Fertilizer rate is referred to as the split-split plot factor and the experimental 

uni6 to which the two fertilizer rates were applied are cailed the split-split-plots, 

where each split-plot had two split-split-plots, one low fertilizer rate and one high 

fertilizer rate, and each whole-plot had four split-split plots, two low fertilizer rates 

and two high fertilizer rates, as illustrated in Appendix B, Figure 2. 

Within the clipping disposal and fertilizer rate study there were four blocks (r), 

each block contained one application of each of the ten nirfgrass mixtures ji,ir,...,j,o and 

within each of whole-plots there was one application of each of the clipping disposal 

rnethods, ,,, and , and within each of the split-plots there was one application of each 

of the fertilizer rates, ,,, and .. Each of these three factors, turf'ass mixture, clipping 

disposa1 method, and fertilizer rate, were assigned ushg three independent 

randomizations. The observation for each split-split-plot is then the observation for 

the treatment combination %b,c, (Hinkelmann & Kempthorne, 1994). 

The spiit-spiit-plot mode1 used in this study is: 

Y,, = u + ri + aj + bk + ab,, + c, + ac,, + bc, + abc, 

On May 27/95, the study site was measured and marked using d e s .  The site 

size for the clipping disposal and fertilizer rate study was 20 m long and 12 m wide, 



allowing for ten treatments, and four blocks. Each of the four blocks had ten whole- 

plots, each whole-plot measured 2 m wide by 3 m long, each of the whole-plots had 

two split-plots which measured 2 m wide by 1.5 m long, and each of the split-plots 

had two split-split-plots which measured 1 m wide by 1.5 m long, as illustrated in 

Appendix B, Figure 2. 

3.13 Tuiigrass selection 

The selection of the turfgrass species, used in this study, was based on a 

number of criteria including: whether the species was commercially available in 

Winnipeg; the management requirements of the species; and the adaptation of the 

turf's species to environmental stresses. The five species that were chosen for this 

study were Kentucky bluegrass, Canada bluegrass, creeping red fescue, sheeps fescue, 

and perennial ryegrass. Kentucky bluegrass was chosen because it is the most 

commonly used turfgrass species in Manitoba. Canada bluegrass was chosen because 

of its low maintenance qualities. Creeping red fescue was selected because it requires 

low amounts of supplemental water and nitrogen. Sheeps fescue was selected because 

it is commonly used as a low maintenance W, and grows best under non-imgated 

conditions where there is a low soi1 fertility level and no supplemental nitrogen 

fertilization. Perennial ryegrass was chosen to act as a nurse crop, because it is a 

short-lived peremial that establishes itself quickly (Beard, 1973). For M e r  

information on the five species used in the clipping disposal and fertilizer rate study 

see Appendix C, Characteristics of the Five Cool-Season Turfgrass Species in the 



Clipping Disposal and Fertiker Rate Study. 

3.1.4 Turtgrnss mixtures 

Prïor to seeding, the soi1 in the clipping disposa1 and fertilizer rate study plot 

was prepared. Preparation of the seed bed involved tilling and packhg, which was 

done by the University of Manitoba Plant Science staff in 1994. FKst a roto-tiller was 

used to c h m  the soi1 to 4 inches deep, then a rouer was used to pack the mil, and 

finally a piece of board was dragged across the plot, est North/South and then 

East/West, to level off the plot. Once level the plot was left to fallow for one year. 

In early May of 1995 dandelions and other obvious weeds were hand pulled. Seeding 

of the clipping disposa1 and fertilizer rate study commenced on May 29/95 and 

finished on May 30/95. 

Seed was weighed and the weights used were in accordance with the heavier 

recommended rates given by Schultz (1989). Kentucky bluegrass and Canada 

bluegrass were seeded at 10 g/m2, perennial ryegnrss was seeded at 40 g/m2, and 

sheeps fescue and creeping red fescue were seeded at 20 g/m2. The ten mixtures used 

in this study are described in Appendix A, Table 2. Once weighed the seeds were 

placed into size #5 coin envelopes. 

On May 29 whole-plots one to six of al1 four blocks were seeded and on May 

30 whole-plots seven to ten of the four blocks were seeded. Seeding was done using a 

1 rn x 1 m square seeding box that was 50 cm high. The seeding box was composed 

of plywood with hinges on al1 four corners. For each square metre one envelope 



containing the weighed seed was eveniy distributed and raked into the mil. For each 

of the whole-plots there were six envelopes containing the correct weight of seed. In 

the clipping disposal and fertilizer rate study there were ten hirfgniss mixtures, each 

mixture was seeded in one whole-plot in each of the four blocks, for a total of four 

replicates of each turfgrass mixture, as iuustrated in Appendix B. Figure 3. On June 

1/95, &et seeding, a heavy roller full of water was used to pack the soi1 and seed. 

To reduce competition between grass species the ten mixtures seeded in 1995 

contained no more thm four species each. Perennial ryegrass was seeded with al1 of 

the polystands as a nurse crop because it geminates and establishes well in the fvst 

year. As a nurse crop it reduces weed establishment and in so doing reduces the 

competition for limited resources thereby atlowing desirable slower growing hirfgrass 

species to establish. Turf'ass mixtures used in the clipping disposal and fertilizer rate 

study consisted of both monostands and polystands, allowing the researcher to monitor 

the clipping yield, nitrogen content, height, colour, and establishment of al1 the species 

with and without interspecific competition. 

3.1.5 Clippings disposa1 

In the clipping disposal and fertilizer rate stiidy each of the whole-plots had 

two split-plots, in one of the split-plots grasscycling was practiced and in the other 

split-plot the clippings were removed, as illustrated in Appendix B, Figure 4. 

The grasses were mowed for the first thne on June 22/95, at a height of 5.5 

cm. This initial tirne lag was due to broad-leaf weeds and the herbicide used to 



control the weeds. The first grasscycling and clipping and removal treatments were 

applied on August 2/95, before then d clippings were collected and removed. Each 

week, once a week thereafter, the grasscycling and clipping and removal treatments 

were applied. Grasscycling was applied to detemine if the nitrogen fiom the retumed 

clippings had an effect on the growth of the turfgrasses. 

3.1.6 Soil analysis 

Soil samples were analyzed to determine the nuhient concentration of the soil 

and other characteristics. On May 17, 1995, prior to seeding, ten soil samples were 

taken randornly at a depth of 0-15 centimetres (0-6 inches) using a soil auger. The ten 

samples were mixed together, and one 500 ml soil sample was analyzed by Norwest 

Labs. Soil samples were taken a second thne fiom the clipping disposal and fertilizer 

rate study site, on June 26 1996, prior to applying the fxa application of fertilizer for 

the 1996 growing season. The soil samples were collected fiom each of the split-split- 

plots for mixture ten, at a depth of 0-15 centimetres (0-6 inches). Mixture ten was 

used because it was composed of Kentucky bluegrass and peremial ryegrass. 

Kentucky bluegrass is the most cornmon turfgrass seed mixture used in Manitoba, and 

was therefore considered the control in this study. 

Norwest Labs completed a soil analyses, for both the 1995 and 1996 soil 

samples. Soil analyses included the amount of available phosphorus, potassium, 

nitrogen, and sulphur in the soil, and soil pH and salinity. Knowing the nutrient 

content of the soi1 enabled an estimate to be made on the amount of fertilizer required 



to satisfy the nutrient requirements of the gras mixtures. Norwest labs also 

determined the texture, soi1 organic matter and carbonlnitrogen ratio of the soil 

collected in 1996. The soi1 texture was determined by panicle size analysis with the 

use of a hydrometer. The organic carbon, total nitrogen and percent organic matter 

were al1 measwd using a Leco analyzer. 

Bulk density and percent pore space of the soil collected nom the clipping 

disposal and fertilizer rate study were also detennined. Bulk density and percent pore 

space were measured using the methods described in the Soi1 Science: Methods and 

Applications (Rowell, 1 994). 

3.1.7 Fertilizer application 

The 1995 soil analysis fkom the clipping disposal and fertilizer rate study 

suggested that 3.2 lbs. of nitroged1000 should be applied in two to three 

applications to ensure nitrogen concentrations are adequate for turfgras growth. 

Following the soil analysis recommendation, prior to seeding, a quick-release chernical 

fertilizer with a ratio of 46(N)-O(P)-O(K) was applied May 26/95 using a calibrated 

broadcast spreader, at a maintenance level of 0.75 Ib of N/1000 p. A quick-release 

fertilizer was re-applied to the clipping disposal and fertilizer rate study June 22/95. 

This tirne the fertilizer had a ratio of 17- 17-17 and it was applied at 0.5 Ib of N/1000 

ftf to ensure the grass had sufficient nutrients to establish. 

Once the turfgrass in the clipping disposal and fertilizer rate study was 

established the fertilizer treatments of 0.5 lb of N/1000 ft2 and 1 lb of N/1000 ft2 were 



applied, using a calibrated drop spreader, on July 19/95 and again on August 23/95 (as 

illustrated in Appendix B, Figure 5) and the same amounts were applied the second 

year on June 27/96 and Sept. 9/96 (as Uustrated in Appendix B, Figure 6). There 

were four split-split plots where the fertilizer rates were different in 1995 compared to 

1996. This difference was due to an application error. The purpose of the two 

fertilizer rates was to determine how a low and a high level of fertilizer would affect 

the growth of the ten different turfgrass mixtures. 

Low and high rates of fertilizer were used because it was taken into 

consideration that most homeowners apply at least a srnall amount of fertilizer to their 

lawns. Therefore, the low fertilizer rate was considered the control. The fertilizer 

used for these applications was a slow-release chernical fertilizer, which had a N-P-K 

ratio of 24-4-12. The ratio indicates that the total nitrogen content was 24%, of which 

1.6% was derived fiom ammoniacal nitrogen, 1 1.6% was urea nitrogen, and 10.8% 

was water insoluble nitrogen (Vigoro Industries, Inc., 1995). Nitrogen in the form of 

isobutylidene diurea (IBDU) was used in the clipping disposal and fertilizer rate study 

because it was a slow-release fertilizer resulting in less of the nitrogen applied to the 

turfgrass system leaching fkom the soil. This allowed for more efficient use and 

continuous supply of nitrogen by the grasses, which in turn reduced the need for 

fiequent of fertilizer applications. 

IBDU releases nitrogen, in the form of urea, as a result of hydrolysis. Nitrogen 

fiom urea decomposes slowly to ammonia, which is absorbed by grasses. IBDU 

releases nitrogen independent of microbial activity; nitrogen release is influenced by 



moistun, temperature, soi1 pH, and fertiiizer particle size (Lunt and Clark, 1969; 

Turner & Hummel, 1992). Therefore it was important that the irrigation dates and 

quantities, and ctimate records for the m m e r s  of 1995 and 1996 be recorded. 

3.1.8 Watering 

Water is also essentiai for g ras  growth and survival. To prevent desiccation 

the trial plots in the clipping disposal and fertilizer rate study received water twice a 

day for 30 minutes (5.14 rndday) for the fust three weeks &ter seeding, as suggested 

by turfgrass managers. Afier the f m  three weeks the trial plots in the clipping 

disposal and fertilizer rate study received one hour (1027 mm) of water every other 

day up until July 19/95, the day the fertilizer treatment was applied. After July 18/95 

the amount of water used was logged because of the increased solubility of IBDU in 

water. To determine the amount of water that was being applied once the fertilizer 

treatment was applied, the sprinklers were caiibrated using numerous stniight sided 

containers placed in a number of different areas within the study site. The sprinklers 

were determined to dispense an average of 10.27 mm of waterlhr on the hirfgrass 

plots. 

3.1.9 Grass clippings 

One purpose of the clipping disposal and fertilizer rate study was to determine 

which of the ten grass mixtures produced the shortest gras height, and the lightest 

clipping weight. On August 16/95 the clippings fiom dl of the split-split-plots (1.5 rn 



x 1 m) in blocks one, two, and three were collected using a blade height of 3.5 cm. 

Because of bad weather, clippings from block four were mot collected until August 

21/95. Clippings were also collected September 14/95, October 9/95, and in the 

second year they were collected June 8, July 27, September 14 and October 5/96. 

When collecting clippings from the split-split-plots, 12.5 cm on each of the four sides 

of the plots were not mowed to reduce edge effecf therefore, the clippings were 

collected fiorn a 1.25 x 0.75 m area, with the total area being 0.94 m2 per split-split- 

plot. Once the collection of the clippings had been completed the grasscycling and 

clipping and removal treatments were applied to the edges that were not mowed. 

The grass was cut using a John Deere B-series 5.0 hp Ccycle engine lawn 

mower (mode1 number L 15-150-7) outfitted with a mulching blade. When 

grasscycling was imposed a mulching plug was use& and when the clippings were 

collected a rear clipping collection bag was used. 

Once collected, the clippings were weighed to detennine wet weight, then dried 

in a drying oven at 6 5 ' ~  until the dry weight was constant, and reweighed to 

detennine dry weight. From this information, percent moisture of the clippings was 

calculated using the formula: (wet weight-dry weight)/wet weight. 

Wet weight and dry weight measurements were used to compare the growth 

rate of the different grass mixtures. The weight of the clippings was also an indicator 

of the potential amount of clippings that could be disposed of in landfill sites. 



3.1.10 Nitrogen content in the cüppings 

Once dried and weighed, the collected grass clippings were analyzed for 

nitrogen content. The content of nitrogen in the grass clippings was an indication of 

the amount of nitrogen that was being absorbed by each gras mixture. It aiso was 

used to detemine if the two clipping disposal regimes and fertilizer rates had an 

impact on the amount of nitrogen present in the grasses. 

The following procedures were used to determine percent nitrogen in the 

clippings. Clippings were collected, and dried at 6s°C until they maintained a constant 

dry weight. Once dry, the clippings for turfgrass mixtures one to five were set aside 

for analysis. Once aried, the clippings nom each split-split-plot, for turf'ass mixtures 

one to five, for al1 four blocks, were then separately ground to a mesh size of 2 mm. 

Once ground, the clippings were taken to the University of Manitoba, Department of 

Plant Science, for nitrogen determination using the combustion method on a Leco FP 

428 machine (Leco Corporation, St. Joseph, MI, U.S.A.). The results of the 

combustion method of nitrogen determination were in protein content values for each 

of the analyzed split-split-plot's clippings. Using the following formula: 

protein content = % nitrogen, 
6.25 

the protein content values were converted to percent nitrogen values (Acker, 1983). 

The five monostands were the only treatments looked at because of budget 

constraints. Data fiom mixtures one to five can be used to infer what likely happened 

within the other five mixtures based on species composition. 



3.1.1 1 Turf characteristics (height and coloar) 

One of the purposes of turf is to be aesthetically pleasing. To ensure aesthetics 

were taken into account when recommending a slow growing/low maintenance 

turfgrass both turfgrass height and colour were measured. Turfgrass height was 

measured with the use of a d e r .  Ten or more readings were taken at random, from 

the base of the gras  stem to the tip of the average leaf blade, and averaged. Height 

measurements were taken for each of the split-split-plots throughout the growing 

season. 

Turfgrass colour was another characteristic to be considered when considering 

appropriate low maintenance grasses. Colour was measured subjectively. There are a 

number of ways of determinhg turfgrass colour, including: visual rating, leaf 

chlorophyll content, and light reflection. The method used in this study was the visual 

rating from a scale of 1- 10. Where 1 was poor quality, brown turfgrass, and 10 was 

high quality, dark green turfgrass. It has been documented (Birth, and McVey, 1968) 

that there is a high correlation between visual ratings and light reflectance, supporting 

the use of visual ratings for turfgniss colour. 

3.1.12 Speciating the vegetation 

In the clipping disposal and fertilizer rate study, speciation of the vegetation 

was conducted to determine the plot cover of the grasses and to look at intraspecific 

and interspecific competition. Speciation of the vegetation was camed out in the fa11 

of 1995, using a 0.125 rn2 point quadrat. Each of the split-split-plots in blocks one, 



two and three were speciated. The quadrat location was randomly chosen within each 

of the 120 split-split-plots speciated. The species information coiiected fkom the 

quadrats was used to determine species composition in percentages for each treatment. 

Using the percentages of grass species in the gras mixes and the percentages in the 

established plots, competition between gniss species in each treatment could be 

m easured . 

3.1.13 Weather data monitoring 

Weather data collected in 1995 and 1996 included: soi1 temperature, air 

temperature, and precipitation in the study area The data was used to evaluate the 

hardiness of the gras mixtures and was used to evaluate trends in the data; for 

example: an increase in clipping weights may be correlated to a rainy period. 

3.1.14 Data analysis 

A statistical advisor at the University of Manitoba was consulted for 

experimental design (as described in section 3 -1 2 ) ,  and statistical anaiysis rnethods. 

The advisor suggested the use of the Statistical Analysis System (SAS) to perform 

Analysis of Variances on the collected data. Analysis of Variance (ANOVA) were 

used to compare the results of the clipping yield and nitrogen content in the clippings 

obtained fiom each of the split-split-plots in the clipping disposal and fertilizer rate 

study, for both 1995 and 1996. To determine which treatments produced significant 

diReremes, a Least Significant Difference test was done on the four main variables: 



blocks, mixtures, clipping disposal methods, and fertilizer rates at the 0.05 alpha level. 

3 3  Effkcb of Mowing Freqaency on Seven Cool-Season Turfgrau Mutares 

32.1 Scope 

The mowing fkequency study was a continuation of the project started by Henri 

Carriere and Calvin McLeod (1994) titled "Establishing Whether Slower Growing 

Lawns are Suitable for the City of Winnipeg". In this study aimed at evaluating the 

slow growth and low maintenance potential of seven cool-season hirfgrass mixtures. 

These mixtures included four commercial slow growing, low maintenance cool-season 

turf'grass mixtures; a monostand of Sheeps Fescue; a low maintenance gras mixture; 

and an average lawn seed mixture. The composition of the seven mixtures are 

described in Appendix A, Table A3. niese mixtures were seeded on May 30 and 

3 111994. The trial plots for this study were located at the University of Manitoba, 

Fort Garry Campus in the City of Winnipeg. In the nimmer of 1995, there were some 

additional methods added to the study to increase the comprehension of how much 

maintenance was necessary to ensure aesthetically pleasing turf. The methods for this 

study are listed below. 

3.23 Experimental design 

The experimental design for the mowing frequency study, set up by Carriere 

and McLeod (1994), was a pseudo split-plot design. In a split-plot design there are 

two randomized complete block designs superimposed on each other. In a randomized 



cornplete block design there are matched sets of experimental units, called blocks, each 

block contains every combination of treaûxtents, and the treatments are assigned 

randomly (McClave & Dietrich, 1988). 

The rnowing fiequency study was a pseudo split-plot design because treatments 

were not al1 randomly assigned. The rnowing frequency study had two biocks, each 

containing one application of each of the seven turfgrass mixtures. The seven 

turfgras mixtures were assigned randomly in block one, but not in block two. BIock 

two treatments were assigned using the same order of turf" mixtures in block one, 

but in reverse, such that in block one, treatment one was the first plot @lot one), and 

treatment one was the last plot @lot 14) in block two, as illustrated in Appendix B, 

Figure 7. 

The two factors in the mowing fiequency shidy were: 1) turfgrass mixture 

(factor a) and 2) mowing fiequency (factor b). The turfgrass mixture, factor a, had 

seven different mixtures denoted j,, j2,....j,, where: mixture one @awson Seed Co.'s 

Bighom Sheeps Fescue) was composed of 100% sheeps fescue, and was considered a 

monostand, because it consisted of only one grass species (,,); mixture two (Pickseed's 

Cottage Nt Country) was composed of 10% Canada bluegrass, 20% Mustang ta11 

fescue, 25% creeping red fescue, 5% white clover, 20% timothy, and 20% annual 

ryegrass (@); mixture three (Pickseed's Envuogreen) was composed of 20% Banff 

Kentucky bluegrass, 40% Jasper creeping red fescue, 25% Spartan hard fescue, and 

15% Iowgrow peremial ryegrass (fi); mixture four (OSECO's Blue Chip Low 

Maintenance/Rec lamation Mixture) was composed of 20% C ertified Canada b luegrass, 



20% Certifed hard fescue, 20% Certified chewings fescue, 20% Certified red fescue, 

and 20% Certified turf'-type perennial ryegrass (& mixture five (Bishop's Low 

Maintenance Mixture) was composed of 10% Serra hard fescue, 10% MX-86 sheeps 

fescue, 10% Park Kentucky bluegrass, 25% Koket chewings fescue, 30% creeping red 

fescue, and 15% Omega II perennial ryegrass 6); mixture six (Pickseed's Town and 

Country) was composed of 50% creeping red fescue, 40% Kentucky bluegrass, and 

10% Fiesta II peremial ryegrass (,); and mixture seven (Dawson Seed Co.'s Enviro 

Turf) was composed of 15% Shade Master creeping red fescue, 20% Longfellow 

chewings fescue, 25% Serra hard fescue, 25% Aurora hard fescue, and 15% Seville 

peremial ryegrass (,,). 

There were two mowing fiequencies, factor b, which were: mowing every week 

(,,), and mowing every other week (,). 

Turfgrass mixture was referred to as the whole-plot factor and it was applied to 

the whole-plot. Each whole-plot measured 1 m wide x 10 m long. Mowing frequency 

was referred to as the split-plot factor and the experùnentai units to which the two 

mowing fkequencies were applied to were the split-plots, each split-plot measured 1 m 

wide x 5 m long. Each whole-plot had two split-plots, as illustrated in Appendix B, 

Figure 8. 

Within the mowing frequency study there were two blocks (r), each block 

contained one application of each of the seven turf's mixtures j,,p,...,j, and within 

each of the seven whole-plots there was one application of each of the mowing 

fkequencies, ,,, and ,. The observation for each split-plot was the observation for the 



treatment combination ajb (Hinkelrnann & Kempthorne, 1994). 

The split-plot mode1 used in this study is: 

Y , = u + r i + 8 j  + & + a b B  

3.23 TurCgrass mixtures 

In the mowing fiequency study there were seven turfgras mixtures, each 

mixture was seeded in one whole-plot in each of the two blocks (for a total of two 

replicates of each nirfgrass mixture). Each whole-plot measured 1 rn wide x 10 m 

long. 

Prior to seeding the soil was prepared. Prepmation of the seed bed involved 

tilling and packing, which was done by the University of Manitoba Plant Science staff 

in 1993. First a roto-tiller was used to churn the soi1 to 4 inches deep, then a roller 

was used to pack the soil, and fmally a piece of board was âragged across the plot 

fvst NorthISouth and then EastlWest, to level off the plot. Once level, the plot was 

lefi to fallow for one year. In early spring of 1994 dandelions and other obvious 

weeds were removed. Seeding of the mowing fkequency study commenced on May 

30/94 and fmished on May 31/94. The seven turfgrass mUaures are described in 

Appendix A, Table A3. The layout of the turf's mixtures in the mowing fiequency 

study is shown in Appendix B, Figure 7. See Appendix C, Characteristics of the 

Cool-Season Turfgrass Species in the Mowing Frequency Study for a brief description 

of the turfgrass species used. 



3.2.4 Mowing freqaency 

Mowing fiequency was another variable examined in an attempt to reduce 

turfgrass maintenance. In the mowing fiequency study each of the whole-plots had 

two split-plots, in one split-plot the gras was mowed once a week, and in the second 

split-plot the gras was mowed every other week (once every two weeks), as illustrated 

in Appendk B, Figure 9. 

Treatments were seeded May 30 and 3 1/94, but it was not until June 29/94 that 

the gras was mowed for the &st time once it reached a height of 6.5 cm fkom the soi1 

(Carriere and McLeod, 1994). The mowing frequencies were f i  appiied on June 

29/95, a year after the fust mowing. Before June 29/95 al1 of the clippings were 

coilected and removed every week, in both 1994 and 1995. 

33.5 Grass clippings 

To reduce the edge effect, the size of the mowed area per split-plot was 9 

metres x 0.53 metres, leaving a 28 cm edge on each side and a 25 cm edge on each 

end. The plots were mowed using a John Deere B-series 5.0 hp Ccycle engine, gas 

powered lawn mower (mode1 number LIS- 150-7). Once mowed and collected in the 

rear catcher on the mower, the clippings fiom each whole-plot were placed in a black 

garbage bag and sealed immediately after each plot was cut. In 1994 (Carriere and 

McLeod) the clippings were only weighed to detemine wet weight. In 1995, the 

clippings once collected and bagged, were weighed to determine wet weight, then 

placed in a drying oven and reweighed to determine dry weight. From the two 



weights the percent moistue of each of the diErnent mixtures was detennined. This 

was done for each of the whole-plots until June 29/95. From June 29/95 untü 

September 25/95 (the end of the growing season) the two different mowing 

fiequencies were applied to each of the whole-plots, and the clippings were collected 

in each of the split-plots making the mowed area per split-plot equal to 4.5 m x 0.53 

m. 

Dry weight measurements were used to compare the two mowing frequencies 

for the different grass mixtws. This cornparison was used to detemine if mowing 

frequency altered the amount of clippings produced, and if so, does one of the 

frequencies allow for a reduction in the amount of maintenance required. 

3.2.6 Watering 

The mowing fiequency study was watered fiom June 16/95 to June 21/95, 

twice a day for thirty minutes per watering. Originally the pian was not to water the 

mowing frequency study but because of the dry, hot conditions of the summer of  1995 

the grass was watered for this six day period so it would green up. 

3.2.7 Soil analysis 

Soil analysis was completed to determine if the soil the turf was growing in 

required fertilizer at the beginning of the growing season to promote growth. On May 

17/95 fourteen soi1 samples were taken wiîhin the mowing fiequency study, one soil 

sarnple randomly from within each of the whole-plots, at a depth of 0-15 centimetres 



(0-6 inches). Once collected ail of the fourteen samples were mixed together, and one 

500 ml soi1 sample was analyzed by Norwest Labs. Norwest Labs completed a soi1 

analysis which determined the amounts of phosphorus, potassium, nitrogen, and 

suiphur available, as well as the pH and salinity of the soil, see Table 4.5. The 

nutrient content of the soi1 enabled an inference to be made on the nutrient 

requirements for the mowing fiequency study, which in turn enabled an estimate to be 

made on the fertilizer requirements of the mowing fiequency study. 

33.8 Fertiiizer application 

Once the amount of nutrients in the soil was detennined and appropriate 

fertilizer rates calculated, a quick-release chemical fertilizer with the ratio of 32(N)- 

3(P)-10(K) was applied on May 26/95, using a calibrated broadcast spreader, at a level 

of 1.0 Ibs. of N/1000 A'. Norwest labs recommended that 3.9 lbs of nitrogenf1000 e, 
be applied in two to three applications, and 0.2 Ibs of sulphur/1000 ft? also be applied. 

The actual amount of nitrogen added to the study plots (1 lbsJ1000 p) was much less 

than recommended by Norwest labs, because the study was directed to mesure the 

response of the turfgras mixtures to low maintenance conditions. 

3.29 Aesthetic quality 

The quality of the seeded turfgrasses used in this study was determined in an 

attempt to assess turf aesthetics qualitatively. The measurements that were looked at 

to determine aesthetic quality were hirfgrass height and colour, and are described in 



section 3.1.10. 

3.2.10 Data analysis 

A statistical advisor at the University of Manitoba was consulted for statistical 

analysis methods and suggested the use of the Statistical Analysis System (SAS) to 

perform Analysis of Variances on the collected data. Analysis of Variance (ANOVA) 

were used to compare the results, of the dry weight clipping yield, obtained fiom each 

of the split-plots in the mowing fiequency study for 1995. To determine which 

treatment produced significant differences a Least Signincant Difference test was done 

on the two main effect variables: blocks, and mixtures at the 0.05 alpha level. 



CHAPTER FOUR 

THE EFFECTS OF CLIPPING DISPOSAL AND FERTILmR RATE 

ON COOLSEASON TURFGRASSES 

The results of the clipping disposal and fertilizer rate study are outlined firsf 

followed by the discussion. The results of the study inciude the weather conditions, 

soil parameters, and vegetation parameters rneasured during the 1995 and 1996 

growing seasons. 

4.1 Resalts of the Clipping Disposal and Fertilizer Rate Study 

4.1.1 Weather conditions 

1995 Weuther Conditions: In 1995, soil temperature, air temperature and precipitation 

data were collected to determine the effect these parameters had on turfgrass growth 

throughout the growing season. The weather data for 1995 can be found in Appendix 

O, Table D l .  

The mean monthly temperature fiom January to May 1995 resembled that of 

the long-term average (Figure 4.la). The total monthly precipitation, collected at the 

Winnipeg International Airport (Environment Canada, 1993), during this period was 

only 50% of the long-term average (Figure 4.lb). During the 1995 growing season 

(May to September) the plots only received 78% of the normal precipitation. The 

temperature during the 1995 growing season averaged 1.8 OC above normal, June's 

average temperature was 4.3 OC higher than the long-term average. Average soil 

temperature nom January to April 1995 was +0.3891°~, during the 1995 growing 

season (May to September) it was +18.94'~, and in the fdl  (Oct and November) it 



Long-terrn mean (Jan. 1961 -Dec. 1990) 
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Figure 4.1 : Mean monthly air temperature and total monthly precipitation from 
1961 - 1990 (line) and during 1995 and 1996 (shaded bars). (a) Mean 
monthly air temperature ( C). (b) Total monthly precipitation (mm). 



averaged +4.1 OOC (Figure 42). 

The optimal soil temperature for root growth is between 10 and 1 8 ' ~  (Beard, 

1973), and the dates in the 1995 growing season where the soi1 temperature feil within 

this range were noted. In 1995, the soi1 temperature was in the optimal temperature 

range fiom May 2-May 10, May 16-May 27, Sept. 5-17, and again between September 

23 and October 1 1/95. 

The optimal temperature for shoot growth is when the air temperature falls 

between l SOC and 2 4 ' ~  (Beard, 1973). In the 1995 growing season, the air 

temperature was in the optimal temperature range for shoot growth fiom May 1 until 

May 27, and again Erom September 5 until September 30/95. The air temperature was 

above 2 4 ' ~  from May 28 until September 4/95. The rate of photosynthesis is dîrectly 

related with temperature when air temperatures are greater than IOOC, up to a 

maximum of 30°c (Leopold & Kriedemann, 1975). in 1995, fiom May 5 to 10, May 

16 to Sept 16, and again fkom September 23 to September 30, the air temperature was 

conducive for optimal photosynthesis. In turfgrass systems, fieezing stress occurs at or 

below soil temperatures of oOC (DiPaola & Beard, 1992). In 1995, the soils remained 

at or below O'C between January 1 and April 8, and again between November 25 and 

December 3 1 /95. 

In early 1995, prior to seeding, the soil in the study plot was dry having only 

received 50% of the average precipitation between the months of January and May 

1995. Throughout the 1995 growing season the plots only received 78% of the 

average precipitation. To supplement the rainfall, irrigation was implemented. In 



Figure 4.2: Mean monthly soi1 temperature during 1995 and 1996 (shaded bars). 



1995 the amount of irrigation t h e  was logged only after establishment, Le., after the 

fnst fertilizer treatment application (July 1 8/95}. During the 1995 growing season, 

184.81 mm of supplemental irrigation was applied to the plots in the clipping disposal 

and fertilizer rate study at a rate of 1027 mm of waterlhr. 

1996 Weather Conditions: In 1996, soil temperature, air temperature and precipitation 

data were collected to determine the effect these parameters had on turf' growth 

throughout the growing season. The weather data for 1996 can be found in Appendix 

D, Table D2. 

Temperature and precipitation for the 1996 growing season (May to September) 

was above average (Figure 4.1). Soi1 temperature between January and April 1996 

averaged -0.42'~, for the 1996 growing season (May-September) the average 

temperature was +18.20°C, and in the fall (October and November) of 1996 soil 

temperature averaged +3.67'~ (Figure 4.2). The soi1 temperature was above 18OC 

between May 28 and September 4. The soil temperature was at the optimal 

temperature range for root growth fÎom May 4-7, May 12-June 6, June 20-June 24, 

Sept. 9-27 and off and on until mid-October. The soil temperature was above 1 8 ' ~  

fiom June 7-June 19 and frorn June 25-September 8. 

in 1996, the optimum temperature for shoot growth occurred between May 25 

and June 5, on June 18 and June 25, and again between September 9 and September 

24/96. The air temperature was above 2 4 ' ~  between June 6 and June 18, June 26 and 

August 3, and again between August 9 and September 8/96. From May 12 to 



September 24, the temperature was optimal for photosynthesis. 

The study plots received eight h e s  more precipitation in April 1996 cornpared 

to the arnount of precipitation received in April 1995. The plots received 169% and 

180% above normai precipitation for the months of in May and August 1996, 

respectively. The plots received close to two times as much precipitation during May, 

July, and Septembed96 compared to the same months in 1995. ln August the shidy 

plots received approximately equal precipitation to that received in 1995. The plots 

only received 18% of the normal precipitation in June 1996. n i e  study plots received 

1.5 times more rain in June 1995, than they did in June 1996. 

Because the plots received, on average, a large amount of rainfall during the 

1996 growing season only 20.55 mm of supplemental irrigation was applied to the 

plots in the clipping disposal and fertilizer rate study. This supplemental water was 

appiied twice during the growing season, each time for one hour after the fertilker 

applications, at a rate of 10.27 mrn/hr, 

4.1.2 Soil parameters 

1995 Soil Sample: A representative soil sample analysis conducted on the soil 

collected, prior to seeding, fiom the clipping disposal and fertilizer rate study plot 

found that the soil contained: 44 IbsJacre of estimated available nitrate-N; 102 

IbsJacre of estimated available phosphate; 924 IbsJacre of estimated available 

potassium; and 32 lbdacre of estimated available nilphate-S. The soil had a pH of 

7.5 (mildiy aikaline) and an electncal conductivity of 0.6 (Table 4.1). 



Table 4-11 : 1995 Soil Sample Anamis for the Clipping Disposal and Fertilizer Rate 

study. 

SAMPLE 

DEPTH 

I 

E.C. (Salinity), 

0.6 

SAMPLE 

DEPTH 

Phosphata 

51 

SOlL QUALrrY 

pH (acidity) 

Optimum 

Potassium 

462 

Optimum 



1996 Soil Sampïe: Soil samples collected in 1996 from mixture ten treatment ClFl  

(low fertilizer rate and clippings rernoved) showed that the soi1 contained, on average: 

44 IbsJacre of estimated available nitrate-N; 1 10 lbsjacre of estimated available 

phosphate; 854 IbsJacre of estimated available potassium; and 48 IbsJacre of estimated 

available sulphate-S. The pH of this soil sample was 7.7, and the electrical 

conductivity was 0.6. There was 0.04% total organic carbon, 0.07% organic matter, 

0.3 1% total nitrogen and a carbon to nitrogen (C:N) ratio of 0.13 (Table 4.2, 4.3, and 

4.4) in this soil sample. 

The soil sample collected in 1996 fiom mixture ten treatment C 1 F2 (low 

fertilizer rate and grasscylcing) contained: 60 lbsjacre of estimated available nitrate-N; 

112 IbsJacre of estimated available phosphate; 906 lbsJacre of estimated available 

potassium; and 52 IbsJacre of estimated available sulphate-S. Soil pH was 7.6, and 

the electrical conductivity was 0.8. The soil sample contained 4.14% total organic 

carbon, 7.37% organic matter, 0.30% total nitrogen, and had a C:N ratio of 13.8 

(Table 4.2, 4.3, and 4.4). 

Soil samples collected in 1996 fiom mixture ten treatment C2F1 (hi@ fertilizer 

rate and clippings removed) contained: 76 IbsJacre of estimated available nitrate-N; 

108 lbsJacre of estimated available phosphate; 846 IbsJacre of estimated available 

potassium; and 52 1bsJacre of estimated available sulphate-S. Soil pH was 7.6 and the 

electrical conductivity was 0.8. There was 4.00% total organic carbon, 7.12% organic 

matter, 0.3 1% total nitrogen, and a C:N ratio of 12.9 (Table 4.2, 4.3, and 4.4) in the 

soil sample. 



Table 4.2: 1996 Soil Sample Analysk for the Clipping Disposal and F.rtilbr Rate 

Shidy (Mixture Ten). 

SAMPLE 

DEPTH 

Total 
IbsJacre 

SAMPLE 
DEPTH 

NUTRJENT AMîYSlS (P.P.M) 

Optimum 

EiQceSs 

Optimum 

Opümurn 

SOlL 

QUALrrY 

rreatment pH (acidïty) E.C. (Salinity] 

Optimum 

Optimum 

optimum 

Optimum 

C l  F1 

C l  F2 

C2F1 

C2F2 

Optimum 

Optimum 

Optimum 

optimum 

C l  F1 = dipping removal and Iaw fertilizer rate; C2Fl = grasscycling and 

low ferblizer rate; Cl F2 = dipping remo\rai and high fertü'rzer rate; and 

C2F2 = grasçc)riding and high fertilizer rate. 

7.7 

7.6 

7.6 

7 2  

0.6 

0.8 

0.8 

2.1 



Table 4.3: Total Organic Carbon, Percent Organic MatW. Total Nitrogen, and 

C:N Ratio for Soi1 Samples Collected in 1996 from Mixture Tm, in 

the Ciipping Disposal and Fertilizer Rate Study. 

SAMPLE 

DEPTH 

0-6" 

Total organic 

carbon 

0.04 

4.14 

4.00 

3.94 

% organic 

matter 

0.07 

7.37 

7.1 2 

7.01 

Total C:N ratio I 

Cl F1= dipping r e m  and low fertilizer rate; C2F1 = gmssqdittg and 

low fertlizer rate; Cl  F2 = dipparg removal and high fertilizer rate; and 

C2F2 = g m i n g  and high feflilizer rate. 



Table 4A: Physical Anaiysk of the Soil Samples Collecteci in the 1996 Growfng 

Season from the Clipping Disposal and Fertilbr Rate Study. 

- - 

SAMPLE 

DEPTH 

0-6'' 



The soi1 samples collected in 1996 nom mixture ten, treatrnent C2F2 (high 

fertilizer rate and grasscycling) contained: 320 lbslacre of estimated available nitrate- 

N; 96 lbsl acre of estimated available phosphate; 902 lbslacre of estimated available 

potassium; and 56 lbsjacre of estimated available sulphate-S. The pH of the soil was 

7.2 and the electrical conductivity was 2.1. Total organic carbon of the soil sample 

was 3.94%, organic matter was 7.01%, total nitrogen was 034%, and it had a C:N 

ratio of 11.6 (Table 4.2, 4.3, and 4.4). 

Ranking the treatments fiom highest to lowest in available nitrogen content, the 

following trend resulted: grasscy cling and high fertilizer rate (320 p .p.m. of available 

nitrogen) > grasscycling and low fertilizer rate (76 p.psi. of available nitrogen) > 

clipping removal and high fertilizer rate (60 p.p.m. of available nitrogen) > clipping 

removal and low fertilizer rate (44 p.p.m. of available nitrogen). 

The soil samples collected nom mixture ten had different nitrogen, and 

potassium concentrations, fkom for each of the four different treatments (C IF 1, C2F 1, 

ClF2, C2F2). Sulphate and phosphate concentrations for the four treatments were not 

very different. The grasscycling and high fertilizer plots (C2F2) had the lowest 

amount of estimated available phosphate, at only 96 p-pm., while the other three 

treatments had phosphate concentrations of 1 10 p.p.m. * 2 p.p.m. The available 

nitrogen concentrations of the soil, for the four treatments was very different. The soil 

in the piots where clipping removal and low fertilizer rates (CIFI) were applied had 

the lowest available nitrogen concentration, of 44 p.psi., the soil fkom the plots where 

grasscycling and high fertilizer rates (C2F2) were applied had the highest available 



nitrogen concentration, of 320 ppm.  From the nitrogen levels in the soi1 sarnples, it 

appears that when grasscycling and high fertilizer rates were imposed in combination, 

nitrogen concentrations increased in the soi1 compareci to any of the other three 

treatments. 

The particle density of the mil, collected from the clipping disposal and 

fertilizer rate study plot, was detemined to be 2214, 2.002, and 2.103 mg/m3, with an 

average of 2.1 O6 mg/m3. The buik density of this soi1 was 1 .O8S, 1.102, and 1 .O84 

mg/m3, with an average of 1.09 mg/m3. Porosity was calculated, using the averages 

for particle density (2.106 mg/m3) and bulk density (1 .O90 mg/m3) and the following 

formula: % pore space = 1 - (bulk density/particle density) (Rowell, 1994) to be 

48.20%. Percent pore space using the method described in Soil Science: Methods and 

Applications (Rowell, 1994), was detemined to be 50%. The calculated porosity 

result of 48.2% and the second porosity value determined to be 50%, varied slightly. 

This variance was likely due to an error in the procedure described in Soil Science: 

Methods and Applications (Rowell, 1994) to determine porosity, resulting in air 

pockets affecting the results. The CaCO, content of the soi1 was 10%. 

4.13 Vegetation parameters 

In this study, dry weight yield, and wet weight yield data were collected 

seven times, three in 1995 and four in 1996; turfgrass height and colour prior to 

mowing were monitored in the 1995 and 1996 growing seasons; and percent nitrogen 

in select hirfgrass clippings, and interspeci fic and intraspeci fic corn petit ion were also 



4.13.1 Results of dry weight yields 

1995 D'y Weight Yieldr: In 1995, turf's clippings were collected and dried on 

three dates, August 16, September 14, and October 9, to detemine if the amount of 

dry weight yield produced differed due to fertilizer regime, clipping disposal method, 

andor mixture composition. Results of the dry weight yield data for 1995 were 

analyzed separately for each of the three clipping dates and sumrned together for the 

overall 1995 growing season results. 

Dry weight yields coiiected on August 16/95, were significant different fkom 

each other in plots due to blocks, mixture composition, clipping disposal, and fertilizer 

rate (Figure 4Ja). There was a significant difference @<0.0003) in dry weight 

clipping yield between blocks. Using a Least Significant Difference Test, the block 

means were considered significantly different if there was a difference of 1.76 g/m2 or 

more between the means. Ranking the means, the following trend resulted: block four 

(13.24 g/m2) > block three (1 1.82 g/m2) > block two (1 1.33 g/m2) > block one 

(9.35 g/m2). 

There was also a significant difference @<0.0001) in dry weight clipping yield 

between mixtures if the means differed by at least 2.8 1 g/m2. The average dry weight 

clipping yield was highest for mixture five, a monostand of peremial ryegrass, and 

lowest for m i m e  one, a monostand of Kentucky bluegrass. Mixture five produced 
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Figure 4.3: Dry weight clipping yield for the ten mixtures collected on 
(a) August 1 6, 1 995 and (b) Septem ber 14, 1 995. 

(Cl F I  = clipping removal and low fertilizer rate; C2F1 = grasscycling and 
low fertilizer rate; C l  F2 = clipping removal and high fertilizer rate; and 
C2F2 = grasscycling and high fertilizer rate). 



on average a dry weight yield of 17 g/m2, 14 g/m2 more than mixture one. 

The dry weight yields for the ten mixtures ranked as follows, fkom heaviest to Iightest: 

mixture five (16.93 g/m2) > mixture seven (16.80 g/m3 > mixture six (14.61 g/m2) > 

mixture three (1325 g/m2) > mixture nine (13.19 g/m2) > mixture eight (10.99 g/m2) > 

mixture two (10.15 g/m2) > mixture ten (7.65 dm2) > mixture four (6.82 g/m2) > 

mùtnw one (2.97 g/m2). 

Fertilizer rate aiso had a significant effect on the dry weight clipping yield. 

The plots treated with the high fertilizer rate produced significantly @<0.0001) heavier 

dried clipping values than did the plots treated with the low fertilizer rate. The plots 

treated with the high fertilizer rate, averaged across al1 ten mixtures, produced on 

average a dry weight yield of 13.50 g/m2, whereas the plots treated with the low 

fertilizer rate only produced, on average, 9.26 g lm2. 

Clippings collected on August 16, 1995 also showed a significant difference 

(p<0.0392) in dry weight clipping yield between the two clipping disposal regimes. 

The practice of grasscycling resulted in mixtures producing on average 12.01 g/m2 of 

dried clippings, 1.28 g/m2 more than the plots where clippings were removed. 

Clippings collected on September 14/95 had significant differences between dry 

weight yields due to blocks, and rnixtures*fertilizer rate interaction (Figure 4.3b). 

There was a significant diflerence @<0.0001) in dry weight yield between blocks. By 

complethg a Least Significant Difference test on the block factor, the blocks were 

significantly different if their means were 1.64 g/m2 or more different. Plots in block 



four produced the heaviest average amount of dried clippings (22.10 g/m2), followed 

by block three (1 7.98 g/rn2), then block two (1 7.45 g/m2), and block one produced the 

lightest dned weight clipping yield (14.92 g/m2). 

There was al- one significant interaction betweem mixtures*fertilizer rate 

(p<0.0002). Ln general, the plots treated with the high fertilker rate produced a 

heavier dry weight clipping yield than the plots treated with the low fertiiizer rate. 

However, plots seeded with mixture one and treated with the high fertilizer rate 

produced a much lower clipping yield than al1 of the other mixtures treated with the 

high fedizer  rate. Plots seeded with mixture one where the high fertilizer rate was 

applied even produced Lighter clipping yield than some of the other mixtures treated 

with the low fertilizer rate. 

Clippings collected on October 9, 1995 showed significant differences between 

blocks, m i a u e s  and fertilizer rate (Figure 4.4a). The results of a least significant 

difference test found that blocks were significantly different (p<0.0001) if the 

difference between the means was 0.98 g/m2 or more. The dry weight yield for block 

one (7.53 g/m2) > block two (6.36 g/m2) > block three (5.99 dm') > block four (5.09 

dm2)= 

The difference in dry weight yield between mixtures was also found to be 

significant @<0.000 1). Mixture three, produced, on average, the heaviest weight, 8.25 

dm2, of dried clippings and mixture one produced, on average, the lightest weight, 

2.22 g/m2, of dried clippings. Using a least significant difference test on the data the 
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Figure 4.4: Dry weight clipping yield for the ten mixtures colleded on 
(a) October 9, dg95 and (b) Sum of Aug., Sept., and Oct. 1995. 

(Cl F I  = dipping rernoval and low fertilizer rate; C2F 1 = grasscycling and 
low fertilizer rate; C l  F2 = clipping removal and high fertilizer rate: and 
C2F2 = grasscyciing and high fertilizer rate). 



results showed that the mixtures were significantly diffkrent if the difference between 

the means was 1.54 g/m2 or more. The average dry weight yield for mixture three 

(8.24 dm2) > mixture five (7.94 dm2) > mixture seven (7.64 g/m2) > mixture six (7.5 1 

g/m2) > mixture nine (6.87 dm2) > mixture two (6.72 dm2) > mixture eight (6.12 

g/m2) > mixture four (4.87 g/m2) > mixture ten (4.30 dm2) > mixture one (222 g/m2). 

There was also a significant difference @<0.0001) in dry weight yield due to 

fertilizer rates. Plots treated with the high fertilizer rate produced on average 4.57 

g/m2 more dried clippings than the plots treated with the low fertilizer rate. 

Total dry weight collected fkom the three sampling dates in the 1995 growing 

season showed significant differences in dry weight clipping yield between blocks, 

clipping disposal, and mixtures*fertilizer rates (Figure 4.4b). Total dry weight yield 

was significantly different @<0.000 1) between blocks when the values differed by 3.61 

g/m2 or more. The total dry weight yields, averaged across mixtures, for the four 

blocks ranked as follows: block four (42.87 dm2) > block three (36.86 g/m2) > block 

two (34.77 glm2) > block one (29.37 g/m2). 

The clipping disposal treatment, grasscycling and removing the clippings, 

showed a significant difference ( ~ ~ 0 . 0 3 8 2 )  in total dry weights for the 1995 season. 

The average dry weight yield produced in plots where the grasscycling regime was 

37.07 dm2, 2.70 g/m2 more than clippings than that produced by the plots where the 

clippings were removed. 

There was a significant interaction between mUmire*fertilizer rate 



@<0.0163). In generai, the plots treated with the high fertilizer rate produced a 

heavier dry weight clipping yield than the plots treated with the low fertîiizer rate. 

However, the plots of mixture one with the high fertîlizer rate had a much lower 

clipping yield than al1 of the other mixtures treated with the high fertilizer rate. Plots 

seeded with mixture one where the high fertiiizer rate was applied even produced 

lighter clipping yield than some of the other mixtures treated with the low fertilizer 

rate. 

1996 D v  Weight Yieldr: In 1996, turf's clippings were collected and dried on four 

dates, June 8, July 27, September 14, and October 5, to determine if the amount of dry 

weight yield produced per mixture differed due to fertilizer regime, clipping disposal 

method, and mixture composition. When detennining the results of the dry weight 

yield data for 1996, the yields were analyzed separately for each of the four clipping 

dates and summed together for the total dry weight yield in 1996. 

Clippings collected on June 8/96 were significant differences in dry weight 

yield between blocks, mixtures, and fertilizer rate (Figure 4.5a). A significant 

diflerence @<0.0001) in dry weight yield resulted between blocks if the mean dry 

weight yield was 3.50 g/m2 or more different. Plots in block four produced 37.03 g/m2 

of dried clippings, block three produced 30.10 dm2, block two produced 28.92 g/m2, 

and block one produced 26.34 &n2. 

Dry weight yield was also significantly different @<0.0001) between mixtures 
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Figure 4.5: Dry weight clipping yield for the ten mixtures collected on 
(a) June 8, 1996 and (b) JuIy 27, 1996. 

(Ct FI  = clipping removal and low fertilizer rate; C2F1 = grasscycling and 
low fertilizer rate; Cl F2 = clipping removal and high fertilizer rate; and 
C2F2 = grasscycling and high fertilizer rate). 



if the mean clipping yields differ by 5.58 g/m2. Plots seeded with mixture two 

produced the heaviest amount of dried clippings (50.42 dm2), and plots seeded with 

mixture one produced the lightest (9.1 1 g/m2). Using a least significant difference test 

on the data the following trend resulted: The dry weight yield for mixture two (50.42 

dm2) > mixture four (42.94 g/m2) > mixture three (37.34 g/m2) > mixture seven (34.37 

g/m2) > mixture six (32.88 dm2) > mixture eight (31.44 g/mp > mixture nine (30.69 

g/m2) > mixture ten (22.0 1 g/m2) > mixture five (12.83 dm2) > mixture one (9.1 1 

glm2) (Figure 4.5a). 

Dry weight yield was also significantly different @<0.0001) between fertilizer 

rates. Plots treated with the high fertilizer rate produced, on average, 9.44 g/m2 more 

dried clippings than the plots treated with the low fertilizer rate. 

Clippings collected July 27/96 showed significant dfierences in average dry 

weight yield between mixtures and fertilizer rates (Figure 4Sb). A significant 

difference (p<0.0001) in dry weight yield was present between mixtures when the 

mixtures differed by 2.38 g/m2 or more. Mixture four produced the heaviest amount 

of dried clippings (1 1.5 1 g/m2), and mixture ten produced the lightest amount of dried 

clippings (2.57 g/m2). Using the Least Significant Difference Test, the overall ranking 

of the average dried clipping yield per mixture is: mixture four (1 1.5 1 g/m2) > mixture 

three (10.40 dm') > mixture six (8.28 g/m2) > mixture seven (823 g/m2) > mixture 

nine (8.00 g/m2) > mixture two (7.98 g/m2) > mixture eight (6.63 g/m2) > mixture five 

(2.92 g/m2) > mixture one (2.64 glm2) > mixture ten (2.57 g/m3 (Figure 4.5b). 



There was also a signincant difference (p<0.0001) in dry weight yield between 

fertilizer rates. The high fertilizer rate produced on average 3.95 g/m2 more dried 

clippings than the low fedizer  rate. 

Clippings collected on September 14/96 had significant differences in dry 

weight yield between blocks, fertilizer rates, and mixtures*clipping disposal (Figure 

4.6a). A significant difference @<0.0001) in dry weight yield was found between 

blocks when the difference between the means was 3.09 g/m2 or more. Plots in block 

four produced, on average, 7.80 g/m2 more dried clippings than plots in block three, 

which produced, on average, 0.62 glm2 more clippings than plots in block two, which 

in turn produced, on average, 0.93 g/m2 more clippings than plots in block one. 

Fertilizer rates, on average, produced a significant difference (p<0.0001) in dry 

weight yield. Plots treated with the high fertilizer rate produced, on average, 17.75 

g/m2 of dried clippings, 7.96 g/m2 more dried clippings than plots treated with the low 

fertilizer rate. 

The interaction between clipping disposal*fertilizer rates also produced a 

significant difference @<0.0021). In general the plots where the clippings were 

removed produced a heavier clipping yield than the plots where the clippings were 

returned (grasscycling), with the exception of mixture ten. Plots seeded with mixture 

ten produced equal clipping weights for both the grasscycling and the clipping removal 

treatmenl. 
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Figure 4.6: Dry weight clipping yield for the ten mixtures collected on 
(a) September 14, 1996 and (b) October 5, 1996. 
(Cl FI = clipping removal and low fertilizer rate; C2F1 = grasscycling and 
low fertilizer rate; C l  F2 = clipping removal and high fertilizer rate; and 
C2F2 = grasscyding and high fertilizer rate). 



Clippings collected on October 5/96 had signifïcant differences in dry weight 

yield between blocks, mixtures, and fedizer  rates (Figure 4.6b). A si-cant 

difference @<0.0001) in dry weight yield between blocks was found if the means were 

4.03 g/m2 or more different. The average dry weight clipping yield for plots in block 

four was 4134 dm2, which was 9.00 g/m2 more than the average clipping weight 

collected fkom plots in block three, 14.40 g h 2  more than the average yield collected 

fiom plots in block two, and 1624 g/m2 more than the average dried clipping yield 

produced in plots in block one. 

There was also a significant difference @<0.0001) in dried clipping yield 

between mixtures. The highest producer of dried clippings were plots seeded with 

mixture four which produced, on average, 46.59 g/rn2, 6.1 1 glm2 more than the second 

highest producer of dried clippings mixture three, and an average of 29.71 g/m2 more 

than the lowest producer, mixture one. Using a Least Significant Difference test on 

the data, the means were significantly different if they were by 6.38 g/m2 or more 

different. By ranking the rnixhues according to dry weight yield, the following trend 

resulted: the dry weight yield for mixture four (46.59 g/m2) > mixture three (40.48 

g/m2) > mixture nine (38.39 dm2) > mixture six (37.81 g/m2) > mixture seven (34.43 

g/m2) > mixture eight (30.90 g/m3 > mixture two (26.66 g/m2) > mixture £ive (21.43 

g/m2) > mixture ten (20.78 g/m2) > mixture one (16.85 g/m2). 

The two fertilizer rates also produced a significant difference @<0.0001) in dry 

weight clipping yield. Significantly more dry weight yield was obtained fiom the 

plots receiving the high fertilïzer rate compared to plots treated with the low fertilizer 



rate. The plots receiving the high fertilizer rate produced on average 16.66 g h 2  more 

dried clippings than the plots that received the low fertilizer rate. 

The total dry weight yield for the 1996 growing season showed that there were 

significant differences in dry weight yield between blocks mixtures, and fertilizer rates 

(Figure 4.7a). The total dry weight showed significant difierences (p<0.0001) 

between blocks. The Least Significant Difference test found that the dry weight 

clipping yield was significantly difYerent between blocks if there was a difference of 

10.19 g/m2 or more. The total dry weight produced in plots in block four, averaged 

across mixtures, was 106.37 g/m2, 25.09 g/m2 more than the total dry weight produced 

in plots in block three, 32.54 g/m2 more than the average totai dry weight produced in 

plots in block two, and 35.89 g/m2 more than the average total dry weight produced in 

plots in block one. 

There was a significant difference (p<0.0001) in total dry weight yield between 

mixtures when the means were different by 16.12 g/m2 or more. The heaviest amount 

of total dried clippings, averaged across blocks, was produced by plots seeded with 

mixture four (130.46 g/m2) and the lightest amount of dried clippings, averaged across 

blocks, was produced by plots seeded with mixture one (34.55 g/m2). The Least 

Significant Difference Test on total dry weight yield averaged across blocks, for 

mixtures starting with the highest clipping producer, going to the lowest clipping 

producer is: mixture four (1 30.46 g/m2) > mixture three (1 13 .O7 g/m2) > mixture two 

(98.70 g/m2) > mixture six (95.58 g/m2) > mixture seven (9327 g/m2) > mixture nine 
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Figure 4.7: Dry weight clipping yield for the ten mixtures collected on 
(a) Sum of June, July, Sept. and Oct. 1996 
(b) Total dry wt. yield for 1995 and 1 996 summed. 
(Cl FI  = clipping removal and low fertilizer rate; C2F1 = grasscyding and 
low fertilizer rate; C l  F2 = dipping removal and high fertilizer rate; and 
C2F2 = grasscyding and high fertilizer rate). 



(93.19 dm2) > m h e  eight (77.40 g/m2) > mixture ten (49.65 g/m2) > mixture five 

(44.04 g/m2) > mixture one (34.55 g/m2). 

There was also a significant difference @<0.0001) in total ds, weight yield 

between fertilizer rates. The plots treated with the high fertilizer rate produced on 

average a total dry weight yield of 102.72 g/m2, 39.45 g/m2 more than the total 

clippings produced by plots treated with the low fertilizer regirne. 

Summay of Dry Weighl Yields for 1995 and 1996: Overail, the total dry weight yield 

of clippings for al1 seven collection dates, three in 1995 and four in 1996, showed that 

there were significant differences in weight yield between blocks, mixtures, and 

fertilizer rates (Figure 4 3 ) .  The total dry weight yield showed a significant 

difference (p<O.0001) between blocks, consistent with the results fiom the 1995 and 

1996 growing seasons. The Least Significant Difference Test calculated that the 

average dry weight clipping yield for a block was sipificantiy different than another if 

there was a difference of 12.88 g/m2 or more between them. Plots in block four 

produced 149.24 glm2 of total dried clippings, 32.10 g/m2 more than plots in block 

three, 40.64 glm2 more than plots in block two, and 49.39 g/m2 more than plots in 

block one. 

There was a significant difference (p<0.0001) in total dry weight yield between 

mixtures. In the 1995 growing season plots seeded with mixture five produced the 

heaviest amount of clippings, and plots seeded with mixture one produced the lightest. 

In the 1996 growing season, plots seeded with mixture four produced the heaviest 



dried clippings, and plots seeded with mixture one once agah produced the lightest. 

The total dry weight yield of the clippings coiiected in the 1995 and 1996 growing 

seasons combined found plots seeded with mixture three to produce the heaviest yield 

of dry weight yield, 156.73 g/m2, and plots seeded with mixture one produced the 

lightest amount of dry weight yield, 45.10 g/m2. The dry weight clipping yield for the 

mixtures are significantly if they differ by 20.70 g/m2 or more. The fmal ranking, 

using the Least Significant Difference Test, of al1 the total dried clippings collected in 

both the 1995 and 1996 growing seasons showed the dry weight yield of plots seeded 

with mixture three produced (156.73 g/m2) > mixture four (15423 g/m2) > mixture 

seven (140.57 dm2) > mixture six (138.88 g/m2) > mixture nine (135.62 g/m2) 2 

mixture two (1 3 1.90 g/m2) > mixture eight (1 12.6 1 g/rn2) > mixture five (93.89 g/m2) 

> mixture ten (77.57 dm2) > mixture one (45.10 g/m2). There was also a significant 

difference (p<0.0001) in dry weight yield between fertilizer rates, consistent with al1 of 

the seven dates the clippings were collected. For the seven clipping dates combined, 

the high fertilizer rate produced on average 149.99 g/m2 dried clippings, 62.56 g/m2 

more than the low fertilizer rate. 

4.13.2 Resnlts of wet weight yield 

The wet weight trends were identical to dry weight trends, for each date and 

the overall 1995 and 1996 results. On average the wet weight for al1 of the clippings 

combined was 65% more than the dry weight values. 



4.133 Resnlts of height and coiour data 

Height and Colour Resulrs for 1995: The overall trend in nirfgrass heights for al1 

mixtures in the 1995 growing season show similar trends to the dry and wet weight 

clipping yield results (Figures 4.8 and 4.9). Al1 of the mixtures' heights appear to be 

declining nom a peak between July 25 and August 1, 1995. The mixtures al1 

increased in height beginning Augun 15, 1995, some reached their peak height on 

September 5, while others continued to increase in height until September 13, 1995. 

The plots which received the higher fertilizer rate had consistently taller 

turfgrass than the plots that received the low fertilizer rate, for mixtures one, two, 

three, four, five, six, nine, and ten. M i m e  seven and eight did not conform to this 

trend. Grass in plots seeded with mixture seven treated with grasscycling, regardless 

of fertilizer rate, was taller than in plots where clippings were rernoved. For mixture 

eight, the plots where grasscycling and the low fertilizer were imposed produced the 

tallest turfgrass for al1 sampling dates in the 1995 growing season, except on the 

September 5 sampling date when the plots seeded with mixture eight and treated with 

the high fertilizer rate had taller grass. 

Statistics were not done on height measurements, but there was a measurable 

difference in height between mixtures. In 1995 plots seeded with muhue seven had 

the tallest shoot growth, followed my mixture three. Plots seeded with mixture one 

had the shortest shoot growth, and plots seeded with mixture four had the second 

shortest shoot height. The results of ranking the overall height for the ten mixtures in 

the 1995 growing season, regardless of fertilizer and clipping disposal regime, f?om 



Ratirig Date Actual Date 
1 =  Juiy25i95 
2 = Aug. 1195 
3 = Aug.8i95 
4 = Aug. 15/95 
5 =  Sept 5195 
6 =  Sept13195 
7 = Sept 23/95 
8 = Sept 29/95 

Figure 4.8: Mean turfgrass height for mixtures one to five, for eight sampling dates in the 
1 995 growing season. (a) Mean turfgrass height for mixture one. (b) Mean turfgrass height 
for mixture two. (c) Mean turfgrass height for mixture three. (d) Mean turfgrass height for 
mixture four. (e) Mean turfgrass height for mixture five. 

(Cl FI = clipping removal and low fertilker rate; C2F 1 = grasscycling and low fertilizer rate; 
C l  F2 = dipping removal and high fertilizer rate; and C2F2 = grasscycling and high fertilizer rate). 



Rating Date Actual Date 
1 = July 25195 
2 = Aug. 1195 
3 = Aug.8195 
4 = Aug. 15/95 
5 = Sept 5/95 
6 = Sept 13195 
7 = Sept 23195 

Figure 4.9: Mean turfgrass height for mixtures six to ten, for eight sampling dates in the 
1995 growing season. (a) Mean turfgrass height for mixture six. (b) Mean turfgrass height 

for mixture seven. (c) Mean turfgrass height for mixture eight (d) Mean turfgrass height for 
mixture nine. (e) Mean turfgrass height for mixture ten. 

(Cf FI  = clipping rernoval and low fertilizer rate; C2F1 = grasscycling and low fertilker rate; 
Cl F2 = clipping rernoval and high fertilizer rate; and C2F2 = grasscycling and high fertîlizer rate). 



tallest to shortest, was as follows: mixture seven (6.43 cm) > mixture three (6.85 cm) 

> mixture six (633 cm) > mixture nhe (628 cm) > mixture five (612 cm) > mixture 

eight (621 cm) > mixture ten (6.13 cm) > mixture two (5.80) > mixture four (5.77 

cm) > mixture one (564 cm). 

Turfgrass colour varied with mixture (Figures 4.10 and 4.1 1). Plots seeded 

with mixture two were the only plots that had unacceptable turfgrass colour any tirne 

during the growing season. Turf's colour was unacceptable if it was ranked less 

than 6. The majority of turf's mixtures had an average ranking of 8 for turf's 

colour, except for mixture two which had a much lower coiour ranking average. The 

overall colour for the ten mixtures in the 1995 growing season was ranked as follows: 

mixture four (8.64) > mixture one (8.46) > mixture eight (8.35) > mixture ten (834) > 

mixture seven (829) > mixture six (8.15) > mixture nine (8.10) > mixture five (8.04) 

> mixture three (7.3 1) > mixture two (5.44). Although not statistically tested, the 

turfgrass colour ranking was higher for the plots treated with the high fertilizer rate, 

compared to those treated with the low fertilizer rate. 

Height and Colour Remlts for 1996: Turfgrass peaked in height between June 2 and 

June 8/96, for al1 mixtures (Figures 4.12 and 4.13). Grass height for al1 mixtures 

declined fiom this peak, to a height of 4 to 4.5 cm by the June 24, 1996 sampling 

date. Turfgrass height increased after June 24 to a second peak in height which 

occurred for al1 mixtures on July 27, 1996. Height declined a second t h e ,  after July 

27/96, with the exception of mixtures one, five and ten. Ranking of the average 
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ClF 1 C2F1 C1F2 C2F2 
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Rating dates 

Rating Date Actual Date 
1 = Aug.8195 
2 = Aug. 15195 
3 = Sept 5195 
4 = Sept 13195 
5 = Sept 29195 

Figure 4.1 0: Mean turfgrass colour for mixtures one to five, for five sampling dates in the 
1995 growing season. (a) Mean turfgrass colour for mixture one. (b) Mean turfgrass col 
for mixture two. (c) Mean turfgrass colour for mixture three. (d) Mean turfgrass colour for 
mixture four. (e) Mean turfgrass colour for mixture five. 
(Cl FI = clipping removal and low fertiluer rate; C2Ft = grasscyding and low fertilizer rate; 
C I  F2 = dipping removal and high fertiluer rate; C2F2 = grasscycling and high fertiluer rate). 
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Rating dates Rating dates 

Rating dates 

Rating Date Actual Date 
1 = Aug.8195 
2 = Aug. 15/95 
3 = Sept 5/95 
4 = Sept 13195 
5 = Sept 29195 

Figure 4.1 1 : Mean turfgrass colour for mixtures six to ten. for five sampling dates in the 
1995 growing season. (a) Mean turfgrass colour for mixture six. (b) Mean turfgrass colo 
for mixture seven. (c) Mean turfgrass colour for mixture eight. (d) Mean tutfgrass colour 
mixture nine. (e) Mean turfgrass colour for mixture ten. 

(Cl  FI = clipping removal and low fertilizer rate; CZF1 = grasscycling and low fertilizer rate: 
Cl F2 = clipping removal and high fertilizer rate; C2F2 = grasscycling and high fertilizer rate). 



Rating Date Actual Date 
1 = June 2/96 

9 .  . - . .  2 = June 8/96 
. - - - - . - * - - - - - - .  3 = June 16/96 

- 8  - . - - - . - - - - - - - - . -- E 4 = June2496 
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11 = Sept 2/96 

1 3  5 7 9 1 1 1 3 1 5  
12 = Sept. 8/96 

Rating Date 13 = Sept 14/96 
14 = Sept. 28/96 
15 = Oct 10196 

Figure 4.12: Mean turfgrass height for mixtures one to five, for fifteen sampling dates in the 
1996 growing season. (a) Mean turfgrass height for mixture one. (b) Mean turfgrass height for 
mixture two. (c) Mean turfgrass height for mixture three. (d) Mean turfgrass height for mixture 
four. (e) Mean turfgrass height for mixture five. 

(Cl F 1 = clipping removal and low fertilizer rate; C2F1 = grasscyding and low fertilizer rate; 
C I  F2 = clipping removal and high fertilizer rate; and C2F2 = grasscycling and high fertilizer rate). 



Rating Date Actual Date 
e) 1 = June 2/96 

9 
. -  - - - - *  - - -  2 = June 8196 

3 = June 16196 
E 8  . - - - - - - - - - - - -  * - 
O 

4 =  June24196 
Y - - - - - - - - - . - - - - ClF i  5 = Juiy 1196 

C2FI 
6 = Juiy 9/96 

- 7 = Juiy 22/96 
% 6  8 =  Juiy27196 

9 = Aug. 5196 
- 'i C2F2 I O =  Aug.26196 v - -  11 = Sept 2/96 

4 - - . - - - - - - - -  - - - . 12 = Sept 8196 
1 3 S 7 9 11 13 15 13 = Sept 14196 

Ratmg Date 14 = Sept 28196 
15= Oct10196 

Figure 4.13: Mean turfgrass height for mixtures six to ten, for fifteen sampling dates in the 
1996 growing season. (a) Mean turfgrass height for mixture six. (b) Mean turfgrass height 
for mixture seven. (c) Mean turfgrass height for mixture eight (d) Mean turfgrass height for 
mixture nine. (e) Mean turfgrass height for mixture ten. 

(Cl F1 = dipping removal and low fertilizer rate; C2F1 = grasscycling and tow fertilizer rate; 
Cl F2 = dipping removal and high fertilizer rate; and C2F2 = grasscycling and high fertiîiier rate). 



height for the ten mixtures in the 1996 growing season, regardless of fertilizer and 

clipping disposal regime, £kom tailest to shortest, was as foilows: mixture four (6.87 

cm) > mixture three (6.85 cm) > mixture seven (635 cm) > mixture nine (6.3 1 cm) > 

mixture six (635 cm) > mixture two (6.12 cm) > mixture eight (5.93 cm) > mixture 

five (5.73 cm) > mixture teo (5.68 cm) > mixture one (5.20 cm). 

Turfgrass colour varied with mixture (Figure 4.14 and 4.1 5). Mixtures two, 

five and ten were the only three mixtures that had an unacceptable light green colour 

(ranked lower than 6) at any t h e  during the gmwing season. Mixture two only had 

acceptable turfgrass colour on two sampling dates, June 2 and June 8. Mixture five 

only had unacceptable turfgrass colour on August 26. Mixture ten had acceptable 

colour on the fust five of eight sampling dates. The average colour ratings for the 

1996 growing season are as follows: mixture three (7.93) > mixture one (7.70) > 

mixture four (7.45) > mixture seven (7.34) > mixture six (7.3 1) > mixture nine (7.20) 

> mixture eight (7.00) > mixture five (6.86) > mixture ten (6.41) > mixture two (4.00). 

The overall trend, although not statistically tested, appeared to be that the turfgrass 

colour was ranked higher for the plots treated with the high fertilizer rate. Clipping 

disposal did not appear to make a difference in turfgrass colour. 

4.13.4 Results of nitrogen data 

1995 Percent Nitrogen in Clippings: Results of percent nitrogen will be presented 

separately for each of the three clipping dates, and summed together for the overall 

1995 growing season results. 
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Rating Date Actual Date 
1 = June 2/96 
2 =  June8196 
3 =  June2496 
4 = July 9196 
5 = July 22/96 
6 = Aug. 5/96 
7 = Aug. 26196 
8 = Sept 8/96 

Figure 4.14: Mean turfgrass colour for mixtures one to five, for the eight sampIing dates i 
the 1996 growing season. (a) Mean turfgrass colour for mixture one. (b) Mean turfgrass 
colour for mixture two. (c) Mean turfgrass colour for mixture three. (d) Mean turfgrass CO 

for mixture four. (e) Mean turfgrass colour for mixture five. 
(Cl F I  = clipping removal and low fertilizer rate; C2F1 = grasscyding and low fertilizer rate; 
C l  F2 = clipping removal and high fertilizer rate; and C2F2 = grasscyding and high fertilizer rate). 
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Clippings cotlected on August 16/95 showed significant differences in percent 

nitrogen between blocks, mixtures, and fertilizer rate (Figure 4.16a). The percent 

nitrogen in the clippings collected on August 16, 1995 were signifîcantly different 

@<0.000 1) between blocks. On average clippings collected fiom block three 

contained the most nitrogen (2.98%). Clippings from blocks two, four and one 

contained 2.89%, 2.86% and 2.67% nitrogen, respectively. Average nitrogen of the 

clippings collected fkom the blocks were signifïcantly different if the mean percent 

nitrogen differed by 0.10% or more. 

Nitrogen content of the clippings were also significantly different @<0.000 1) 

between grass mixtures if they differed by at least 0.1 1%. On average, clippings fiom 

plots seeded with mixture fve  had the highest nitrogen content (3.09%), and clippings 

collected Born plots seeded with mixture three contained the lowest nitrogen content 

(2.55%). The percent nitrogen in the clippings, ranked fkom highest to lowest was: 

mixture Bve (3.09%) = mixture one (3.09%) > mixture four (2.82%) > mixture two 

(2.72%) > mixture three (2.55%). 

The fertilizer rate also resulted in a significant difference @<0.000 1) in percent 

nitrogen of clippings. Plots treated with the high fertilizer rate produced clippings 

with an average percent nitrogen content of 2.93%, plots treated with the low fertilizer 

rate produced clippings containhg on average 2.77% nitrogen. 

Clippings collected September 14/95 showed significant differences in percent 

nitrogen between blocks, mixtures, and fertilizer rate (Figure 4.16b). Percent nitrogen 



Turfgrass mixtures 

Figure 4.16: Percent nitrogent content in clippings for five select turfgrass mixtures 
collected on (a) August 16, 1995 and (b) September 14, 1995. 
(Cl FI = clipping removat and low fertilizer rate; C2F1 = grasscyding and low fertilizer rate; 
CIF2 = clipping removal and high fertilizer rate; and C2F2 = grasscyding and high fertifizer rate). 



of clippings were significantly different @<0.000 1) between blocks. On average, 

clippings collected in block one contained 3.59% nitrogen, and clippings in blocks 

two, three and four contained 3.4 1 %, 3.40% and 3 3 5% nitrogen, respectively. Percent 

nitrogen values were significantly different between blocks if they differed by at lem 

0.09 %, 

Nitrogen content in clippings were also significantly different @<0.0001) 

between mixtures. On average, clippings collected fiom plots seeded with mixture one 

contained the highest nitrogen content (3.65%), and clippings collected fiom plots 

seeded with mixture three contained the lowest nitrogen content (3.15%). The percent 

nitrogen in the clippings for mixture one (3.65%) > mixture two (3.56%) > mixture 

five (3 S2%) > mixture four (3.3 1 %) 2 mixture three (3.15%). Percent nitrogen values 

of were significantly different between mixtures if they differed by 0.10% or more. 

Fertilizer rate also resulted in a significant difference @<0.0001) in percent 

nitrogen in clippings. Plots treated with the high fertilizer rate produced clippings 

with an average percent nitrogen content of 3.70%, compared to 3.17% nitrogen 

content in plots treated with the low fertilizer rate. 

Clippings coilected October 9/95 were significantly different in percent nitrogen 

between blocks, mixtures, and fertilizer rate (Figure 4.17a). The content of nitrogen in 

the clippings showed significant differences @<0.0002) between blocks if the nitrogen 

values differed by 0.09% or more. Clippings collected fkom block four (3.05%) > 

block three (3.01%) > block two (2.93%) > block one (2.85%). 
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Figure 4.1 7: Percent nitrogent content in clippings for five select turfgrass mixtures 
collected on (a) October 9, 1995 and (b) Avg. of Aug., Sept., and Oct.. 1995. 
(Cl F I  = dipping removal and low fertilizer rate; C2Fi = grasscycling and low fertilizer rate; 
C1F2 = clipping removal and high fertilizer rate; and C2F2 = grasscycling and high fertilizer rate). 



Percent nitrogen content in the clippings showed signincant differences 

@<0.0001) between mixîures if the nitrogen values differed by at least 0.10%. 

Clippings collected corn plots seeded with mixture five contained on average, 3.1 8% 

nitrogen, compared to plots seeded with mixture three where the clippings only 

contained on average, 2.73% nitrogen. The percent nitrogen in the clippings for 

mixture five (3.18%) > mixture one (3.16%) > mixture four (2.88%) > mixture two 

(2.87%) > mixture three (2.73%). 

There was dso a significant difference @<0.0001) in percent nitrogen in 

clippings due to fertilizer rates. Plots treated with the high fertilizer rate produced 

clippings with an average percent nitrogen content of 3.1 5%, where as, plots treated 

with the low fertilizer rate produced clippings containhg only 2.78% nitrogen. 

When nitrogen contents fkom a11 dates in the 1995 growing season were pooled 

together for a total average percent nitrogen content, there were significant differences 

in percent nitrogen between mixtures and fertilizer rates (Figure 4.17b). There was a 

significant difference @<0.0001) in percent nitrogen fiom clippings between mixtures 

if the nitrogen values differed by at least 0.14%. Clippings collected fiom plots 

seeded with mixture five had, on average, the highest nitrogen content (3.26%), and 

clippings collected fkom plots seeded with mixture three had, on average, the iowest 

nitrogen content (2.81%). The percent nitrogen in mixture five (3.26%) > mixture one 

(3.24%) > mixture two (3.05%) > mixture four (3.00%) > mixture three (2.8 1%). 

Clippings collected in 1995 also had significantly different (p<0.0001) percent 



nitrogen between fertilizer rates. The clippings collected fiom the plots treated with 

the high fertilizer rate haci, on average, 324% nitrogen, and clippings coilected fiom 

the plots treated with the low fertilizer rate had, on average, 2.88% nitrogen. 

1996 percent nitr-ogen in clippings: Results of percent nitrogen for dried clippings 

collected in 1996 will be presented separately for each of the three clipping dates, and 

then summed together for an overall 1996 estimate. 

Clippings collected June 8/96 were significantly difierent in percent nitrogen 

between mixtures and fertilizer rate (Figure 4.18a). Nitrogen content in clippings were 

significantly different @<0.0001) between mixtures if tbey differed by 0.07% or more. 

Clippings collected nom plots treated with mixture one contained the highest content 

of nitrogen, and clippings collected fiom plots seeded with mixture four contained the 

lowest content of nitrogen. The percent nitrogen in the clippings for mixture one 

(2.59%) > mixture two (2.40%) > mixture five (2.31%) > mixture three (2.09%) > 

mixture four (1.95%). 

A significant difference (p<0.0001) was also found in clippings with different 

fertilizer rates. Plots treated with the high fertilizer rate produced clippings with an 

average percent nitrogen content of 2.32%, whereas plots treated with the low fertilizer 

rate produced clippings containhg only 2 2  1% nitrogen. 

Clippings collected on July 27/96 had a significant difference in percent 
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Figure 4.18: Percent nitrogent content in clippings for five select turfgrass mixtures 
collected on (a) June 8, 1996 and (b) July 27, 1996. 
(Cl FI  = clipping removal and low fertilizer rate; C2F1 = grasscycling and low ferb'lirer rate; 
Cl  F2 = clipping removal and high fertilizer rate; and C2F2 = grasscycling and high fertilizer rate). 



nitrogen between blocks, mixtures, and fertilizer rates (Figure 4.1 8b). Percent nitrogen 

of the clippings were signïficantly different (p~0.0 169) if they differed by 0.16% or 

more. Ranking the percent nitrogen in the clippings, collected h m  the blocks, 

resulted in this trend: block one (227%) > block two (2.26%) > block three (2.09%) > 

block four (2.08%). 

Percent nitrogen of the clippings collected showed significant differences 

(p<0.0007) between mixtures if they differed by at least 0.18%. On average clippings 

collected nom plots seeded with mixture one contained the highest content of nitrogen, 

and clippings collected nom plots seeded with mixture four contained the lowest 

content of nitrogen. The percent nitrogen in the clippings for mixture one (2.34%) > 

mixture three (2.28%) > mixture five (2.1 7%) > mixture two (2.13%) > mixture four 

( 1 -97%). 

Fertilizer rate also resulted in a significant difference (p<0.0001) in percent 

nitrogen of clippings. Plots with high fertilizer rate produced clippings with an 

average percent nitrogen content of 2.29%, whereas, the plots treated with the low 

fertilizer rate produced clippings containing only 2.06% nitrogen. 

Clippings collected on September 14/96 were significantly different in percent 

nitrogen between mixtures and fertilizer rate (Figure 4.19a). The content of nitrogen 

in the clippings showed sigcificant differences (p<0.0001) between mixtures if they 

differed by 0.20% or more. On average, clippings collected fiom plots seeded with 

mixture five contained the highest content of nitrogen, and clippings collected fiom 
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Figure 4.1 9: Percent nitrogent content in clippings for five select turfgrass mixtures 
collected on (a) September 14, 1996 and (b) Avg. June, July. and September. 
1996 
(Cl F I  = clipping rernoval and low fertilizer rate; C2F1 = grasscyding and low fettilizer rate; 

C l  F2 = clipping rernoval and high fertilizer rate; and C2F2 = grasscycling and high fertilizer rate). 



plots seeded with mixture four contained the lowest content of nitrogen. The percent 

nitrogen in the clippings for mixture five (2.80%) > mixture one (2.32%) > mUaure 

three (2.31%) > mixture two (1.89%) > mixture four (1.87%). 

Fertilizer rate also resulted in a significant difference @<0.0001) in percent 

nitrogen in clippings. Clippings nom plots treated with the high fertilizer rate had an 

average percent nitrogen content of 2.42%, whereas, plots treated with the low 

fertilizer rate produced clippings containing 2.06% nitrogen. 

When data nom al1 dates in 1996 were pooled, there were significant 

differences in percent nitrogen between mixtures and fertilizer (Figure 4.1 9b). There 

was a significant difference @<0.0001) in percent nitrogen between mixtures when the 

difference in nitrogen values was 0.12% or more. Clippings collected £iom plots 

seeded with mixture one had, on average, the highest nitrogen content, and clippings 

collected from plots seeded with mixture four had, on average, the lowest nitrogen 

content. The percent nitrogen in mixture five (2.43%) > mixture one (2.42%) > 

mixture three (2.23%) > mixture two (2.14%) > mixture four (1.93%). 

Clippings collected in 1996 also had significant differences (p<0.000 1) in 

percent nitrogen between fertilizer rates. Clippings collected nom the plots treated 

with the high fertilizer rate had, on average, 2.34% nitrogen, whereas, clippings 

coliected from the plots treated with the Iow fertilizer rate had on average 2.1 1% 

ni trogen. 



Summury of CIipping Nitrogen Content, 1995 and 1996: The combined average 

percent nitrogen for clippings fiom al1 six collection dates analyzed via the combustion 

method of nitrogen determination, three in 1995 and three in 1996, were significantly 

different in nitrogen content between mixtures and fertilizer rates (Figure 420). The 

average percent nitrogen over the six collection dates showed a signincant difference 

@<0.000 1) between mixtures if they differed by 0.10% or more. In 1995 the clippings 

collected fiom plots seeded with mixture five contained the highest percent nitrogen, 

and clippings collected fkom plots seeded with mixture three, contained the least. In 

1996, clippings fkom plots seeded with mixture one contained the highest percent 

nitrogen, and clippings nom plots seeded with mixture four contained the least amount 

of nitrogen. Overail, clippings fiom 1995 and 1996 combined, had the highest content 

of nitrogen when collected fiom plots seeded with mixture five and the lowest content 

of nitrogen when collected fiom plots seeded with mixture four. The final ranking of 

percent nitrogen within the clippings collected in 1995 and 1996 showed that the 

percent nitrogen in mixture five (2.85%) > mixture one (2.83%) > mixture two 

(2.60%) > mixture three (2.52%) > mixture four (2.46%). There was also a significant 

difference @<0.0001) in clipping nitrogen content between fertilizer rates, consistent 

with al1 of the dates the clippings were collected. The high fertilizer rate produced on 

average 2.79% nitrogen, the low fertilizer rate produced on average clippings with 

2.5 1% nitrogen. 



Turfg rass mixtures 

Figure 4.20: Percent nitrogent content in clippings for five select turfgrass mixtures 
(a) Avg. of 1995 and 1996. 
(Cl F1 = clipping removal and low fertilizer rate; C2F1 = grasscycling and low ferülizer rate; 
CAF2 = clipping removal and high fertilizer rate; and C2F2 = grasscycling and high fertilizer rate). 



4.1 35 Specia composition and corn petition 

The clipping disposal and fertilizer rate study contained ten dilTerent hirf's 

mixtures. Five of the ten mixtures were monostands and five were polystands as 

described in Appendix A (Table A2). Percent cover of each of the mixtures was 

collected in the fa11 of 1995. The percent cover measured can be used as an indicator 

of the cornpetitive abilities of each of the species, in the ten mixtures. The 

intraspecific competition and interspecific competition witl be discussed for Kentucky 

bluegrass, Canada bluegrass, peremial ryegrass, and the fine fescues will be lumped 

together. 

Introspecifc Competition: Intraspecific competition is the competition of the same 

species for the available resources. 

Mixture one was seeded with 100% Kentucky bluegrass, the actual number of 

Kentucky bluegrass culms counted ranged fiom an average of 58% plot cover in the 

low fertilizer, clipping removal regime to 82% plot cover in the high fertilizer, 

grasscycling regime (Figure 4.2 1 a). 

Mixture two was seeded with 100% Canada bluegrass, the plot cover ranged 

nom an average of 74% in the low fertilizer, clipping removal regime to 87% in the 

high fertilizer, clipping removal regime. The plot cover for the high fertilizer, 

grasscycling regime was, 84%, a 3% lower plot cover than the high fertilizer, clipping 

removal regime (Figure 4.2 1 b). 

Mixture three was secdec! with 100% creeping red fescue, the average percent 
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Figure 4.21 : Fall 1995 establishment rate of turfgrass species seeded in 1995 
(a) Kentucky bluegrass and (b) Canada bluegrass. 
(Cl FI = clipping removal and low fertilizer rate; C2F1 = grasscycling and low fertilizer rate; 
C l  F2 = clipping removal and high fertilizer rate; and C2F2 = Grasscycling and high fertilizer rate). 



plot cover ranged fkom 68% for the low fertilizer, clipping removal regime to 80% for 

the high fertilizer, grasscycling regime (Figure 432a). 

Mixture four was seeded with 100% sheeps fescue, the average percent plot 

cover value mged 6rom 69% for both of the low feailizer rate plots, regardless 

of clipping disposa1 method, to 84% for the plots treated with the high fertilizer rate, 

grasscycling regime (Figure 422a). 

Mixture five was seeded with 100% peremial ryegrass, the average percent 

plot cover ranged fkom 98% for both of the low fertilizer rate plots, regardless of 

clipping disposal method, and for the high fertilhr rate, clipping removal regime to 

100% for the high fertilizer rate, grasscycling regime (Figure 422b). 

Interspeczjk Cornpetition: Interspecific competition is the competition between 

different species for the same available resources. 

Mixture six was seeded with 30% Canada bluegrass, 30% creeping red fescue, 

30% sheeps fescue, and 10% perennial ryegrass. The plot cover for each species 

varied depending on the clipping disposa1 and fertilizer rate regimes used. The 

average plot cover for Canada bluegrass ranged nom 56% for both of the plots where 

the clipping removal treatment was imposed, regardless of fertiiizer rate, to 60% for 

the plots treated with the high fertilizer rate and grasscycling (Figure 4.21 b). The 

average plot cover for the fine fescues, ranged fkom a low of 49% for the plots treated 

with the high fertilizer rate and clipping removal to a high of 60% for the plots treated 

with the low fertilizer rate and clipping removal regime (Figure 4.22a). Peremial 
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Figure 4.22: Fall 1995 establishment rate of turfgrass species seeded in 1995 
(a) Fine fescues and (b) Perennial ryegrass. 
(Cl FI = clipping rernoval and low fertilizer rate; C2F1 = grasscycling and low fertilizer rate; 
Cl  F2 = clipping removal and high fertilizer rate; and C2F2 = grasscycling and high fertilizer rate). 



ryegrass had an average plot cover of 187% for the plots treated with the low fertilker 

rate and clipping removal. Plots treated with the high fertilizer rate and grasscycling 

had an average perennial ryegrass plot cover of 337% (Figure 422b). 

Mixture seven was seeded with 45% Canada bluegrass, 45% creeping red 

fescue, and 10% perennial ryegrass. The average plot cover for Canada bluegrass was 

only 38% for the low fertilizer rate and clipping removal regime, and as high as 47% 

for both of the high fertilizer rate plots, regardless of clipping disposal (Figure 421b). 

Creeping red fescue had an average plot cover ranging fiom 54% in the low fertilizer 

and grasscycling plots to 75% in the low fertilizer rate and clipping removal plots. 

The average plot cover values of creeping red fescue in the high fertilizer rate and 

grasscycling plots, and in the high fertilizer rate and clipping removal plots were 66% 

and 54%, respectively (Figure 422a). The average plot cover for peremial ryegrass 

ranged nom 260% in the low fertilizer rate and grasscycling plots to a high of 357% 

in the high fertilizer rate and grasscycling plots (Figure 422b). 

Mixture eight was seeded with 45% Canada bluegrass, 45% sheeps fescue, and 

10% ryegniss. The average plot cover for Canada bluegrass was lowest, at 53%, in 

the plots treated with the high fertilizer rate and clipping removal, and highest, at 60%, 

for both of the plots imposed with the low fertilizer rate, regardless of clipping 

disposal (Figure 4.21b). The plot cover for sheeps fescue was lowest, on average, at 

52% in the plots treated with the high fertilizer rate and clipping removal, and highest 

at 65% in plots treated with the low fertilizer rate and clipping removal (Figure 4.22a). 

Peremial ryegniss on average had a plot cover as low as 244% in the plots treated 



with the low fertiluer rate and clipping removal, to a high of 3 17% for both of the 

plots imposed with the high fedizer rate, regardless of clipping disposai (Figure 

422b). 

Mixture nine was seeded with 45% creeping red fescue, 45% sheeps fescue and 

10% perennial ryegrass. The fme fescues had, on average, a plot cover value as low 

as 48% for the plots treated with the low fertilizer and clipping removal, to a plot 

cover value of 54% for both of the plots imposed with the gnisscycling regime, 

regardless of fertilizer rate (Figure 422a). The plot cover for perennial ryegrass on 

average was 330% in the plots treated with the low fertïlizer rate and grasscycling 

regime, and 367% in the plots treated with the high fertilizer and grasscycling (Figure 

4.22b). 

Mixture ten was seeded with 90% Kentucky bluegrass, and 10% perennial 

ryegrass. The Kentucky bluegrass on average had the lowest plot cover, of 42% in the 

plots treated with the low fertilizer and clipping removal, and had the highest plot 

cover of 53% in plots treated with the high fertilizer rate and grasscycling (Figure 

4.21a). Perennial ryegrass had, on average, a low plot cover of 264% in the plots 

treated with the low fertilizer rate and grasscycling, and a high plot cover of 370% in 

the plots treated with the high fertilizer rate and grasscycling (Figure 4.22b). 

By comparing what the plot cover for a monostand of a particular species was 

to the plot cover of the same species in a mixture, one can determine the interspecific 

cornpetitive ability of that species. 



On average, plots seeded with mixture one, had a plot cover of 73%. When 

Kentucky bluegrass was seeded with perennial ryegrass, such as that seen in the 

composition of mixture ten, the plot cover of Kentucky bluegrass declined to 48%. 

MYmire two, had an average plot cover of 81%, but when Canada bluegrass was 

seeded in a mixture the plot cover declined. This trend can be seen in mixture six, 

seven and eight where the plot cover for Canada bluegrass was only 58%, 42%, and 

57% respectively. Mixture three had an average plot cover of 73%. The plot cover of 

creeping red fescue declined to an average of 66% in mixture seven. The plot cover 

for mixnire four was, on average, 75%. In mixture eight the plot cover of sheeps 

fescue was only 56%. Mixture fve, on average, had a plot cover of 98%. In mixîures 

six to ten peremial ryegrass out competed al1 other species, and had a plot cover 

ranging from 285% to 343%. 



4 2  Discussion of the Clipping Disposa1 and Fertilizer Rate Study 

4.2.1 Weather conditions 

TUTfgrass growth is extremeiy sensitive to temperature. Temperature primarily 

influences enzyme activity in grass. Cool-season turfgrasses grow best at temperahires 

between 15 to 2 4 ' ~  (Beard, 1973), they go dormant during the hot summer heat and 

resia fieezing stress in the cold winter months by ce11 dehydration (Levitt, 1980). 

Freezing stress occurs when temperatures are below O°C. Cool-season grasses are 

known to have optimal root growth at soi1 temperatures between 10 to 1 8 ' ~  (Beard, 

1973), and optimal shoot growth at air temperatures of 1 5 ' ~  to 24 '~.  Photosynthetic 

rates are also affected by temperature. In most plants the photosynthetic rate is 

directly related to temperature it increases £kom a minimum at 1 0 ' ~  up to a maximum 

at 30°c (Leopold & Kriedernann, 1975). 

The parameters ba t  did correlate well with temperature changes include 

clipping yield trends for both 1995 and 1996; height values in 1995 and 1996 

(especially June/96); and colour values for mixture two in 1995 and 1996. 

Clipping Yield: Clipping weights were low on August 16 (Figure 4.3a), they increased 

on September 14 (Figure 4.3b), and then declined again on October 9/95 (Figure 4.4a). 

The low clipping weights on August 16/95 c m  be explained by the temperatures 

(Appendbc D, Table Dl). The air temperature was above the range for optimum root 

and shoot growth for August 16/95, and had been since late June 1995. This created 

sub-optimal growth conditions which lowered clipping yield. A decrease in air and 



soil temperatures, to within the optimal range for shoot and root growth, in late 

August, early September resulted in an increase in clipping yield for Septernber 14/95. 

The average clipping yield for October 9/95 was 6.24 glm2. This decline in the weight 

of clippings collected correlates with the drop in air and soi1 temperatures below the 

optimum for photoqmthesis. 

In 1996 clipping yields were high in Jund96, with an average weight of 30.40 

glm2 (Figure 4.5a). This high clipping yield corresponds well with the temperatures 

for optimum root and shoot growth which were prevalent fÎom May196 until the end 

of Mayf96 (Appendix D, Table Dl), and the large amounts of reproductive c u h s  

being produced. The average clipping yield in July decreased to 6.91 g/m2 (Figure 

4.5b). This decrease in clipping yield corresponds with temperatures above the range 

for optimal root and shoot growth. Average clipping yields for September 1996 

increased to 13.9 1 d m 2  (Figure 4.6a). This increase in clipping yield corresponds with 

a reduction in temperature which once again was within the optimal range for root and 

shoot growth. Clipping yields for Octobed96 increased to an average of 3 1.40 d m 2  

(Figure 4.6b). The clipping yield increase correlates with the optimal growing 

conditions, there was plenty of precipitation, and the second fertilizer treatment applied 

September 9/96, provided additional nitrogen to the hufgrass system. 

Heights: Height rneasurements were used to detemine shoot growth. Height 

measurements declined fiom July 25/95 to August 15/95 (Figure 4.8 & 4.9) when air 

and soil temperatures were above optimal (Appendix D, Table Dl). Heights began to 



increase fiom August 15/95 until September 13/95, which correlates well with the 

decrease in temperature to optimal. Turf',', height declines again from September 

13/95 until September 23/95. This decline correlates with a number of factors 

including a decline in the mean air temperature below IOOC (Leopold & Kriedemann, 

1975), the maximum air temperature between September 17/95 and September 2 1/95 

falls below the optimal temperature* and the fira fiosî was September 21/95. Between 

September 23/95 and September 29/95 there appears to be a slight increase in hirfgrass 

height. This height increase corresponds with an increase in the maximum air 

temperature fiom September 22/95 until September 28/95, once again, fd ing  within 

the range for optimum shoot growth. The height increase was also likely influenced 

by an elevation in soi1 temperatures fiom September 23/95 until October 2/95 when 

the temperatures was within the range for optimal root growth. 

One of the most obvious trends in the height data occurs between June 8/96 

and June 24/96, when al1 of the mixtures show a decline in height (Figures 4.13 & 

4.12). This height decline correlates weil with the low precipitation in June 1996. 

The month of June 1996 only received 18% of the long term average (Appendix D, 

Table D2). 

Colour: Turfgrass colour in 1995 and 1996 appeared to be unaffected by climatic 

conditions for al1 m h e s  (Figures 4.10, 4.1 1, 4.14 & 4.15). 



4 2 2  Soil parameters 

The soil parameters measured in the clipping disposai and fertilizer rate midy 

include buk density, nutrients, pH, salinity, and soi1 organic matter. Measurements 

for these parameters were taken in boui the 1995 and 1996 growing seasons. 

Bulk Density: Buk density is used to determine the amount of soi1 compaction and, 

in tum, the suitability of soil for plant growth. Buik density values are affected by 

size and quantity of pore spaces, consequently, soils with large quantities of clays and 

silts, highly porous soils, will have lower buk densities compared to more compact 

soils which have high quantities of sand (Plaster, 1997). Bulk densities range fiom 1.0 

~ ~ / m '  to 1.6 ~ g l r n '  for clays, 1.2 ~ ~ / r n '  to 1.8 ~ g / m '  for loams and sands (Brady, 

1990). Highly compacted soils can have buk densities as high as 2 ~ g / m ' ,  compared 

to well aggregated soils that have bulk densities as low as 1 ~glrn'. Soil nom the 

clipping disposal and fertilizer rate study had an average buk density of 1.09 mg/m3. 

According to Brady's (1990) bulk density values, this soil was a clay with very little 

compaction, therefore, the soil was suitable for plant growth. The particle size 

analysis, completed by Norwest Labs, supports this fmding. Norwea Labs found that 

the soil type of the clipping disposal and fertilizer rate snidy was a clay (Table 4.4). 

Soil Nutrient Anolysis: Soil samples collected fkom the clipping disposal and fertilizer 

rate study plot were deficient in available nitrogen (44 lbs. of nitrogedacre (Table 

4.1)), the recommended nitrogen application for turfgrass establishment was 139 Ibs. of 



nitrogedacre (Norwest Labs 1995). . 

In 1996, the soil samples coliected from mixture ten had diff'ent nitrogen 

concentrations for each of the four different treatments (C 1 F 1, C2F 1, C 1 F2, C2F2). 

The soil samples indicate that when grasscycling (C2) was imposed, nitrogen 

concentrations in the soil increased. The nitrogen level in the plots treated with 

grasscycling and low fertilizer rate (C2F1) had 60 Ibs. of available nitrogedacre, 16 

Ibs. of available nitrogedacre more than the plots treated with the clipping removal 

and low fertilizer rate (C IF 1). Starr & Deroo's (1 98 1) research, on the effects of 

grasscycling in a cool-season grass mixture over a four year period, found a 45% 

increase in soi1 nitrogen in plots where the clippings were returned, compared to soi1 

in plots where the clippings were removed which supports the findings of this study. 

They also found that in plots where the clippings were retumed there was four grams 

more soil nitrogen available per square metre compared to plots where the clippings 

were removed. 

pH of the Soil: The soil pH in 1995, of 7.5 (Table 4.1), likely favoured Kentucky 

bluegrass and peremial ryegrass. which prefer pH values between 6.0-7.0. At this pH 

Canada bluegrass, creeping red fescue, and sheeps fescue, were not grown under 

optimal pH conditions. Beard (1973) found the optimal pH's for the growth and 

cornpetitive abilities of these grasses to be 5.5-6.5, 5.55-6.5, and 4.5-6.5, respectively. 

In 1996 the pH of the soil collected fkom the clipping disposal and fertilizer rate study, 

was, on average, 7.5 (Table 42), the same as the soil pH in 1995. Once again the soil 



pH favoun Kentucky bluegrass and peremial ryegrass growth. 

Salinity of the Soil: Salinity was meanwd because high levels of sdts in soil can 

reduce the ability of turfgrass roots to absorb water and may actually be toxic to 

grasses. Just like pH some turf+grass species can tolerate higher salinity levels than 

other grasses. Soil collected in 1995, prior to seeding, nom the clipping disposal and 

fertilizer rate study was not saline (Table 4.1). In 1996, one plot was slightiy saline 

(2.1 dS/m (Table 42)). This was the plot treated with the high fertilizer and 

grasscycling. The average EC for the study plot was 0.6 in 1995 and in 1996 the 

C IF 1, C 1F2, and C2F 1 had ECs of 0.6, 0.8, and 0.8, respectively, therefore it appears 

the combination of the high fertilizer rate and grasscycling contributed to the observed 

high electrical conductivity value. This EC value was within the tolerance range of al1 

the turfgrass species included in this study, and likely did not significantly affect the 

turfgrass growth. 

Soil Orgunic Mutter (1 996): Plots treated with the combination of clipping removal 

and iow fertilizer rate (ClFl) contained 0.07% organic matter, which was 

approximately 1% of the soil organic matter found in the other three clipping disposal 

and fertilizer rate combinations (Table 4.3). The low organic matter in this plot was 

because clippings were not being retumed to the soil. Plots treated with Iow fertilizer 

rate and grasscycling (C2F1) contained 7.12% soil organic matter, implying that 

grasscycling increased the organic matter in the plots, by retuming the clippings to the 



turfgrass system. 

Soi1 Carbon/lVitrogen ratio (1996): The carbodnitrogen (CM)  ratio is indicative of 

the amount of organic matter in the soi1 (Brady, 1990). The low C/N ratio of plots 

treated with clipping removai and low fertilizer (ClF1) support this hypothesis (Table 

4.3). The C:N ratio of the C 1 F 1 plots was 0.3 1 (1 :3). This is approxirnately two 

orders of magnitude lower than the C/N ratios of the other three treatment 

combinations (C 1 F2, C2F 1, C2F2) which averaged 12-77 * 1-03. This means C 1 F2, 

C2F 1, and C2F2 al1 had greater soi1 organic matter than C 1F 1. 

4.23 Tarfgrass mixtures 

Five cool-season turfgrass species, Kentucky bluegrass, Canada bluegrass, 

creeping red fescue, sheeps fescue, and peremial ryegrass were examined, both in 

monostands and polystands, with a total of ten mixtures. See Appendix A, Table A2, 

for the exact composition of the mumires. This study evaluated the following 

parameters: clipping weight; turfgrass height; colour and plot cover; and turfgrass 

selection qualities, that should be considered when choosing an appropriate turfgrass 

mixture. 

CIipping Yield: Clipping yield weights were collected to determine the response of 

the ten mixtures to nutritional and environmental factors applied to the test plots. 

Significant differences (pc0.05) were found in clipping yield measures between the ten 



mimures used in the clipping disposal and fertilùer rate study. In the 1995 growing 

season, the establishment year, mixture five consistently prodiiced the highest dry 

weight yield and mixture one consistently produced the lowest dry weight yield. 

During 1996, mixture three and four, both monostands of h e  fescues, produced the 

two highest dry weight yields. Mixture one, once again, produced the lowest dry 

weight yield, and mixture five produced the second lowest dry weight yield. Mixture 

four was second lowest in total dry weight yield in 1995, and mixture three was third 

highest in 1995. 

The high clipping yield of mixture five, a monostand of perennial ryegrass, 

during the 1995 growing season cm be explained by its fast establishment rate, good 

plot cover, and vigourous seedling growth. Perennial ryegrass was the fnst species to 

emerge after seeding in 1995 and also had the highest plot cover of the five cool- 

season grass species used in the study. Perennial ryegrass is known to have a high 

germination rate, good seedling vigour (Chippendale, 1932), and therefore high 

establishment rate and plot cover. Once established peremial ryegrass tillers rapidly 

(Blaser et al., 1956b) which leads to a high culm density. Rogler & Haas' (1947) 

research fmdings concluded that clipping yield was highly dependent on plant density. 

Therefore, due to the high density of peremiai ryegrass, clipping yield was 

conespondingly high. This theory is supported by looking at the plot cover results for 

mixture five. Mixture five had the highest plot cover, compared to the other nine 

mixtures. For Iow fertilizer piots the cover was 98% and for high fertilizer plots the 

cover was 100% for mixture five. 



In 1996 the clipping yield of perennial ryegrass was the second lowest. This 

reduction in clipping yield was Wrely due to poor winter hardiness, one of the 

characteristics of p e r e ~ i a l  ryegrass. There were 18 days in late January and early 

February where the minimum temperature was below -30°C (Appendix D, Table D2). 

Out of the five perennial cool-season turfgrasses used in this study, perennial ryegrass 

has the Iowest winter hardiness (Van Dersal, 1936; Gusta et al., 1980). 

Mixture one, a monostand of Kentucky bluegrass, had the lowest clipping yield 

for both study years. This may be in part due to the fact that Kentucky bluegrasses 

are slow to germinate and have low seedling vigour (Blaser et al., 1956a), which 

resulted in very Little above-ground growth being produced in the first few years of 

establishment. 

Adams et al. (1974) found that compared to perennial ryegrass, Kentucky 

bluegrass required more nitrogen for the same amount of top growth produced. 

Available soi1 nitrogen may have been litnithg for Kentucky bluegrass, and since al1 

mixtures had the same amount of fertilizer treatments applied, this is one possible 

explanation for the reduced growth of Kentucky bluegrass. Another explanation could 

be that Kentucky bluegrass was transporting a lot of its energy, obtained fiom 

photosyuthesis, into rhizome growth to establish its extensive rhizome system (Hunt & 

Dunn, 1993). Blaser et al. (1956a) made comparisons between seven week old 

ryegrass and Kentucky bluegrass seedlings and found the ryegrass seedlings produced 

more than 30 times more above-gound dry weight. Therefore, the light clipping yield 

of Kentucky bluegrass was Likely a combination of its slow establishment rate and 



high nitrogen requirement. 

Heighr: Another desirable low maintenance characteristic of turf's is a slow 

growing shoot. Shorter grass requires less fkequent mowings and therefore cost 

savings in t ems  of tirne, money, and man-power, ultimately reducing yard waste. 

Differences in height between mixtures were measurable and visually apparent. 

There were some obvious trends between height measurements and dry weight 

yield. To better visuaiize these trends, height and dry weight yield were ranked from 

highest (ranking one) to lowest (ranking IO), for each of the ten mixtures (Figure 4.23 

(a) and (b)). In 1995 average grass height and average dry weight clipping yield 

appear to be directly related, with the exception of mixture five (Figure 4.23 a). 

Simply stated, the taller the gass was, the heavier the clipping weights. The 

exception, mixture five produced the heaviest dry weight yield, but it had intermediate 

height measurements. This trend was likely due to mixture five being a monostand of 

peremial ryegrass, and as discussed earlier, it has a denser growth pattern than the 

other mixtures. Average gras height and the average dry weight clipping yield also 

appear to be directly related in the 1996 growing season (Figure 4.23b). The trend 

was not as pronounced in 1996, but a trend was still present. In 1996 one mixture that 

did not confonn to this trend was mixture two. Mixture two was ranked sixth in 

height, but was ranked third in clipping yield. The most obvious explanation for this 

high yield ranking was the abnormally high dry weight yield collected on June 8/96. 

The dry weight yield clipping yield for mixture two was 2224 g heavier than the 



Figure 4.23: Comparison of height. dry weight, and colour ratings for each of the ten mixtures 
(a) Overall rating for mixtures one to ten in the 1995 growing season. 
(b) Overall rating results for mixtures one to ten in the 1996 growing season. 

(The numbers within the graph pane, on the left hand side indicate 
the ten mixtures, they are rated from 1 (least desirable (tallest. heaviest, or 
lightest green)) to ten (rnost desriable (shortest, Iightest, or darkest green))). 



average dry weight yield of 28.18 g for the other nine mixtures on that date. Mixture 

two had a high clipping yield on this date due to unifonn heading of Canada bluegrass 

at this tirne. Clippings collected on this date for r n h e  two skewed the results. If, 

however, you reduced the weight of mixture two fiom 50.42 g for the June 8/96 

collection date to 28.18 g, the total dry weight yield for the 1996 growing season 

would be 76.36 g. This would rank mixture two seventh heaviest, and closer to the 

corresponding height ranking of sixth West. 

The considerable differences between the heights collected fiom 1996 

compared to those collected in 1995, emphases the importance of a second field 

season to measure some of the turfgrass characteristics and responses to the 

management regimes. Mixture four had the largest height difference between the 1995 

and 1996 growing seasons. In 1995 the average height for mixture four in the 

growing season was 5.77 cm, and in 1996 it was 6.87 cm, an increase in average 

height of over 1 cm. M h e  four was a monostand of creeping red fescue, the reason 

for the increase in average height is because it was better established in the second 

growing season and the growing conditions were optimal. Creeping red fescue 

requires low amounts of supplemental water and nitrogen, its nitrogen requirements are 

0.2 to 0.5 Ib per 1000 sq ft per growing month, which is quite low compared to most 

cool-season turfgrass species (Beard, 1973). 

Colour: Turfgrass colour was rated a number of times throughout the two growing 

seasons. Colour ratings were assessed to ensure the aesthetic quality was taken into 



consideration when making final recommendations, because clipping yields do not 

measure the aesthetic quality of grass, they only measure the effect nutritional and 

environmental factors, such as fertilizer rates, have on the grasses (Beard, 1973). 

There were some obvious trends when comparing the colour values to the dry 

weight yield data. To betîer visualize these trends, colour and dry weight yield were 

ranked nom highest (ranking one) to lowest (ranking IO), for each of the ten mixtures 

(Figure 413 (a) and (b)). During the 1995 growing season there appears to be an 

indirect relationship between colour and dry weight yield. Mixtures one and four are 

ranked lowest and second lowest, respectively, in height and dry weight, however, the 

colour for mixture one was ranked second highest, and highest for mixture four. The 

slower growing turfgrass mixtures two and four used less nutrients for growth, and had 

less damage due to clipping removal, therefore, these two mixtures were less stressed 

allowing for the darker green. This trend was seen in reverse for both mixtures five 

and six. Mixture five was ranked heaviest and mixture six was ranked third heaviest 

in dry weight yield, but the colour rankings are third lowest and second lowest 

respectively. In terms of low maintenance this is very interesthg since the shortest 

and lowest yielding turfgrasses in 1995, mixtures one and four, are the ones with the 

greenest colour. This combination is ideal for choosing low maintenance grasses. 

Al1 mixtures received the same fertilizer rate treatments, yet mixture one and 

two produced low clipping yields and the clippings had relatively high nitrogen 

concentrations. This suggests that because both mixaires one and two had low growth 

rates and high nitrogen content, compared to the other mixtures in the study, that these 



two mixtures were not using as much nitrogen for above-ground growth, and therefore, 

less nitrogen was being removed when the gras was mowed ailowing for an increase 

of nitrogen in the gcass tissues in mixtures one and two in 1995. This trend can also 

seen for mixtures one and five in 1996. 

One explanation for the dark green colour in the low growing and yielding 

turf's mixtures may be due to the slow germination of both fescues and Kentucky 

bluegrass (Beard, 1973) when compared to perennial ryegrass. Since only four of the 

ten mixtures seeded in the clipping disposal and fertilizer rate study lacked a peremial 

ryegrass component, and two of these m i m e s  were mixture one and mixture four, a 

slow germination rate is plausible. By having a slow germination and growth rate the 

grasses could have accumulated nitrogen in the tissues due to lack of nitrogen needed 

for growth. This is supported for mixture one in the nitrogen content in the clippings 

section. 

Colour, height and dry weight yields were more directly related in 1996, with 

the two exceptions of mixtures one and two (Figure 423b).  Mixture one was once 

again ranked Iowest in height and dry weight yield, yet rnaintained a colour ranking of 

second. The high colour ratings for mixture one have already been discussed. 

Mixture two was intermediate in height, third highest in weight, yet was ranked 

the Iowest for desirable colour. One possible reason for the poor colour rating, and 

possibly high dry weight yield for the June 8/96 collection date, has to do with the 

temperature dependent growth rate of Canada bluegrass. Canada bluegrass is a cool- 

season grass and has suppressed growth during the summer months and increases 



production in the fa11 and spring when the temperature is coder. Because Canada 

bluegtass grows better at a height of 7.6-1 0 cm (Beard, 1973), and has a low 

temperature tolerance, it makes a good rights-of-way tuf, but it is undesirable for use 

in home lawns or high maintenance parks. 

The colour of mixture eight was dark green al1 summer and late into the fa11 

for the 1995 growing season, but in the 1996 growing season, the turf colour was 

unacceptable (ranking <6) in the fa11 sample dates. 

Nitrogen Content in the Clippings: An interesthg trend in the data shows an inverse 

relationship between height and percent nitrogen content in the leaves. For the 1995 

growing season, as the grass height increases, the percent nitrogen decreases, with the 

exception of mixture five. This trend was not as obvious in 1996. One explmation 

for the inverse relationship of grass height and nitrogen content was that leaf growth 

and mowing results in nitrogen loss from the plant. Since mowing induces leaf 

growth (Salisbury & Ross, 1985), the taller grasses which have more leaf tissue 

removed during mowing would have greater nitrogen loss than the shorter grasses. 

Hull (1992) supports this theory by stating that nitrogen content on a leaf area basis is 

higher when available nitrogen is limiting. Colour and nitrogen content do not appear 

to be related (Figure 4.24 (a) and (b)). Due11 (1960) and Doaenkots (1961) studies 

also found the same trend, where the lower yielding gras species had the highest 

nitrogen content. 
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Figure 4.24: Comparison of colour, nitrogen. and plot cover rankings for each 
of the five monostands. 

(a) Overall ranking results for mixtures one to five in the 1995 growing season. 
(b) Overall ranking results for mixtures one to five in the 1996 growing season. 
Note: Figure 5.2 (b) does not have establishment values, because this variable 
was not measured in 1996. 

(The numbers within the graph pane, on the left hand side indicate 
the five mixtures, they are ranked from low (least desirable (light green. low nitrogen content, 
or Iow establishment)) to high (most desirable (darkest green, high nitrogen content, or 
high establishment)). 



Plot Cover: Each grass species has a different competitive ability depending upon the 

moisture, light, and nutrients available. Species with a competitive advantage will be 

the first to establish, and therefore, have the highest percent plot cover. In 1995, 

turf'grass mixture five (a monostand of 100% peremial ryegrass) was the f m  to 

establish, had the heaviest dry and wet weight clipping yields, the highest percent 

nitrogen for ail three of the collection dates, and the highest percent plot cover. 

Chippendale (1932) found that perennial ryegrass had a high germination rate, and 

good seedling vigour. Blaser et al. (1956b) noted that once established, perennial 

ryegrass tillered rapidly. Both of these characteristics support the high plot cover 

observed for turf's mixture five. Plots seeded with 100% Kentucky bluegrass were 

the slowest to establish, the average composition of mixture one had only 74% of the 

Kentucky bluegrass culms establish. This is supported by Watschke & Schmidt 

(1992) who found Kentucky bluegrass slow to germinate. Fescues are considered 

intermediate in establishment rate (Beard, 1973). Cover does not appear to be related 

to colour, but there may be a direct relationship between nitrogen content and plot 

cover (Figure 4.24 (a)). 

Mixture Composition: Results show that the plot cover of Kentucky bluegrass 

declined when seeded in a polystand, compared to that of a monostand. This was also 

tnie for Canada bluegrass, creeping red fescue and sheeps fescue. The reduction in 

establishment due to interspecific competition was recognized as a common 

phenornenon, as early as 1898. Brede (1982) f o n d  that when a g ras  mixture was 



comprised of 10% or more p e r e ~ i a l  ryegrass? ryegrass was the dominant grass in that 

mixture. Whereas, Erdmann and Harrison (1947) found that ryegrass was the 

dominant grass in a mixture comprised of 25% or more peremial ryegrass. The 

current study, the clipping removal and fertilizer rate snidy, found that when seeded at 

a rate of 10% of the seed mixture, perennial ryegrass, on average, comprised 3 1% of 

the plot cover in 1995. There are two explanations for these results. One explanation 

is that peremial ryegrass can be inhibitory to Kentucky bluegrass and fescue seedlings 

(Erdmann & Harrison, 1947). Grasses produce a chernical called coumarin, which can 

inhibit seedling germination (Salisbury & Ross, 1 985). Another explanation, which is 

more likely, is that because peremial ryegrass was such a quick establishing grass, that 

it out shaded and out competed the other slower germinating bluegrasses and fescues 

in the mixtures. 

Turfgrass selection qualities: Some of the advantages of using Kentucky bluegrass 

include its ability to withstand cold temperatures its fa11 colour retention, and its good 

regrowth capacity. Altematively, some of the undesirable characteristics of Kentucky 

bluegrass include its slow establishment rate, its need for medium levels of 

maintenance and it requires high levels of nitrogen (Schultz, 1989; Beard 1973). 

Canada Bluegrass is considered undesirable for home lawns because of high 

cutting height requirements, slow regrowth, and low aesthetic colour quality. It is a 

good hirfgrass for low maintenance areas along roadsides with vimially no 



management inputs, i.e., fertiiïzers, watering or mowing. 

Creeping red fescue was another turf' that was evaluated. It was found to 

have a slower plot cover than peremial ryegrass, but once established produced a 

dense dark green turf. Some other advantages of creeping red fescue include its low 

fertilizer requirement, and its superïor shade tolerance (Beard, 1973). 

Sheeps fescue was the second fuie fescue used in this study. It was similar to 

creeping red fescue in plot cover, but unlike creeping red fescue because it required 

higher inputs of water and fertilizer to keep it at a desirable colour. 

The fmal turfgrass species used in this midy was perennial ryegrass. Peremiai 

ryegrass established well the fist year, producing a dense, dark green M. Some of 

the undesirable characteristics of perennial ryegrass includes its very cornpetitive 

nature, out competing al1 the other turfgrass species, and its low winter hardiness. 

Peremial ryegrass had a high quality turf in the establishment year, but in this study 

did not ovenvinter well, resulting in a low aesthetically quality turf the second year. 

4.2.4 Clipping disposal 

Two clipping disposal methods were utilized in this study. The clipping 

disposa1 methods were grasscycling and clipping removal. As outlined in Chapter 

Three, by rehirning the clippings to the turfgrass system, grasscycling can actuaily add 

nitrogen back into the system. Grass clippings provide high concentrations of nitrogen 

and potassium (Starr & DeRoo, 1981; Donahue et al., 1983). 



CIipping Yieldr Clipping disposal methods did not r e d t  in significantly different 

clipping weight yields. Yields collected fiom plots with grasscycling were not 

statistically different fiom plots with clipping removal, with the exception of August 

16/95, the very fwst clipping collection date. One explanation for this result was that 

the clippings collected on August 16 likely responded to the grasscycling due to 

deficient nitrogen in the mil. The clippings that were being returned may have had 

enough nitrogen content to return a suficient amount of nitrogen to the soi1 thus 

creating a significant increase in clipping yield, on August 16/95. The increase in 

clipping yield fiom plots where grasscycling was practiced was significantly greater 

(p~0.05) than in the plots where the clippings were removed. 

The clippings collected in September of the 1996 growing season from plots 

where grasscycling was imposai, had statistically significant @<0.05) lower clipping 

yields compared to the plots with the same fertilizer rate, but where the clippings were 

removed. The other three collection dates appeared to have a similar trend, although 

the clipping yield data did not differ statistically. This may be due to thatch build-up 

or shading, causing a reduction in grass production, or nitrogen immobilization. 

Thatch was not rneasured in this study, but, it has been reported (Soper et al, 1988) 

that nitrogen fertilization and grasscycling can increase thatch build-up. Thatch 

accumulation can result in the shading of turf, reduced tiller density, and ultimately 

decreased clipping yield (Soper et al., 1988). Not only can thatch cause shading, it 

can also result in increased nitrogen leaching fiom the turfgrass system (Nelson et al., 

1980). Nitrogen can also be tied up in the biodegradation of the clippings, resulting in 



less nitrogen being returned to the soi1 for turfgrass growth (Miller & Donahue, 1995). 

Both thatch build-up and nitrogen immobilization would result in reduced nitrogen to 

the grass, ultimately resulting in reduced growth. 

Height: C lipping disposal treatments, grasscycling and clipping removal, did not 

appear to have an effect on the height of the grasses in either 1995 or 1996. Plots 

seeded with mixture eight, where grasscycling was practiced, regardless of fertilizer 

rate, were taller for al1 sampling dates. 

Colour: Clipping disposa1 treatments, grasscycling and clipping removal, did not have 

an obvious efiect on the visual ratings of the mixtures in either 1995 or 1996. 

Therefore, grasscycling did not reduce the aesthetic quality of the turfgrass mixtures. 

Nitrogen Content in the Clippings: The percent nitrogen in the clippings was not 

directly correlated to the clipping yield. niere were no significant differences in the 

nitrogen content of the clippings between grasscycling and clipping removal for either 

the 1995 or 1996 collection dates. Grass clippings can provide high concentrations of 

nitrogen and potassium (Donahue et al., 1983). 

Plot Cover: At the low fertilizer rate the clipping disposal method did not appear to 

alter the average plot cover of peremial ryegmss, but at the high fertilizer rate, 

grasscycling increased the plot cover. The plot covers for the other cool-season 



turfgrass species, used in this study, were unaffected by the clipping disposal methods. 

4.23 Fe*r rate 

Since nitrogen is rnost often the growth limiting n u ~ e n t  in mils (Salisbury & 

Ross, 1985) nitrogen addition is thought of as the most important cornponent in 

fertilizers. Therefore, when referring to fertilizer rate, nitrogen rate is usually what is 

being discussed. Available soi1 nitrogen levels are often insufficient to support 

aesthetically desirable turfgrass growth, therefore, additional nitrogen mua be added to 

the turfgniss system to maintain quality (Turner & Hummel, 1992). The study utilized 

two fertilizer rates, which included: a low rate, consisting of 0.5 Ib of N/1000 (023 

kg of N/92.903 m2) per application, and a high rate, consisting of 1.0 Ib of NllOOO fl? 

(0.45 kg of N/92.903 m2) per application. Each fertilizer rate was applied twice to the 

prescribed plots, during the 1995 growing season, on July 19 and Aug 23, and twice 

during the 1996 growing season, on June 27 and Sept. 9. 

Nitrogen cm affect a nurn ber of turfgrass characteristics, including colour, 

density, shoot growth, root growth, susceptibility to diseases and environmental stress, 

composition of the turfgrass stand, and regrowth ability (Tunier & Hummel, 1992). 

To determine the effect nitrogen had on the turf'grass mixtures, clipping yield, height, 

colour, percent nitrogen in clippings, plot cover and mixture composition were 

measured, and are summarized below. 

CIipping Yield: The mean dry weight and wet weight yields for al1 mixtures treated 



with the high fertilizer rate were significantly greater than the yields obtained fiom the 

plots treated with the low fertïiizer rate. These results are consistent with reported 

findiugs (Madison, 1962c; Waddington et al., 1964; Goss & Law, 1967). 

Although root yields were not measured in this experiment, Madison (1962c), 

and Goss & Law (1967) found that the root yields decrease with increasing nitrogen 

fertilizer rates, with a correspondhg increase in shoot growth. This increase in shoot 

growth is due to decreased transportation of carbohydrates to the roots (Miflin, 1980). 

Deeper and more fibrous root systems will have more sources of nutrients and water 

which the plant can use for growth. By reducing the amount of root growth, increased 

nitrogen fertilizer rates may actually decrease drought tolerance (Beard, 1973). 

Therefore, excessive use of nitrogen fertilizer can be wasteful in terms of fertilizer 

production, but it may also result in increased maintenance in terms of irrigation 

requirements due to decreased drought tolerance and an increased cutting requirement 

if energy is used for shoot growth. 

Height: Grass fiom plots treated with the high fertilizer rate were consistently talier in 

height. This is consistent with previous research findings ( Madison, 1962c: Yust et 

ai., 1984). Both articles (Madison, 1962c; Yust et al., 1984) found that applying 

nitrogen to turfgrass increased the growth rate of the turfgras. Nitrogen fertilizer 

levels are directly related to grass growth, the greater the nitrogen rate, the greater the 

growth (Goss & Law, 1967). Grass growth consists of root, shoot and leaf growth. 



Colour: Tufgrass colour was darker green (ranked higher) in the plots where the high 

fertilizer rate was applied. This dark green colour is considered more desirable from 

an aesthetic view point. Research carried out by Yust et al. (1984) and Madison 

(1962~) reported the same fmdings as  the current research, turfgniss colour increases 

when nitrogen is applied. 

Nitrogen Content in the Clippings: On average, turfpasses contain, on a dry matter 

basis, between 3 to 5% nitrogen, unless the available nitrogen is limiting (Davis, 1962; 

Turgeon, 1980). Using 3 to 5% nitrogen as a reference, the clippings in 1995, for 

both the low and high fertilizer rate had close to 3% nitrogen, therefore, the nitrogen 

was adequate for turfgrass growth. Contrary to 1995, the clippings in 1996 had on 

average 2.2% nitmgen, suggesting that the nitrogen may have been present in limiting 

concentrations. 

On average, there was a significant difference in percent nitrogen in the 

clippings between fertilizer rates, for both 1995 and 1996. The plots treated with the 

high fertilizer rate produced clippings with higher percent nitrogen values than did the 

plots treated with the Iow fertilizer rate. This is supported by Beard (1973) who found 

nitrogen content of grasses to be higher when fertilized with higher nitrogen levels. 

Plot Cover: Tiller establishment is directly proportional to nitrogen, Le., as the rate of 

nitrogen fertilization increases so do the number of established tillers (Madison, 

1962~). The average nurnber of shoots for plots treated with the low fertilizer rate, 



regardless of clipping disposal and turfgrass species was 77 c u h s  per LOO points 

wunpled. The plots treated with the high fertilizer rate, regardless of clipping disposal 

and turfgrass species, had an average shoot density of 84 culms per 100 points 

sampled. Mixtures one, two, three and four al1 had higher plot covers when the high 

fertilizer rate was applied, regardless of clipping disposal regime. 

Mkture Composition: Composition of turf'grass mixtures is oflen influenced by 

nitrogen-fertility levels. In polystands containhg fescue, with the exception of mixture 

nine, both creeping red fescue and sheeps fescue consistently had more tillers in plots 

where the low fertilker rate was applied and clippings were rernoved. Juska et al. 

(1955) found a similar trend in Kentucky bluegrass-red fescue mixtures, where red 

fescue was dominant at lower nitrogen rates. 

4.2.6 Etements of error 

BIock Effect: There was a significant difference @<O.OS) between dry weight clipping 

yield between blocks. The significant differences between the four blocks was likely 

because the blocks had different growing conditions. Block four was situated in a 

sunny site, at the bottom of a very slight slope. Therefore, it likely had a high 

photosynthetic potential, and slightly moister soil. Block one, on the other hand, was 

the closest block to the fence where large willow trees were growing, and it was at the 

top of the slight slope. Grasses in block one had less light and potentially less water 

due to the willows. Therefore, there may have been reduced photosynthesis in block 



one and ultimately lower clipping yields. 

Weekly Clipping Yield for an Avemge Home Lawn 

Based on this study, clipping weight was converted to a standard home lawn 

size. This conversion was done to estimate the amount of clippings home lawus 

produce and dispose of in landfill sites weekly, depending on the fertilizer rate used, 

for each of the ten mixtures. 

The average size lot is 50 fi. x 100 fL(1524 m x 30.48 m), the average house 

size is 1000 e, and there are 160 000 residential lots in the City of Winnipeg 

(Tomlinson, 1997). Therefore, the average lot size, subtract the house, is 4000 ft2, 

minus 500 ft2 for garage, driveway, a d o r  garden, making the average lawn size 3500 

AL (325 m2). Using the average lawn size of 325 m2, the average weekly wet weight 

clipping yields, for low and high fertilizer rates, were calculated for each of the ten 

cool-season turfgrass mixtures (see Table 4.5). The values are based on the average 

value of clippings collected from the respective plots in the 1996 growing season. 

On average, the grasses grown in the high fertilizer rate plots produced 1.9 times more 

clippings than the grasses grown in the low fertilizer rate plots. Plots seeded with 

Kentucky bluegrass had the greatest difference in wet weight clipping yield beîween 

fertilizer rates. Kentucky bluegrass plots feailized with the high fertilizer rate (1 lb 

NllOOO ft2) produced five times more clippings than did the plots seeded with the low 

fertilizer rate (0.5 lb N/1000 p). 

Using the weights calculated in Table 4.5, and the tipping fee for the City of 



Table 4.5 Average WeigM of Clippings Cdkcted, Per Collection Date, fnun 
ttie Turfgrais Mbmires Seeded in the Cllpping Dbpœml and 
Fertilker Rate Study, Baseci on the S b  of an Average Home Lami. 

100% Kentucky Bluegmss 

100% Canada Bluerass 
- - -  - 

100% Creeplng Red Fescue I 16.25 

30% Canada Blwgrass 
30% Sheeps Fescue 
30% Creeping Red Fescue 15.00 
1û% Perennial Ryegrass 

45% Canada Bluegrôss 
45% Creeping Red Fescue 15.73 
10% Perennial Ryegrass 

4 %  Canada Bluegrass 
4S% Sheeps Fescue 
10% Perennial Ryegrarss 

45% Creeping Red Fescue 
45% Sheeps Fescue 
10% Perennial Ftyegrass 

90% Keritucky Bluegrass 
10% Perennial Ryegrsss 

C l  FI= dipping rernoval and bw fectibr rate 
C l  F2= dipping ternoval and high fertiizer rate 



Winnipeg's landfd sites of $1 5.1 O/metric tonne, the cost of disposing one 

homeowner's weekly clippiugs in the landal was calculated (Table 4.6). Using the 

values from Table 4.6, multiplied by a factor of sixteen, multiplied by a factor of 160 

000, divide by a factor of two, the cost of disposing of the home lawn generated 

turfgrass clippings in Winnipeg per year can be figured out. The factor of skteen is 

the average number of times a home lawn is mowed per year, if the mowing begins in 

mid-May and stops mid-September. The factor of 160 000 is the number of residential 

lots in the city of Winnipeg. The factor of two is to allow for the assumption that 

only 50% of the people in Winnipeg are disposing of their turfgrass clippings in the 

landfill. For example, using mixture ten the control, the cost of disposing of al1 of the 

residential turfgrass clippings for one growing season, assuming al1 turfgrass mixtures 

are composed of mixture ten, would be $140 800 for the low fertilizer rate and $307 

200 for the high fertilizer rate. 



Table 4.6: Coat of ClIpplngs ûispoæd of in Landflb Sites Basmi on the 
Avefage Wdght of Clippings Collected, Per Coiledion Diate, 
fnmi the Tumnms MMuter, Seeded In the Clipplng Dlsposal 
and FerülW Rab Saidy, Based on the S b  of an Average 
Home Lawn. 

C l  Fi = dipping ternoval and low fertilzer rate 
C l  F2= ciipping rernoval and high fertiizer rate 

MMum 

1 

2 

3 

4 

5 

6 

I 

7 

8 

9 

10 

Descdption 

100% Kentucky Bluegrass 

100% Canada Bluerasg 

100% C~eeping Red Fescue 

100% Sheeps Fegcue 

100% Perenniai Ryegrass 

30% Canada Bluegrass 
30% Sheeps Feswe 
30% Creeplng Red Fescue 
10% Perennkl Ryegrass 

46% Canada Bîuegrass 
4696 Creeping R d  Fescue 
1 0% Pemnnial Ryegrass 

445% Canada Biuegmm 
45% Sheeps Fescue 
10% Perennlal Ryegrass 

46% Creeplng Red Fescue 
46% Sheeps Fegcue 
IO% Perennial Ryegrass 

90% Kentucky Bluegrsr#l 
IO% Perennial R y e g m  

Wet wlelght 

C l  F1 

$0-03 

$0.19 

$0.25 

$0.19 

$0.17 

$0.23 

$0.24 

$0.15 

$0.24 

$0.1 1 

(kg1326 mA2 1 

C1F2 

$0.14 

$0.35 

$0.43 

$0.40 

$0.31 

1 

$0.44 

$0.41 

80.33 

$0.36 

$0.24 
i 



CHAPTER F M  

THE EFFECTS OF MOWING FREQUENCY ON COOLSEASON 

TURFGRASSES 

5.1 Resalts of the Mowing Freqaency Study 

5.1.1 Weather conditions 

1994 Weather Conditions: In 1994, air temperature and precipitation data were 

collected to determine the effects these parameters have on turfgrass growth 

throughout the growing season. The weather data for 1995 can be found in Appendix 

D, Table Dl,  

The mean monthly weather for January to May 1994 resembled that of the 

long-term average. The air temperature during the 1994 growing season (May to 

September) resembled the long-term average (Figure 5.la). Total precipitation during 

this time was 25 mm less than the long-term average collected at the Winnipeg 

International Airport (Envuonment Canada, 1993) (Figure 5.1 b). The study plot in the 

1994 growing season received 125 mm more precipitation that normal. August 1994 

had a total of 121 mm of rain, 45.7 mm more than the long-term average for that 

month. 

1995 Weather Conditions: In 1995, soi1 temperature, air temperature and precipitation 

data were collected to determine the indirect effect these parameters have on turfgrass 

growth throughout the growing season. 



- Monthly mean (Jan. 1994-Dec. 1995) 
Long-terni mean (Jan. 1 961 -Dec. 1 990) 

J A S O N D  

Figure 5.1 : Mean monthly temperature and total monthly precipitation from 
1961 -1 990 (shaded bars) and during 1994 and 1995 (line). 
(a) Mean monthly temperature ( C). (b) Total monthly precipitation (mm). 



The mean monthly temperature nom January to May 1995 resembled that of 

the long-term average (Figure S.la) and the total monthly precipitation during this 

period was only 50% of the long-term average collected at the Winnipeg International 

Airport (Environment Canada, 1993) (Figure 5.1 b). During the 1995 growing season 

(May to September) there was only 78% of the normal precipitation. The temperature 

during the 1995 growing season averaged 1.8 OC above normal, June's average 

temperature was 4.3 OC higher than the long-term average. 

Since the optimal soil temperature for root growth is between 10 and 1 8 ' ~  

(Beard, 1973), the dates in 1995 where the soil temperature fell within this range were 

noted. In 1995, the soil temperahue was in the optimal temperature range fiom May 

2-May 10, May 16-May 27, Sept. 5-17, and again fkom September 23-October 1 1/95. 

The optimal temperature for shoot growth is when the air temperature falls between 

1 5 ' ~  and 2 4 ' ~  (Beard, 1973). In the 1995 growing season, the air temperature was in 

the optimal temperature range for shoot growth fiom May 1 until May 27/96. The air 

temperature was above 2 4 ' ~  from May 28 until September 4/95. The rate of 

photosynthesis is directly related with temperature when air temperatures are greater 

than 1o0C, up to a maximum of 30°C (Leopold & Kriedemann, 1975). In 1995, fiom 

May 5 to 10, May 16 to Sept 16, and again f3om September 23 to September 30, the 

air temperature was conducive for photosynthesis. In turf's systems, fieezing stress 

occurs at or below soil temperatures of o'C @iPaola & Beard, 1992). In 1995, the 

soils remained below O'C fiom January 1 until April 8, and again fiom November 25 

until Decem ber 3 1/95. 



5.1.2 Soi1 parameters 

Soil temperatures were unavailable for the 1994 growing season due to a 

malfunction in the computerized weather station at the Agriculture Point, University of 

Manitoba. The average soi1 temperature from January to April 1995 was +O389 I°C; 

fiom May to September was +18.94O~; and the fa11 (oct & Nov) of 1995 had an 

average soil temperature of +4.1 0 ' ~ .  

Fourteen soil samples were taken within the study plot on May 17, 1995. The 

soil was analyzed at Norwest Labs. Soil samples were taken from a depth of six 

inches and were found to have an estimated available Nitrate-N of 12 lbsJ acre, an 

estimated available Phosphate of 90 1bsJ acre, au estimated available potassium of 840 

lbsJ acre, and an estimated avaiiable Sulphate-S of 32 lbsJ acre. The soi1 had a pH 

value of 7.7, and the electrical conductivity was 0.6 (Table 5.1). 

5.13 Vegetation parameters 

In this shidy, dry weight yield data of plots mowed every week and plots 

mowed every other week were compared on six different dates in 1995. Tudgrass 

height and colour measurement were also collected, prior to rnowing, in the 1994 and 

1995 growing seasons. 

5.13.1 Results of wet weight yield 

1994 Wet Weight Yield: Data fkom Henri Carriere and Calvin McLeod's report (1994) 

is referenced here only as the total wet weight clipping yields. Durhg the 1994 





growing season the g r a s  was clipped seven times. Because the clipping intervais 

were irregularly spaced the only data that could be directly compared was the total 

wet weight yield for the mixtures. The total wet weights were as follows: mixture 

two (1092.45 glm2) > mixture six (767.30 g/m2) > mixture three (631.13 dm2) > 

mixture five (626.73 g/m2) > mixture seven (5 12.68 dm2) > mixture four (496.23 

g/m2) > mixture one (264.15 g/m2). 

1995 Wer Weight Yield: To allow for cornparisons of growth between the 1994 and 

1995 growing seasons, the total wet weight yield for al1 of the mixtures was 

determined for 1995. The grass was clipped fifieen times during the 1995 growing 

season. The time interval between clipping dates was consistently one week. Each 

time the grass was mowed the wet weight yield was recorded. The total wet weight 

measurements for the 1995 growing season were as follows: mixture one (2 173.77 

dm2) > mixture six (1461.06 g/m2) > mixture seven (1348.62 g/m2) mixture two 

(1302.05 g/m2) > mixture five (1223.43 g/m2) > mixture three (1068.23 dm2) > 

mixture four (93 1.50 g/m2). 

1 995 Dry Weight Yield: In 1995, turfgrass clippings for both mowing frequencies 

were collected and dried on six dates, July 7, July 20, August 4, August 25, September 

5, and September 25. To determine if the amount of dry weight yield produced per 

mixture differed due to fertilizer regime, clipping disposa1 method, mixture 

composition, a d o r  intermediate effects, Analysis of Variances (ANOVAs) were 



conducted on the data. When detennining the results of the dry weight yield data for 

1995, the yields were analyzed separately for each of the six clipping dates and 

summed together for the overall 1995 growing season results. 

5.132 Resalts of dry weight yield 

The clippings collected on July 7/95 showed a significant mixture*fiequency 

interaction (p4.0246) (Figure 51a). In general, plots produced equd clippings 

weights, regardless of mowing fiequency, with the exception of mixhues one, two, and 

five. Plots seeded with mixtures one snd five produced heavier clipping yields when 

mowed every week compared to every other week. Mixture two produced a heavier 

clipping yield when the plots were mowed every other week compared to every week. 

The clippings collected on July 20/95 showed a significant mixture*fiequency 

interaction (p<0.0452) (Figure 52b). In general, plots mowed every week produced 

heavier clippings than plots mowed every other week, with the exception of mixtures 

two, six and seven. Mixture two produced a heavier clipping yield when the plots 

were mowed every other week compared to every week, and both mixtures six and 

seven appeared to produce equal clipping weights, regardless of mowing fiequency 

The clippings collected on Augua 4/95 showed a significant mixture*frequency 

interaction (pc0.0452) (Figure 5.3a). In generd, plots produced equal dry weight 

clipping yields, regardless of mowing fiequency, with the exception of mixtures one, 

two. Mixture one produced more clippings when the plots were mowed every 



1 2 3 4 5 
Mixtures 

" 1 2 3 4 5 6 
Mixtures 

Figure 5.2: Dry weight clipping yield for the seven mixtures collected on 
(a) July 7, 1995 and (b) July 20, 1995. 
(1 = Mow every week; and 2 = Mow every other week). 



1 2 3 4 5 
Mixtures 

4 
Mixtures 

Figure 5.3: Dry weight clipping yield for the seven mixtures collected on 
(a) August 4. 1995 and (b) August 23. 1995. 
(1 = Mow every week; and 2 = MOW every other week). 



week compared to when the plots were mowed every other week. Mixture two 

produced more clippings when the plots were mowed every other week compared to 

every week. 

The clippings collected on August 23/95 did not show a significant difference 

in clipping yield between mixtures or mowing fiequency (Figure 53b). Plots seeded 

with mixture one produced the heaviest dry weight clippiug yield of, on average, 4.28 

g/m2, 3.44 g/m2 more than the average dry weight for plots seeded with mixture four 

which produced the lightest dry weight clipping yield. The dry weight clipping yield 

rankings of the seven mixtures are as follows: mixture one (4.28 dm2)  > mixture six 

(4.06 g h 2 )  > mixture two (3.88 g/m2) > mixture seven (2.64 dm2) > mixture five 

(2.32 dm2) > mixture three (1 -72 g/m2) > mixture four (0.84 g/m2). 

The clippings collected September 5/95 had significant differences in dry 

weight yield between the seven mixtures @<0.0093) (Figure 5.4a). The dry weight 

clipping yield was greatest for mixture one (10.04 dm2) > mixture six (8.40 g/m2) > 

mixture two (7.24 g/m3 > mixture five (5.81 g/m2) > mixture seven (5.54 dm2) > 

mixture three (3.94 g/m2) > mixture four (2.37 g/m2). For the mixtures to have 

significantly different dry weight clipping yields the clipping yield had to be at least 

3.68 glm2 different. 



Dry weight (glrnA2) 



September 25/95 was the last date clippings were collecteci, and there was 

significant differences in dry weight yield between blocks, mixtures, and fiquency 

(Figure 5.4b). The dry weight clipping yield was significantly different between 

blocks @<0.0390). BIock one produced, on average 0.78 dm2 more clippings than 

block two. 

The statistical analysis of the clippings resulted in a significant difference 

@<0.000 1) in dry weight yield being observed between the seven mixtures. The 

clipping yield was greatest for plots seeded with mixture one, which produced on 

average, a dry weight yield of 6.56 g/m2, which was greater than mixture six (4.39 

dm2) > mixture two (4.30 dm2) > mixture seven (3.72 dm2) > mixture five (3.15 

g/m2) > mixture three (1.92 dm2) > mixture four, which had an average dry weight 

yield of 1.44 g/m2, which produced the lowest yield. 

The mowing fiequency also produced a significant difference @<0.0009) in dry 

weight yield. Plots mowed every other week produced, on average, 1.46 g/m2 more 

clippings than the plots that were mowed every week. 

The overall clipping yield for the mowing fiequency study, in 1995, had a 

significant difference @<0.0057) between mixtures (Figure 5.5). The dry weight 

clipping yield was greatest for plots seeded with mixture one (48.35 g/m2) > mixture 

two (3526 dm2) > mixture six (33.87 g/m2) > mixture seven (25.69 g/m2) > mixture 

five (24.03 g/m2) > mixture three (1 8.07 dm2) 2 mixture four (12.98 g/m2). The 

clipping yields for the mixtures were significantly different if they differed by 15.76 



3 5 
Mixtures 

Figure 5.5: Total dry weight clipping yield for the seven mixtures from July 7 to 
Septernber 25, 1995. 
(1 = Mow every week; and 2 = Mow every other week). 



g/m2 or more. 

5.133 Resalts of height and colonr data 

Al1 mixtures appeared to have two peaks in height, one between July 20 and 

July 27/95, and the second between August 23 and September 5/95 (Figures 5.6 and 

5.7). There was only a 0.66 cm difference in the average height, for the 1995 growing 

season, between the tailest and shortest hirfgrass mixture. Cornparisons of individual 

rating dates show the obvious differences in height measurements. The average height 

for the 1995 growing season for plots seeded with mixture two (6.33 cm) > mixture 

six (6.25 cm) > mixture five (6.15 cm) > mixture one (6.02 cm) > m h e  seven (6.01 

cm) > mixture three (5.81 cm) > mixture four (5.67 cm). There appears to be similar 

trends in height measurernents throughout the growing season for mixtures three and 

four, two and six, and five and seven. 

The mowing fiequencies did not exhibit a large difference between average 

heights. Plots mowed every week, regardless of mixture, produced grasses which 

were, on average, for the 1995 growing season, 5.91 cm tall. and the plots mowed 

every other week, regardless of mixture, produced grasses which were, on average for 

the 1995 growing season, 6.15 cm tall. There were once again obvious height 

differences when looking at Figures 5.6 and 5.7 between rnowing fiequencies. 

Turfgrass CO lo ur trends were relatively consistent between rn ixtures, with tbe 

exception of mixture one, which had very IOW coiour ratings (Figures 5.8 and 5.9). 



4 5 6  
Rating Date 

Actual Rating Dates 
1 = July 7/95 6 = Aug. 11/95 
2 = July 13/95 7 = Aug 23/95 
3 = July 20195 8 = Sept. 5195 
4 = July 27/95 9 = Sept. 25/95 
5 = Aug 4/95 

Figure 5.6: Mean turfgrass height for mixtures one to four, for nine sampling dates in the 
1995 growing season. (a) Mean turfgrass height for mixture one. (b) Mean turfgrass height 
for mixture two. (c) Mean turfgrass height for mixture three. (d) Mean turfgrass height for 
mixture four. 

(1 = mow every week. and 2 = mow every other week). 



Actual Rating Dates 
1 = July 7/95 6 = Aug. 11/95 
2 = July 13/95 7 = Aug 23/95 
3 = July 20195 8 = Sept, 5/95 
4 = Juiy 27/95 9 = Sept. 25/95 
5 = Aug 4/95 

Figure 5.7: Mean turfgrass height for mixtures five to seven, for nine sampling dates in the 
1995 growing season. (a) Mean turfgrass height for mixture five. (b) Mean turfgrass height 
for mixture six. (c) Mean turfgrass height for mixture seven. 

(1 = mow every week, and 2 = mow every other week). 
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Rating Dates 

Actual Rating Dates 
1 = July 7/95 6 = Aug. 11/95 
2 = July 13/95 7 = Aug 23195 
3 = JuIy 20195 8 = Sept. 5/95 
4 = July 27/95 9 = Sept. 25195 
5 = Aug 4/95 

Figure 5.8: Mean turfgrass colour for mixtures one to four, for nine sampling dates in the 
1995 growing season. (a) Mean turfgrass colour for mixture one. (b) Mean turfgrass colour 
for mixture two. (c) Mean turfgrass colour for mixture three. (d) Mean turfgrass colour for 
mixture four. 

(1 = rnow every week, and 2 = mow every other week). 



Rating Dates 

Actual Rating Dates 
1 = July 7/95 6 = Aug. 1 1/95 
2= July 13/95 7 = Aug 23195 
3 = July 20195 8 = Sept. 5/95 
4 = July 27/95 9 = Sept. 25195 
5 = Aug 4/95 

Figure 5.9: Mean turfgrass colour for mixtures five to seven, for nine sampling dates in the 
1995 growing season. (a) Mean turfgrass colour for mixture five. (b) Mean turfgrass colour 
for mixture six. (c) Mean turfgrass colour for mixture seven. 

(1 = mow every week, and 2 = mow every other week). 



Al1 mixtures had high colour ratings in the early part of the field season, on July 7. 

AAer July 7, 1995 the colour ratings declined and the lowest colour rating was 

between July 27 and Augua 4/95. Following this decline in colour quality, turf'grass 

colour began to improve again in the fd l  season. On average, for the 1995 growing 

season mixture seven had the highest colour rating of 5.78 > mixture six (5.73) > 

mixture five (5.70) > mixture four (5.59) > mixture three (5.5)  > mixture two (5.28) > 

mixture one had the lowest colour ranking of 3.56. Mixture two was the most visually 

affected by mowing fiequency compared to the other mixtures. Each mixture had at 

least one date specific colour rating, in the 1995 growing season, where the colour was 

different between the two mowing fkequencies. 



5 2  Diseussiou of the Mowing Freqaency Stiidy 

5.2.1 Tnrfgrass mixtures 

In the mowing fiequency sîudy seven cool-season turf mixtures were evaluated. 

See Appendix A, Table A3, for the composition of the mixtures. To determine the 

slow growth and low maintenance potential of each of the mixtures clipping yield, 

height and colour were measured. 

Clipping Yield: Some mixtures had heavier wet and dry weight clipping yields than 

others. Wet weight clipping yields for 1994 were greatest for plots seeded with 

mixture two and loweçt for plots seeded with mixture one. In 1995 plots seeded with 

mixture one had the highest wet weight clipping yield. Plots seeded with mixture four 

had a low wet weight clipping yield in both the 1994 and 1995 growing seasons. 

Mixture four was comprised of Canada bluegrass, hard fescue, chewings fescue, red 

fescue and perennial ryegrass, and likely had a low plot cover due to the lower 

establishment rate of mixtures (Beard, 1973) and the mixture composition. 

Dry weight clipping yields were significantly different between mixtures in the 

1995 growing season, and they followed the same trend as the wet weight yields. 

Mixture one, a monostand of sheeps fescue, consistently produced the greatest clipping 

yield in the 1995 growing season, and mixture four produced the least. 

Heighf : Another desirable low maintenance characteristic of turfgrass is species w hich 



is slow growing. DifXerences in height between mixtures were measurable and 

visually apparent. Interestingly, both mixtures two and sk,  which have similar growth 

peaks were both seeded with mixtures that contained 45 and 50% fescue, respectively. 

This trend also happens with mixtures five and seven, where they have similar growth 

peaks during the growing season, and both were seeded with mixtures that contained 

75 and 85% fescue, respectively. Mixtures three and four, which were seeded with 

mixtures containhg 65 and 60% fescue respectively, do have trends in height 

throughout the growing season. Both m b e s  three and four have the same heights 

for both mowing fiequencies on July 7, August 11, and September 25/95. It appears 

turf'grass mixture composition may actually play a role in turfgrass height. Turfgrass 

height is one meanirement of shoot growth, so it was not surprishg that the mixtures 

with similar seed composition had similar growth trends. 

Colour: Mixture one (sheeps fescue) had low colour ratings for the who!e growing 

season, and appeared to increase in quality as the temperature dropped in the fall. 

Beard (1973) supports these fmdings, he found sheeps fescue to be a low quality low 

maintenance turfgrass that has poor colour quality. Al1 of the average colour ratings 

for the seven for the 1995 growing season fa11 below six, the minimum aesthetically 

acceptable rating. The low fertilizer input and virtually no imgation were likely the 

two factors causing the low colour quality throughout the 1995 growing season. 



532 Mowing frequency 

The widely accepted aesthetic sppearance of turfgras is dense, weed Bee and 

dark green in colour. To achieve this aesthetic quality lawn maintenance must be 

practiced, and one lawn maintenance regime that must be considered is mowing 

fiequency. Studies have shown mowing fiequency to increase shoot density (Madison, 

1962b), and very fiequent mowings tend to decrease shoot growth and carbohydrate 

reserves (Madison, l962a; Turgeon, 1980). 

To determine the effects of the two mowing fiequencies on the seven mixtures, 

clipping yields, turfgrass height and colour were measured and the results of these 

variab les are summarized below . 

Clipping YieM Dry weight yields collected in 1995 fiom plots mowed every week 

compared to plots mowed every other week did not show significant differences. Low 

frequency of mowing (every other week) did not increase clipping yield. According to 

Madison (1960) dry weight production is directly related to the mowing frequency, as 

mowing fiequency increases so does dry weight yield. This is contrary to what the 

results of the mowing frequency study found. Several possible explanations include 

the mowing was not fiequent enough, the hufgrass mixtures required more nitrogen 

than the actual application rate of 1 lb of N/1000 fl?, or the mixtures required more 

watering . 



Height: Mowing frequency appeared to affect Rirfgrass height. Between the August 

23 and September 5 rating dates, al1 of the mixtures showed a peak in height for the 

turfgrasses which were mowed every other week, compared to those mowed every 

week. This peak in turf's height in the plots that were mowed biweekly, was Iikely 

due to the higher amount of carbohydrates in the roots, compared to the carbohydrate 

reserves in the more frequently mowed turfgrasses. 

Colour: Colour was rather sporadic, showing some differences between mowing 

fiequencies. Although there does appear to be a visual trend in the differences in 

colour between the two mowing frequencies. 



CHAPTER SIX 

CONCLUSIONS 

The purpose of this shidy was to evaluate a variety of cool-season turf'grass 

species for their slow growth and low maintenance potential. The fmal intention of 

this study is to recornmend a turf's mixture and maintenance regime that rneets the 

criteria of slow growth and low maintenance for the City of Winnipeg. A review of 

literature related to turfgrass selection, turfgrass management and the environmental 

impacts of turf'grass management was completed to establish the ecology and 

management of turf'grass systems. The desire to reduce the environmental impact of 

anthropogenic activities has led researchers to study the suitability of turfgrass species 

that require less maintenance and produce less waste. in the City of Winnipeg, yard 

waste comprises 20% of the total waste produced annually (Ross, 1997). To address 

the environmental impacts of turfgrass management two studies were conducted with 

the intention that the results would allow recommendations to be made on how to 

reduce some of the negative impacts turfgrass management bas on the environment. 

One study focused on the effects of two different clipping disposal methods and 

fertilizer rates on ten cool-season turfgrass mixtures, and the other study measured the 

effects mowing fiequency had on seven commercially available turfgrass mixtures. 

6.1 Clipping Disposal and Fertilizer Rate Study 

6.1.1 Turfgras mixtures 

Clipping Weight: Statistical analysis of the dry weight clipping yield data found 



significant differences between mumires. In 1995, monostands containhg Kentucky 

bluegrass (mixture one) and sheeps fescue (mixhue four) produced the lightest clipping 

weights compared to the other rnonostands. in 1996 mixtures one (Kentucky 

bluegrass) and five (perennial ryegrass) produced the least clippings. In the 1995 

growing season, the monostands of peremial ryegrass (mixture five) and creeping red 

fescue (mixture three) produced the heavier clipping weights. In 1996, the monostands 

of sheeps fescue (mixture four) and creeping red fescue (mixture three) produced the 

heavier clippings. 

The polystands that produced the lightest clipping yields were mixtures ten 

(comprised of Kentucky bluegrass and peremial ryegrass) and eight (containhg 

Canada bluegrass, sheeps fescue, and peremial ryegrass). The polystands that 

produced the heavier clipping yields were mixtures seven (Canada bluegrass, creeping 

red fescue, and peremial ryegrass) and mixture six (Canada bluegrass, creeping red 

fescue, sheeps fescue, and perennial ryegrass) (Figure 4.23). 

Height: Although not statistically tested, the height measurements varied between 

mixtures. Generally, the height was closeiy correlated with the clipping weight 

(Figure 4.23). The turfgras mixtures that produced the higher clipping yields were 

the ones with the higher height rneasurements, and the shorter turfgrass mixtures 

produced the lighter clipping yields. 

Colouc The colour ratings also showed visual variations between mixtures. The 



monostands that produced the darkest green colour were mixturrs one (Kentucky 

bluegrass) and four (sheeps fescue) in the establishing year, but in 1996 creeping red 

fescue (mixhw three) was the darkest green, followed by mixture one (Kentucky 

bluegrass). Monostands that produced grasses with Low aesthetic appeal included 

mixtures two (Canada bluegrass) and three (creeping red fexue) in 1995, and mixtures 

two and £ive (peremial ryegrass) in 1996. The polystands that produced the desired 

dark green colour were mixtures eight (Canada bluegrass, sheeps fescue, and perennial 

ryegrass) and ten (cornprised of Kenhicky bluegrass and perennial ryegrass) and in 

1996 mixtures seven (Canada bluegrass, creeping red fescue, and perennial ryegrass) 

and mixture six (Canada bluegrass, creeping red fescue, sheeps fescue, and perennial 

ryegrass) (Figure 4.23). The low aesthetic quality polystands include mixture seven 

(Canada bluegrass, creeping red fescue, and peremial ryegrass) and mixture six 

(Canada bluegrass, creeping red fescue, sheeps fescue, and p e r e ~ i a l  ryegrass) in the 

establishment year (1 995). In 1996 the Ieast visuatly pleasing growth occurred in 

mixtures eight (Canada bluegrass, sheeps fescue, and peremial ryegrass) and ten 

(comprised of Kentucky bluegrass and peremial ryegrass). 

Nitrogen Content in the Clippings: Statistical analysis of the nitrogen content in the 

clippings found that there was significant differences between the mixtures. 

Results fiom the 1995 and 1996 growing seasons found the turf'asses with the 

highest percent nitrogen in the leaf tissue also produced the highest clipping yield. 

This trend can be seen in perennial ryegrass in the 1995 growing season and creeping 



red fescue in the 1996 growing season. The exception to the correlation of high 

clipping yield with high nitrogen content was Kentucky bluegrass. Kentucky bluegrass 

produced the lowest clipping yields both years, yet consistently had the second highest 

leaf nitrogen content. 

Percent nitrogen in the clippings did not appear to be related to colour in either 

growing season. But, there appeared to be a correlation between nitrogen and plot 

cover (Figure 4.23). 

6.12 Clipping disposal 

Overall, grasscycling versus clipping removal appeared to have a statistically 

significant effect on clipping yield for the 1995 growing season, the establishment 

year, but did not appear to have an effect on height, colour, nitrogen content, or plot 

cover of the seeded grasses. 

In 1996 clipping disposal produced a significant difference in clipping yield for 

the Septem ber 14/96 collection date. Grasscycling actually reduced the dry weight 

clipping yield in the plots where it was practiced, compared to the dry weight clipping 

yield collected in the clipping removal plots. Although not statistically significant this 

trend was also seen on the other three collection dates in 1996. Clipping disposal did 

not appear to influence the height, colour, nitrogen content of the turfgrass clippings, 

or plot cover. 



6.1.3 Fertilizer rate 

Clipping Yield. Height, Colour, und Nitmgen Content in the Clippings: The plots 

treated with the high fertilizer rate consistentiy produced higher clipping yields, taller 

plants, greener gniss, and a greater percentage of nitrogen in the clippings compared to 

the plots treated with the low fertilizer rate. 

Effects of fertilizer rate on mixture composition were also measured. Both fme 

fescues had greater number of tillers in polystands when plots were treated with less 

nitrogen, and the clippings were removed (Figure 4.22a). Peremial ryegrass and 

Kentucky bluegrass had a greater number of tillers in monostands and polystands when 

plots were treated with the higher nitrogen rate (Figures 412b and 4.21a). The plot 

cover of Canada bluegrass in polystands did not appear to be afZected by nitrogen rate 

(Figure 4.2 1 b). 

6.2 Mowing Frequency Stndy 

6.2.1 Turfgrass mixtures 

Seven cool-season turfgrass mixtures were used in this study. See Appendix A, 

Table 2, for the composition of the mixtures. To determine the slow growth and low 

maintenance potential of each of the mixtures wet weight clipping yield, dry weight 

clipping yield, height and colour were measured. 

The desirable slow growth and low maintenance turfgrass mixture would 

produce the lightest amount of clippings. Analysis of the wet weight clipping yields 

for 1994 found mixtures one (monostand of sheeps fescue) and two (Pickseed's 



Cottage N' Country) produced the lowest clipping weight, however in 1995, mixture 

one produced the highest clipping weight Mixture four (OSECO's Blue Chip Low 

Maintenance/Reclamation Mixture) consistently produced a low wet weight clipping 

yield in 1994 and 1995. Dry weight clipping yieids were consistent with wet weight 

clipping yields in the 1995 growing season. 

6.23 Mowing freqriency 

Dv Weight Clipping Yields: To maintain an aestheticdy pleasing turfgrass that is 

dense, weed fiee, and green in colour, turf'grass management must be imposed. The 

results collected in 1995 showed that mowing fkequency, Le., weekly mowings 

compared to biweekly mowings, did not affect the total clipping yields for the 1995 

growing season. Although, the September 25/95 collection date did show a significant 

difference in dry weight clipping yield between the mowing fiequencies. 

Some species appeared to more affected than others by the mowing frequencies 

(Figures 4.24 - 4.27). Mixture two (Pickseed's Cottage N' Country) and six (Pickseed's 

Town and Country) appeared to produce more clippings when the mowing fiequency 

was reduced. 

Height and Colouc Mowing fkequency did not appear to affect the average height or 

colour for the 1995 growing season. Yet, comparisons of individual rating dates show 

that there were some increases in both height and colour for both mowing hquencies. 



RECOMMENDATIONS 

6 3  Clipping Disposai and Fertiüzer Rate Study 

Recommendations, based on the collected observations and measurements, on 

the slow growtMow maintenance potential of the turf'grasses are summarized in this 

section. These recommendations would be of interest to city planners, golf course 

managers, contractors and home-owners who are interested in reducing turf'ass 

management. The criteria used for recommendations include clipping weight, height 

and colour. Data fiom 1996 was used for evaluating desirable species and mixtures, 

because the stands were more established and mature than in the 1995 growing season. 

63.1 Turfgrass species 

Clipping Weight and Heighr: Desirable low maintenance characteriaics of turfgrass 

include low clipping yield and short growth habit. Based on 1996 height and weight 

data only, the desirable monostand was mixture one (Kentucky bluegrass). The 

desirable polystands, were mixtures ten (Kentucky bluegrass and p e r e ~ i a l  ryegrass) 

and eight (Canada bluegrass, sheeps fescue, and perennial ryegrass). 

Colour: Aesthetically pleasing turfgrass is thought to be dark green in colour. Based 

on 1995 data, the greenest monostands were mixtures three (creeping red fescue) and 

one (Kentucky bluegrass). The most aesthetically pleasing turfgrass po lystands, were 

mixtures seven (Canada bluegrass, creeping red fescue, and perennial ryegrass) and six 

(Canada bluegrass, creeping red fescue, sheeps fescue, and perennial ryegrass). 



The recommended turfgrass monostand for overall low maintenance as 

detennined fiom this study, was Kentucky bluegrass. Kentucky bluegrass rated well 

for low clipping yield, short height and dark green colour. The only undesirable 

characteristics of Kentucky bluegrass are its higher nitrogen requirernents, and slow 

establishment rate. 

It is undesirable to seed a lawn with only one grass species, due to its lower 

resi-ce to disease and insect infestations. If a lawn composed of only one g r a s  

species is infested it is likely the whole lawn wiI1 be susceptible to disease and insect 

injury. Despite some monostands having low clipping weights, the susceptibility to 

injury lowers their potential for use. 

Another recommendation is to continue using perennial ryegrass as a nurse 

crop. Some of the benefits of using perennial ryegrass as a nurse crop in Manitoba are 

that it has a fast establishment rate reducing cornpetition between weeds, and it has a 

very poor cold tolerance resulting in poor overwintering causing the peremial ryegrass 

to die out. Which allows the plot cover of desirable slower establishing turfgrass 

species to increase. 

The recommended turfgrass polystand for overall low maintenance, i.e., low 

clipping yield, short height, and acceptable colour was mixture eight (Canada 

bluegrass, sheeps fescue, and peremial ryegrass). This study found mixnue six 

(Canada bluegrass, creeping red fescue, sheeps fescue, and peremial ryegrass) to be 

the second choice in polystand mixtures. Mixture eight was ranked slightly higher 



than mixture six, although the colour was not ranked as high, due to its lower 

production of clippings, and shorter growth pattern. 

6.3.2 Clipping disposai 

Plots where grasscycling was imposed did not show a statistical difference in 

total clipping yields for the 1996 growing season, compared to the clipping removal 

plots. Yet, there was a significant difference in the September 1996 collection, where 

grasscycling actually reduced the average weight of clippings produced in the plots 

compared to plots imposed with the clipping removal regime. 

Clipping disposal did not appear to affect height, colour, nitrogen content, or 

plot cover, but it could greatly affect the amount of maintenance required for lawn 

care. The goals of reducing the amount of yard waste that goes to landfill sites and 

reducing the maintenance required for lawn care can be achieved by adopting 

grasscycling as a hirfgrass management regime. 

The recommended clipping disposa1 method for low maintenance and reduced 

yard waste is a grasscycling regime. To hcrease the decomposition rate of grass 

clippings, and to reduce impacts such as shading of retumed clippings to the turfgrass 

system it is recommended to retrofit lawnmowers with mulching blades and mulching 

plugs. The mulching blade and plug recycles the clippings chopping the clippings into 

smaller pieces than does a conventional lawnmower blade. 



633 Fertillzer rate 

Clipping Yield. Height, Colour, and Nitrogen Content in the Clippings: Plots treated 

with the high fertilizer rate produced higher ciipping yields, taller and greener plants, 

and clippings with more nitrogen. Based on these renilts the use of high fertilizer use 

would be recommended if aesthetic quality was the only decision-making component. 

But the purpose of the study was to find species or mixtures that were able to grow 

with lower nitrogen inputs. Mixtures eight (Canada bluegrass, sheeps fescue, and 

perennial ryegrass), seven (Canada bluegrass, creeping red fescue, and perennial 

ryegrass), and six (Canada bluegrass, creeping red fescue, sheep fescue, and perennial 

ryegrass) al1 had acceptable establishment in plots treated with the low fertilizer rate 

(Figures 4.21 and 4.22). 

Mikture Composition: Plot cover data collected in 1995 found that both fuie fescues 

produced more tillers in polystands when the plots were treated with the lower 

nitrogen rate (Figure 4.22a). It was also found that growth of Canada bluegrass did not 

appear to be affected by nitrogen levels (Figure 4.21b). But since colour is also a 

criteria for turfgrass selection and both Canada bluegrass and sheeps fescue had low 

colour ratings throughout the growing seasons, creeping red fescue is recommended for 

use in low maintenance hirfgrass miunires, if fertilizer rate and colour are the major 

criteria for selection. One disadvantage of creeping red fescue is that it produces large 

amounts of clippings (Figure 4%) and may increase mowing requirements. To reduce 

the impact of creeping red fescue on clipping yield it is recommended that this species 



be used in mal1 percentages in mixtures. 

Fertilizers should be added to lawns at the lower recommended rate. Excessive 

fertilizer use can cause negative impacts to turfgrass, including reduced root 

development and therefore increased susceptibility to drought, loss of applied nitrogen 

due to Ieaching, and increased clipping yields. 

Overall Recommendations for the Clipping Disposai and Fertilizer Rate Study 

The recommendations arising nom this study are directed to turf'grass 

management in Winnipeg and/or surrounding areas with sirnilar climate and soi1 

conditions. The recommendation for Iow maintenance and slow growing turfgrass 

seed mixtures is to use either mixture eight (Canada bluegrass sheeps fescue, and 

perennial ryegrass) or mixture six (Canada bluegrass, creeping red fescue, sheeps 

fescue, and perennial ryegrass). If a turfgrass mixture is being designed, two low 

maintenance hvfgrass species to include in a polystand would be Kentucky bluegrass 

and creeping red fescue. The practice of grasscycling needs to be encouraged. To 

reduce the envuonmental impacts of fertilizer use, the use of a slow-release fertilizer 

at a low application rate, Le., 0.5 lbs of nitroged1000 ft?, is encouraged. Literature 

suggests the optimum fertilizer application be twice annuaily, preferably in early 

spring (prior to June) and early to late fa11 (mid-late September) when the cool-season 

turfgrass species are actively growing. 



Longtem Management: These recommendations are based on a two year field study. 

To understand the longterm management implications of the clipping disposal and 

fertilizer rates additional study years may be desirable to determine the mixture 

composition potential over t h e .  

6.4 Mowing Freqoency Study 

6.4.1 Tnrfgrass mutn res 

Wet Weight Clipping Yields: Clipping yield data, fiom the 1995 growing season 

indicates that mixture four (OSECO's Blue Chip Low Maintenance/Reclamation 

Mixture composed of 20% Canada bluegrass, 20% hard fescue, 20% chewings fescue, 

20% red fescue, and 20% perennial ryegrass) and mixture three (Pickseed's 

Envirogreen cornposed of 20% Kentucky bluegrass, 40% creeping red fescue, 25% 

hard fescue and 15% peremial ryegrass) be recommended for use in situations where 

low maintenance, slow growth is desired. 

6.4.2 Mowing frequency 

Dry Weight Clipping Yields: Clipping yield data, from the 1995 growing season 

indicates that mowing fkequency does not significantly affect the clipping yields 

collected for the majority of the species. As indicated in the summary both mixtures 

two (Pickseed's Cottage N' Country) and six (Pickseed's Town and Country) produced 

heavier clipping yields when the mowing fiequency was reduced, Le., when the once 

every other week fiequency was imposed. Therefore, to reduce the amount of lawn 



maintenance the recornmendation fiom this study is that biweekly mowing should be 

im p lemented in most situations. 

6.5 Fnrther Research 

1)  To determine the effect of grasscycling alone on turfgniss growth and soi1 nutrients 

a control with no fertilizer must be imposed. 

2) To assess the suitability of native grasses for low maintenance nirfgrass these 

native species need to be included in turf'grass studies. 
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APPENDM A-Tnrfgrass Mixtures 



Table Al: Gmm Seed Mbtaincs used bi the Cfty of Winnipeg R 1992. 

Puqmw 

Boulevard seeding 

Owrseedmg exidhg 
turf on boulevards, 

~ a r b  and athletic fie#s. 

Re-seedmg boulevards 
m n e  to severe droughl 

and winter injury. 

A quick establishment 
lend far boulevards and 

parks. 

Athleîk fields 

Bowünglgoif greens 

Bowiinglgoif greens 

60% Kentucky Bluegmss 
50% each of any h o  cultivars üsieâ: Park, Baron, 
Flyking, Touchdown, Liberty, Regent, Sydsport, Banff 

25% Cieeping Red Feacue 
25% Turftype peiiennkl Ryegmm 

One of the fobwing: Eka, Manhattan II, RepeU, 
Bker,  F i i  II, Gattar, Sev i i  

75% Ksnarcky Bfuegmss 
50% eadi of any two cultivars Wed: Bronco, 
Baron, Nugget, Touchdown, Liberty, Welome, 

Sydsport, Banff 
25% Cnieping Red Fescue 

lO% Kentucky blwmss 
(Wabash, Huntsviae, Banff, Bronco) 

Ml% Chewfngs Fescue 
(Jamestown or Centre) 

20% Turftype pemnial Ryegmm 
One of the foIlowirig: Eka, Manhattan If, Repefl, 
Blazer, Fiesta II, Gattor, Sevüle 

One of the fobwing F i i  II, Manhattan II, Eka, 
Pennant, Repeif, Gator, Seviile 

30% Kentucky Bluegms 
50% each of any two cuttivars Isted: Bronco. Baron, 
Ram 1, Touchdown, Liberty, Welcome, Sydsport, 
Banff, Cynthia, Midnight 

10% Crieepitrg Red Fsacue 

Any three of the folbwing h equal amounts: Regenf 
Baron Glade, Midnight, Emundi, A-34, Nugget, 
Sophia, Touchdown, Banff, Bronco, America 

20% Periennial Ryegms8 
Any of the fokwmg: Fiesta II, Manhattan II, Elka, 
Pennant, RepeU, Lowgrow 

10% Turf type Tall Fescue 
Any one of the folbwing: RepeU II, Jaguar, 
WiIliamette, Shortstop, Musfang 

-al- 
Penneagie 



Tabk AZ: Turfgras8 Mixtures Seeded in the F.r<il&er Rate and Clipping 
Disposal Sardy, Seeded in 1995. 

20 @square metm 

J 

40 @square metre 

t 

Mixture 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

3 gisquare metre 
6 glsquare metfe 
6 glsquare metre 
4 gisq uare metre 

4.5 @square metre 
9 glsquare metre 
4 gisquare metrie 

4.5 glsquare metm 
9 gisquare metm 
4 gisquare metrie 

9 glsquare m m  
9 glsquare metre 
4 glsquare mette 

9 glsquare metm 
4 glsquare metre 

Description 

100% Kentucky Bluegrass 

100% Canada Blue- 

1 Wh Creeping Red Fescue 

t 00% Sheeps Fescue 

100% Perennial Ryegrsss 

30% Canada Bluegrass 
30% Sheeprr Fescue 
30% Creeping Red Fescue 
IO% Perennial Ryegraiirs 

&% Canada Bluegrass 
45% Creeping Red Fescue 
10% Pemnnial Ryegrass 

45Oh Canada Bluegrsss 
45% Sheeps Fescue 
IWh Perwinial Ryegrsss 

45% Creeping Red Fescue 
45% Sheeps Fescue 
10% Perennial Ryegrass 

Wh Kentucky Bluegrass 
10% Perennial Ryegtass 



Table A3: Tuff@ass Mixtures Seeded in the Mowing Frequency Study, Seeded in 1994. 

Dawson seed Co.% 
Bighom 

Sheep Fesse 

P i i s  
C o t G i g e N ' W  

OSECû's 
Blue Chip 

Low Maintenance/ 
Redamation 

Dawson Seed Cos's 
Enviro Turf 

10% Canada Blue(lrsss 
20% Mustang Tall Fescue 
25% Creepfng Red Fescue 
5% White Clwer 
2096 nmothy 
20% Annual Ryeg- 

20% Kentucky Bluegtass 
40% Jasper Cmeping Red Fsgcue 
25% Spartan Hard Fescue 
15% bwgnmr Perennial Ryegtass 

10% Serra Hard Fescue 
10% MX46 Sheeps Fescue 
10% Park Kentucky BIue(lm~~ 
25% Koket C h e w i n ~ ~  Fescue 
30% Creeping Red Fescue 
15% Omega II Perennial Ryegrass 

60% Creeping Red Fescue 
40% Kentucky Bluegrass 
10% Fiesta II Perennlal Ryegrass 

15% Shade Master Creeping Red Fescue 
20% Longfellow Chewings Fescue 
25% Serra Hatd Fescue 
25% A u w  Hard Fescue 
15% Seville Pererinial Ryegrass 



APPENDM B-Experimental Design 



Flgure 1: Experimental Deslgn of the Clipplng Diaposal and Fertilizer Rate Study Showing Whole-plot and Spllt-plot Setup 

Split-plot 

Split-Plot 

WholsPlot WholePlot Whole-Plot WholePlot WholePlot Whole-Plot WholePlot WholePlot Whole-Plot WholePlot 

Figum 2: 

BI& 1 

Split-plot 

Spllt-Plot 

ExpetIrnerital Design of the Clipping Disposa1 and Fertllizer Rate Stuây Showing Whole-plot, Spllt-plot, and 
Split-split-plot Setup 
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APPENDM C-Tu rfgrass C ha racteristics 



Characteristics of the Five CooCSeason TurCgrass Species in the Clipping Dispos~l 

and Fertilizer Rate Study 

a) Kentucky Bluegrass (Pou pratensis) 

Kentucky bluegmss is the moa commonly used cool-season turfgniss because it 

can survive exnemes suc6 as drought, flooding, cold temperatures, and it has a good 

regrowth capability and fdl colour retention (Beard, 1973; Schultz, 1989). It forms a 

medium textured, green to dark green turf of good shoot density. Kentucky bluegrass 

prefers well drained, fertile, medium textured soils with a pH between 6 and 7 (Beard, 

1973). Nitrogen fertility requirement ranges fiom 0.4 to 0.7 Ibs. of actual nitrogen per 

1000 sq ft per growing month. 

Some problems with using Kentucky bluegrass as a low maintenance turfgrass 

include a substantial reduction in shoot growth during extended periods of water and 

temperature stress, summer domancy may occur resulting in the aboveground foliage 

becoming brown and inactive (Beard, 1973), to be aesthetically pleasing Kentucky 

bluegrass requires a medium to medium high intensity of maintenance (Beard, 1973), 

and the establishment rate of Kentucky bluegrass is quite slow. It is considerably 

slower than perennial ryegrass and creeping red fescue (Beard, 1973). 

Kentucky Bluegrass is a dark-green perennial sod-forming grass. The stem c m  

grow 30-60 cm tall, the leaves are 5-15 cm long, and the inflorescence is a pyramidal 

shaped panicle 5-15 cm long (Oakes, 1990). Recommended seeding rate 5- 10 g/m2 (1- 

2 lb/lOOO sq. ft) (Schultz, 1989). 



b) Canada Bluegrass (Pou compressa) 

Canada Bluegrass is a hardy, peremial, sud-forming grass. The stem can grow 

up to 15-60 cm taIl the leaves are 5- 10 cm long, and the inflorescence is a panicle 5- 

10 cm long (Oakes, 1990). Recommended seeding rate 5-10 g/m2 (1-2 lb/1000 sq. A) 

(Schultz, 1989). 

c) Creeping Red Fescue (Festuca rubru) 

Creeping Red Fescue is an upright, peremial, with creeping rhizomes. The 

colour of creeping red fescue is medium to dark green, and the vertical shoot growth 

rate is slower than moa cool-season turfgrasses (Beard, 1973). Establishment rate is 

fairly good, it establishes faster than kentucky bluegrass, but somewhat slower than 

peremial ryegrass (Beard, 1973). Creeping red fescue is superior to most cool-season 

turfgrasses in shade tolerance (Beard, 1973). Creeping red fescue requires low 

amounts of supplemental water and nitrogen, and is more drought tolerant than 

Kentucky bluegrass. Nitrogen requirements are 0.2 to 0.5 lb per 1000 sq fi per 

growing month, which is quite low compared to most cool-season turfgrass species 

(Beard, 1973). Two limitations of creeping red fescue are that it is less tolerant to 

commonly used herbicides than are other cool-season hirf'ses, and it does not 

prefonn well on sports fields and golf greens because of its weak rhizome system and 

slow recuperative rate. (Beard, 1973). 

The stem grows between 40-90 cm in height, the leaves are 20-50 cm long, and 

the inflorescence is a panicle 5-20 cm long (Oakes, 1990). Recommended seeding rate 



10-20 g/m2 (2-4 lbsJlOOO sq. ft) (Schultz, 1989). 

d) F ine-Leaved S heeps Fescue (Festucu filifomis) 

Fine-Leaved Sheeps Fescue is an upright perennial without rhizomes. Sheeps 

fescue grows best under non-imgated conditions where there is a low soi1 fertility 

level and no supplemental nitrogen fertilization. 

One of the problems of using sheeps fescue is that it has a rather blueish-green 

look to it making it less aesthetically appealing than some of the other gras species. 

Sheeps fescue is commonly used as a Iow quality turf for roadside, roughs and other 

nonuse areas (Beard, 1973). 

The stem grows between 18-55 cm in height, the leaves are 11-23 cm long, and 

the inflorescence is a panicle 1-4 cm long (Achene, 1990). Recommended seeding 

rate 10-20 g/m2 (2-4 lbsJlOO0 sq. A) (Schultz, 1989). 

e) P e r e ~ i a l  Ryegrass (Lolium perenne) 

Peremial ryegrass is used as a nurse crop in hirfgrass mixtures because it is a 

short-lived peremial that establishes itself quickly. It has a rapid rate of seed 

gemination, establishment and vertical leaf extension (Beard, 1973). The nitrogen 

fertility requirement of peremial ryegrass ranges fiom 0.4 to 1 lbs. per 1000 sq ft per 

growing month, which is a fairly high nitrogen level. 

One problem with perennial ryegrass is that it does not tolerate climatic 

extremes of cold, heat, or drought, and it has the lowest cold temperature hardiness of 



al1 of the perennial cool-season turfgrasses. 

Generally, peremial ryegrass should compose no more than 20 to 25% of the 

seed mixture on a seed number basis. When the peremial ryegrass content in the seed 

mixture is hi& it results in excessive cornpetition with the desirable less cornpetitive 

turfgrass species, such as kentucky bluegrass (Beard, 1973). Recommended seeding 

rate 20-40 g/m2 (4-8 IbsJlOOO sq. A) (Schultz, 1989). 



Characteristics of the Cool-Season Turfgrass Species in the Mowing Freqoeicy 

Stady 

In addition to the five cool-season turf' species used in the clipping 

disposal and fertilizer rate study chewings fescue, hard fescue, ta11 fescue, and timothy 

were aiso used in the mowing fiequency study. 

f) Chewings fescue (Festucu rubra var. comrnutata Gaud.) 

Chewings fescue is a bunch g r a s  and does not form a sod. It is unable to 

withstand extreme cold and heat stress. It has good Wear and drought tolerance. The 

nitrogen requirements of 0.2 to 0.4 Ibs. of actual nitrogen per 1000 sq ft per growing 

month, is extremely low (Beard, 1973). 

g) Hard fescue (Festuca ovina var. d ~ u s c u l a  L. Koch) 

Hard fescue forms a very dense sod, with a tufted appearance. Its tolerance for 

drought is in between the highly drought tolerant sheeps fescue and the less tolerant 

creeping red fescue. It has a slightly higher nitrogen fertility requirernent than sheeps 

fescue. It is primarily used in low quality turf areas (Beard, 1973). 

h) Ta11 fescue (Festuca umndinaceo Schreb.) 

Ta11 fescue grows well in the transition zone between the cool and warm humid 

regions. Some of the advantages of ta11 fescue are that it is one of the most heat, 

drought, and Wear tolerant cool-season hirfgrasses, and it grows well in a wide range 



of soi1 conditions* 

Disadvantages of using tall fescue as high quality turfgrass include its very 

coarse leaves and wide leaf blades, making it aesthetically unpleasing, and its 

nisceptibility to cold temperatures which result in ta11 fescue thinning out. Nitrogen 

requirements range fkom 0.4 to 1 .O Ibs. of actual nitrogen per 1000 sq A per growiug 

month (Beard, 1973). 

i) Timothy (Phieum pratenre L.) 

Timothy is a bunch grass with a grayish-green coloration. It is well adapted to 

cool humid conditions, and establishes rapidly fiom seed. 

Some problems with timothy as a high quality nufgrass are that it has a low 

tolerance to heat, drought and Wear stresses, it does not tolerate being mowed at low 

heights, and it has a nitrogen requirement ranging fiom 0.5 to 1.0 lb per 1000 sq. fi 

per growing month, which is fairly high maintenance. Therefore, it is no surprise that 

timothy is commonly found in low quality turf areas such as road sides. 



APPENDIX D-Climatic Conditions 



Table D l  : Air Temperature, Soil Temperature, and Total Precipitation for 1995 

Month 
January 
January 
January 
January 
January 
January 
January 
January 
January 
January 

N 
January 

O 
P 

January 
January 
January 
January 
January 
January 
January 
January 
January 
January 
January 
January 
January 
January 
January 
January 
January 
January 

Actual 
Date 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

Mean Minimum Maxlmum Soil Total 
Temperature ( C ) Temperature ( C ) Temperature ( C ) Temperature ( C ) Predpitatlon (mm) 



January 
January 
February 
February 
February 
February 
February 
f ebruary 
February 
February 
February 
February 
February 
February 
February 
February 
February 
February 

N February 
O 
VI February 

February 
February 
February 
February 
February 
February 
February 
February 
February 
February 
March 
March 
March 
March 
March 



March 
March 
March 
March 
March 
March 
March 
March 
March 
March 
March 
March 
March 
March 
March 
March 
March 
March 

h> 
O 

March 
O\ March 

March 
March 
March 
March 
March 
March 
April 
April 
April 
April 
April 
April 
April 
April 
April 



April 
April 
April 
April 
April 
April 
April 
April 
April 
April 
April 
April 
April 
April 
April 
April 
April 
April 

N April 
O April 4 

April 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 



N June 
O 
00 June 

June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 



June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
July 
July 
July 
July 
July 
July 

N JU~Y 
O w July 

July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
July 



July 
July 
July 
July 
July 
July 
July 
July 
August 
August 
August 
August 
August 
August 
August 
August 
August 
August 

t4 
Clr 

August 
O August 

August 
August 
August 
August 
August 
August 
August 
August 
August 
August 
August 
August 
August 
August 
August 





October 
October 
October 
October 
October 
October 
October 
October 
October 
October 
October 
October 
October 
October 
October 
October 
October 
October 

t4 
b- 

October 
w October 

October 
October 
October 
October 
October 
October 
October 
October 
October 
October 
November 
November 
November 
November 
November 





December 
December 
Decem ber 
December 
December 
December 
December 
December 
Decem ber 
December 
December 
December 
December 
December 
December 
December 
December 
December 

t 4  December 
P December 



Table 02: Air Temperature, Soll Temperature, and Total Precipitation for 1996 

Month 
January 
January 
January 
January 
January 

w January 
C1 ur Janualy 

January 
January 
January 
January 
January 
January 
January 
January 
January 
January 
January 
January 

Actual 
Date 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
72 
13 
14 
15 
16 
17 
18 
19 

Mean Minimum Maxlmum Soil Total 
Temperature ( C ) Temperature ( C ) Temperature ( C ) Temperature ( C ) Preclpltation (mm) 

-1 5-56 -1 9.09 -12.33 -0.40 0.00 
-14,55 -1 8.08 -12.26 -0.52 0.00 
-25.24 -29.52 -1 7.74 -0.62 0,OO 
-28.54 -31.32 -23.69 -0.84 0.00 
-29.64 -35.31 -22.1 5 -1 .O2 0.00 
-20.09 -31.51 -1 2.56 -1 .O8 0.00 
-9.64 -1 5.89 -4.20 -0.87 0.00 
4.92 -8.22 -5.38 -0.62 0.00 
-4.00 -6.89 -1.55 -0.42 O. 00 
-4.68 -10.1 1 0.55 -0.30 0.00 
1.44 -5.49 6 .M -0.24 8.65 

-1 1 .51 -1 8.86 -5.50 -0.17 0.00 
-24.70 -30.1 O -1 8.87 -0.53 0.00 
-22.67 -30.90 -17.63 -0.08 0.00 
-36.98 -1 9.91 -1 5.58 -0.97 O. 00 
-23.1 9 -27.31 -1 0.61 -0.86 0.00 
-30.82 -33.09 -27.31 -1.32 0.00 
-31 -88 -36.49 -26.14 -1.59 0.00 
-31.24 -38.87 -25.21 -1.58 0.00 





March 
March 
March 
March 
Mar& 
March 
Match 
March 
March 
March 
March 

March 
March 
March 
March 
March 
March 
March 
March 
March 

APdl 
April 

Apdl 



February 
February 
February 
February 
February 
February 
February 
February 
February 
February 
February 
Febwary 

C 

oo February 
February 
February 
February 
March 
March 
March 
March 
March 
March 
March 
March 
March 







May 
MY 
May 
May 
May 
WY 
May 
May 
June 
June 
June 

w June 
C June 

June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 



June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 

t 4  
June 

h) h) June 
July 
July 
July 
July 
July 
July 
July 
Jul y 
July 
July 
Ju ty 
July 



July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
July 

t3 
July 
July 
July 
July 
July 
July 
July 
July 
August 
August 
August 
August 
August 
August 



August 
August 
August 
August 
August 
August 
August 
August 
August 
August 
August 

N 
August 

g August 
August 
August 
August 
August 
August 
August 
August 
August 
August 
August 
August 
August 



September 
September 
Septernber 
September 
Septernber 
Septem ber 
Septem ber 
September 
September 
September 
Septernber 

h) 
September 
September 
September 
September 
Septem ber 
September 
Septern ber 
September 
September 
Septernber 
September 
September 
September 
Septem ber 



September 
September 
September 
September 
September 
October 
October 
October 
ûctober 
October 
ûctober 
October 
October 
October 
ûctober 
October 
October 
October 
October 
October 
October 
ûctober 
October 
October 
October 



October 
October 
ûcîober 
ûctober 
October 
October 
ûctober 
October 
ûctober 
ûcîober 
October 
Nomrnber 
November 
November 
November 
November 
Novernber 
November 
Nownber 
November 
Novernber 
Nowmber 
November 
Novem ber 
Novem ber 
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