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ABSTRACT 

A study was conducted to determine the influence of a 

bio-organic amendment 'Greens Restore' (6N-1P-3K) and a 

nitrogen fertilizer (21N-7P-14K) on the microbial numbers, 

thatch degradation, and soil respiration. A complete 

randomized block design was used with 3 treatments/4 

replications. Both treatments were applied at a rate of 28.6 

kg N/ha every 60 and 30 days for the first and second year 

respectively. 

No significant changes were observed due. to treatments 

for all the parameters measured except for soil fungi and 

thatch thickness. Control plots had the lowest and the 

fertilized plots had the highest values for both parameters. 

Microbial numbers showed significant differences with 

time except for the denitrifiers. Thatch bacterial, fungal, 

and actinomycetes numbers were greater than in soil. Two 

peaks in microbial numbers and soil respiration occurred in 
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spring and autumn. Soil pH also changed with time and peaked 

in spring and autumn. 
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CHAPTER 1 

INTRODUCTION 

Soil and thatch microbial populations are essential for 

improving the turf environment in golf courses. They perform 

many activities, most of which are beneficial to turfgrass. 

These activities include organic matter and thatch 

decomposition and nutrient availability and recycling (Beard, 

1982). Under normal conditions the indigenous microorganisms 

can degrade thatch, but under high input of turfgrass 

fertilizers and other cultural practices such as the 

application of pesticides, their degradation of thatch may be 

limited. 

Microbial populations in the soil fluctuate during the 

season so that their numbers may be low and thus all the 

beneficial activities they perform could be limited at certain 

time of the year. Some studies have related the seasonal 

changes in microbial numbers with ambient temperature and soil 

moisture (Mathes and Schriefer, 1985; Valerie et al., 1988), 

while others showed the changes were due to the supply of 

labile organic matter from grassy vegetation (Kauri, 1982; 

Higashida and Takao,1985). 
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Thatch is an intermingled layer of dead and living stolons, 

roots and stems which accumulates between the turf canopy 

(verdure) and the soil surface. It starts to cause problems 

in the turfgrass when this layer exceeds 1.25 cm in thickness. 

Problems include 1) shallow-rooted grass, 2) wet spots, 3) 

more pronness to drought, cold, heat and disease injury 

(Lederboer and Stogley, 1967). Thatch can be controlled 

mechanically by topdressing, verticutting and core aeration, 

but all these control measures disrupt the turf surface. 

Bio-organic products have been developed to help degrade 

the thatch layer biologically through microbial degradation. 

Also they might help to restore the native populations of 

soil microbes in turfgrass environments. Some studies have 

had success using the bio-organic amendment 'Greens Restore' 

decrease thatch thickness (Brendt et al., 1990). Others were 

not successful (Murdoch and Barr, 197 6). In either case, no 

satisfactory reason was given for their results. 

The purpose of this study was to measure and compare the 

seasonal fluctuation of soil and thatch microbial numbers due 

to naturally occuring climatic factors and show how these 

factors influence the decrease or increase in microbial 

numbers. Another purpose was to study the effect of the 

'Greens Restore' on the populations of total aerobes, nitrate 

reducers, denitrifiers, fungi and actinomycetes . The final 
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purose was to show the effect of this product on the 

formation/degradation of the thatch layer. 
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CHAPTER 2 

Literature Review 

Sand and peat mixtures are recommended for golf course 

putting green root zone mixtures over other soils for many 

reasons. These include: (1) adequate aeration, (2) good 

drainage, (3) and less susceptibility to compaction allowing 

the roots to move easily through the soil. However, 

disadvantages include (1) a low moisture holding capacity, 

(2) low nutrient retention, (3) excessive water infiltration, 

(4) and low microbial activity if compared to other heavily 

textured soils (Lunt, 1958; Hall, 1980) . Specific sand 

particle sizes and sand:peat combinations are necessary to 

improve these disadvantages. The United States Golf 

Association (USGA) has established precise standards in 

sand:peat putting green construction (Anonymous, 1960; 

Ferguson, 1965) . The addition of peat during construction 

and the contribution of root organic matter should improve 
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the innate fertility and water holding capacity of these 

artificial soil mixtures. In addition, microbial populations 

and activities should also increase. 

Soil microorganisms include bacteria, fungi, 

actinomycetes, algae, protozoa and nematodes. These function 

in a wide range of activities, most of which are beneficial 

to turfgrass growth (Beard, 1973). Beneficial activities 

include thatch and organic matter decomposition, and nutrient 

availability and recycling (Beard, 1982) . 

Factors Affecting Microbial Numbers and Activivty 

Microbial Biomass: The activity of the microbial 

biomass is related to soil moisture (Robbeloth, 1988; 

Sarathchandra et al. , 1988; Taylor and Parkinson, 1988) and 

temperature (Higashida and Takao, 1985; Mathes and 

Schrieffer, 1985; Robbeloth, 1988; Sarathchandra et al. , 

1988). Moisture is essential to microbial activity, but 

excessive moisture suppresses microbial activity by causing 

anaerobic conditions (Alexander, 1977). Besides temperature 

and moisture, further factors influence the microbial 

activity such as soil conditions (soil pH, aggregation, soil 

aeration), rhythm of organic matter input and microbial 

succession (Starkey, 1954; Paul and Clark, 1989). 
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were observed to be 38 to 81% (w/w) of saturation (Neilson 

and Pepper, 1990). Soil moisture is negatively related to 

soil aeration. As soil moisture increases filling the pore 

space, soil aeration decreases. Although some studies showed 

that there was no significant influence of soil moisture on 

soil respiration, Mathes and Schrieffer (1985) showed obvious 

influences of soil moisture, in addition to soil temperature, 

on soil respiration. 

Nitrogen and phosphorus additions to the soil have been 

shown to increase bacterial populations which eventually 

decline to the original level after available nutrients are 

exhausted ( Stotzky and Mortenson, 1957, 1958; Kelly and 

Henderson, 1978). 

The carbon:nitrogen (C:N) ratio is an important factor 

in determining the rate of the decomposition of plant 

residues by soil microorganisms. The soil organic matter 

must have a C:N ratio of 20:1 to 30:1 to be decomposed by 

soil microorganisms. If this ratio is wider than 30:1 then 

decomposition will be low and nitrogen deficiency will occur. 

Nitrogen must be applied to adjust the C:N within a range of 

the 20:1 to 30:1 ratio in order to to enhance soil microbial 

activity (Hanson and Juska, 1969). 

Soil pH has a great influence on microbial activity. 

The majority of soil microorganisms require a pH range 

between 6.0 to 7.6 to perform their normal functions (Atlas 
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and Bartha, 1981). Bacteria can be inhibited by high acidity 

or alkalinity. Optimum pH is near neutrality. The effect of 

high acidity is more detrimental than high alkalinity to 

bacteria (Alexander, 1977) . Actinomycetes have an optimum pH 

range of 6.5 to 8.0. Fungi tend to dominate the acidic soils 

where bacteria and actinomycete populations are lower 

(Alexander, 1977). 

Several studies have reported that the number of 

microorganisms in soils fluctuates with season. However, no 

consistent trend has been observed (Kauri, 1982; Higashida 

and Takao, 1985) . Higashida and Takao (1985) conducted an 

experiment on a heavy clay Brown Forest soil and orchardgrass 

sward vegetation. Bacterial numbers were highest at the 

beginning of summer and the beginning of fall. These two 

peaks were due to the changes in the amount of labile organic 

matter supplied from the grassy vegetation. Kauri (1982) 

also found the highest number of bacteria occuring in autumn 

after leaf litter fall and in spring when there was rapid 

growth of vegetation. Stimulation of bacteria in the spring 

resulted in a high decomposition rate that rapidly exhausted 

the pool of easily-decomposable nutrients. The subsequent 

low moisture content and possible increased predation by 

microfauna in the summer maintained the bacterial population 

at a low level. The new leaf litter fall, with its high 
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moisture and nutrient content, then stimulated new microbial 

activity in the autumn (Higashida and Takao, 1985). 

Bacteria: Research has found that large seasonal 

variations in bacterial populations are more likely dependent 

on climatic factors other than substrate availability. 

Seasonal changes in number of bacteria are closely related to 

fluctuations in moisture and temperature. Alterations in 

moisture and temperature during the year may influence the 

bacteria directly. Alternatively, the climatic factors may 

in part operate indirectly through the surface vegetation 

which is the source of carbonaceous nutrients reaching the 

microflora as root extensions, sloughed-off subterranean 

tissues, or as crop debris (Alexander, 1977) . This was 

supported by a study done on soil respiration in relation to 

soil moisture. It was revealed that upon rewetting a dry 

soil, carbon dioxide evolution rate increased rapidly in the 

first hour following rewetting. This indicates that although 

drying is probably lethal to some organisms, many others are 

able to survive and respond very quickly to favourable 

changes in their environment. It seems more likely that an 

increase in activity, rather than in biomass is responsible 

for the rapidly increased rate of carbon dioxide evolution 

and subsequent decline (Valerie et al., 1983). 

Fungi: Soil fungi have seasonal fluctuations similar to 

soil bacteria. Numbers tend to be higher in autumn and 
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spring and lower during hot summers and in cold winters 

(Alexander, 1977). Fungi also appear to be able to utilize 

substrate resistant to bacterial degradation. Because fungi 

may attack less available substrates as well as fresh plant 

residues, fluctuations in fungal counts over time are smaller 

than that of bacteria (Higashida and Takao, 1985) . Nishio 

and Kusano (1980), however, showed that fungi have a 

different fluctuation pattern than bacteria. After the 

addition of compost to the soil, fungi attained its highest 

level five months after the bacteria attained its peak. From 

these results they deduced that fungi could utilize slow-

decomposing components after the bacteria had exhausted the 

easily-available compost components. 

Actinomycetes: The primary environmental influences for 

actinomycete populations include organic matter status, pH, 

moisture, and temperature. Season of the year is of little 

consequence, but the role of this variable seems to be 

largely dependant upon the interactions of the other primary 

determinants. Actinomycetes are affected directly by the 

presence of available carbon, and their number is especially 

high in soil rich in organic matter (Alexander, 1977) . 

Counts are frequently high in spring and autumn. During hot 

dry periods of the year, a decline occurs but the relative 

proportion of actinomycetes to bacteria and fungi is highest 
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during those periods due to their greater tolerance of 

dessication. 

Denitrification 

Nitrification is an important process in soil where the 

nitrifying bacteria convert ammonium to nitrite and tfTen 

nitrate. Once nitrate is formed it can: (1) be denitrified, 

(2) reduced and assimilated by plants and microbes in the 

synthesis of amino acids (assimilatory reduction) , (3) or in 

the absence of oxygen, the microorganisms may use nitrate as 

an electron acceptor and reduce it to ammonium (dissimilatory 

reduction), and finally (4) nitrate may be leached or 

transported by runoff (Paul and Clark, 1989). Supporting 

this information, two seperate studies showed that low levels 

of nitrates with high substrate carbon favoured dissimilatory 

nitrate reduction, and high levels of nitrate with low 

substrate carbon favoured dentrification (DeCatanzaro et al. 

1987; Lind and Eiland, 1989). 

Mancino and Torello (1986) reported that denitrifier 

populations were higher in a finer textured soil (silt loam) 

having a higher water holding capacity and organic matter 

than a coarser textured soil (sandy loam). Soils under 
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turfgrass which have higher organic matter than other soils 

may experience higher denitrifier population. 

There are a limited number of bacteria capable of 

denitrification. These include Pseudomonas f Bacillus, and 

Alcaligenes . Factors affecting denitrification are (1) 

availability of nitrate in soil, (2) carbon availability 

(the rate of denitrification is slow in soils low in carbon), 

(3) soil water content (as soil water increases to levels 

that interfere with air diffusion, denitrification 

increases), (4) and soil pH and temperature: denitrifying 

bacteria flourish at pH levels of 6 to 8. Also, 

denitrification increases with increasing temperature 

(Alexander, 1977; Mancino and Torello, 1988; Paul and Clark, 

1989). 

Turfgrass Thatch 

Benefits and Problems Associated with Turfgrass Thatch 

layer: In modern turfgrass culture, a layer of living or 

dead stems, and root tissue accumulates between the green 

turf canopy (verdure) and the soil surface. This layer of 

organic matter is called the thatch layer. Thatch consists 

of cellulose, hemicellulose, and lignin. Thatch results from 
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an imbalance between factors affecting accumulation and 

decomposition of surface organic debris. It contains 

approximately twice the lignin content of grass leaf tissue 

which accounts for its high degree of decay resistance 

(Starkey, 1953; Lederboer and Skogley, 1967; Martin and Dale, 

1980). When the thatch layer is excessive (>1.25 cm) it 

causes the grass to be shallow-rooted, and more prone to 

drought, heat, cold, and disease injury (Lederboer and 

Skogley, 1967; Hanson and Juska, 1969; Meinhold et al. , 

1973; Hurto et al. , 1980; Martin and Dale, 1980; White and 

Dickens, 1984). On the other hand, when thatch accumulation 

is not excessive it is beneficial to the turfgrass by 

insulating turf and soil from large diurnal temperature 

fluctuations, maintaining a high water-holding capacity near 

the soil surface, and providing resiliency (the ability to 

resist mechanical injury) in the turfgrass surface. 

Thatch Accumulation and Decomposition: Any climatic, 

edaphic or biotic factor that stimulates excessive plant 

growth or impairs decomposition of organic material 

contributes to thatch development (Hurto et al., 1980). 

Moisture availability plays a critical role in the 

decomposition of the thatch layer. Optimum rate of 

decomposition occured when thatch was maintained at 99.5% 

relative humidity, or when it contained 200% water (wt/wt) 

but was not saturated (Starkey, 1953; Breitenbick, 1988). 
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Lignin content increased with increasing N applied to 

turfgrass and led eventually to the increase in thatch 

accumulation (Meinhold et al. 1973; Potter et al. 1985). He 

suggested that a slow release form of N applied at a level 

that maintains acceptable quality turf but avoids excessive 

plant growth may reduce the problem of thatch. High rates of 

N application such as 2.7 to 3.6 kg per 100 square meters per 

season were often associated with thatch accumulation 

(Starkey, 1953). 

Thatch control 

Mechnical: Thatch can be controlled mechanically by 

dethatching, core aeration, and topdressing. Topdressing is 

the most effective method but it is costly and must be 

applied frequently (Engel and Alderfer, 1967). Topdressing 

is the application of sand on the turfgrass to stabilize the 

puffy thatch layer that develops in turf (Hall, 1980) . 

Robbeloth (1988) reported that topdressing treatments added 

very little numbers of microorganisms to the population 

already present in the putting green turfgrass-thatch-soil 

zone. He suggested that this may be due to the inability of 

the microoganisms added to compete for a niche in an 

environment with an indigenous population. 

Biological: The biological control of thatch with 

organic amendments would be preferred to mechanical methods 
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because it is a preventive measure and would be less 

disruptive to the turfgrass (Beard, 1982). The capacity for 

complete decomposition of lignin by a single group of 

microorganisms may be limited to fungi that cause white-rot 

type wood decay and to the related litter-decomposing 

basidiomycetes. White and brown-rot fungi both metabolize 

cellulose, but the white-rot fungi completely decompose and 

assimilate lignin (Kirk, 1971; Martin and Dale, 1980; Sartain 

and Volk, 1985; Paul and Clark, 1989) . Kirk (1971) showed 

that white-rot fungi could destroy 97% of the lignin wood. 

However, Martin and Dale (1980) could not prove that these 

wood-decay fungi effectively reduced turf thatch under field 

conditions. Lack of noticeable decomposition of on-site 

thatch by fungi was probably due to the inability of these 

organisms to become established immediately on the grass 

substrate in competition with indigenous organisms colonizing 

it. 

Kirk (1971) found that some bacteria have a certain 

ability to degrade lignin. These include Pseudomonas and 

Xanthomonas . Paul and Clark (1989) stated that 

actinomycetes, such as Streptomycetes , Nocardia and aerobic 

gram negative bacteria such as Pseudomonas and Azotobactor 

can lower molecular size of lignin. Whether or not they can 

cause complete lignin decomposition or use the lignin carbon 

for growth has not been positively established. One 
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possibility is that they attack lignin in order to remove a 

barriers sheltering cellulose and hemicellulose in the plant 

residues. Work on bermudagrass by Murdoch and Barr (1976) 

with two commercial microorganism inocculums (Bio de-thatch 

and Thatch-away) found these inocculums to be ineffective. 

Ineffectiveness in turn may be due to the inability of the 

inocculum to promote microbial numbers and activities. 

However, Brendt et al. (1990) investigated the influence of 

three bio-organic materials (Lawn Restore, Lawn Rx, and C-50) 

on thatch degradation in Kentucky Bluegrass. He found that 

these products reduced the thatch thickness when compared to 

untreated turf. 

Factors Affecting Biological Decomposition of Thatch: 

In review, the most important factors enhancing biological 

decomposition of thatch are microbial populations, pH, soil 

aeration, temperature, moisture and C:N ratio. The 

microorganisms activities are most effective at pH's near 

neutral (Starkey, 1953; Beard, 1973; Alexander, 1977). As 

mentioned, thatch is an organic matter layer, and supposed to 

contain higher amounts of substrates than that in soil. Thus 

the microbial activity in the thatch layer should be higher 

than in soil. 

The purpose of this research was to measure and compare a) 

the seasonal fluctuation of soil and thatch microorganisms 

due to naturally occurring climatic factors; b) the effect of 
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the organic amendment ^Greens Restore' on the populations of 

total aerobes, fungi, actinomycetes, nitrate reducers, and 

denitrif iers; c) and the effect of this product on the 

formation/degradation of the thatch layer. 
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CHAPTER 3 

Materials and Methods 

A 'Penncross' creeping bentgrass (Aarostis palnstris 

Huds) putting green was established in October 1988 at the 

Rincon Vista Turfgrass Research Facility in Tucson, Arizona. 

It was built to meet USGA specifications. The green was 

irrigated to prevent wilt and to maintain acceptable 

turfgrass quality. It was mowed three times per week at a 

6.5 mm height. Three treatments were included: 'Greens 

Restore' (6-1-3) with 42% C, fertilizer (21-7-14) , and 

control (no treatment). The granular materials were evenly 

applied to the plots by being shaken from a perforated can. 

These treatments were replicated four times and arranged in a 

complete randomized block design. The individual plot size 

was 3m x 3m. 

Treatment rates were: 

454 gm 'Greens Restore'/ 9 sq. m (28.5 kg N/ha) 

131 gm fertilizer/9 sq. m (28.5 kg N/ha) 

control (no treatment) 
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The treatments were applied on 20 Mar., 19 May, 11 July, 

12 Sept., 16 Nov. in 1989 , and 9 Jan., 20 Mar., 7 May, 5 

June, 8 July, and 7 Aug. in 1990. Soil and thatch samples 

were collected for analysis on 19 May, 11 July, 12 Sept. , 16 

Nov. in 1989 , and 9 Jan., 20 Mar. , 7 May, 5 June, 8 July, 7 

Aug. , and 8 Sept. in 1990. 

No sand topdressing was applied to the green during the 

course of the experiment. Greens were not verticut as well. 

Triple superphosphate was applied on May 5, 1989 at 5.6 

-1 
kg/ha . 

Table 1 shows the dates of soil and thatch sampling and 

when each parameter was measured. 

Soil and thatch sampling 

Ten soil and thatch samples were collected from each 

plot with a Lord soil sampler (2.54 cm diameter) and trimmed 

to a soil depth of 7.62 cm. While the cores were still 

intact, thatch thickness (mm) was measured by lightly 

compressing the core along its long axis by fingertip. The 

average thatch thickness for a plot was then calculated for 

the treatment replicate. The thatch layer was then separated 

from the underlying soil and rinsed with distilled water to 

remove extraneous sand particles. Excess water was then 

removed from the thatch samples with tissue paper, placed 

into plastic bags, and stored at 4.5 C until microbial 



Table 1. Measurements dates on an 80%:20% sand:peat creeping bentgrass putting green. 

Date 
Bacteria 

Soil Thatch 
Fungi 

Soil Thatch 

Actinomycetes Soil nitrate Soil 
Soil Thatch reducers denitrifiers 

Soi 1 
reso. 

Soil 

PH 

Soil 

N 

Soil 
TOC C 

Soi1 Air 
N ratio temp. 

Thatch 
thick. 

Kay/1989 * * nm nm nm nm * nm nm * * * * * * 

July/1989 * * nm nm nm nm * nm nm * * * * * nm 

Sept./1989 * * nm nm nm nm * * nm * * * * * * 

Nov./1989 * * * nm * nm * * * * * * * * * 

Jan./1990 * * * * • * • * * nm nm nm nm * * 

Mar./1990 * * * * * * * * * * * * * * * 

May/1990 * * * * * * * * nm nm nm nm nm * * 

June/1990 * * * * * * * * * - * * * * * * 

July/1990 * * * •k * * * * * nm nm nm nm * * 

Aug./1990 * * * * * * * * * nm nm nm nm * * 

Sept./1990 * * * * * * * * * * * * * * * 

* - measurement date. 

nm - not measured. 

TOC - Total organic carbon. 

u> 
o 
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analysis 24 hours later. Soil samples were air-dried for 24 

hours (moisture content was <0.5%), seived (<2 mm), and used 

in analysis. 

Soil pH was determined (1:1 ratio) using a Cole-Palmer 

5800-05 Solution Analyser. Also, soil C:N ratio, soil total 

organic carbon, and soil nitrogen were determined by the 

combustion method and the chromotography gas type seperation 

method using the NA 1500 C-N-S analyser at the Soil Water and 

Plant Testing Laboratory, Dept. of Soil and Water Science, 

University of Arizona. 

Determination of soil respiration: 

The soda-lime method was used to measure soil 

respiration (Edwards, 1982) . Thirty g of composited air-

dried soil were weighed from each plot (12 plots). The soil 

samples were placed in mason jars and 6 ml of distilled water 

was added to the soil to bring the soil moisture content to 

30% saturation. A vial was taped on the inner side of each 

mason jar and filled with 5ml of water to maintain a constant 

humidity during the incubation period. Twenty g of soda-Lime 

(NaOH+CaO) pellets were weighed into aluminum weigh boats, 

and oven-dried at 99 C for 24 hours. Each weigh boat with 

soda-lime was suspended inside the mason jar. The jars were 

tightly closed and placed in an incubator at 30 C for 7 days. 

After the incubation period, the soda-lime was reheated in 



32 

the oven for 24 hours at 99 C to remove any moisture. The 

oven-dried soda-lime was then weighed. The increase in 

weight of the soda-lime was due to trapped carbon dioxide 

produced during the 7-day incubation period and was a direct 

measurement of microbial respiration. Data was adjusted to 

-i -i 

give ug C02 . g dry soil . 7 days . 

Determination of thatch respiration: 

Following the application of the chemical treatments on 

January 9, 1990, a time course study was conducted to monitor 

any changes in thatch respiration. Thatch samples were 

collected 3, 6, 12, and 24 days after the application of the 

treatments. Procedures for determining thatch respiration 

were identical to that of the soil samples except that 30 gm 

of thatch was placed in the mason jars. Data was adjusted to 

-1 -1 

give ug C02 . g dry soil . 7 days . 

Determination of the microbial population in the soil and 

thatch samples: 

Five g subsamples of the air-dried soil collected from 

each treatment plot were weighed and placed in sterile 

containers. The original 5.0 g of air-dried soil was added 

to the first flask and shaken thoroughly for two minutes. 

The soil samples were diluted in 45 ml using serial 10-fold 

dilutions 45 ml in sterile distilled water (0.85% NaCl) to a 
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- 9  

final dilution of 10 . Aliquots of 0.5 ml of solution from 

- 5  - 9  

the 10 to 10 dilutions were spread in petri plates 

containing media for bacteria, fungi, or actinomycetes. 

Total aerobic bacteria were grown on soy-tryptic nutrient 

broth (Bacto tryptone) (Difco). Soil fungi were grown on 

plates containing peptone-glucose agar (glucose, peptone, and 

KH2PO4) (Difco) . Actinomycetes were grown on plates 

containing actinomycetes isolation agar (sodium caseinate) 

(Difco). The plates were incubated for 7 days in the dark at 

O 
28C. Aseptic procedures were followed. After incubation, 

the plates were selected for counts which yielded 50 to 100 

microbial colonies . The number of colonies was then 

multiplied by dilution series and adjusted to give the # 

microbes/ g air-dried soil. 

Thatch samples (5.0 gm) received the same treatment as 

soil. 

Determination of denitrifiers and nitrate reducers in soil: 

Composite samples were prepared by weighing equal 

amounts of soil from each replicate. Five grams of air-dried 

soil were weighed from the mixture of four 

replicates/treatment. Soil samples were diluted using serial 

10-fold dilutions as mentioned previously. Fifty uL aliquots 

- 2  - 9  

of the 10 to 10 dilutions were plated into microtiter 

plates containing either nitrate or nitrite nutrient broth. 
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Each microtiter plate had 8 dilutions with 12 replicates of 

each dilution. Microtiter plates were then placed in a 

battery jar which was made air-tight with silicon gel. The 

headspace was flushed with N2 gas through an opening in the 

glass lid making an anaerobic environment. The samples were 

incubated for 14 days at 30 C afterwhich Morgan's reagent 

(Rowe et al., 1977; Volz, 1977a) was added to the wells 

containing nitrate nutrient broth. A negative reaction (no 

color change) indicated the absence of nitrate and, 

therefore, the presence of nitrate reducers. NEDD reagent 

(Rowe et al. , 1977; Volz, 1977b) was added to the nitrite 

nutrient broth wells. A negative reaction (no color change) 

indicated the absence of nitrite and the presence of 

denitrifiers. 

Time course study for bacteria in soil and thatch: 

A time course study was intiated on 9 January,1990 to 

monitor the changes in total aerobic bacterial numbers in 

soil and thatch after the application of the 'Greens Restore' 

treatment. Soil and thatch were collected 3, 6, 12, 24, and 

48 days after the application of the chemical and compared 

with the control plots. 
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Weather data: 

Weather data was taken from the Arizona Meteorological 

Weather Network weather station at the Campbell Agricultural 

Center, located 5 miles from the Rincon Vista turfgrass site. 

Average monthly air temperature was determined. 

Statistical Analysis: 

Analysis of variance was used to determine treatment and 

time differences for all the parameters measured. 

Significant differences between times of sampling were also 

tested for. When no treatment effects were observed for a 

variable then treatments were combined within a time to give 

an overall mean for that sampling date. 

The most probable number (MPN) method was used to 

estimate the nitrate reducing and denitrifying population/gm 

air dry soil (<0.5% moisture) using a computerized 

statistical package (Hurley and Roscoe, 1983). Comparisons 

within a time between treatments for these two parameters 

were made by comparing confidence intervals (C. I.,95%). 

Comparisons between treatments over all sampling times were 

made using time as reps. 

Pearson's product correlation coefficient was used to 

test for significant relationships between dependent and 

independent variables for all parameters. 
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In June 1990, the green was attacked by Rhizoctonia solani. 

The fungicide 1 Mancozeb' was applied three times in June and 

July 1990 (Appendix A) . Microbial numbers were decreased, 

therefore the last three sampling dates (July, August, and 

September) were eliminated from the correlation analysis. 
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CHAPTER 4 

RESULTS 

Treatment effect: 

Chemical treatments had no significant effect on 

microbial populations measured except for soil fungi and 

thatch thickness (Appendix B: Tables B7 and B13). Soil fungi 

were highest in fertilized plots, followed by the 'Greens 

Restore' treated plots and the control (Table 2) . Thatch 

thickness was greatest (7.8 mm) in fertilized plots, 

followed by the 'Greens Restore' treated plots (7.4 mm) and 

the controls (7.0 mm) (Figure 1; Table 3) . Also no treatment 

changes were observed for soil pH and respiration (Appendix 

B: Tables Bll, B12, and B14)). 

Time effect; 

Changes in bacterial numbers for soil and thatch are 

shown in Figure 2. Seasonal changes occurred. Thatch 

bacterial numbers peaked in July 1989, November 1989, and 
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Table 2. Effect of treatments on the average soil fungi 
numbers in an 80%:20% sandrpeat creeping bentgrass putting 
green for all times. 

Average number* 
Treatment per g dry soil 

Turf Royale2 84 A 

Greens Restore 30 AB 

Control4 12 B 

Average numbers bearing similar letters are not 
significantly different at the P=0.05 level. 

131 g (21N-7P-14K)/9 m/60 days from May 1989 till 
May 1990. 

131 g (21N-7P-14K)/9 m2/30 days from June 1990 till 
Sept. 1990. 

454 g 'Greens Restore' (6N-lP-3K)/9 m/60 days from 
from May 1989 till May 1990. 

454 g 'Greens Restore' (6N-lP-3K)/9 m'/30 days from 
from June 1989 till Sept. 1990. 

No treatment  appl ied.  
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Figure 1. Thatch thickness of an 80^:20^ 

sand^peat creeping bentgrass putting green. 
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B B • Control 
• Ringer 

a—a Turf Royale 

\* 

^ c$ 
1989 

'V 

V*  ̂̂  V5" V 

Date 1990 

Points along a line with the same letter are not significantly 

different at the P=0.05 level. 
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Table 3. Effect of treatments on the average thatch thickness 
in an 80%:20% sand:peat creeping bentgrass putting green for 
all times . 

Average 

thickness 
Treatment (mm) 

Turf Royale 7.83 A 

Greens Restore 7.42 B 

Control 7.03 C 

Average numbers bearing similar letters are not 
significantly different at the P=0.05 level. 

131 g (21N-7P-14K) /9 m/60 days from May 1989 till 
May 1990. 

131 g (21N-7P-14K)/9 m2/30 days from June 1990 till 
Sept. 1990. 

454 g 'Greens Restore' (6N-lP-3K)/9 mV60 days from 
May 1989 till May 1990. 

454 g 'Greens Restore' (6N-lP-3K)/9 m2/30 days from 
June 1990 till Sept. 1990. 

No treatment  appl ied.  



Figure 2. Total aerobic bacteria in soil and thatch of 

an 80%:20* sand:peat creeping bentgrass putting green. 
9 

• Soil (air dry) 
• Thatch (oven dry) 

V 

Date 

<v <1, <3 <b ^ "b 

1989 1990 

Points along a line with the same letter are not significantly 

different at the P=0.05 level. 
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July 1990. Soil bacteria peaked in May 1989, November 1989, 

and June 1990. The lowest numbers of thatch bacteria 

occurred in September 1989, March 1990, and August 1990, 

while soil bacteria showed decreased numbers in September 

1989, May 1990, and August 1990. 

There were significant differences between the numbers 

of bacteria in the thatch layer and soil, with the thatch 

layer having numbers 40 to 1600 times greater than the soil 

(Figure 2). The difference in the bacterial numbers between 

June 1989 and June 1990 was most likely due to the 

application of the fungicide 'Fore' (Mancozeb) in June 1990 

to control Rhizoctonia solani (large brown patch) on the 

bentgrass (Appendix A). 

Seasonal fluctuations in soil and thatch fungal numbers 

were similar to the bacteria with peaks in November 1989 and 

June 1990 (Figure 3). Fungal numbers in thatch were 500 to 

1600 times higher than in soil. Fungi were decreased 

considerably in both thatch and soil due to the application 

of Mancozeb in June 1990. 

Actinomycetes in thatch and soil changed significantly 

over time, peaking in November 1989, June 1990, and September 

1990 (Figure 4). Differences between actinomycete numbers in 

thatch and soil were not as large as for bacteria or fungi. 

These differences in numbers were from 100 to 1000 times 

higher in thatch than soil depending upon the sampling date. 
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Figure 3. Total fungi in soil and thatch of an 

80*:20* sancPpeat creeping bentgrass putting green. 

2 2 
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A • Thatch (oven 
dry) 

• Soil (air dry) 
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Date 1990 

Points along a line with the same letter are not significantly 

different at the P=0.05 level. 



Figure 4. Total actinomycetes in soil and thatch of 

an 80%:20^ sand:peat creeping bentgrass putting green 
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• Thatch (oven dry) 

• Soil (air dry) 

\ <o <t> \ 

 ̂̂  ̂ ̂   ̂̂ cf 

1989 Date 1990 

Points along a line with the same letter are not significantly 

different at the P=0.05 level. 
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Figure 5 shows the changes in the nitrate reducer numbers 

with time and treatment. Nitrate reducer peaks occurred in 

May andJuly 1989, November 1989, and July 1990. No 

significant time effect was observed for denitrifiers (Figure 

6 and 7) although there was a trend for peaks in November 

1989 and August 1990. 

Soil respiration significantly changed with time 

(Appendix B: Table Bll), with peaks of 7.3 and 12.8 ug CO2/ g 

air-dry soil/7 days in November 1989 and June 1990 

respectively (Figure 8). The lowest respiration rate occured 

in March 1990 (2.8 ug CC>2/g air-dry soil/7 days) . The 

fungicide application in June 1990 greatly reduced soil 

respiration. 

Soil pH changed significantly over time for all 

treatments (Appendix B: Table B15) with peaks in May 1989, 

November 1989, and September 1990 (Figure 9) . The highest 

soil pH was 8.04 which occurred in November 1989 and the 

lowest was 7.5 in July 1989. 

Soil total organic carbon showed significant changes 

with time, increasing from 0.909% in May 1989 to 1.839% in 

September 1990 (Table 4) . No significant changes were 

observed for soil C:N ratio and soil nitrogen. However, 

there was an increasing trend for both parameters over time. 
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Figure 5. Numbers of nitrate reducing bacteria in an 

80%:20s sand:peat creeping bentgrass putting green. 
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^ Ringer 
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Figure 6. Numbers of denitrifying bacteria in an 

80^:20% sand'-peat creeping bentgrass putting green. 
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Figure 7. Numbers of nitrate reducers and denitrifiers 

in an 80/.20* sand:peat creeping bentgrass putting green. 
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Points along a line with the same letter are not significantly 

different at the P=0.05 level. 



Figure 8. Soil respiration of an 80*:203 

sand:peat creeping bentgrass puttting green. 
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Points along a line with the same letter are not significantly 

different at the P=0.05 level. 



Figure 9. Changes in soil pH in an 80^:20* sand:peat 
creeping bentgrass putting green over time. 
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Points along a line with the same letter are not significantly 

different at the P=0.05 level. 
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Table 4. Changes in the average percentage of total organic 

carbon, soil nitrogen, and soil C:N ratio with time in an 

80%:20% sand:peat creeping bentgrass putting green. 

Date TOC Soil nitrogen C:N ratio' 

% % 

May 1989 0 .909 B 0 0666 A 14 1 A 

July 1989 0 .975 B 0 0723 A 13 1 A 

Sept. 1989 1 .035 B 0 0763 A 14 1 A 

Nov. 1989 0 . 930 B 0 0643 A 14 1 A 

Mar. 1990 1 .284 B 0 0733 A 18 1 A 

June 1990 1 453 AB 0 0906 A 16 1 A 

Sept. 1990 1 .839 A 0 0830 A 22 1 A 

TOC = Total organic carbon. 

2  
Numbers down a column bearing similar letters are not 
significantly different at the P=0.05 level. 
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Figure 10 shows the changes in thatch thickness over the 

study period where the average thickness was reduced from 

approximately 9.0 mm at the beginning of the study to about 

6.5 mm by September 1990. 

Time course study: 

The objective of this study was to monitor changes in 

soil and thatch bacterial numbers and thatch respiration at 

3, 6, 12, 24, and 48 days after the application of 'Greens 

Restore' to the turf. This study was initiated on January 9, 

1990. The investigation showed no differences in bacterial 

numbers in soil or thatch on any sampling date following the 

chemical application (Appendix B: Tables B22 and B23); Figure 

11). Thatch bacteria showed higher numbers than soil 

bacteria which was observed throughout all other sampling 

dates. 

No significant changes in thatch respiration occurred 

due to treatment but there were differences due to time 

(Appendix B: Table B12; Figure 12) . Thatch respiraton was 

-1 -1 

highest (9.43 ug C02 . g thatch . 7 days ) three days after 

application but the same was true for the controls. 

Respiration then decreased on the 6th and 12th day (6.75 ug 

- 1  - 1  

C02 . g thatch . 7 days ) . In the 24th day, respiration 

-i -i 

increased to 8.68 ug C02 . g thatch . 7 days . 
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Figure 10. Thatch thickness of an 802:20* 

sand:peat creeping bentgrass putting green. 
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Points along a line with the same letter are not significantly 

different at the P=0.05 level. 



Figure 11. Numbers of aerobic bacteria in soil 

and thatch in an 80.:20s sand:peat creeping 

bentgrass putting green following the application 

of 'Greens Restore' at 454 g • 9 m"2 . 
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different at the P=0.05 level. 



Figure 12. Thatch respiration of an 80s:20s 

sand^peat creeping bentgrass putting green 

following the application of 'Greens Restore' 

at 454 g 
10 

9 m -2 

10 15 20 25 

Days after application 
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Pearson's correlation: 

Soil and thatch bacteria were negatively correlated with 

C:N ratio (r=-0.339 and -0.371) (Table 5). Thatch thickness 

was negatively correlated with thatch fungi and thatch 

actinomycetes (r=-0.215 and -0.226 respectively) and 

positively correlated to thatch bacteria (r=0.539). Soil 

fungi and actinomycetes, but not soil bacteria, were 

positively correlated with soil respiration (r=0.418 and 

0.535 respectively). Soil bacteria were positively 

correlated with soil pH. Soil aerobic bacteria and 

actinomycetes were negatively related to soil C:N ratio 

(r=-0.339 and -0.404 respectively). Nitrate reducers were 

negatively correlated with soil C:N ratio and soil organic 

carbon (r=-0.69 and -0.75 respectively). However, the 

denitrifier population showed positive correlation with soil 

pH (r=0.37) (Table 6) . 

We felt that the application of the fungicide (Appendix 

A) on June 8, 1990, seriously reduced the microbial numbers 

of soil fungi and actinomycetes. By analyzing the data prior 

to fungicide application, it was found that correlations (r) 

between the microbial numbers and environmental factors such 

as soil pH, air temperature, C:N ratio, soil nitrogen, and 

soil organic carbon changed. Significant correlations which 

were not revealed in the first correlation, showed that soil 

fungi, actinomycetes, thatch fungi and actinomycetes were 
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Table 5. Pearson correlation coefficients (r) and significance levels 

of dependant variables averaged over all treatments over time. 

Bacteria Fungi Actinomycetes Soil Thatch Air 

soil thatch soil thatch soil thatch resp. thick. temp. 

Soil 1.00 .49 .026 -.028 .302 .085 0.171 0. 486 -0.048 
bact. A A A  ns ns A A ns ns A A A  ns 

Thatch .49 1 .00 .166 .036 .368 .076 0.231 0. 539 -0.056 

Bact. • * * ns ns A A A  ns A * A * ns 

Soil .026 . 166 1.00 .498 .351 .510 0.418 0. 005 0.153 
fungi ns ns A A A  A A A  AAA- * * * ns ns 

Thatch -.028 .036 .498 1.00 .545 .473 0.401 -0 .215 -0.018 

fungi ns ns A A A * * * A A A * * • ns 

Soil . 302 . 368 .351 . 545 1.00 . 515 0.535 0. 128 -0.109 
Actinos. • A A A A  A A A  A A A  A A A  A A * ns ns 

Thatch . 085 .076 .510 . 473 .515 h-»
 

o
 

o
 

0. 625 -0 .226 0.345 
actinos. ns ns * * * A A A  * * * A A A  * * A 

Soil . 171 .231 .418 .401 .535 .625 1 .00 -0 .002 0.276 
Resp. ns * A A A  • A A * * A A A  ns • 

Thatch .486 .539 .005 -.215 . 128 -.225 -.002 1 

o
 

o
 -0.156 

thick. * * * A A A  ns A ns A ns ns 

Air -.048 -.056 .153 -.018 .109 . 345 0.276 -0 .156 1.00 
temp. ns ns ns ns ns A * • A ns 

Soil .217 . 139 -.244 - . 51S -.059 -.731 -0.45 0. 481 -0.736 

PH * ns ns • A ns * * * * * A A A  A* A A 

Soil -.339 -.371 -.138 -.21 -.404 -.077 -0 .17 -0 .348 -0.049 

C:N * * * * S ns ns * A ns ns A A ns 

Soil -.398 -.324 .208 . 311 -.147 . 461 0. 306 -0 .481 0.383 
Nitrogen • • A A A ns ns ns • * * A A A  A A A  

Soil -.804 -.338 

CM O
 

O
 1 -0.08 -.472 .143 

«—t o
 

o
 

1 -0 .349 0.129 

TOC * * * * * ns ns * * * ns ns A A ns 

TOC= Total organic carbon 

***» *»,* = significant at the O.i, and 5% probability levels respectively, 

ns = non-significant 
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Table 6. Pearson correlation coefficients and significance 

levels of dependent variables for all treatments over time. 

Soil Soil nitrate Soil Soil 

bacteria reducers denitrifiers respiration 

Soil 

bacteria 

1 . 0 0  0.418 
* • * 

0.105 

ns 

0.175 

ns 

Soil nitrate 

reducers 

0.418 

* * * 

1 . 0 0  0. 172 

ns 

0.123 

ns 

Soil 0.105 

denitrifiers ns 

0.172 

ns 

1 . 0 0  -0.45 
* * * 

Soil 0.175 

respiration ns 

0.123 

ns 

-0.45 
* • * 

1 .00 

Air 

temperature 

-0.048 

ns 

0.094 

ns 

-0.268 

• • 

0.273 

* 

Soil 

pH 

0.217 

• 

-0.04 

ns 

0.378 

* * 

-0.453 

* • 

Soil 

C:N ratio 

-0.339 

** 

-0.697 
* * * 

-0.204 

ns 

-0.172 

ns 

Soil 

nitrogen 

-0.399 

• * • 
-0.281 

• * 
-0.4 

* * 

0.332 

* 

Soil 

TOC1 

-0.495 

* * * 

-0.75 

* * *  

-0.41 

* * 

0.003 

ns 

* • * * * * = 

respectively. 

significant at the 0.1, 1, and 5 % probability levels 

ns = non-significant. 

TOC = Total organic carbon. 
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positively correlated with air temperature (Table 7) . The 

new correlation also showed a negative relationship between 

thatch fungi and soil pH (r=-0.554). 
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Table 7. Pearson correlation coefficients and significance 

levels of dependent variables before the application of 

fungicide 'Mancozeb' for all treatments. 

Air Soil Soil 
temperature respiration TOC1 

Soil 0.076 0.065 -0.8 
bacteria ns ns * * * 

Thatch 0.025 0.174 -0.29 
bacteria ns ns * 

Soil 0.429 0.528 0.14 
fungi * * * * * * ns 

Thatch 0.378 0.448 0.008 
fungi * * • * ns 

soil 0. 638 0. 639 -0.147 
actinomycetes * * * * * * ns 

Thatch 0.802 0. 762 0.326 
actinomycetes * * * * "k ic ns 

't0C = Total organic carbon. 

***f **f * = significant at 0.1, 1, and 5% probability levels 

respectively. 

ns = non-significant. 
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CHAPTER 5 

Discussion 

The numbers of microorganisms in soil and thatch 

fluctuates with time. Several investigators have related 

population dynamics to changes in environmental factors, such 

as soil moisture and temperature (Alexander, 1977; Mathes and 

Schriefer, 1985; Valerie et al., 1988). Other studies showed 

two peaks of microbial numbers which were due to changes in 

the amount of senescent leaves and sloughed roots supplied 

from grassy vegetation (Kauri,1982; Higashida and Takao, 

1985). 

In our study, the seasonal fluctuation pattern of the 

microbial numbers in 1989 and 1990 were similar and were 

positively correlated to ambient air temperature. Moisture 

content was considered to be constant in this study because 
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the green was always maintained at adequate moisture levels 

throughout the study. This agrees with the work of Mathes 

and Schriefer (1985) who observed that soil respiration was 

positively correlated to soil temperature. An analysis of 

Azmet air and soil temperature showed the two parameters to 

be positively correlated. Moreover, Mathes and Schriefer 

(1985) found that soil moisture had no significant influence 

on soil respiration. Hillel (1982) stated that the microbial 

activity of temperate soils increased with increasing air 

o 

temperature up to 35 C, however this study showed that 

microbial numbers decreased in summer. Summer air 

o 
temperatures in Tucson may exceed 35 C (Arizona Meteorological 

Network, University of Arizona, Cooperative Extension) and so 

the microbial numbers decreased. Although fungi and 

actinomycetes were positively related with air temperature, 

soil bacteria were not. The bacteria were apparantly not as 

sensitive as the fungi or actinomycetes to temperature 

changes. Temperatures may not have been high enough to 

influence soil and thatch bacteria due to their insulation 

and constant irrigation. 

Total soil organic carbon showed significant differences 

in time in the last two sampling dates of the study (Table 4) 

which means that senescent leaves and sloughed roots supplied 

the soil with carbon continuously and resulted in its 

accumulation with time. This led to an increase in the C:N 
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ratio at the end of the study because soil N remained 

relatively constant. Soil nitrogen did not change through 

time because the rate of nitrogen application (171 kg N/ha/30 

days) was not sufficient to result in any accumulation of 

nitrogen. Generally, the wider the C:N ratio, the less the 

bacterial numbers; due to the fact N becomes limiting in 

microbial cells which contain 5 to 15 parts of carbon to 1 

part of nitrogen. Bacterial numbers in our soil and thatch 

were negatively correlated to the C:N ratio (Table 5). Any 

change in this balance would interfere with the microbial 

activity (Alexander, 1977) . The unavailability of N is 

probably limiting all the parameters measured. 

Both the addition of fertilizer and 'Greens Restore' to 

the green resulted in an increase in soil fungi, but not soil 

bacteria or actinomycetes. This suggests that the fungi were 

more sensitive to applied nitrogen. Thatch fungi did not 

show any treatment difference due to the fact that thatch 

provides greater amounts of substrate, thus lessening the 

effect of the N amendment applied to the green. 

Results shown in this research indicate that the 

denitrifying population depends upon various factors 

including a positive correlation with soil pH and a negative 

correlation with air temperature, while nitrate reducers were 

not correlated with either factors (Table 6) . Denitrifying 

populations were mildly correlated with soil pH (r=0.378) . 
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These results are in agreement with those of Bremner and Shaw 

(1958), Koskinen and Keeney (1982), and George and Antoine 

(1982). However, the correlation between denitrifiers and 

temperature was negative and contradicted the results 

presented by Bremner and Shaw (1958) where they observed that 

o o 
denitrification increased rapidly from 2 to 25 C, and the 

optimum temperature for the denitrifying population was about 

60°C. 

Denitrifiers in soil can be closely correlated with the 

amount of total organic carbon present. Carbon sources for 

the denitrifying population are primarily supplied by plants 

either through tissue decomposition or from living root 

exudates. We noted that total organic carbon increased in 

time during the study period (Table 4). However, the 

denitrifying population remained relatively constant and was 

not related to total organic carbon. This leads us to 

suggest that the supply of available organic carbon to the 

denitrifiers was continuous which resulted in no change of 

the population in spite of a change in other factors such as 

total organic carbon, soil pH and temperature. 

Thatch thickness was influenced by treatment, where it 

was observed that the control plots had the least thickness 

and fertilizer plots had the highest thickness. ^Greens 

Restore' enhanced thatch thickness intermediately as a slow-

release fertilizer might. Murdoch and Barr (1976) conducted 
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a study to monitor thatch thickness by applying two 

commercial microorganism inocculums (Bio De-thatch and 

Thatch-away), but no significant reduction occurred in thatch 

thickness. However, Brendt et al. (1990) found significant 

reduction in thatch thickness using three bio-organic 

amendments independently (Lawn Restore, Lawn RX, and C-50). 

They attributed their results to both material and N level. 

Thatch depth correlated negatively with N level which 

conflicted with Potter's report (1985) that thatch depth in 

Kentucky Bluegrass correlated with N level. Murdoch and Barr 

(1976) did not determine what actually affected the decrease 

in thatch thickness. 

Other studies showed that fungi are the main 

microorganisms that can decompose lignin in the thatch (Kirk, 

1971; Martin and Dale, 1980; Sartain and Volk, 1985; and 

Paul and Clark, 1989) .'Greens Restore' did not work in our 

study for many reasons. Firstly, it contains Bacillus sp., 

Saccharomyces sp., and Trichoderma sp. which do not degrade 

lignin (Alexander, 1977). Only white-rot fungi were proven 

to degrade lignin (Kirk, 1971; Paul and Clark, 1989). So the 

innoculated microorganisms were not effective under 

conditions in our test. Fungi grow best in high relative 

humidity which is uncommon in Tucson. Fungi optimum growth 

rate and reproduction also takes place under relatively 
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acidic conditions. Our sand soil had a pH in the range of 

7.51-8.04. 

The highest nitrate reduction and denitrification rates 

occurred in summer and autumn, thus depleting a large portion 

of applied N to the green. We suggest that future studies 

should concentrate on determining the percentage of nitrate 

reduced or denitrified at that time of the year from the 

overall N applied to the green. Other studies should 

investigate the fate of nitrate after application; whether it 

is reduced, leached or used by plants or microoganisms. This 

should determine the required amount of N to be applied with 

the least reduction rate and at the same time keep an 

acceptable turf quality with minimum cost. 

Microbes are essential for the healthiness of the turf, 

as they provide nutrients for the grass, decay dead matter, 

fix elemental N and promote soil structure. Should their 

numbers drop in summer or winter, the rate of their 

beneficial activities would decline. This might predispose 

the turf to nutrient deficiencies, disease, and thatch 

accumulation. The domination of beneficial microbes in the 

turf will also prevent harmful microbes from establishing a 

niche in this environment and eventually attack the turf. 

Therfore it would be useful to develop a bio-organic 

amendment that can innoculate beneficial microbes to the 

green during those periods of low microbial numbers. 
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In addition, the large numbers of microorganisms in 

thatch, when compared to the sand soil, are probably more 

important in the decomposition of organic matter and in 

nutrient recycling. Therefore, factors interfering with 

their numbers and activities should be avoided. This would 

include factors such as pesticide applications. The use of 

sand topdressing to stimulate thatch decomposition is 

probably ineffective since sand contains very few microbes in 

comparison to thatch. Sand topdressing would more effective 

in maintaining a level playing surface and promoting roots 

well rooted in soil. Verticutting should be used for thatch 

control. 



6 8  

APPENDIX 

A 



6 9  

Dates of cultural practices and pesticides application 

Dec. 4, 1988 

Dec. 30, 1988 

Jan. 4, 1989 

Jan. 15, 1989 

Feb. 15, 1989 

Mar. 13, 1989 

Mar. 27, 1989 

April 10, 1989 

April 12, 1989 

April 24, 1989 

May 11, 1989 

May 12, 1989 

May 25, 1989 

May 25, 1989 

July 27, 1989 

Sept. 26, 1989 

Sept. 28, 1989 

Oct.6, 1989 

Mar.2, 1990 

Mar. 20, 1990 

April 8, 1990 

Fungicide Fore (84.9 g/93 sq. m). 

Fungicide Fore (84.9 g/93 sq. m). 

113.5 g N (20-20-20)/93 sq. m). 

Green topdressed. 

227 g N/93 sq. m +283 g Ferriplex. 

227 g N/93 sq. m. 

227 g N/93 sq. m. 

227 g N/93 sq. m. 

454 g Oftanol (insecticide)/93 sq. m. 

113.5 g N/93 sq. m. 

454 g Oftanol (insecticide)/93 sq. m. 

454 g 'Greens restore'/9 sq. m + 131 g 

fertilizer (21-7-14)/93 sq. m. 

5.221 Kg triple superphosphate. 

454 g Oftanol/93 sq. m. 

113.5 g N/93 sq. m. 

227 g N/96 sq. m. 

227 g N/93 sq. m. 

1.74 Kg Betasan/93 sq. m.(broad leaf 

herbicide),.with 5 ml Diazanon/3.78 L 

(insecticide for grubs). 

227 g N/93 sq. m. 

227 g N/93 sq. m. 

454 g N/93 sq. m. 



May 3, 1990 

June 27, 1990 

June 29, 1990 

July 6, 1990 

July 20, 1990 

July 29, 1990 

Aug. 1, 1990 

Sept. 8, 1990 

7 0  

227 g N/93 sq. m. 

113.2 g Terremec SP (fungicide)/93 sq.m. 

(Rhizoctonia attacked the green) 

113.2 g Fore (fungicide)/93 sq. m. 

113.2 g Fore (fungicide)/93 sq. m. 

113.2 g Fore (fungicide)/93 sq. m. 

25 ml Trimec (herbicide)/3.78 L, 

ie. 2 ml/93 sq. m. 

20 g Diazanon (insecticide)/I L. 

454 gm Oftanol/93 sq. m. 



7 1  

APPENDIX 

B 



7 2  

Table Bl. Analysis of variance: Log10 bacteria/g dry soil, 

sampled for 11 times. Treatment was tested using the 

rep x trt as an error term. 

Source df SS MS F-value P-value 

Rep 3 1. 22814245 0 .40938082 

Treatment 2 1. 07961392 0 .53980696 0.68 0 .5110 

Rep x Trt 6 4 . 68948626 0 .78158104 

Time 10 86 . 144 694 67 8 .61446946 10.79 0 .0001 

Trt x Time 20 11 .55859224 0 . 57792961 0.72 0 .7916 

Residual 90 71 .82592055 0 .79806578 

Table B2. Analysis of variance: Log10 bacteria/g dry thatch 

sampled for 11 times. Treatment was tested using the rep x 

trt as an error term. 

Source df SS MS F-value p-•value 

Rep 3 0 .1566399 0 .0522133 

Treatment 2 0. 42096170 0. 21048085 2 . 90 0 .0604 

Rep x Trt 6 0. 41438703 0. 06906451 

Time 10 18 .4788761 1. 47887610 25.43 0 .0001 

Trt x Time 20 3. 54926997 0. 17746350 

C
M
 

0 .0022 

Residual 90 6. 54023832 0. 07266931 

Table B3. Analysis of variance: Log10 Nitrate reducers/g 

dry soil. Blocks equal number of sampling dates. 

Source 

Blocks 

Treatment 

Error 

df 

10 

2 

20 

SS 

40.233824 

1.663278 

13 . 972921 

MS 

4.0233824 

0.83163939 

0.698646 

F-value P-value 

5.75883 0.0004 

1.19036 0.3248 



Table B4. Analysis of variance: Log10 Nitrate reducers/g 

dry soil. Blocks indicate composite of all plots 

and treatments. 

Source 

Blocks 

Time 

Error 

df 

2 

10 

20 

SS 

1.678642 

40.285406 

13.96955 

MS 

0.83932121 

4.0285406 

0.698477 

F-value P-value 

1.20164 0.3215 

5.7676 0.0004 

Table B5. Analysis of variance: Log10 Denitrifiers /g dry 

soil. Blocks equal number of sampling dates. 

Source 

Blocks 

Treatment 

Error 

df 

8 

2 

16 

SS 

9.993266 

1.442066 

8.517466 

MS 

1.249158 

0.7210333 

0.53234166 

F-value P-value 

2.34653 0.0697 

1.35446 0.2861 

Table B6. Analysis of variance: Log10 Denitrifiers/g dry 

soil. Blocks indicate composite of all plots and all 

treatments. 

Source 

Blocks 

Time 

Error 

df 

2 

8 

16 

SS 

1.44206 

9.99326 

8.517466 

MS 

0.7210333 

1.249158 

0.5323416 

F-value P-value 

1.35446 0.2861 

2.34653 0.0697 
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Table B7. Analysis of variance: Log10 fungi/g dry soil, 

sampled for 8 times. Treatment was tested using the rep x 

trt as an error term. 

Source df SS MS F-value P-•value 

Rep 3 2 . 92058745 0 .  97352915 

Treatment 2 11 .49937602 5. 74968801 3. 92 0 .0248 

Rep x trt 6 8. 00275515 1 .  33379252 

Time 7 81 .84539507 11 .6921993 7.98 0 .0001 

Trt x time 14 35 .53010115 2. 60929294 1.78 0 .0618 

Residual 63 92 .33604316 1 .  46565148 

Table B8. Analysis of variance: Log10 fungi/g dry thatch, 

sampled for 7 times. Treatment was tested using the rep x 

trt as an error term. 

Source df SS MS F-value P-•value 

Rep 3 2.96367738 0. 98789246 

Treatment 2 1.08512860 0. 54256430 1.22 0 .3025 

Rep x trt 6 3.57956026 0. 59659338 

Time 6 39.3911176 6. 56518627 14 .79 0 .0001 

Trt x time 12 2 .7924037 0. 23270031 0.52 0 .8896 

Residual 54 23.9627004 0. 44375371 
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Table B9. Analysis of variance: Log10 actinomycetes/g dry 

soil, sampled for 8 times. Treatment was tested using the 

rep x trt as an error term. 

Source df SS MS F-value P-value 

Rep 3 1.80284571 0. 60094857 

Treatment 2 0.52656431 0. 26328216 0.52 0.5374 

Rep x trt 6 5.05316235 0. 84219373 

Time 7 155.7128226 22 .24468895 43.88 0.0001 

Trt x Time 14 7.15623219 0. 51115944 1.01 0.4567 

Residual 63 31.93915440 0. 50697071 

Table BIO. Analysis of variance: Log10 actinomycetes/g dry 

thatch, sampled for 7 times. Treatment was tested using the 

rep x trt as an error term. 

Source df SS MS F-value P-value 

Rep 3 0.24231571 0 .0807719 

Trt 2 4.63559902 2. 31779951 2 .33 0.1073 

Rep x trt 6 6.03874136 1. 00645689 

Time 6 105.5620987 16 .59368313 17 .67 0.0001 

Trt x time 12 8.61395914 0. 71782993 0.72 0.7248 

Residual 54 53.78090893 0. 99594276 
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Table Bll. Analysis of variance: Soil respiration (ug C02/ 

g dry soil/7 days), sampled for 7 times. Treatment was 

tested using the rep x trt as aan error term. 

Source df SS MS F-value P-•value 

Rep 3 0 .0000174 0 .0000058 

Trt 2 0. 00000331 0. 00000165 0 . 42 0 .6573 

Rep x trt 6 0. 00001959 0. 00000327 

Time 6 0. 00069845 0. 00011641 29.78 0 .0001 

Trt x time 12 0. 00001394 0. 00000116 0.30 0 . 9873 

Residual 54 0. 00021109 0. 00000391 

Table B12. Analysis of variance: Thatch respiration (ug 

C02/g dry thatch/7 days). Treatment was tested using the 

rep x trt as an error term. 

Source df SS MS F-value P-•value 

Rep 3 0 .0000022 0 .0000073 

Trt 1 0. 00000200 0. 00000200 0. 62 0 .4405 

Rep x trt 3 0. 00002419 0. 00000806 

Time 3 0. 00004577 0. 00001525 4 .77 0 .0129 

Trt x time 3 0. 00001299 0. 00000433 1. 35 0, .2883 

Residual 16 0. 00005787 0. 00000362 
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Table B13. Analysis of variance: Thatch thickness (mm), 

sampled for 10 times. Treatment was tested using the rep 

x trt as an error term. 

Source df SS MS F-value P-value 

Rep 3 3.2722034 1. 09073447 

Trt 2 12.79159162 6. 39579581 13.57 0.0001 

Rep x trt 6 3.20073305 0. 53345551 

Time 9 107.9500198 11 . 99444664 25 .44 0.0001 

Trt x time 18 22.31245755 1. 23958098 2 . 63 0.0017 

Residual 81 38.18626405 0. 47143536 

Table B14. Analysis of variance: Soil pH. 

Blocks equal number of sampling dates. 

Source 

Blocks 

Treatment 

Error 

df 

6 

2 

12 

SS 

0.614447 

0.0009809 

0.0959523 

MS 

0.1024079 

0.0004904 

0.007996 

F-value P-value 

12.8073 0.0001 

0.06134 0.9408 

Table B15. Analysis of variance: Soil pH. 

Blocks indicate composite of all plots and all treatments. 

Source df SS MS F-value P-value 

Blocks 2 0.0009809 0.00049047 0.06134 0.9408 

Time 6 0.6144476 0.1024079 12.8073 0.0001 

Error 12 0.0959238 0.00799603 



Table B16. Analysis of variance: Soil total organic 

carbon (%). Blocks equal number of sampling dates. 

Source 

Blocks 

Treatment 

Error 

df 

6 

2 

12 

SS 

2.1453912 

0.0194202 

0.755247 

MS 

0.3575652 

0.0097101 

0.0629372 

F-value P-value 

5.6813 0.0053 

0.15428 0.8587 

Table B17. Analysis of variance: Soil total organic 

cabon (%). Blocks indicate composite of all plots and 

all treatments. 

Source 

Blocks 

Time 

Error 

df 

2 

6 

12 

SS 

0.0194202 

2.1453912 

0.755247 

MS 

0.0097101 

0.355652 

0.06293725 

F-value P-value 

0.15428 0.8587 

5.6813 0.0053 

Table B18. Analysis of variance: Soil nitrogen (%) 

Blocks equal number of sampling dates. 

Source 

Blocks 

Treatment 

Error 

df 

6 

2 

12 

SS 

0.0016725 

0.0003085 

0.0012551 

MS 

0.0002787 

0.0001504 

0.00010459 

F-value P-value 

2.6651 0.07 

1.43819 0.2755 



Table B19. Analysis of variance: Soil nitrogen (%). 

Blocks indicate composite of all plots and all treatments. 

Source 

Blocks 

Time 

Error 

df SS 

2 0.00035038 

6 0.0015118 

12 0.0013076 

MS 

0.00017519 

0.00025196 

0.0001089 

F-value P-value 

1.60772 0.2406 

2.3123 0.1021 

Table B20. Analysis of variance: soil C:N ratio. 

Blocks equal number of sampling dates. 

Source 

Blocks 

Treatment 

Error 

df 

6 

2 

12 

SS 

196.00582 

13.90458 

202.02848 

MS 

32.667638 

6.9522904 

16.835707 

F-value P-value 

1.94037 0.1547 

0.41299 0.6708 

Table B21. Analysis of variance: soil C:N ratio 

Blocks indicate composite of all plots and all treatments. 

Source 

Blocks 

Time 

Error 

df 

2 

6 

12 

SS 

13.90458 

196.0058 

202.0284 

MS 

6.95229 

32.667638 

16.835707 

F-value P-value 

0.41299 0.6708 

1.94038 0.1547 
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Table B22. Analysis of variance: Log10 bacteria/g dry 
soil (Time course study), sampled for 5 times. Treatment 

was tested using the rep x trt as an error term. 

Source df SS MS F-value P-value 

Rep 3 9.58 9.1 

Treatment 1 7.76 7.76 0.05 0.8311 

Rep x trt 3 9.63 9.15 

Time 4 10.103 9.501 2.56 0.0644 

Trt x Time 8 10 .25 9.34 1.8 0 .1271 

Residual 20 10 .47 9.092 

Table B23. Analysis of variance: Log10 bacteria/g dry 

thatch, (Time course study) sampled for 5 times. Treatment 

was tested using the rep x trt as an error term. 

Source df SS MS F-value P-•value 

Rep 3 15 . 14 14 . 66 

Treatment 1 14 . 316 14 . 316 0 .84 0 .3673 

Rep x trt 3 15 .21 14 .73 

Time 4 14 . 585 14 . 256 0 .74 0 .5762 

Trt x Time 8 14 .97 14 .07 0 .48 0 .8587 

Residual 20 15. 769 14 . 389 
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