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ABSTRACT 
 

This study was conducted to investigate the effects of composted liquid manure 

(CLM) on zoysiagrass growth and the mechanism of biological control about 

large patch caused by Rhizoctonia solani AG 2-2 (IV). We measured an abiotic 

and microbial soil properties associated with a suppression of large patch on 

zoysiagrass by CLM and chemical fertilizer (CF) treatment. CLM and CF 

treatments significantly increased the turf color index compared with the 

control. Tiller density and shoot dry weight of CLM applied plot were also 

higher than those of non-fertilized plots. There was significant increase of 

concentration of K, Na, and Cu of soil treated with CLM compared to CF 

treatment. CLM treated plots of Chungnam (CN) and Jeonbuk (JB) sites were 
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shown more than two times the effects of biological control against large patch 

than non-fertilized plot. It was observed that CLM treated plot of CN site was 

exhibited significantly smaller patch incidence by 46% and 49% compared to 

CF treated and non-treated plots, respectively in 2014. The soil microbial 

population was increased by CLM application. The number of bacteria and 

Actinomycetes in soil significantly increased and fluorescein diacetate (FDA) 

hydrolytic activity in soil was enhanced, when the soil was treated with CLM. 

In dual plate culture, CLM showed a significant (P<0.05) mycelium growth 

inhibition which was 17.8%, 20.4%, and 48.0% against R. solani AG-2-2 (IIIB), 

R. solani AG-2-2 (IV), and Sclerotinia homoeocarpa, respectively. One 

hundred ten bacterial isolates showed antagonistic effects were obtained from 

CLMs. The bacterial isolates ICIIIB60, GWIV70, and ISSH20 showed the 

most effective inhibition of the mycelial growth of three soil-borne turfgrass 

pathogens. Selected bacterial isolates were identified as Alcaligenes sp., 

Bacillus licheniformis Ab2, and B. subtilis C7-3 through 16s rDNA gene 

sequence analysis. The bacterial composition structures and diversity of 

experimental plot soils were changed when CLM and chemical fertilizer (CF) 

treated. The relative abundances of a number of taxonomic groups significantly 

changed at CLM treated soils, especially Actinobacteria. At the class level, 

relative abundances of Actinobacteria in the analyzed soils were negative 

correlated with disease rate (r = -0.71). In conclusion, the effect of a number of 

different factors is reflected by CLM treatment and these results may also cause 

by community composition. From a soil microbial point of views, CLM 

application can be used for environmentally friendly turfgrass management. 
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GENERAL INTRODUCTION 

 

Recently, it has been rapidly increased to 465 golf courses by 2013 in the 

Korea, nearly tripling from 2000 when the number of them was at 150 (MCST, 

2014). Golf course visitors had been increased by 225% from 12 million to 27 

million during same time period, and golf industry has also scaled up to 3.8 

billion dollars in 2012 (Seo, 2013).  

As domestic players fought well at international competitions such as PGA 

and LPGA, public interest in golf has been increased and the general public was 

able to relatively easily access (Jung and Bang, 2014).  

However, it remains still not to dispel a concern about the environmental 

problems such as the excessive use of water, the use large amount of fuel, 

fertilizers and pesticides for high-maintenance turfgrass sites such as golf 

courses (Nelson, 1996). As environmental issues have emerged as a social issue, 

a concern about environmental problems of golf courses has been overflowing 

(Jung and Bang, 2014). In addition, the government shifted its policy about golf 

course to minimize environmental degradation (Seo, 2013). Thus, there has been 

increasing an interest in environment-friendly turf management. Reasons for this 

trends involve: i) withdrawal of pesticides from turf area such as lawns, parks, 

school grounds, athletic fields, and golf courses to block exposure of people and 

pets; ii) reduced susceptibility of turfgrass to pests, diseases, and drought; iii) 

decreased runoff and leaching of excess nutrients and pesticides into surface and 

ground waters (Bellows, 2003). 

Chemical fertilizers and pesticides have been broadly used to maintain 
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turfgrass growth and quality (Shim and Kim, 2000). However, the use of these 

chemicals has a various negative influence on the turf ecosystem such as 

degradation of the soil, decrease in soil microbial diversity, contamination of 

ground-water resources, and pollution of the atmosphere (Edmonds, 2002). 

There has been interest in composted manure owing to its ability to 

contribute to plant growth through its effect on the physical, chemical, and 

biological properties of soil in recent day (Cheng et al., 2007). Composted 

manure has been used in turfgrass maintenance, not only because it could 

enhance turf growth through the change of soil properties, but also because it 

could contribute to reduce nutrient leaching (Cheng et al., 2008; Garling and 

Boehm, 2001). However, several barriers inhibit common use of livestock 

excretions as a fertilizer, such as excess nitrates, phosphates, salts, undesirable 

microorganisms, pathogens, as well as an unwanted odor (Eghball and Power, 

1999). Thus, there is a critical need for a suitable disposal process for livestock 

excretions employing both biological and physico-chemical methods 

(Kushwaha et al., 2010).  

In Korea, in order to manage livestock excretions that seriously affect the 

agricultural environment as well as to facilitate utilization of livestock 

excretions as nutrient resources, the government has promoted a measure for 

natural circulation agriculture (ME, 2009). All treatment facilities presently 

produce composted liquid manure (CLM) as well as compost with pig manure. 

CLM has been produced by several treatment procedures according to the type 

of separation membranes and filters and the temperature conditions, such as 

membrane bioreactor method, continuously aerated bio-reactor, slurry 
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composted and biofiltering and so on. They are mostly odorless, homogeneous, 

pure, biologically humus-like stable organic liquid material with a low nitrate 

concentration (Ham et al., 2010). There have been need to study the application 

CLMs from some production processes for the turfgrass maintenance. 

Zoysiagrass (Zoysia japonica Steud.) is the major warm-season turfgrass for 

golf course tees, fairways, and sod farms in Korea (Kang et al., 2010). Large 

patch by Rhizoctonia solani AG 2-2 (IV) is one of the most severe diseases in 

zoysiagrass. Most turfgrass managers currently use synthetic fungicides to 

control large patch (Obasa et al., 2013). However, frequent applications of 

fungicides often have negative effects on the environment and human health 

(Naidu et al., 2012). Therefore, not only turfgrass managers are looking for 

suitable substitutes to replace fungicides, but also many researchers are now 

focusing their studies on non-chemical methods for disease control. Composted 

materials and substances have long been used by the turfgrass industry as soil 

conditioners and organic fertilizers (Nelson and Boehm, 2002). Research on 

biological control of turfgrass diseases has involved the application of organic 

amendments, usually with a topdressing and a winter cover in the form of 

composted materials, for the control of several kinds of turfgrass diseases 

(Noble and Coventry, 2005). There were used many kinds of composts such as 

bark, brewery and sewage sludge, grass clippings, green waste, and poultry 

manure for suppressing disease. However, there is a limited information 

concerning the effects of plant disease control with livestock stock liquid 

manure. 

Disease suppressive soils means that the development of diseases is 
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suppressed even when pathogens are present and hosts are susceptible (Cook 

and Baker, 1983). Soil suppressiveness has been considered to be result from 

biotic and abiotic factors, in a various and complex set of mechanisms (Ghini 

and Morandi, 2006). Suppressive soils needs to be studied by a holistic 

approach, since the contributing factors normally work interactively (Ghini et 

al., 2007). When a soil has suppressiveness to a target pathogen, it can be 

useful to measure its main physical, chemical and biological attributes for 

understanding the mechanisms of suppressiveness (Ghini and Morandi, 2006).  

Soil microbial diversity is a key indicator of ecological function and can be 

influenced by management practices (Zhen et al., 2014). So, it need to know 

that the change of soil microbial community structure and diversity of turfgrass 

by using the CLM as organic fertilizer in turfgrass maintenance. Traditionally, 

it was used methods based on isolating and culturing the microorganism to 

investigate soil microbial communities. There was limit because cultivation 

method cultivates only a small portion (0.1 to 10%) of microorganism in soil 

(Roszak and Colwell, 1987). The disadvantage of the cultivation method can be 

improve by using phospholipid fatty acid (PLFA), Biolog microbes 

identification system and molecular techniques such as restriction fragment 

length polymorphism (RFLP), denaturing gradient gel electrophoresis (DGGE), 

and terminal restriction fragment length polymorphism (T-RFLP) (An et al., 

2011). For a direct comparison of structural diversity among different microbial 

communities, many researchers mainly used denaturing gradient gel 

electrophoresis (DGGE) method using 16S rDNA gene. There were many 

reports about the efficiency of DGGE to detect shifts of changes of microbial 
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population and diversity such as agricultural practices, heavy metals 

contaminations, seasonal fluctuations, temperature and soil particle size 

fractions, on the relative frequency of dominant phylotypes of the whole 

community (Seghers et al., 2004; Sun et al., 2004; Li et al., 2005; Smit et al., 

2001; Norris et al., 2002; Sessitsch et al., 2001). Also, fast and reliable 

molecular techniques using metagenomic approaches, recently have supported 

techniques to determine microbial population and diversity (Ranjard et al., 

2000; Cardinale et al., 2004). Although there should include biases in the 

methods used to extract DNA from soil, metagenomic approaches have been 

studied for a range of soil environments (Courtois et al., 2003; Demaneche et 

al., 2008; Ginolhac et al., 2004; Handelsman et al., 1998; Rajendhran and 

Gunasekaran, 2008).  

Despite previous research on the use of compost for biological control about 

large patch, it was remained to comprehend the effects of CLM for the turf 

quality as substituents for CF, the suppressiveness about large patch of 

Zoysiagrass, and the change of soil microorganisms when applied CLM. In 

chapter one of my dissertation, I will compare the chemical properties of soil in 

sites treated by CLM and determine the effects of CLMs on turf quality. In 

chapter two, I will demonstrate whether several CLMs are useful for large 

patch suppressive on zoysiagrass, and research the chemical and biological 

factors associated with soil suppressiveness to large patch in soil treated with 

CLMs. In chapter three, I will investigate the antagonistic effect of CLM, and 

select and identify the antagonistic microorganisms within CLM to large patch, 

brown patch, and dollar spot, respectively, and determine the compatibility of 
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selected bacterial antagonists with chemical fungicides. In chapter four, I will 

examine the soil microbial composition and diversity in soil of fertilizer treated 

turf by DGGE analysis and metagenomic data analysis based on 16S rRNA 

sequencing. 
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CHAPTER I 

 

Influence of the Composted Liquid Manure 

on the Turf Growth of Zoysia japonica and Soil 

Properties 

 

ABSTRACT 

As the interest in natural recycling agriculture increases, there is a growing 

need for the use of composted liquid manure (CLM) in environmental-friendly 

turf management. This study was conducted to investigate the CLM properties 

and the effects of CLMs on soil properties and turf quality in zoysiagrass. The 

CLMs were produced at 5 different livestock excretions treatment facilities 

located around the Korea. Field experiments were conducted at 5 golf courses 

and a sod farm located near each livestock excretion treatment facility. 

Chemical fertilizer (CF: water soluble fertilizer, 20-20-20) with N at 12 g·m-

2·year-1 and CLMs were applied four times, respectively. The constituents of 

the different CLMs were variable based on when and where the fertilizer was 

produced. Soil K content significantly increased when the soil was treated with 

CLMs. The soil treated with CF showed a higher content of total P than that 

treated with CLM. CF and CLMs treatments significantly increased the turf 

color index compared with control. Tiller density and shoot dry weight of 
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fertilized plots were also higher than those of non-fertilized plots. However, 

there was no significant difference in turf color index and tiller density among 

plots treated by CLMs or CF. The results of this study demonstrated that CLMs 

could be a substitute for CF. 

  

Key words: compost, natural recycling agriculture, tiller density, turf color 

index 
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INTRODUCTION 

 

There has been interest in composted manure owing to its contribution to plant 

growth through its effect on the physical, chemical, and biological properties of 

soil in recent days (Cheng et al., 2007). However, several obstacles prevent 

widespread use of livestock excretions as a suitable fertilizer, including excess 

nitrates, phosphates, salts, undesirable microorganisms, pathogens, as well as an 

unwanted odor (Eghball and Power, 1999). Thus, there is a significant need for a 

proper disposal process for livestock excretions employing both biological and 

physico-chemical methods (Kushwaha et al., 2010).  

In Korea, in order to manage livestock excretions that seriously affect the 

agricultural environment as well as facilitate utilization of livestock excretions as 

nutrient resources, the government has promoted a measure for natural circulation 

in agriculture (ME, 2009). All treatment facilities presently produce composted 

liquid manure (CLM) as well as compost. CLM has been produce by several 

treatment procedures according to the type of separation membranes and filters 

and the temperature conditions, such as membrane bioreactor method, 

continuously aerated bio-reactor, slurry composted and biofiltering and so on. 

They are mostly odorless, homogeneous, pure, biologically humus-like stable 

organic liquid material with a low nitrate concentration (Ham et al., 2010).  

Slurry composted and bio-filtered liquid fertilizer (SCB), a kind of CLM, has 

been applied as a partial replacement for chemical fertilizer (CF) on many plants 

such as red pepper, tomato, forage crops, cucumber, yellow poplar, and pine trees 

(Ham et al., 2010; Jo et al., 2010; Kim et al., 2011; Lim et al., 2008; Park et al., 
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2011; Seo et al., 2010). In addition, researchers have used SCB during fertilization 

to promote growth of both Creeping bentgrass and Kentucky bluegrass (Ham et 

al., 2010; Ham et al., 2011) and Zoysiagrass (Kang et al., 2010; Park et al., 2012). 

These studies reported that application of SCB with a small amount of CF or more 

than twofold application of SCB resulted in turfgrass whose quality was equal to 

or higher than that of CF treated plots, and without evidence of fertilizer injury. 

However, there have been few studies that have attempted to use other CLMs for 

the turfgrass maintenance except SCB. 

The amount of CLM to be applied to the turf plot depends on the fermentation 

of CLM, the turfgrass growth, and environmental conditions. The amount of 

nitrogen (N) in composted liquid manure was less than that in non-composted 

liquid manure. Because, in our previous study, the easily mineralizable nitrogen in 

CLM has mostly been converted to inorganic forms (data not shown), research is 

needed to investigate the impact of CLM fertilization on soil chemical properties. 

However, there is limited information on the available about effects of fertilization 

with CLM on soil chemical characteristics.  

Thus, this was carried out to i) examine the change of chemical constituents of 

several types of CLM by the process to make CLM products; ii) compare the 

chemical properties of soil in sites treated by CLM; and iii) determine the effects 

of CLMs on turf quality.  
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MATERIALS AND METHODS 

 

CLMs and site description 

The used CLMs in the study were produced at 5 different treatment facilities 

of livestock excretions located in Korea (Table I-1). The experiment was 

conducted at 5 golf courses and 1 sod farm near each facility for livestock 

excretion treatment in 2013. Experimental plots were established with medium-

leaf ecotype of zoysiagrass (Zoysia japonica). The farm and the golf course 

names will not be mentioned in this paper, and a code assigned to each will be 

used to avoid disclosure. All plots were fertilized three or four times with N at 3 

g·m-2 at May 1 (GG1 and GG2), Jun. 21, Jul 13, and Sep. 5 in 2013. CLM was 

applied at 3 L·m-2, since the mean of the total nitrogen concentration of CLMs 

in 2012 was about 0.98 g·L-1. Chemical fertilizer (CF) was fertilized at 3 L·m-2 

with Technigro fertilizer (20-20-20, Fisons Horticulture Inc., Warwick, NY, 

USA). 

 

Analysis of CLMs and soil 

The chemical constituents of CLMs used in 2012 and 2013 are presented in 

Table I-2. Total dissolved solids (TDS), pH, and EC were measured using a 

portable pH/EC/TDS/Temperature Meter (HI9811-5, Hanna instruments Inc., 

Woonsocket, RI, USA) before CLM application. Chemical analysis was 

performed at the National Instrumentation Center for Environmental 

Management (Seoul National University, Seoul, Korea). Total N was measured 

by using the Kjeldahl method (Bremner, 1996). Other nutrients were quantified 
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using inductively coupled plasma spectrophotometry (ICP; 730-ES, Varian, 

USA)   
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Table I-1. Location of experiment sites and livestock excretion treatment 

facilities and treatment methods of each facilities. 

Experiment site CLMz production facilities Treatment method 

Chungbuk (CB) Cheongwon Physical-Chemical method 

Chungnam (CN) Nonsan Activated sludge method 

Gyeongbuk (GB) Gunwi Continuously aerated bio-reactor 

Gyeonggi (GG1) Yeoju Aerobic Fermentation 

Gyeonggi (GG2) Yeoju Aerobic Fermentation 

Jeonbuk (JB) Iksan High temperature aeration 

zCLM: Composted Liquid Manure. 
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Table I-2. Chemical properties of composted liquid manure produced from livestock excretions treatment facilities in 2013. 

 pH (1:5)  ECz (dS∙m-1)  TDS (mg∙L-1)  T-N (mg∙L-1)  T-P (mg∙L-1)  K (mg∙L-1) 

Location Jun.y Jul. Sep. Mean  Jun. Jul. Sep. Mean  Jun. Jul. Sep. Mean  Jun. Jul. Sep. Mean 
 
Jun. Jul. Sep. Mean 

 
Jun. Jul. Sep. Mean 

CWx  8.8 8.4 7.8 8.3  1.03 1.18 1.17 1.13  5,450 6,670 6,940 6,353  814 486 642 647 
 
193 185 163 180 

 
982 2,192 2,923 2,032 

GW 8.0 7.8 7.9 7.9  1.43 1.60 1.45 1.49  8,150 8,750 8,230 8,377  839 1,480 2,459 1,593 
 

52 103 227 128 
 
2,686 2,817 2,752 2,752 

IS 8.4 8.8 8.6 8.8  1.52 1.68 1.51 1.57  8,910 9,000 8,780 8,895  664 1,348 2,069 1,360 
 
223 179 410 271 

 
3,370 2,347 2,548 2,755 

NS 8.3 8.2 7.7 8.2  1.03 0.96 0.85 0.95  6,150 5,450 4,860 5,268  2,740 1,550 642 1,644 
 
114 209 163 162 

 
1,479 1,760 2,923 2,054 

YJ 8.7 8.3 8.1 8.4  0.99 0.84 0.88 0.90  5,690 4,980 5,020 5,038  555 708 837 700 
 

17 19 94 41 
 

977 1,466 1,510 1,436 

Mean 8.4 8.3 8.0 8.4  1.20 1.25 1.17 1.21  6,870 6,970 6,766 6,648  1,122 1,114 1,330 1,217 
 
120 139 211 126 

 
1,899 2,116 2,531 2,084 

zEC: Electrical conductivity, TDS: total dissolved solid, T-N: total nitrogen, T-P: total phosphorus.  

ySampling date was Jun. 21, Jul. 13, and Sep. 5 in 2013. 

xCW: Cheongwon; GW: Gunwi; IS: Iksan; NS: Nonsan; YJ: Yeoju. 
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after acid digestion (NIAST, 2000). For the determination of soil properties, we took 

soil samples using a hole cutter and prepared the soil from 3 cm to 10cm below thatch 

layer of samples by using a knife. Parameters of each CLM sample tested included soil 

pH, EC, organic matter (OM), total N, available P (Av. P), and exchangeable K (Ex. K). 

Soil pH and EC were investigated in a 1:5 suspension. OM content was measured by 

dichromate oxidation and titration with ferrous ammonium sulfate (Walkley and Black, 

1934). Av. P in soil was extracted by method of Lancaster (NIAST, 2000), and Ex. K 

was extracted with 1N-ammonium acetate. The extracted solutions were analyzed with 

ICP after dilution.  

 

Turf quality and growth 

Turf quality was presented by the mean of the turf color index of 10 random locations 

in the experimental plots using a turf color meter (TCM 500, Spectrum Technologies, 

Inc., Plainfield, IL, USA) before the application of CF and CLM. Experimental plots 

were managed with conventional management programs except for fertilization and 

fungicide applications at each experimental location. For turf growth measurement, 

plant samples were collected using a 10-cm-diameter hole cutter. Zoysiagrass tillers 

were counted to estimate tiller density and then were oven dried at 80℃ for 48h to 

estimate above-ground biomass per 1 m2 (Stiglbauer et al., 2009) 

 

Statistical analysis 

At each site, treatment plots were arranged in a split-plot design with fertilization 

(versus non-fertilization) as the parameter for the sub-plot (1.0 by 2.0 m). There were 

three blocks leading to three replicate plots per treatment. All statistical analysis was 
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conducted using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA). Turf quality 

and LSD (least significant difference) of 5% level were calculated by a one way 

ANOVA. Group differences between the CF and CLM treatment in soil chemical 

properties were compared by t-tests.  
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RESULTS AND DISCUSSION 

 

CLMs properties 

The concentration of chemical constituents in CLMs showed a variation according 

to the production facilities and sampling timings in 2013 (Table I-2). CLM at this study 

was moderately alkaline with average CLM pH 8.4 in 2013. The mean of EC and TDS 

of CLMs was 1.21 dS·m-1 and 6,648 mg·L-1, respectively. The highest value of EC and 

TDS was observed at the CLM of Iksan facility in July, 2013, and it was 1.68 dS·m-1 

and 9,000 mg·L-1, respectively. The use of CLM for zoysiagrass maintenance is not 

considered to be a problem because zoysiagrass is reported as moderately salt-tolerant 

(6 to 8 dS·m-1) (Miyamoto, 2008). 

The average total N in CLMs was 0.98 g·L-1 and 1.22 g·L-1 and each standard 

deviation was ±0.67 g·L-1 and ±0.73 g·L-1 in 2012 and 2013, respectively (Data in 

2012 not shown). The CLM produced from Nonsan facility showed the largest total N 

content among all facilities. The mean of total P values within CLMs in the study was 

relatively low when compared with commercial organic fertilizer, which showed 10% 

of total N in CLM. In contrast, the K content in CLM averaged 200% higher than total 

N. 

 

Soil properties 

There was no significant difference in soil pH among fertilizer treatments and periods 

(Table I-3). The average pH in plots was 6.7 and all pH value in the soil samples were 

higher than 6.2. The site GB’s plot showed lower pH than other plots. The soil EC 

showed significant difference according to the period. The soil EC’s of CF and CLM 
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Table I-3. Soil chemical properties of the experimental plot after the fertilization in 

2013. 

 

Site 

 

Sample 

monthz 

pH (1:5)  EC (ds∙m-1)  OM (%)  T-N (%)  Av.P (mg∙kg-1)  Ex.K (cmolc∙kg-1) 

CFy CLM  CF CLM  CF CLM  CF CLM  CF CLM  CF CLM 

CB Aug. 6.4 6.7  2.6 2.0  1.5 2.5  0.16 0.19  413 207  0.6 1.7 

 Oct. 7.1 6.8  1.1 1.8  2.8 2.5  0.22 0.18  289 228  1.4 1.4 

CN Aug. 6.7 6.6  1.8 2.9  2.5 2.2  0.52 0.17  210 326  1.6 2.0 

 Oct. 7.0 7.1  0.8 1.0  1.8 1.9  0.24 0.20  273 265  2.1 1.2 

GB Aug. 6.2 6.3  1.0 1.5  0.5 3.2  0.09 0.29  164 158  0.5 1.4 

 Oct. 6.2 6.2  1.9 2.2  2.1 1.6  0.22 0.27  218 170  1.6 1.6 

GG1 Aug. 6.7 6.3  2.1 2.7  1.6 2.8  0.24 0.26  177 371  1.5 2.2 

 Oct. 6.7 6.7  2.0 1.8  2.0 3.1  0.12 0.12  349 166  0.9 1.8 

GG2 Aug. 6.6 6.7  1.5 2.0  2.8 1.2  0.38 0.13  193 268  0.8 2.1 

 Oct. 6.6 6.7  1.6 1.5  2.8 1.6  0.15 0.07  368 274  0.9 1.5 

JB Aug. 6.2 6.6  2.6 1.2  0.9 2.0  0.30 0.28  90 172  1.1 1.7 

 Oct. 6.9 7.1  1.3 2.2  2.3 2.6  0.21 0.17  355 289  1.6 2.7 

Mean Aug. 6.5 6.6 
 

1.9 2.0 
 

1.6 2.3 
 

0.28 0.22 
 

208 250 
 

1.0 1.9 

 Oct. 6.7 6.7 
 

1.5 1.7 
 

2.3 2.2 
 

0.19 0.17 
 

309 232 
 

1.4 1.7 

t-test                  

Fertilizer (F) NS  NS  NS  NS  NS  ** 

Time (T) NS  **  *  *  *  NS 

            ANOVA            

Site (S) NS  NS  NS  NS  NS  NS 
F * S NS  NS  *  NS  NS  NS 
T * S NS  *  NS  NS  NS  NS 
F * T * S NS  NS  NS  NS  NS  NS 
zFertilizer treated on May, July, August, and September in 2013. 

yEC: electrical conductivity; OM: organic matter; T-N: total nitrogen.. 

xCB: Chungbuk; CN: Chungnam; GB: Gyeongbuk; GG1: Gyeonggi1; GG2: Gyeonggi2; JB: Jeonbuk. 

wCF: chemical fertilizer; CLM: composted liquid manure. 

NS, *, ** Nonsignificant or significant at P=0.05 and 0.01% level, respectively.   



22 

 

treated plots on August showed lower values than those on October by 40% and 30%, 

respectively. 

Organic matter content, total N, and Av. P also showed a significant difference in 

periods. Despite of no difference in the fertilizer treatment, CF treated plot on October 

showed 40% higher OM content than August. In contrast, the CLM plots showed 5% 

lower soil OM on October. These results could be attributed to the activity of 

microorganisms in manure. Boulter et al. (2000) reported that the composting process 

in the turf was mediated by microbial activity. Total N was decreased on October by 47% 

than August. In the case of Av. P content, CF treatment on October showed 49% higher 

Av. P, when compared with the CF treatment on August. On the contrary to this, CLM 

treatment on October showed 8% lower Av. P than CLM treatment on August. This 

results could be affected by relatively lower concentration of P within CLM compared 

with CF in this study. Soil Ex. K content only showed a statistically significant 

difference in the fertilizer treatment. Soil Ex. K content in the CLM treated plot was 46% 

higher than the CF treated plot. Like soil Av. P, increase of soil Ex. K content of CLM 

treated plots could be due to higher concentration of K within CLM than that of CF. 

Significant fertilizer×site and time×site interactions were observed on OM content 

and soil EC value, respectively. It is determined by the variability of the amount in 

accordance with the production time of CLM. 

 

Turf color 

Fig. I-1 illustrates the change in turf color index associated with the different 

fertilization methods used at each experimental site. Application of CF or CLM 

resulted  
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Fig. I-1. Changes in turf color index of zoysiagrass as affected by fertilizer treatments 

at 6 experimental sites. NF: non-fertilization; CF: chemical fertilizer; CLM: 

composted liquid manure; CB: Chungbuk; CN: Chungnam; GB: Gyeongbuk; GG1: 

Gyeonggi1; GG2: Gyeonggi2; JB: Jeonbuk. Circles and vertical bars indicate the 

mean of 3 replicates and standard errors, respectively.  
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in a higher turf color index than non-treated turf in all experimental sites. However, the 

results showed no statistically significant difference between CF and CLM except for 

the site JB and CN, where CF increased the turf color index higher than CLM (Fig. I-

2). These results correspond well with those reported in earlier experiments with 

zoysiagrass (Kang et al., 2010; Park et al., 2012). Likewise, when Kentucky bluegrass 

was treated with SCB liquid fertilizer supplemented with CF, the chlorophyll index 

increased by 24% compared to the control (Ham et al., 2011), which is consistent with 

the observation that the color of Kentucky bluegrass and creeping bentgrass increased 

with increasing nitrogen availability (Frank et al., 2006; Schlossberg and Schmidt, 

2007). In the case of site JB and CN, the concentration of soil total N of plots treated 

with CF was higher than that of plots treated with CLM (Table I-3), which probably 

affected turf color of site JB and CN.  

The turf color index dramatically declined unexpectedly on late August and early 

September, 2013 at all experimental sites. We assumed that this was due to temporary 

nutrient deficiency as a result of the leaching of nutrients due to an abundant rainfall on 

July and August following fertilization on July, 2013. In the case of the site GB plot, 

there was no statistically significant difference between the treated plots and the control 

plot due to more than 35% large patch symptoms of the plots. 

 

Turf growth 

Because of over 35% large patch disease incidence in site GB plots, data of turf density 

and dry weight from the site GB plot were excluded. Although there was not 

statistically significant difference, tiller density tended to maintain higher than that of 

non-fertilized  
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Fig. I-2. Turf quality of Zoysia japonica treated with different fertilizers at site CN in 

July, 2013. CF, chemical fertilizer; CLM, composted liquid manure.  

CF CLM 

CF CLM 

CF CLM 



27 

 

control plot in all sites when turfgrass was fertilized with CF or CLM (Fig. I-3). In case 

of Kentucky bluegrass, added nitrogen increased the number of large tillers (more than 

1.5cm in plant height) and produced similar increase in the number of initiated tillers 

due to reduced apical dominance by added nitrogen (Thompson and Clark, 1993). 

Especially, CLM application tended to increase tiller density by 9.4%, 8.5%, and 7.4% 

compared to no fertilizer application in site GG1, JB, and GG2 plots, respectively. 

Tiller densities of CLM treated plot were 5.3%, 3.4%, and 2.8% higher than those of 

CF treated plot except the site CN Application of liquid pig manure to winter forage 

crops (whole-crop-barley, rye, triticale, Italian ryegrass) resulted in higher plant lengths 

and tillers than CF (Cho et al., 2013). In addition, the shoot density of SCB treated 

plots was significantly higher than non-fertilized control plot of zoysiagrass (Park et al., 

2012). 

Like tiller density, though the difference was not shown, turf plots fertilized with CF 

and CLM showed higher dry weight than non-fertilized control plot in all sites except 

GG1 site (Fig. 4). In the case of GG1 site, the non-fertilized plot showed an increase in 

dry weight compared with the CF treated plot, which may be an experimental mistake 

such as impurities occurrence. The CLM treatment resulted in 6.3% higher dry weight 

than CF treatment. In the case of Ham et al. (2010) showed that treatment with SCB 

liquid fertilizer (2 L·m-2) + 50% CF increased the dry weight of creeping bentgrass by 

48% compared to non-fertilized and by 26% compared to CF-fertilized turf, 

respectively. 

In general, CLM treated plot had similar turf color, density, and dry weight 

compared to CF treated plot. Therefore CLM could be used to manage turfgrass as a 

substitute for CF. 
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Fig. I-3. Changes in tiller density of zoysiagrass as affected by fertilizer treatments at 5 

experimental sites. CF: chemical fertilizer; CLM: composted liquid manure; NF: non-

fertilization; CB: Chungbuk; CN: Chungnam; GG1: Gyeonggi1; GG2: Gyeonggi2; JB: 

Jeonbuk. Vertical bars indicate the standard errors. 
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Fig. 1-4. Changes in dry weight of zoysiagrass as affected by fertilizer treatments at 5 

experimental sites. CF: chemical fertilizer; CLM: composted liquid manure; NF: non-

fertilization; CB: Chungbuk; CN: Chungnam; GG1: Gyeonggi1; GG2: Gyeonggi2; JB: 

Jeonbuk. Vertical bars indicate standard errors.  
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CONCLUSIONS 

 

Interest in using CLM in the turfgrass management increased with the effectuation 

of London protocol from 2012 (Park et al., 2012). From the results, the mean value of 

total N, total P, and K in CLM was 1.2, 0.12, and 2.1 g·L-1, respectively. CLM treated 

plots exhibited improvement in turf color and tiller density during the experiment 

period without fertilizer injury compared to non-fertilized plots. Although there was no 

significant difference, these effects for turf quality could be attributed to the differences 

in soil chemical properties affected by CLM applications. Because of relatively lower 

concentration of P within CLM, soil P content of CLM treated plot decreased, which 

would reduce the concern about environmental problems such as phosphorus leaching 

and following eutrophication. As a results, we recommend more than four times CLM 

applications of 3 L·m-2 annually (total 12 L·m-1 per year) on zoysiagrass management. 

However, the long-term effects of CLM on soil chemical properties in zoysiagrass 

maintenance should be investigated, especially on K concentration. The effects of the 

different CLMs varied due to different fertilizer constituents and the degree of 

composting in accordance with production length and location of treatment facilities. 

Therefore, there is a need to establish a system to produce CLM with a uniform 

nutrient composition and the degree of composting in order to encourage utilization of 

CLM liquid fertilizer in turfgrass.  
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CHAPTER II 

 

The Effects of Biological Control with the Composted 

Liquid Manure on Large Patch in Zoysia japonica  

 

ABSTRACT 

This study was conducted to investigate whether several composted liquid manures 

(CLMs) are useful for biological control of large patch on zoysiagrass and investigate 

the chemical and biological factors to suppress large patch in soil treated with CLMs. 

The CLMs were produced at 4 different facilities for livestock excretion treatments 

located in Korea. Field experiments were carried out at 5 golf courses located near 

each facility. CLM and Chemical fertilizer (CF: water soluble fertilizer, 20-20-20) 

were applied four and three times with N at 12 g m-2 per year, respectively. There was 

significant increase of concentration of K, Na, and Cu of soil treated with CLM 

compared to CF treatment. Among experimental plots, CN and GG2 plot sites were 

shown significant higher effect of biological control 80% and 50% respectively against 

large patch disease. The number of bacteria, Actinomycetes, and fungi in soil at these 

sites significantly increased and fluorescein diacetate hydrolytic activity was enhanced, 

while the soil was treated with CLM. The results of this study demonstrated that CLM 

application has effect on soil to suppress large patch and reduce the use of fungicide in 

environment-friendly turf management. 

 

Key words: compost, fluorescein diacetate, suppressive soil, sustainable management 
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INTRODUCTION 

 

Zoysiagrass (Zoysia japonica) is the major warm-season turfgrass for golf course 

tees, fairways, and sod farms in Korea. Large patch by Rhizoctonia solani AG 2-2 (IV) 

is one of the most severe diseases in zoysiagrass. Rhizoctonia is difficult to control 

because of a wide host range, no resistant cultivars, and persistence as mycelium or as 

sclerotia in the thatch and soil when conditions are not favorable for the growth of 

turfgrass (Lee et al., 1998). For many years, many golf course superintendents have 

used chemical fungicides to control soil-borne pathogenic diseases (Chang et al, 2007). 

However, as the interest in the environment increase, there has been a restriction on 

their uses (Gerhardson, 2002). Accordingly, many researchers have studied to develop 

new alternatives to chemical fungicides against fungal pathogens, and their concern 

has focused the antagonistic ability of some microbe (Welbaum et al., 2004).  

Therefore, not only turfgrass managers are looking for suitable substitutes to replace 

fungicides, but also many researchers are now focusing their studies on non-chemical 

methods for disease control. Composted materials and substances have long been used 

by the turfgrass industry as soil conditioners and organic fertilizers (Nelson and Boehm, 

2002). Research on biological control of turfgrass diseases has involved the application 

of organic amendments, usually with a topdressing and a winter cover in the form of 

composted materials, for the control of several kinds of turfgrass diseases (Noble and 

Coventry, 2005).  

There has been a significant frustration regarding the use of natural organic 

amendments in turfgrass management due to variable turfgrass responses and 

unpredictable behavior of these amendments following their application (Ghini et al., 
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2007). Although a variety of natural organic amendments bring about positive growth 

responses and also reduce the incidence of turfgrass diseases, highly variable and 

occasionally negative results may be obtained (Garling and Boehm, 2001). 

Nonetheless, recent experiments have clearly shown the potential for compost 

amendments to reduce the severity of a wide variety of turfgrass diseases (Noble and 

Coventry, 2005). There were used many kinds of composts such as bark, brewery and 

sewage sludge, grass clippings, green waste, and poultry manure for suppressing 

disease. However, only a few studies on biological control of turfgrass disease with 

composted liquid manure (CLM) have been found in the literature.  

In Korea, the government has promoted a consumption of livestock excretion for 

various agriculture fields, such as paddy fields, orchards, and greenhouses. All 

treatment facilities have produced composted liquid manure (CLM) as well as 

compost. CLM is mostly odorless, homogeneous, pure, humus-like biologically stable 

organic liquid material with a low nitrate concentration (Ham et al., 2010). It is known 

to suppress plant diseases with composts through a combination of physiochemical 

and biological mechanisms. Physiochemical factors such as moisture, nutrient levels, 

organic matter, and pH decrease disease occurrence by directly or indirectly affecting 

the pathogen or host condition (Boulter et al., 2002). Many researchers has carried out 

studies about biological factors such as microbial populations in compost, microbial 

competition for nutrients with pathogens (Moody and Gindrat, 1977; Ruppel et al., 

1983), antibiotic production (Tu, 1980), parasitism and predation (Liu and Baker, 

1980), and induction of host-mediated resistance in plants (Boulter et al., 2002).  

Thus, the objectives of this study were to i) investigate whether several CLMs are 

useful for large patch suppressive on zoysiagrass; ii) determine the chemical and 
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biological factors associated with soil suppressiveness to large patch in soil treated with 

CLMs. 

  



40 

 

MATERIALS AND METHODS 

 

CLMs and Site Description 

The CLMs in this study were produced at 4 different facilities for livestock excretion 

treatments located in Korea (Table II-1). The experiment was conducted at 5 golf 

courses near each facility for livestock excretion treatment in 2013. Experimental plots 

were established with medium-leaf ecotype of zoysiagrass (Zoysia japonica). All plots 

were fertilized three or four times with N at 3 g·m-2 at May 1 (GG1 and GG2), Jun. 21, 

Jul 13, and Sep. 5 in 2013. CLM was applied at 3 L m-2, since the mean of the total 

nitrogen concentration of CLMs in 2012 was about 0.98 g L-1 and chemical fertilizer 

(CF) was fertilized at 3 L m-2 with Technigro fertilizer (20-20-20, Fisons Horticulture 

Inc, Warwick, NY, USA). With the exception of fertilization and pesticide applications, 

experimental plots were managed by management program of each golf courses (CB: 

fairway; CN, GB, GG1, GG2: Rough). 

 

Composted Liquid Manures  

The chemical and biological properties of CLMs used in 2013 are presented in Table 

II-2. All analyses were performed at the National Instrumentation Center for 

Environmental Management (Seoul National University, Seoul, Korea). Total N was 

measured using the Kjeldahl method (Bremner, 1996). Other nutrients were quantified 

using inductively coupled plasma spectrophotometry (ICP; 730-ES, Varian, USA) after 

acid digestion (NIAST, 2000). Total dissolved solids (TDS), pH, and EC were 

measured using a portable pH/EC/TDS/Temperature Meter (HI9811-5, Hanna 
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instruments Inc, Woonsocket, RI, USA) before CLM application. The number of 

bacteria were counted 

Table II-1. Location of experimental sites and composted liquid manure (CLM) 

production facilities and soil texture of each experimental plots. 

Province of experimental site City of CLM facility Soil texture (clay + silt, %) 

Chungbuk (CB) Cheongwon Sand (8.8) 

Chungnam (CN) Nonsan Sand (5.1) 

Gyeongbuk (GB) Gunwi Sand (3.0) 

Gyeonggi1 (GG1) Yeoju Sand (5.3) 

Gyeonggi2 (GG2) Yeoju Loamy sand (12.4) 
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Table II-2. The quality of composted liquid manure produced from 4 livestock excretions treatment facilities in 2013. 

 
Site 

pH 
(1:5)  

EC 
(ds·cm-1)  

TDSz 
(mg∙L-1)  

T-N 
(mg∙L-1)  

T-P 
(mg∙L-1)  

K 
(mg∙L-1)  

Bacteria 
(CFU mL-1) 

Cheongwon Range 7.8-8.0 
 

1.07-1.49 
 

815-875 
 

486-814 
 

163-193 
 

982-2,923 
 

4.03×104-1.56×106 

 
Average 7.9 

 
1.29 

 
845 

 
647 

 
180 

 
2,032 

 
8.00×105 

Gunwi Range 8.2-8.3 
 

1.62-1.85 
 

545-615 
 

839-2,459 
 

52-227 
 

2,686-2,817 
 

1.45×105-1.52×106 

 
Average 8.3 

 
1.70 

 
580 

 
1,593 

 
128 

 
2,752 

 
8.33×105 

Nonsan Range 8.4-8.8 
 

0.96-1.12 
 

891-900 
 

642-2,740 
 

114-209 
 

1,479-2,923 
 

1.50×104-8.87×105 

 
Average 8.6 

 
1.02 

 
895 

 
1,644 

 
162 

 
2,054 

 
4.51×105 

Yeoju Range 8.4-8.8 
 

0.93-1.12 
 

545-667 
 

555-1,302 
 

19-94 
 

977-1,791 
 

3.44×105-1.19×106 

 
Average 8.6 

 
1.00 

 
606 

 
851 

 
41 

 
1,436 

 
7.68×105 

zTDS: total dissolved solid, T-N: total nitrogen, T-P: total phosphorus, CFU: colony forming unit 
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as colonies forming units (CFUs) on nutrient agar. For each CLM sample, aliquots of 

100 μL from dilutions were applied to Petri dishes containing the cultural medium, 

and incubated upside down at 25ºC until colonies were visible after 24h for bacteria.  

 

Disease assessment  

Disease severity was estimated in October, 2013 using the digital image analysis 

method to quantify the percentage of the large patch lesion present in a subsection of 

each plot. Experimental plots were photographed biweekly using the automatic 

settings of a digital camera (Nikon D80, Nikon Inc., Tokyo, Japan) placed 1.5 m 

above the turf canopy. Plots were manually brushed to remove dead grass clippings 

and fallen leaves prior to being photographed.  

Batch analysis of digital images was performed with SigmaScan Pro software 

(version 5.0, Jandel Scientific, Chicago, IL, USA) using a SigmaScan Pro macro 

named ’Turf Analysis’ (Karcher and Richardson, 2005). The threshold settings were 

adjusted to hue = 15 ~ 42 and saturation = 10 ~ 60 (Obasa et al., 2013). These 

threshold settings allowed the estimation of pixels (expressed as percentages) that 

represented non-green turf relative to green turf (Fig. II-1). 

 

Abiotic soil characteristics 

For the determination of soil chemical properties, we took soil samples using a hole 

cutter and prepared the soil at 3 cm below thatch layer of samples by using the knife. 

And clay contents of soil samples were evaluated by micropipette method (Miller and 

Miller, 1987). The following chemical properties were estimated, for each soil sample: 

NO3-N; NH4-N; exchangeable cations (K, Ca, Mg, and Na). NO3-N and NH4-N were  
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Fig. II-1. The estimation of large severity by digital image analysis at CN sites in June, 

2013. 
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measured using the Kjeldahl method (Bremner, 1996). Exchangeable cations were 

extracted with 1N-ammonium acetate. The extracted solutions were analyzed with 

inductively coupled plasma spectrophotometry (ICP; 730-ES, Varian, USA) after 

dilution (NIAST, 2000).  

 

Biotic soil characteristics 

Soil samples of 3 cm deep taken out from soil surface were used for the 

determination of soil biological properties in October, 2013. The following biotic 

variables were evaluated for each soil sample: total microbial activity, culturable 

bacterial, fungal, and actinomycetes communities. The total microbial activity of the 

soil was evaluated by overall enzymatic activity (hydrolysis of fluorescein diacetate, 

FDA).  

For FDA hydrolysis, the method of Chen et al. (1988) was used. Soil samples (2 g) 

were placed in 100 mL Erlenmeyer flasks and mixed with 20 mL of potassium 

phosphate buffer (60 mM; pH 7.6). The hydrolysis reaction was triggered by the 

addition of 0.2 mL of FDA stock solution (2 mg FDA mL-1 acetone) and the flasks 

were incubated on a rotary shaker (200 rpm) at 25ºC for 20 min. The reaction was 

halted by the addition of 20 mL of acetone per flask, and the content of each flask was 

filtered on Whatman No.1. filter paper. The absorbance (490 nm) of the filtrate was 

determined spectrophotometrically. To determine the concentration of the hydrolyzed 

fluorescein (㎍ fluorescein g-1 of dry soil), the absorbance of the samples were 

compared against a standard curve, obtained by following the same methodology, 

except that a known concentration of FDA was added to the potassium phosphate 

buffer and the flasks were kept at 100ºC for 60 min to hydrolyze the FDA before it 

was mixed with the soil samples. 
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All other variables were assessed by counting colonies forming units (CFUs) on 

potato dextrose agar for fungi, plate counting agar for bacteria, and alkalinized water-

agar medium (pH 10.5) for actinomycetes. For each soil sample, aliquots of 100 μL 

from dilutions were applied to Petri dishes containing the cultural medium, and 

incubated upside down at 25ºC until colonies were visible (after one day for bacteria, 

two days for general fungi, and five days for actinomycetes).  

 

Statistical analysis 

At each site, treatment plots were arranged in a split-plot design with fertilization 

(versus non-fertilization) as the parameter for the sub-plot (1.0 by 2.0 m). There were 

three blocks leading to three replicate plots per treatment. All statistical analyses were 

conducted by SAS version 9.3 (SAS Institute Inc., Cary, NC, USA). Means of soil 

chemical properties were calculated by a one way ANOVA. Only differences between 

the chemical fertilizer and CLM treatment on abiotic and biotic factors were 

compared by t-tests.  

  



 

47 

RESULTS AND DISCUSSION 

 

Large patch severity 

The influence of CLM on large patch severity at experimental plots in zoysiagrass 

is shown in Fig. II-2. Because there was no large patch disease incidence in site GG1, 

data for the site GG1 are not shown. Large patch severity varied among experimental 

sites. Although there was no significant difference, smaller patch incidence was 

observed in CLM-treated plot of site CN (treated with CLM produced at Nonsan 

facility) and site GG2 (Yeoju facility) as compared with untreated plots by 80% and 

50%, respectively. Ushiwata et al. (2009) reported that R. solani AG-4 (isolate SN-1) 

growth was inhibited by using the liquid residue derived from stream-treated grass 

clippings. With compost such as sludge, animal manure, horticultural waste, and 

natural organic fertilizer, the suppression of turfgrass disease observed is caused not 

only by increased water holding capacity and improved nitrogen nutrition (Nelson and 

Boehm, 2002). Conversely, in site CB, the turf treated with CLM showed a tendency 

to slightly increase large patch incidence than turf treated with CF. RDA (2012) 

reported that SCB (slurry composting and biofiltering) liquid fertilizer as a kind of 

CLM was no effective in suppressing large patch. Hoitinka and Grebusa (1994) 

demonstrated that immature composts supply food for pathogens and increase disease 

despite the presence of biocontrol agents. On the contrary, excessively stabilized 

organic matter does not provide for the activity of biocontrol agents. Ghini et al. (2007) 

also showed that when they applied sewage sludge to vegetable crops such as bean, 

tomato, and cucumber, the soil-borne plant pathogens such as Sclerotium rolfsii, 

Sclerotinia sclerotiorum, R. solani, and Ralstonia solanacearum decreased.  
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Fig. II-2. Influence of composted liquid manure on large patch severity in zoysiagrass 

as measured by digital image analysis at 4 experimental sites in October, 2013. CF, 

chemical fertilizer; CLM, composted liquid manure; CB, Chungbuk; CN, 

Chungnam; GB, Gyeongbuk; GG2, Gyeonggi2. Vertical bars indicate the standard 

errors and means followed by the same letter on bars are not-significantly different 

tested by Student’s t-test (P = 0.05).  
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Further, they reported that the effects of sewage sludge varied depending on the 

specific pathogen and methodology applied, as well as the time interval between the 

sewage sludge incorporation and soil sampling. We assumed that a variance of 

biological activity of CLM came from other edaphic variables such as soil and 

biological properties. 

 

Abiotic soil characteristics 

According to the particle size distribution of the soil sample, their soil texture was 

evaluated as sand except site GG2, which is loamy sand (Table II-1). Site GG2 

showed the most clay contents than any other sites. Duffy et al. (1997) found that the 

biocontrol of take-all of wheat by Trichoderma koningii was positively correlated with 

percent clay.  

There was significant difference in NO3-N content depending on fertilizer 

treatments and among experimental sites (Table II-3). Turf treated with CF showed 65% 

higher NO3-N content in the soil compared to CLM treatment. It was 82.9 mg·kg-1 

and 41.5 mg kg-1 when the soil was treated with CF, whereas the average NO3-N in 

the CLM treated soil of site CN was 29.5 mg·kg-1 of soil in August and 18.4 mg·kg-1 

of soil in October, respectively. The site GB’s plot showed the highest NO3-N contents 

than other plots. Soil K content showed a statistically significant difference between 

fertilizer treatments. CLM treatments increased by 46% K content of soil compared 

with CF treatment. Increase of soil K content of plots treated with CLM might be 

attributed to higher concentration of K within CLM.  

Sodium showed a significant difference between fertilizer treatments, even though 

there was no significant difference in NH4-N, Ca, and Mg contents among any factors. 
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CLM treated plot showed 33% higher Na content than CF treated plot. In the case of 

Cu, significant difference in fertilizer treatments and times was also shown.  

Table II-3. Chemical properties of the experimental plot after the fertilization in 2013. 

 

 

Site 

 

 

Month 

NO3-N 
(mg∙kg-1) 

 
NH4-N 

(mg∙kg-1) 
 

K 
(cmolc∙kg-1) 

 
Ca 

(cmolc∙kg-1) 
 

Mg 
(cmolc∙kg-1) 

 
Na 

(cmolc∙kg-1) 

 Cu 
(mg∙kg-1) 

CFz CLM  CF CLM  CF CLM  CF CLM  CF CLM  CF CLM  CF CLM 

CB Aug. 82.6 77.5  11.6 10.5  0.6 1.7  7.4 13.3  2.2 1.0  2.7 0.6  0.25 0.16 

 Oct. 40.7 41.7  10.8 13.2  1.4 1.4  4.8 4.2  4.8 2.5  3.0 3.3  0.17 0.50 

CN Aug. 82.9 29.5 
 

6.6 11.1 
 

1.6 2.0 
 
3.1 5.7 

 
7.9 6.3 

 
0.9 4.5  0.25 0.32 

 Oct. 41.5 18.4 
 

1.2 5.3 
 

2.1 1.2 
 
7.3 6.4 

 
7.1 10.2 

 
1.0 2.3  0.24 0.55 

GG1 Aug. 32.0 37.1 
 
10.0 14.1 

 
1.5 2.2 

 
4.3 12.4 

 
5.8 4.0 

 
3.1 2.1  0.25 0.02 

 Oct. 48.9 37.9 
 

3.5 1.0 
 

0.9 1.8 
 
5.0 5.6 

 
3.8 3.0 

 
4.6 4.4  0.38 0.19 

GG2 Aug. 26.0 45.2 
 

7.8 5.8 
 

0.8 2.1 
 
12.2 3.5 

 
6.6 2.7 

 
2.8 4.3  0.08 0.07 

 Oct. 56.2 40.3 
 
11.1 8.7 

 
0.9 1.5 

 
13.6 12.9 

 
9.9 5.5 

 
1.4 0.7  0.52 0.46 

GG2 Aug. 26.0 45.2 
 

7.8 5.8 
 

0.8 2.1 
 
12.2 3.5 

 
6.6 2.7 

 
2.8 4.3  0.08 0.07 

 Oct. 56.2 40.3 
 
11.1 8.7 

 
0.9 1.5 

 
13.6 12.9 

 
9.9 5.5 

 
1.4 0.7  0.52 0.46 

JB Aug. 55.8 63.6 
 

4.8 1.8 
 

1.1 1.7 
 
9.6 10.8 

 
5.3 7.7 

 
0.6 4.3  0.06 0.15 

 Oct. 26.9 49.3 
 

5.1 11.9 
 

1.6 2.7 
 
11.0 0.9 

 
1.4 5.7 

 
3.8 4.4  0.21 0.50 

Mean Aug. 61.9 48.0 
 

6.9 7.5 
 

1.0 1.9 
 
7.5 9.2 

 
6.2 3.9 

 
2.2 3.3  0.20 0.16 

 Oct. 49.4 42.9 
 

6.2 7.7 
 

1.4 1.7 
 
9.0 5.8 

 
5.7 5.6 

 
2.7 3.2  0.32 0.47 

                      T-test                      

Fertilizer (F) *  NS  **  NS  NS  *  * 

Time (T) NS  NS  NS  NS  NS  NS  *** 

              ANOVA              

Site (S) **  NS  NS  NS  NS  NS  NS 

F * S NS  NS  NS  NS  NS  NS  NS 

T * S NS  NS  NS  NS  NS  NS  * 

F * T * S NS  NS  NS  NS  NS  NS  NS 

zFertilizer treated on May, July, August, and September in 2013. 

yCF: chemical fertilizer, CLM: composted liquid manure. 

NS, *, **,*** Nonsignificant or significant at p=0.05, 0.01, and <0.001% level, respectively.  
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Significant time × site interactions were observed in Cu content. Soil chemical 

properties such as boron, copper, iron, soluble magnesium, and NO3-N were 

associated with enhanced biocontrol of take-all by Trichoderma koningii (Duffy et al., 

1997). In our study, it also demonstrated the difference of large patch severity between 

fertilizer treatments of experimental site was associated with NO3-N, potassium, 

sodium, and copper, although there was no statistically significant difference. Chang 

et al. (2007) suggested that contents of NO3-N and NH4-N in the root zone soil might 

affect directly or indirectly as a factor to occurrence of large patch. Also, abiotic 

variables (P, K, Ca, Mg, Na, Cu, and CEC) were correlated with R. solani growth 

suppression (Ghini and Morandi, 2006). In case of N and K, high N or low K favored 

disease development, whereas low N or high K retarded it (Walker and Foster, 1946). 

In the previous experiments, it was found that the amount of N and K within CLMs 

averaged 0.1% and 2%, respectively. Therefore, use of CLM on zoysiagrass 

maintenance could contribute to the biological control on large patch. 

 

Biotic soil characteristics 

There was no significant difference in total number of bacteria, Actinomycetes, and 

fungi between fertilizer treatments (Fig. II-3). However, overall value of CLM treated 

plots tended to have more population compared to CF treated plots. Population of 

bacteria tended to increase more than two times at site CB with CLM treatment, 

respectively. Although the number of bacteria in Nonsan CLM was the fewest, that in 

the soil of CN site plot was the largest among other sites. Actinomycetes which has 

been known to have antibiotic activity tended to increase at site CB like bacteria, 

when the soil was treated with CLM. Fungi at site GG2 showed more increase than 

other site.  
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Fig. II-3. Changes of population of bacteria (A), Actinomycetes (B), and fungi (C) in 

soil receiving composted liquid manure at 4 experimental sites in October, 2013. CF, 

chemical fertilizer; CLM, composted liquid manure; CB, Chungbuk; CN, 

Chungnam; GB, Gyeongbuk; GG2, Gyeonggi2. Vertical bars indicate the standard 

errors and means followed by the same letter on bars are not-significantly different 

tested by Student’s t-test (P = 0.05). 
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Disease rate in the field was negatively correlated with the mean of total number of 

bacteria (r = -0.49) and Actinomycetes (r = -0.43). The suppression of turfgrass disease 

observed is caused by elevated soil populations of bacteria and fungi when several 

types of compost applied (Nelson and Boehm, 2002). Microbial populations in 

compost tea are considered the most significant factor contributing to foliar disease 

suppression (Scheuerell and Mahaffee, 2002). Sewage sludge can contribute to the 

control of plant disease, particularly in view of its capacity to stimulate the soil 

microbiota, because of its rich organic matter content (Santos and Bettiol, 2003). To 

the contrary, Ghini and Morandi (2006) said that colony counts of bacterial, fungal 

and actinomycetes communities on the selective media were not correlated with soil 

suppressiveness to R. solani. However, Chang et al. (2007) found that population of 

Bacillus spp., Actinomyces spp., and Pseudomonas spp. were higher in the soil of 

healthy plant than that of large patch and supported that might be the relationship 

between population of microbes in soil and occurrence of large patch.  

Despite no significant difference between fertilizer treatments, FDA hydrolytic 

activity tended to increase by CLM treatment compared with CF treatment (Fig. II-4). 

In the case of site CN and GB, the FDA hydrolytic activity of CLM treated plots was 

higher than that of CF treated with plot. At the highly suppressive areas, FDA 

hydrolysis was correlated with growth suppression of R. solani (Ghini and Morandi, 

2006). The total microbial activity, inferred by the amount of hydrolyzed FDA, was 

positively and highly correlated with the pathogen suppression at the pasture and 

fallow ground and forested areas (Ghini and Morandi, 2006). 
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Fig. II-4. Changes of fluorescein diacetate hydrolysis in soil receiving composted 

liquid manure at 4 experimental sites in October, 2013. CF, chemical fertilizer; 

CLM, composted liquid manure; CB, Chungbuk; CN, Chungnam; GB, Gyeongbuk; 

GG2, Gyeonggi2. Vertical bars indicate the standard errors and means followed by 

the same letter on bars are not-significantly different tested by Student’s t-test (P = 

0.05). 
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CONCLUSIONS 

As the interest in sustainable turf management increases, there is a growing need to 

use CLM on turfgrass. In summary, CLM treatment could not only change the abiotic 

soil characteristics such as soil chemical properties (NO3-N, K, Na, and Cu), but also 

the biotic soil characteristics such as the number of bacteria, Actinomycetes, and fungi 

in soil and microbial community function (FDA). Although there was no significant 

difference, the suppressiveness of large patch growth was shown at the several CLM 

treated plots. There were a similar air temperature patterns of each sites (Fig. II-5). In 

the case of GB site, it rained less than other site at August, 2013, however, it showed 

more severity of large patch. These effects of the biological control to large patch 

could, therefore, be derived from the change of abiotic and biotic soil properties with 

CLM. As a results, we recommend frequent application of CLM as the low rate 

fertilizer, because natural suppressiveness is frequently associated with the physical 

properties of soils and is relatively independent of turf management (Chandrashekara 

et al., 2012). However, the effects of CLMs varied depending on different chemical 

constituents and composting degree with production length and treatment facilities. 

Thus, the long-term effects of CLM on soil biological and chemical characteristics in 

zoysiagrass maintenance should be investigated, especially about bacteria such as 

Bacillus spp. and Actinomycetes spp. In addition, a further in-depth study is needed to 

characterize the mechanism of biological control of large patch in zoysiagrass by 

CLM. 
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Fig. II-5. Daily air temperature of maximum, mean, and minimum and precipitation 

recorded in each experimental sites from August to September, 2013. CB, 

Chungbuk; CN, Chungnam; GB, Gyeongbuk; GG2, Gyeonggi2. 
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CHAPTER III 

 
Inhibition of in Vitro Growth of Three Soil-Borne Turfgrass 
Diseases by Antagonistic Bacteria from Composted Liquid 

Manure 
 

ABSTRACT 

This study was conducted to test in vitro antagonistic effect of composted liquid 

manure (CLM) against soil-borne turfgrass pathogenic fungi, Rhizoctonia solani AG-

2-2 (IIIB) (brown patch), R. solani AG-2-2 (IV) (large patch), and Sclerotinia 

homoeocarpa (dollar spot) for environmentally friendly turfgrass management. CLMs 

were collected from 9 livestock excretions treatment facilities around the country such 

as Gunwi (GW), Hapcheon (HC), Hoengseong (HS), Icheon (IC), Iksan (IS), Muan 

(MA), Nonsan (NS), and Yeoju (YJ). CLMs of IC, GW, and IS showed significant 

(P<0.05) mycelium growth inhibition which was 17.8%, 20.4%, and 48.0% against R. 

solani AG-2-2 (IIIB), R. solani AG-2-2 (IV), and S. homoeocarpa, respectively. Total 

of 110 bacterial isolates were obtained from CLMs which showed antagonistic effects. 

Among them, 5, 4, and 10 microbe isolates showed promising antifungal activity on 

mycelium growth of R. solani AG-2-2 (IIIB), R. solani AG-2-2 (IV), and S. 

homoeocarpa, respectively. The bacterial isolates ICIIIB60, GWIV70, and ISSH20 

effectively inhibited the mycelial growth of three soil-borne turfgrass pathogens. 

Selected bacterial isolates were identified as Alcaligenes sp., Bacillus licheniformis 

Ab2, and B. subtilis C7-3 through 16s rDNA gene sequence analysis. Among 5 

fungicides, the most compatible fungicide with ICIIIB60, GWIV70, and ISSH20 was 
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tebuconazol, toclofos-methyl, and toclofos-methyl, respectively. These findings 

suggested that CLMs could be effectively used not only as organic liquid fertilizer 

source but also as biological control agents for soil-borne turfgrass diseases such as 

brown patch, large patch, and dollar spot. 

 

Key words: Alcaligenes, antagonist, Bacillus, brown patch, dollar spot, IPM 

(integrated pest management), large patch.  
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INTRODUCTION 

 

Rhizoctonia, Pythium, Fusarium, and Sclerotinia species have known to occur 

mainly in the golf courses in Korea. Rhizoctonia species affect warm-season and cool-

season turfgrasses and caused diseases such as large patch (warm-season turfgrass) 

and brown patch (cool-season turfgrass). The pathogens for these diseases are 

identified as R. solani AG2-2 IV for the former, and R. solani AG 2-2 III for the latter, 

respectively. Dollar spot caused by S. homoeocarpa is one of major turf disease in 

golf courses, especially putting greens (Shim and Kim, 2000).  

Rhizoctonia is difficult to control because of a wide host range, no resistant 

cultivars, and persistence as mycelium or as sclerotia in the thatch and soil when 

conditions are not favorable for the growth of turfgrass (Lee et al., 1998). For many 

years, many golf course superintendent have used chemical fungicides to control soil-

borne pathogenic diseases (Chang et al., 2007). However, as the interest in the 

environment increase, there has been a restriction on their uses (Gerhardson, 2002). 

Accordingly, many researchers have studied to develop new alternatives to chemical 

fungicides against fungal pathogens, and their concern has focused the antagonistic 

ability of some microbe (Welbaum et al., 2004).  

In Korea, the government has promoted a consumption of livestock excretion for 

various agriculture fields, such as paddy fields, orchards, and greenhouses. All 

treatment facilities have produced composted liquid manure (CLM) as well as 

compost. CLM is mostly odorless, homogeneous, pure, humus-like biologically stable 

organic liquid material with a low nitrate concentration (Ham et al., 2010). To expand 

the consumption of these CLM, the Korean government has exerted effort to apply 

CLM to turfgrass, because CLM could be used for turfgrass maintenance like golf 
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course and sod farms all year-round.  

Nowadays, some researchers reported that composted manure has been used in 

turfgrass management, not only because it could promote plant growth through the 

change of physical, chemical, and biological properties of the soil, but also because it 

could contribute to reduce nutrient leaching (Cheng et al., 2008; Garling and Boehm, 

2001). Also, many reports showed the reduction of turfgrass disease when the 

compost topdressing; composts or cornmeal mixed with antagonistic microbes 

(Enterobacter cloacea) showed a decreased dollar spot (Boulter et al., 2002; Nelson 

and Craft, 1991), composted municipal biosolids and composted yard trimmings 

reduced 42% and 39% brown patch (Nelson and Boehm, 2002), and compost from 

grass clippings decreased 47% large patch severity (Nakasaki et al., 1998). Disease 

suppressive properties of composts rely on a number of factors including microbial 

activity, microbial population dynamics, nutrient concentrations, and other associated 

chemical and physical factors. Many studies were conducted to demonstrate the effect 

of several composts such as bark, brewery and sewage sludge, grass clippings, green 

wastes, and poultry manure for suppressing disease. However, only a few studies on 

biological control of turfgrass disease with liquid manure have been found in the 

literature.  

SCB, a kind of CLM, has been used in many studies for the fertilization of several 

crops such as tomato, pepper, cucumber, and tulip tree (Kim et al., 2011; Lim et al., 

2008; Park et al., 2011; Seo et al., 2010), the turf quality of zoysiagrass, Kentucky 

bluegrass, and creeping bentgrass (Ham et al., 2009; Ham et al., 2010; Kang et al., 

2010; Park et al., 2012), the monitoring of soil chemical properties and pond water 

quality of golf courses according to SCB fertigation (Kim et al., 2012), and the 

screening of cellulose decomposing microorganisms in CLM (Lim et al., 2011). 
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However, there is a limited information concerning the effects of plant disease control 

with livestock stock liquid manure 

It is known to suppress plant diseases with composts through a combination of 

physiochemical and biological mechanisms. Physiochemical factors such as moisture, 

nutrient levels, organic matter, and pH decrease disease occurrence by directly or 

indirectly affecting the pathogen or host condition (Boulter et al., 2002). Many 

researchers has carried out studies about biological factors such as microbial 

populations in compost, microbial competition for nutrients with pathogens (Moody 

and Gindrat, 1977; Ruppel et al., 1983), antibiotic production (Tu, 1980), parasitism 

and predation (Liu and Baker, 1980), and induction of host-mediated resistance in 

plants (Boulter et al., 2002).  

Therefore, the objective of this study were to i) investigate the antagonistic effect of 

CLM, ii) to select and identify the antagonistic microorganisms within CLM to large 

patch, brown patch, and dollar spot, respectively, and finally iii) to determine the 

compatibility of selected bacterial antagonists with chemical fungicides. 
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MATERIALS AND METHODS 

 

Sampling and Antagonism of CLM 

CLM samples (1L) were collected from 8 different treatment facilities of livestock 

excretions located in Korea (Fig. III-1). To investigate the antagonism of CLM, 

aliquots (100μL) of CLM and sterilized CLM was applied to 3 filter paper discs 

(antibiotic assay discs, 6mm diameter) on the margin region of potato dextrose agar 

(PDA) culture medium plate (Fig. III-2). A mycelial disk (5 mm i.d.) from the margin 

region of R. solani was placed on the center of the plate and incubated for 5 days at 

25℃. The distance of the fungal colony towards and away to the each bacterial colony 

was measured, and the inhibition rate (%) was calculated. Rhizoctonia solani AG2-

2(IIIB) (KACC No. 40132) and R. solani AG2-2(IV) (KACC No. 40151) isolates 

obtained from the Korean Agricultural Culture Collection (KACC) and Sclerotinia 

homoeocarpa isolates were obtained from Daejeong Turfgrass Research Institute 

(Incheon, Korea) 

 

Screening and Identification of antagonistic microorganisms 

After the colony around the filter paper disk was scrapped at antagonism, it was 

diluted with 1 mL saline solution. A aliquot (100 μL) of each dilution was spread on a 

nutrient agar (NA) culture medium plate and incubated at 25℃ overnight. Total of 

273 colonies were isolated and the single colony was subcultured on NA and stored at 

4℃ until dual culture screening of the isolates. A minimum amount of sample from 

the single colony was placed on the margin region of potato dextrose agar (PDA) 

culture medium plate and a mycelial disk (5 mm i.d.) of R. solani was placed on the 

opposite margin region of the plate and incubated for 5 days at 25℃ (Fig. III-3).  
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Fig. III-1. Location of public livestock excretions treatment facilities for this study. 
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Rhizoctonia solani AG2-2 (IIIB)  

 

 

 

Rhizoctonia solani AG2-2 (IV)  

 

 

 

Sclerotinia homoeocarpa 

 

Fig. III-2. Dual culture tests for antagonistic evaluation of composted liquid manure 

against growth of three soil borne turf pathogenic fungi on PDA.  
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Rhizoctonia solani AG2-2 (IV)  

 

 

Sclerotinia homoeocarpa 

 

Fig. III-3. Dual culture tests for antagonistic evaluation of bacterial isolates from CLM 

against growth of three soil borne turf pathogenic fungi on PDA. 
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As a results, 23 isolates were selected against R. solani AG2-2(IIIB), 23 isolates 

against R. solani AG2-2(IV), and 54 isolates against S. homoeocarpa. DNA was 

extracted from selected isolates and sequencing of the 16S rRNA using universal 

primers (forward-27F, reverse-1492R) and a BLAST search of the National Center for 

Biotechnology Information (NCBI) database (http:www.ncbi.nlm.) were used for the 

identification of the isolates.  

 

Optimum Growth Conditions 

To determine the optimum medium of selected antagonistic microbes, LBB (Luria 

bertani broth, Difco, USA), NB (Nutrient broth, Difco, USA), PDB (Potato dextrose 

broth, Difco, USA), and TSB (Tryptic soy broth, Difco, USA) were used. To prepare 

the inoculum, a strain cultured for 12 h on NA medium transplanted in NB broth 50 

mL with 1 loop (1μL, SPL, Korea) and cultured at 30℃, 180 rpm. Four kinds of the 

culture medium was divided with 100 mL in Erlenmeyer flask (250 mL), and 1 mL 

inoculum was inoculated at autoclaved culture medium for 72h, shaking cultivation at 

150rpm 30℃. An aliquot (100μL) of dilutions of culture medium plated on the NA 

medium and was the number of colony isolates determined per 24h. Each strains was 

transplanted with 250μL of the NB and the TSB 25mL to investigate the optimum 

growth temperature and pH of the respective strain, and they were cultured under 

following conditions: 180 rpm for 24h, temperature is from15℃ to 50℃ separated 

by 5 ℃ unit, pH is from 3 to 10 separated by 1 unit. The degree of bacteria growth 

was determined by the optical density (OD) value with 600nm (Bacillus sp.) and 

660nm (Alcaligenes sp.) using the spectrophotometer (Spectronic 21D, Milton Roy 

Co., Rochester, NY, USA). The optimum growth temperature and pH of selected 

antagonists were obtained from regression equation. 
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Compatibility with Chemical Fungicides 

Hexaconazole 5%, iprodione 50%, mepronil 75%, tebuconazole 25%, and toclofos-

methyl 50% registered as pesticides for large patch, brown patch and dollar spot were 

used to verify the chemical resistance of 3 selected microorganisms. Each fungicide 

was diluted to 5mL twice the recommended concentration and sterilized with 0.45μm 

membrane filter. Selected antagonistic microorganisms were diluted to 5 mL with 2 × 

106 cfu·mL-1 and they were mixed with fungicides and were kept for 24 h at 20℃. 

Then, an aliquot (100 μL) of mixture was plated on NA medium and it was incubated 

for 48 h at 25 ℃, respectively. The survival rate was investigated by measuring the 

number of colony formed. 

 

Statistical analysis 

All experiments were performed in 3 replicates, and statistical analysis was 

conducted using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA) to perform 

analysis of variance (ANOVA) and general linear models (GLM). Differences among 

the treatment means were assessed by Fisher’s least significant difference test at P < 

0.05.  
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RESULTS AND DISCUSSION 

 

Antagonism of CLM 

The effects of antagonistic activity of CLM against R. solani AG2-2 (IV) was tested 

(Table III-1). There was a significant difference among different kinds of CLM. 

However, when CLM was sterilized, antagonistic effect of all CLM samples was not 

shown. In this results, we concluded that CLM has antagonism with microbial activity. 

Among 3 selected isolates, isolate from IS facility showed higher antagonistic effect 

than other isolates. Antagonistic effects of CLM were different depending on the 

facility and pathogenic fungi. 

The CLM of IS showed 17.8% inhibition of mycelial growth of brown patch, and 

the CLM of GW showed 20.4% inhibition on large patch, whereas the CLM of NS 

showed 48.0% inhibition on dollar spot. However, all autoclaved CLM showed no 

inhibitory effect on mycelial growth. By these results, we found that antagonism of 

CLM is due to microbial antagonism. When several kinds of compost water extract 

were treated to pathogenic fungi in culture medium, inhibition of mycelial growth of 

soil-borne pathogen such as P. debaryanum, F. oxysporum f. sp. lycopersici, and S. 

bataticola were observed by 62.2%, 94.4%, and 94.4%, respectively (El-Masry et al., 

2002). Naido et al. (2012) reported that spore germination of the pathogen was 

inhibited about 51% when treated in an incubator on a pathogen of powdery mildew 

of melon caused by G. cichoracearum DC for using compost called 'Flora Mas' 

compost tea. In addition, after the amount of microorganism in the compost tea was 

increased by injecting air and nutrients required for microbial growth in the same 

report, the same treatment was reported to increase suppression effects to 85%of spore 

germination of pathogen. 



 

74 

Table III-1. Inhibition of mycelial growth against three soil-borne turfgrass pathogenic 

fungi by composted liquid manure (CLM) from livestock excretions treatment 

facilities. 

Location 

Inhibition rate (%) of mycelial growth 

Rhizoctonia solani 
AG-2-2(IIIB) 

 
Rhizoctonia solani 

AG-2-2 (IV) 
 

Sclerotinia 
homoeocarpa 

 Mean 

Gunwi 7.6 bcz  20.4 a  40.4 a  22.8 a 

Hapcheon 0.9 d  0.0 c  18.7 c  6.5 a  

Hoengsung 8.9 bc  13.8 ab  0.0 d  7.6 a  

Icheon 12.4 ab  4.0 bc  42.2 a  19.6 a 

Iksan 17.8 a  19.1 a  29.3 b  22.1 a 

Nonsan 9.8 bc  4.4 bc  12.0 c  8.7 a 

Muan 5.3 cd  1.8 c  48.0 a  18.4 a 

Yeoju 12.9 ab  17.3 a  0.0 d  10.1 a 

            

ST-CLMy 0   0   0   0  

zMean separation within columns by Duncan's multiple range test, 5% level. 

yST-CLM: Sterilized CLM of 8 CLM samples. 
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With these results, it was confirmed the possibility of disease control in CLM applied 

to the turfgrass diseases mentioned on this study, and it is needed to study for 

enhancing antagonistic effects of microorganisms selected from CLM. 

However, in the case of HC samples, antagonistic effects on the large patch was 

found very different according to sampling timing. Inhibitory effect on mycelial 

growth of CLM from HC was 23.5% in September, while 0% in June. The effects of 

the different CLMs varied due to different fertilizer constituents and the degree of 

composting in accordance with production length and location of treatment facilities. 

Therefore, there is a need to establish a system to produce CLM with a uniform 

nutrient composition and the degree of composting in order to encourage utilization of 

CLM liquid fertilizer in turfgrass.  

 

Screening and Identification of Antagonistic microorganisms 

Through the 3 step selection, among 273 bacteria primary selected, three antagonists 

were selected (Table III-2). As the results of 16s rRNA gene sequence analyses for 

these microorganism, ICIIIB60 that had antagonism against brown patch was 

identified as Alcaligenes spp., and GWIV70 that had antagonism against large patch 

was identified as Bacillus licheniformis Ab2, and ISSH20 had antagonism against 

dollar spot was identified as Bacillus subtilis C7-3 (Table III-3). Bacillus species has 

been reported to be effective for biological control of other turfgrass diseases (Lee et 

al., 1998; Jung et al., 2006). In addition, Trichoderma spp. (Shim and Kim, 2000), and 

Streptomyces arenae were known to have antagonistic effects.  
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Table III-2. Antagonistic effect of various microorganisms on mycelial growth 

of three soil-borne turfgrass pathogenic fungi. 

 
Isolate 

Rhizoctonia solani 
AG-2-2(IIIB) 

 
 

Isolate 
Rhizoctonia solani 

AG-2-2 (IV) 
 

 
Isolate 

Sclerotinia 
homoeocarpa 

 IRz (%)   IR (%)   IR (%) 

ICIIIB60    50.0 ay  GWIV30    46.2 ab  GWSH20    42.3 a 

NSIIIB50    44.2 ab  GWIV70    53.8 a  GWSH30    28.8 b 

YJIIIB21    34.6 b  ISIV10    46.2 ab  GWSH70    34.6 ab 

YJIIIB22    46.2 ab  ISIV30    50.0 ab  GWSH80    38.5 ab 

    ISIV50    32.7 b  ISSH20    46.2 a 

        ISSH32    36.5 ab 

        ISSH51    34.6 ab 

        ISSH70    36.5 ab 

        MASH10    32.7 ab 

        MASH70    32.7 ab 

zIR ; Percent inhibition rate of mycelial growth. 

yMean separation within columns by Duncan's multiple range test, 5% level. 
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Table III-3. Identification of isolates from composted liquid manure. 

 
Isolate 

 
Nearest relativez 

Accession no. of  
nearest relatives 

Similarity 
(%)  

ICIIIB60 Uncultured Alcaligenes sp. BJS72-013 AB238978 100.0 

GWIV70 Bacillus licheniformis Ab2 JN969601 99.2 

ISSH20 Bacillus subtilis C7-3 EU257445 99.2 

zBased upon a Blast search of the NCBI database. 
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Optimum Growth Conditions 

Optimum medium was investigated for stable proliferation of selected antagonistic 

microorganism. When compared with the growth in LB, NB, PDB, and TSB of 

selected microorganism, ICIIIB60 in NB, GWIV70 and ISSH20 in TSB showed 

better growth that other medium. Number of colonies of antagonists in all medium 

gradually decreased after 24h (Table III-4). While GWIV70 and ISSH20 remarkably 

showed the decrease of colony population after 96 h, ICIIIB30 showed that after 72h.  

Optimum growth temperature of ICIIIB60, GWIV70, and ISSH20 was 30.9℃, 

29.5℃, and 31.4℃, respectively. Compared to GWIV70 and ISSH20, the growth of 

ICIIIB60 showed an increasing growth at 15℃, while it rapidly decreased over 35℃ 

and no growth over 40℃ (Fig III-4.). These characteristics of ICIIIB60 showed a 

similar tendency. Optimum temperature for the cultivation of Alcaligenes. sp. A111 

was 30℃ and no growth occurred over 37℃ (Oh et al., 1994). Also, Alcaligenes. sp. 

ECU0401 showed the most active growth at 30℃ and its growth rapidly decreased 

over 40℃ (He et al., 2010) 

Optimum growth pH of ICIIIB60, GWIV70, and ISSH20 was 6.4, 7.4, and 6.6, 

respectively. ICIIIB60 showed a wider pH spectrum than other microorganisms. 

GWIV70 showed more growth under weak acid condition than other 

microorganisms. ISSH20 and ICIIIB60 decreased the growth with alkalinity 

(Fig. III-5). Kim et al. (2012) reported that the pH of golf course in their study 

was 7.07. This means that selected antagonistic microorganism could grow at 

the golf course 
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Table III-4. Effect of culture media and incubation period on the growth of selected 

antagonists. 

 ICIIIB20z  GWIV70  ISSH20 

Media 24hr 48hr 72hr 96hr  24hr 48hr 72hr 96hr  24hr 48hr 72hr 96hr 

 No. of cells (cfu/mL)  No. of cells (cfu/mL)  No. of cells (cfu/mL) 

LBy 2.52×107 0.48×106 7.62×246 3.69×105  7.87×106 4.63×106 4.65×106 7.13×105  5.78×107 6.89×106 1.86×106 0.68×105 

NB 1.92×108 9.24×107 5.05×106 9.14×106  0.08×107 6.67×106 6.84×106 2.35×105  4.46×107 6.17×106 7.87×106 4.62×105 

PDB 3.40×106 2.54×106 4.25×105 0.84×104  0.71×106 7.00×105 7.68×104 6.54×104  1.25×106 7.27×106 3.26×105 8.53×104 

TSB 3.44×107 8.83×106 8.60×105 6.47×105  9.17×107 4.77×106 4.52×106 7.11×105  9.67×107 4.77×106 2.34×106 9.55×105 

zICIIIB60 : Alcaligenes sp., GWIV70 : Bacillus licheniformis Ab2, ISSH20 : Bacillus subtilis C7-3. 

yLB: Luria bertani broth; NB: Nutrient broth; PDB: Potato dextrose broth; TSB: Tryptic soy broth. 
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Fig. III-4. Effect of temperature on the growth of antagonistic bacterial isolates from 

composted liquid manure against three soil-borne turfgrass pathogenic fungi. 
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Fig. III-5. Effect of initial pH on the growth of antagonistic bacterial isolates from 

composted liquid manure against three soil-borne turfgrass pathogenic fungi. 
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Compatibility with Chemical Fungicides 

As the compatibility of selected antagonistic microorganism with 5 chemical 

fungicides, GWIV70 showed 90.9% survival rate, while ISSH20 showed 59.7% 

survival rate (Table III-5). Lee et al. (1998) reported that the survival rate of 2 Bacillus 

species mixed with 13 chemical fungicides was 58.5% and 89.5%, respectively. With 

these results, ICIIIB60 could be used to control brown patch disease with iprodione or 

tebuconazole, whereas ISSH20 could be used to control dollar spot disease with 

tebuconazole or hexaconazole. However, hexaconazole showed great restriction of 

growth of ICIIIB60, and iprodione restricted the growth of ISSH20.  
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Table III-5. Survival rate of selected antagonists as affected by several fungicides. 

Common name ICIIIB60z GWIV70 ISSH20 Mean 

 Survival rate (%) 

Toclofos-methyl 49.7  cy 98.1  a 73.5  a 73.8  a 

Mepronil 39.3  d 89.1  ab 68.0  ab 65.5  a 

Iprodione 84.7  b 92.8  a 35.6  c 71.0  a 

Tebuconazole 96.1  a 96.2  a 59.2  b 83.8  a 

Hexaconazole 27.4  e 78.1  b 62.3  ab 55.9  a 

Mean 59.4  90.9  59.7  70.0  

zICIIIB60: Alcaligenes sp.; GWIV70: Bacillus licheniformis Ab2; ISSH20: Bacillus subtilis C7-3. 

yMean separation within columns by Duncan's multiple range test, 5% level. 
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CONCLUSIONS 

 

Antagonism of CLM to turfgrass diseases such as brown patch, large patch, and 

dollar spot varied according to the production facility and timing. CLM’s antagonistic 

effect came from microorganism activity within CLM. Selected bacterial isolates were 

identified as Alcaligenes sp., Bacillus licheniformis Ab2, and B. subtilis C7-3 through 

16s rDNA gene sequence analysis. Among 5 fungicides, the most compatible 

fungicides to ICIIIB60, GWIV70, and ISSH20 were tebuconazol, toclofos-methyl, 

and toclofos-methyl, respectively. These findings suggested that CLMs could be 

effectively used not only as organic liquid fertilizer source but also as biological 

control agents for soil-borne turfgrass diseases such as brown patch, large patch, and 

dollar spot. 
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CHAPTER IV 

 

The Shift of Soil Microbial Community by Composted 

Liquid Manure Results in Reduction of Large Patch 

Disease in Zoysiagrass 

 

ABSTRACT 

This study was conducted to determine the biological control of composted liquid 

manure (CLM) against large patch by Rhizoctonia solani AG2-2 (IV) and compare the 

soil microbial composition and diversity between fertilized and non-fertilized soil by 

culturing methods, PCR-DGGE analysis, and bacterial 16S rDNA ribosomal 

community analysis. CLM treated plot of all sites were shown more than two times 

the effects of biological control about large patch than non-fertilized plot. The soil 

microbial population was increased by CLM application. The bacterial composition 

structures and diversity of experimental plot soils were changed when CLM and 

chemical fertilizer (CF) treated. The relative abundances of a number of taxonomic 

groups significantly changed at CLM treated soils, especially Actinobacteria. At the 

class level, relative abundances of Actinobacteria in the analyzed soils were negative 

correlated with disease rate (r = -0.71). In conclusion, the effect of a number of 

different factors is reflected by CLM treatment and these results may also cause by 

community composition. From a soil microbial point of views, CLM application can 

be used for environmentally friendly turfgrass management. 
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INTRODUCTION 

 

The rapid increase of livestock production results in the environment problems due 

to livestock manure and water waste. In Korea, for the purpose of management of 

livestock excretions, the government has supported establishment of facilities, such as 

livestock excretions treatment facilities, liquid fertilizer distribution centres, or storage 

facilities of manure, and so on (ME, 2009). All treatment facilities currently produce 

composted liquid manure (CLM) as well as compost. CLM is homogeneous, odorless, 

and humus-like biologically stable organic liquid material with a low nitrogen 

concentration (Ham et al., 2010). Several studies have been conducted to apply CLM 

for turfgrass maintenance of both Creeping bentgrass and Kentucky bluegrass (Ham et 

al., 2010; Ham et al., 2011) and Zoysiagrass (Kang et al., 2010; Park et al., 2012).  

For an ecofriendly management of turfgrass, it is needed to develop and use of 

organic fertilizers which can reduce or replace chemical fertilizer and pesticide use. 

Many studies also showed that organic amendments have suppressed soil-borne plant 

pathogens (Cook and Baker, 1983; Nelson and Craft, 1992). Lately developed organic 

turf amendments are derived from oilcake, blood meal, pressed fish cake, rice bran, 

and bone meal. These products contain microorganisms that can control diseases 

caused by species of Phytophthora, Pythium, Rhizoctonia, and Sclerotium (Phae and 

Shod, 1990). Microorganisms in turf soil can enhance the availability of nutrients in 

soil, produce growth stimulating substances, and protect plants from pathogenic fungi 

(Nelson, 1992). The use of composts to turf increases populations of antagonistic 

microorganisms against pathogenic fungi (Nelson and Boehm, 2002).  

Zoysiagrass (Zoysia japonica Steud) in U.S. Dept. of Agriculture (USDA) Plant 

Hardiness Zone 7 is the popular warm-season turfgrass for golf courses, commercial 
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sites, and home lawns throughout transition zone because of its environmental 

tolerance. Large patch caused by Rhizoctonia solani AG 2-2 (IV) is one of the most 

severe diseases in zoysiagrass (Obasa et al., 2013). Rhizoctonia is difficult to control 

with chemical fungicides because of no resistant cultivars and persistence as 

mycelium or as sclerotia in the thatch and soil when conditions are not favorable for 

the growth of turfgrass (Lee et al., 1998). Accordingly, researchers have studied to 

develop alternatives to chemical fungicides against large patch, and have focused on 

the antagonistic ability of some microbe within composts (Noble and Coventry, 2005). 

However, there have been few studies that have attempted to use CLM for biological 

control of large patch.  

Soil microbial diversity is a key indicator of ecological condition and can be 

influenced by management practices (Ghini and Morandi, 2006). So, it needs to know 

that the change of microbial community structure and diversity of microbe in soil 

when CLM is used as organic fertilizer in turfgrass maintenance. Traditionally, it has 

been a common method to isolate and culture the microorganism to investigate soil 

microbial communities. However, this method has limitation because even the best 

cultivation method can cultivate only a small portion (0.1 to 10%) of microorganism 

in soil (Roszak and Colwell, 1987). The cultivation method can be replaced by 

phospholipid fatty acid (PLFA), Biolog microbes identification system and molecular 

marker techniques such as restriction fragment length polymorphism (RFLP), 

denaturing gradient gel electrophoresis (DGGE), and terminal restriction fragment 

length polymorphism (T-RFLP) (An et al., 2011). For a direct comparison of 

structural diversity among different microbial communities, many researchers mainly 

used denaturing gradient gel electrophoresis (DGGE) method using the 16S rDNA 

gene. There were many reports about the efficiency of DGGE to detect shifts of 
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microbial population and diversity in different environmental conditions such as 

agricultural practices, heavy metals contaminations, seasonal fluctuations, temperature 

and soil particle size fractions (Li et al., 2005; Norris et al., 2002; Seghers et al., 2004; 

Sessitsch et al., 2001; Smit et al., 2001; Sun et al., 2004). Recently, fast and reliable 

molecular techniques using metagenomic approaches, were developed to determine 

microbial population and diversity (Cardinale et al., 2004; Ranjard et al., 2000). 

Although these techniques have biases in extracting DNA from soil, metagenomic 

approaches have been used for studying microbial community in a range of soil 

environments (Courtois et al., 2003; Demaneche et al., 2008; Ginolhac et al., 2004; 

Handelsman et al., 1998; Rajendhran and Gunasekaran, 2008).  

This study was conducted to i) determine the effects of the biological control using 

CLM against large patch caused by Rhizoctonia solani AG2-2 (IV) and ii) compare 

the soil microbial composition and diversity between fertilized and non-fertilized soil 

using various methods including culturing methods, PCR-DGGE analysis, and 

bacterial 16S rDNA ribosomal community analysis. 
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MATERIALS AND METHODS 

 

CLMs and Site Description 

The CLMs in the study were produced at two treatment facilities of livestock 

excretions located at Chungnam (CN) and Jeonbuk (JB) provinces in Korea. The 

experiment was conducted at golf courses at CN and sod farm at JB near each facility 

from May 2013 to September 2014. Experimental plots were established with 

medium-leaf ecotype of zoysiagrass (Zoysia japonica). All plots were fertilized five 

times with N at 3 g m-2 during experiment period (Jun. 21, Jul. 13, and Sep. 5 in 2013; 

Jun. 16 and Jul. 25 in 2014). CLM was applied at 3 L·m-2 and chemical fertilizer (CF) 

was fertilized at 3 L·m-2 with Technigro fertilizer (20-20-20, Fisons Horticulture Inc, 

Warwick, NY, USA). With the exception of fertilization and pesticide applications, 

experimental plots were mowed at a 35 mm height once to twice weekly and watered 

as necessary to prevent moisture stress. 

 

Chemical analysis of CLMs 

The chemical constituents of CLMs used in this study are presented in Table IV-1. 

Total dissolved solids (TDS), pH, and EC were measured using a portable 

pH/EC/TDS/Temperature Meter (HI9811-5, Hanna instruments Inc, Woonsocket, RI, 

USA) before CLM application. Chemical analysis was performed at the National 

Instrumentation Center for Environmental Management (Seoul National University, 

Seoul, Korea). Total N was measured by using the Kjeldahl method (Bremner, 1996). 

Other nutrients were quantified using inductively coupled plasma spectrophotometry 

(ICP; 730-ES, Varian, USA) after acid digestion (NIAST, 2000).  
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Table IV-1. The chemical properties of composted liquid manure produced from Iksan 

and Nonsan facilities for livestock excretions treatment in Korea during 

experimental period. 

 
Site 

pH 
(1:5) 

 EC 
(ds·cm-1)  

TDSz 
(mg∙L-1) 

 T-N 
(mg∙L-1)  

T-P 
(mg∙L-1)  

K 
(mg∙L-1) 

IS Range 8.4-8.8  1.51-1.68 
 

8,780-9,000  664-2,069 
 

179-410 
 

2,347-3,370 

 
Avg. 8.6  1.57 

 
8,895  1,360 

 
271 

 
2,755 

NS Range 7.7-8.3  0.85-1.03 
 

4,860-6,150  642-2,740 
 

114-209 
 

1,479-2,923 

 
Avg. 8.2  0.95 

 
5,268  1,644 

 
162 

 
2,054 

zTDS: total dissolved solid, T-N: total nitrogen, T-P: total phosphorus 

yIS: Iksan, NS: Nonsan 
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Disease assessment  

Disease severity was estimated on June 22, 2014 using the digital image analysis 

method to quantify the percentage of the large patch lesion present in a subsection of 

each plot. Experimental plots were photographed using digital camera (Nikon D80, 

Nikon Inc., Tokyo, Japan) within a light box. This technique utilizes 4 m white LED 

bar & 4 LED bulbs inside a light box that are powered by a portable battery (Fig. IV-

1). A small circular hole was made on top of the box that allowed a camera to take 

pictures using only the light provided by the LED bar and bulbs inside the box. Plots 

were manually brushed to remove dead grass clippings and fallen leaves prior to being 

photographed. Batch analysis of digital images was performed with SigmaScan Pro 

software (version 5.0, Jandel Scientific, Chicago, IL, USA) modifying a SigmaScan 

Pro macro named ’Turf Analysis’ (Karcher and Richardson, 2005). The threshold 

settings were adjusted to hue = 15 ~ 42 and saturation = 10 ~ 90 (Obasa et al., 2013). 

These threshold settings allowed the estimation of pixels (expressed as percentages) 

that represented non-green turf relative to green turf. 

 

Cultivable soil microorganisms 

Soil samples 3 cm deep taken out from soil surface were used for the determination 

of soil biological properties in September, 2014. The total number of microbial 

organisms was assessed by counting colonies forming units (CFUs) on plate counting 

agar for bacteria, potato dextrose agar for fungi, and alkalinized water-agar media (pH 

10.5) for actinomycetes. For each soil sample, aliquots of 100 μL from dilutions were 

applied to Petri dishes containing the cultural medium, and incubated upside down at 

25ºC until colonies were visible (after one day for bacteria, two days for general fungi, 

and five days for Actinomycetes).   
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Fig. IV-1. Light box with portable power source used to collect images for digital 

image analysis. Photo credit: Ju Hyun Ryu, unpublished. 
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Soil DNA extraction and DGGE analysis 

Five soil samples 3 cm deep taken out from soil surface per plot were sampled and 

mixed them to decrease bias. Total DNA was extracted from 12 mixed soil samples 

using a commercial kit (i-genomic Soil DNA Extraction Mini Kit, Intron 

Biotechnology, Seoul, Korea) according to the manufacture procedure. PCR 

amplification targeting 16S rDNA genes was performed using the specific primers to 

the bacteria domain: F352TA (5’-

CCGGGCGGCGCGCCCCGGGCGGGGCGCGGGGCACGGGCGCA-

CTCCTACGGGAGGC-3’, 0.5 μM), and 515R (5’-TTACCGCGGCTGC-TGGCA-3’, 

0.5 μM). The amplified sequence is corresponding to the V3 region of 16S rRNA 

gene. A 40-bp GC-clamp was added to primer F352TA in order to increase separation 

of DNA bands in DGGE analysis. PCR experiments were performed as previously 

described (Ahn et al., 2006). 

DGGE analysis was performed with DCode mutation detection system (Bio-Rad, 

Hercules, CA, USA). Gels of 14% acrylamide (37.5:1 acrylamide-bisacrylamide) 

were formed between 43 and 63% denaturant, with 100% denaturant defined as 7M 

urea and 40% (vol/vol) formamide. The gels polymerized for about 2 hours. Gels 

were run at 60V for 28h and maintained at a constant temperature of 60℃ in 

0.5×TAE buffer. After electrophoresis, the gels were stained in deionized water 

containing SYBR green and photographed with UV transillumination (302nm). The 

band intensities were analyzed using Bionumerics softeware (version 7.00; Applied 

Maths. Kortrijk, Belgium). 

The relative distances and intensity values of DGGE bands were used for analyses 

of genotype diversity (Hsw), richness (DMg), and evenness (JP).  

The Shannon-Wiener diversity index Hsw is calculated as: 
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log
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with n the total number of bands in the profile, hi the intensity of the individual 

band i and H the total intensity of all bands in a profile. 

The Margalef species richness DMg is calculated as: 

   =
 − 1

ln 
 

Species evenness is a diversity index, a measure of biodiversity which quantifies 

how equal the community is numerically. The evenness of a community can be 

represented by Pielou’s evenness index Jp. 

  =
  
ln  

 

Multivariate DGGE analyzes of the band profiles were performed by the 

BioNumeric 7.0 software (Applied Maths. Kortrijk, Belgium), which were analyzed 

using the Pearson correlation. The dendrograms were built by UPMA (Unweighted 

Pair Group Method with Arithmetic Averages) method. 

 

Pyro-sequencing 

To get more detailed and reliable information about the bacterial structure of the 

fertilized and non-fertilized sites, pyro-sequencing analysis of the 16S rDNA was 

performed. The same DNA samples for DGGE analysis were used. The primer pair 

amplified the E. coli numbering 27-514 region. The sequencing was performed 

according to the manufacturer's instruction in National Instrumentation Center for 

Environmental Management (NICEM) at Seoul National University. Only the 

sequences with the length of more than 300bp were included in the analysis. The 
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number of sequences obtained from each 16S rDNA library was ranged from 8,368 to 

22,232. The phylogenetic affiliation of the sequences was assigned using the RDP 

classifier program (Cole et al., 2005). The bootstrap confidence estimate threshold 80% 

was used to confirm the assignment. The sequences were imported into the ARB 

version 07.12.07 (Ludwig et al., 2004). Sequences were aligned with FastAligner 

(included in ARB software) using SILVA 95 SSU database (www.arb-silva.de) as 

reference sequences and the alignment was further corrected manually. The sequences 

that could not be aligned properly were removed. The distance matrix was created and 

imported into the DOTUR program (Schloss and Handelsman, 2005). Each sequence 

was assigned to an operational taxonomic unit (OTU) based on a 3% distance level. 

The Cole rarefaction curves was calculate and taxonomic was grouped using Megan 

V.5.6.6. http://www-ab.informatik.uni-tuebingen.de/soft- ware/megan/welcome.html 

(Huson et al., 2007). 

 

Statistical analysis 

At each site, treatment plots were arranged in a split-plot design with fertilization 

(versus non-fertilization) as the parameter for the sub-plot (1.0 by 2.0 m). There were 

three blocks leading to three replicate plots per treatment. All statistical analysis was 

conducted using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA). Differences of 

soil biotic factors in the experimental sites were compared by t-tests. Comparisons 

among fertilizer treatment means were made by Fisher's least significant difference 

(LSD) test after ANOVA. Spearman’s rank correlations analysis was performed to 

determine the relationship between the relative abundances of phylotype and large 

patch severity, where large patch severity were the independent variables and each 

analyzed parameter was the dependent variable.   
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RESULTS AND DISCUSSION 

 

Chemical properties of composted liquid manure (CLM) 

The chemical properties of composted liquid manure produced from Iksan (IS) and 

Nonsan (NS) facilities for livestock excretions treatment during experimental period 

are shown in Table IV-1. CLM at this study was moderately alkaline with the average 

of pH 8.4. The mean of EC and TDS of CLMs was 1.26 dS·m-1 and 7,082 mg·L-1, 

respectively. The highest value of EC and TDS was observed at the CLM of IS facility 

in July, 2013, and it was 1.68 dS·m-1 and 9,000 mg·L-1, respectively. The use of CLM 

for zoysiagrass maintenance was not considered to be a problem because zoysiagrass 

is reported as moderately salt-tolerant (6 to 8 dS·m-1) (Miyamoto, 2008). The average 

total N in CLMs was 1.36 g·L-1 and 1.64 g·L-1 with each standard deviation of ±0.76 

g·L-1 and ±0.93 g·L-1 in CLM produced from IS and NS, respectively. The mean of 

total P values within CLMs in the study was relatively low when compared to 

commercial organic fertilizer, which showed about 20 and 10% of total N in CLM at 

IS and NS, respectively. In contrast, the K content in CLM averaged 200% higher 

than total N at IS facility.  

 

Large patch severity 

The influence of CLM on large patch severity at experimental plots in zoysiagrass 

is shown in Fig. IV-2. Large patch severity showed a similar pattern between two 

experimental sites. Significantly smaller patch incidence was observed in CLM 

treated plot of site CN (treated with CLM produced at NS facility) as compared to CF 

treated and non-treated plots by 46% and 49%, respectively.  
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Fig. IV-2. Influence of composted liquid manure on the large patch severity in 

zoysiagrass as measured by digital image analysis at experimental sites of 

Chungnam (CN) and Jeonbuk (JB) in Korea in September, 2014. CF, chemical 

fertilizer; CLM, composted liquid manure; NF, non-fertilizer. Data are means ± SD 

(n=3). Different lower case letters indicate significant differences (LSD test, P<0.05) 

among fertilizer treatments; different upper case letters indicate significant 

differences among experimental sites (t test, P<0.05).   
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In JB site, fertilized plots showed a decrease of large patch severity compared to the 

non-fertilized plot. Ushiwata et al. (2009) reported that R. solani AG-4 (isolate SN-1) 

growth was inhibited by the liquid residue derived from stream-treated grass clippings. 

With compost such as sludge, livestock manure, organic wastes, and natural organic 

fertilizer, the suppression of turfgrass disease resulted not only in increasing water 

holding capacity and improving nitrogen nutrition (Nelson and Boehm, 2002). Ghini 

et al. (2007) also reported that the soil-borne plant pathogens such as Sclerotium 

rolfsii, Sclerotinia sclerotiorum, R. solani, and Ralstonia solanacearum decreased, 

when sewage sludge was applied to vegetable crops such as bean, tomato, and 

cucumber.  

 

Cultivable soil microorganisms  

There was significant increase in total number of bacteria and Actinomycetes in the 

soil treated with CLM at all sites compared to others, and those in JB site increased 

more than in CN site (Fig. IV-3). Overall value of CLM treated plots tended to have 

more microbial population compared to CF treated plots except CLM plot of JB site. 

Population of bacteria distinctly increased by 50% at site JB with CLM treatment. 

Actinomycetes which has been known to have antibiotic activity was increased at all 

sites as was bacteria, when the soil was treated with CLM. Fungi at site CN showed 

more increase than other plots. Disease rate of large patch was moderately negatively 

correlated with the mean of total number of bacteria (r = -0.52) and Actinomycetes (r = 

-0.49). Nelson and Boehm (2002) reported that the suppressiveness of soil-borne 

turfgrass pathogen resulted from elevation of soil populations of bacteria and fungi 

when several types of compost applied.   
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Fig. IV-3. Changes of bacterial (A), Actinomycetes (B), and fungi (C) populations in 

soil treated with composted liquid manure at experimental sites of Chungnam (CN) 

and Jeonbuk (JB) in September, 2014. CF, chemical fertilizer; CLM, composted 

liquid manure; NF, non-fertilizer. Data are means ± SD (n=3). Different lower case 

letters indicate significant differences (LSD test, P<0.05) among fertilizer 

treatments; different upper case letters indicate significant differences among 

experimental sites (t test, P<0.05). 
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Microbial populations in compost tea were considered the most significant factor 

contributing to foliar disease suppression (Scheuerell and Mahaffee, 2002). Sewage 

sludge with rich organic matter content was considered to contribute to the control of 

plant disease (Santos and Bettiol, 2003). On the contrary, Ghini and Morandi (2006) 

reported that colony counts of bacterial, fungal and actinomycetes communities on the 

selective media were not correlated with soil suppressiveness to R. solani. However, 

population of Bacillus spp., Actinomyces spp., and Pseudomonas spp. were higher in 

the soil of healthy plant than that of large patch (Chang et al., 2007).  

 

DGGE Analysis 

Total soil microbial DNAs extracted from soil of experimental sites were analyzed 

by DGGE after PCR amplification of the variable V3 region of the 16S rRNA gene to 

determine the change in the microbial community structure by fertilizer treatments. In 

the case of CN site, the band patterns of all samples were generally similar to each 

other in a same site, while those of JB site plots were distinctively different between 

fertilizer treatments (Fig. 4A). In JB site, relative OTU abundances were enhanced by 

CLM and CF treatments compared to NF treatment (Fig. 4B). When cluster analysis 

was performed, remarkable differences in band patterns were observed among 

fertilizer treatments (Fig. 4C). Cluster analysis showed that in the case of JB site, the 

profiles of CF and NF plot grouped together with a high similarity of 77.4%, while 

those of CLM plot showed a lower similarity than those of other plots. CN site plots 

showed a similar patterns. Bacterial community structures of CF and NF treatments 

were similar, whereas CLM formed a separate group, and the profiles of CF and NF 

plots showed a higher similarity than those of CLM plots in the CN site (Fig. 4C).  
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(C) 

 

Fig. IV-4. DGGE banding patterns of 16S bacteria fragment (A), bacterial operational 

taxonomic unit (OTU) abundances of Jeonbuk (JB) site plots (B), and clustering of 

DGGE profiles (C) in fertilizer treatments at Chungnam (CN) and JB experimental 

sites. CF: chemical fertilizer; CLM: composted liquid fertilizer; NF: non-fertilizer. 
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CLM treatment plot exhibited a higher DGGE bands than other treatments, explaining 

that the microbial community was the most varied when treated CLM (Table IV-2). It 

showed that CLM treatment at CN and JB site enhanced the Shannon index and 

richness, while the evenness showed no significant difference between fertilized and 

non-fertilized plots in Table IV-2. We therefore confirmed that that the bacterial 

communities of turfgrass soil could be significantly influenced by CLM treatment. 

 

Pyro-sequencing  

To investigate the shift of bacterial community in the soil treated by CLM and CF 

treatments, we analyzed bacterial 16S ribosomal DNA sequences obtained from the 

soil samples of fertilized plots on September 22, 2014. The dataset comprised of 

85,713 sequences that were affiliated to the domain Bacteria. The pyro-sequencing 

analysis of the V3 region of the 16S rRNA genes resulted in recovery of 85,708 high 

quality sequences with a read length of ≥300 bp across all 6 samples. The number of 

sequences assigned to domain Bacteria per sample ranged from 9,263 to 26,446 with 

an average of 12,400 (Table IV-3). We were able to assign 85,713 sequences to the 

domain Bacteria and to classified 72,266 (84.3%) of these sequences below the 

domain level. 

The 72,266 sequences classified below domain level were affiliated to 12 bacterial 

phyla. The dominant phyla of CN site samples was Proteobacteria representing 48.3% 

of all sequences that were assigned to the domain Bacteria. The relative abundances of 

dominant taxa varied as experimental sites and fertilized treatments. The dominant 

taxa in soils of CN site soils were Proteobacteria (48.3%), Acidobacteria (16.2%), 

Chloroflexi (9.7%), Actinobacteria (8.3%), Bacteriodetes (7.7%), while in JB site 

soils   
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Table IV-2. Microbial diversity indices measured by PCR-DGGE of the soil treated 

with composted liquid manure and chemical fertilizer. 

Site Treatment The number of band Diversity (Hsw)z Richness (DMg) Evenness (Jp) 

Chungnam CLMy 44 1.54 ± 0.04 5.53 ± 0.21 0.95 ± 0.01 

 CF 36 1.52 ± 0.01 5.09 ± 0.13 0.96 ± 0.01 

 NF 37 1.38 ± 0.07 4.83 ± 0.76 0.90 ± 0.03 

Jeonbuk CLM 42 1.54 ± 0.01 5.96 ± 0.17 0.94 ± 0.01 

 CF 38 1.47 ± 0.01 4.84 ± 0.16 0.94 ± 0.01 

 NF 34 1.49 ± 0.01 5.12 ± 0.15 0.95 ± 0.01 

zHsw, Shannon-Wiener diversity index; DMg, Margalef species richness; Jp, Pielou’s evenness 

yCF, chemical fertilizer; CLM, composted liquid manure; NF, non-fertilizer. 
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Table IV-3. Summary of sequencing 16S rRNA gene obtained from the experimental 

site soil samples. 

 

 

Site 

 

 

Treatment 

 

No. of sequences 

≥ 300 bp 

No. of sequences 

assigned to domain 

Bacteria 

No. of sequences 

classified below 

domain level 

Chungnam CLMz 26,446 22,232 21,318 

 CF 10,574 9,566 9,202 

 NF 17,342 14,747 14,385 

Jeonbuk CLM 9,263 9,258 9,085 

 CF 10,376 8,368 8,224 

 NF 11,712 10,225 10,052 

zCF, chemical fertilizer; CLM, composted liquid manure; NF, non-fertilizer. 

  



 

111 

the predominant phylogenetic group was Proteobacteria (52.7%) followed by 

Bacteriodetes (14.2%), Acidobacteria (8.5%), Actinobacteria (8.3%), and Chloroflexi 

(6.8%) (Fig. IV-5). 

At the class level, the most abundant phylotype within soil of all sites was a 

member of the class Alphaproteobacteria, representing 23.8% of the sequences from 

that soil, followed by Betaproteobacteria (14.8%) (Fig. IV-6). Except for the former 

two class phylotypes, in CN site, a member of Deltaproteobacteria and Chloroflexia 

was the predominant phylotype (10.1 and 12.5% of all sequences) within CF and NF 

plot soil, respectively. In JB site, members of Deltaproteobacteria and 

Gammaproteobacteria were the predominant phylotype (8.7 and 12.1% of all 

sequences) within CF and NF plot soil, respectively. In the case of CLM plot, the soil 

treated with CLM showed higher relative abundances of Actinobacteria than in CF 

and NF plot soils of CN and JB site, representing 13.57 and 10.75% of all classified 

sequences, respectively. Actinobacteria has been known as one of the dominant 

bacterial phyla and includes one of the largest of bacterial genera, Streptomyces 

(Hogan, 2010). Actinobacteria, especially Streptomyces sp., are recognized as the 

producers of many bioactive metabolites that are useful to humans in medicine and 

enzyme inhibitors; and in agriculture, including insecticides, herbicides, fungicides 

and growth promoting substances for plants (Bressan 2003). The ability of 

Streptomyces species to produce biologically active secondary metabolites, 

particularly antibiotics are well known (Goodfellow, et al., 1988). A relative 

abundances of Actinobacteria in CLM plot soils were increased by 86, 80, 34, and 224% 

compared to those in CF and NF plot of CN site and in same plot of JB site, 

respectively. Thus, the shifts in soil bacterial community composition correlated with 

CLM treatment.  
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Fig. IV-5. Relative abundance of the different phyla derived from the soils at 

Chungnam (CN) and Jeonbuk (JB) experimental sites. CF: chemical fertilizer; 

CLM: composted liquid fertilizer; NF: non-fertilizer. 
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Fig. IV-6. Relative abundance of the different order derived from the soils at 

Chungnam (CN) and Jeonbuk (JB) experimental sites. CF: chemical fertilizer; 

CLM: composted liquid fertilizer; NF: non-fertilizer.   
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A similar trend was also reported by comparison of Typic Placandept soils derived 

from a forest site and a pasture grazed by cattle (Nüsslein and Tiedje, 1999). 

Rubrobacter and Streptomyces were present in higher proportions in grassland soils 

compared to forest soils (Nacke, et al., 2011). Also, Acosta-Martíneza et al (2008) 

found Rubrobacter and Streptomyces among the top 20 predominant bacteria in two 

non-disturbed grass systems derived from Texas High Plains. 

We used correlation analysis to confirm relationships between the relative 

abundances of bacterial groups and the occurrence of large patch. Disease rate of large 

patch responded moderately to the relative abundances of bacterial groups at different 

taxonomic levels. At the class level, relative abundances of Actinobacteria in the 

analyzed soils were negative correlated with disease rate (r = -0.71) (Table IV-4). 

Within the Actinobacteria, the relative abundances of the order Actinomycetales that 

include the genus Streptomyces showed a similar negative correlated with disease rate 

(r = -0.74, Data not shown).  
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Table IV-4. Spearman’s rank correlations and coefficient of determination between the 

relative abundances of the five most abundant taxonomic groups and the large patch 

severity in experimental sites. 

Taxonomic group Coefficient (r) Coefficient of determination (R2, %) 

Actinobacteria -0.71 *** 51 

Alphaproteobacteria -0.49 *** 24 

Betaproteobacteria 0.55 *** 30 

Chloroflexia 0.21 NS 4 

Deltaproteobacteria 0.07 * 1 

NS, *, *** Nonsignificant or significant at P=0.05 and <0.001% level, respectively.  
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CONCLUSIONS 

 

For a sustainable turf management, it is required to use CLM on turfgrass as a 

substitute for conventional chemical turf management. In summary, CLM treatment 

on zoysiagrass maintenance increased a biological activity against large patch caused 

by Rhizoctonia solani AG2-2 (IV), which may be resulted from the change of the soil 

characteristics due to the shift of microbial community. The microbial population of 

bacteria and Actinomycetes at CLM treated plots increased when compared to CF and 

NF treated plots. To determine the change in the microbial community structure by 

fertilizer treatments, DGGE after PCR amplification of the variable V3 region of the 

16S rRNA gene were analyzed. As a result, fertilization had statistically significant 

effects on soil bacterial diversity, richness, and community composition in all sites. 

The microbial diversity indices obtained from the DGGE bands analysis also showed 

an increasing tendency of microbial community diversity. The analysis of one of the 

largest bacterial 16S rRNA-based datasets from soils exhibited significant differences 

in soil bacterial diversity and community structure between CN and JB site. The 

relative abundances of a number of taxonomic groups significantly changed at CLM 

treated soils, especially Actinobacteria. In this study, the correlations between large 

patch severity and community composition were obvious. Thus, the effect of a 

number of different factors is reflected by CLM treatment and these results may also 

cause by community composition. From a soil microbial point of views, CLM 

application can be used for environmentally friendly turfgrass management.  
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CONCLUSIONS 

 

For sustainable zoysiagrass management, it has been important to find a substitute 

for chemical fertilizer and pesticides that lead to environmental degradation of the soil, 

soil microbial diversity, ground-water resources, and the atmosphere. In Korea, the 

government has promoted a measure for natural circulation agriculture by utilization 

of livestock excretions as nutrient resources. Composted liquid manure (CLM) has 

been produced from livestock excretion treatment facilities around Korea. To expand 

a consumption of CLM, the application of CLM for turfgrass management were 

conducted. CLM treated plots exhibited improvement in turf color and tiller density 

during the experiment period without fertilizer injury compared to non-fertilized plots. 

These effects for turf quality could be attributed to the differences in soil chemical 

properties affected by CLM applications. CLM treatment could change the abiotic soil 

characteristics (decrease NO3-N and increase K, Na, and Cu), and increase the biotic 

soil characteristics such as the number of bacteria, Actinomycetes, and microbial 

community function (FDA analysis). The biological activity against large patch 

caused by Rhizoctonia solani AG2-2 IV at CLM treated plots was increased when 

compared to chemical fertilizer and non-fertilizer treated plots. Therefore, it is 

considered that this pattern of the large patch disease control could be derived from 

the change of abiotic and biotic soil properties with CLM. As a results, we 

recommend frequent application of CLM as the low N rate fertilizer, because 

suppression of large patch is associated with the soil physical properties and is 

relatively independent of turf management. Also, CLM had an antagonistic ability and 

includes bacterial antagonists (cf. Alcaligenes sp. and Bacillus sp.) about soil-borne 
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pathogenic disease such as brown patch, dollar spot, and large patch. In addition, 

fertilization had statistically significant effects on soil bacterial diversity, bacterial 

species richness, and community composition in all sites. The relative abundances of a 

number of taxonomic groups significantly changed at CLM treated soils, especially 

Actinobacteria, which includes Streptomyces recognized as producers of many 

bioactive metabolites. On average, the relative abundances of Actinobacteria in CLM 

plot soils were increased by 60 and 150% compared to those in CF and NF plot, 

respectively. The correlations between large patch severity and community 

composition were obvious. While disease rate of large patch was moderately 

negatively correlated with the mean of total number of bacteria (r = -0.52) and 

Actinomycetes (r = -0.49), the relative abundances of Actinobacteria in the analyzed 

soils were negative correlated with disease rate (r = -0.71) at the class level. Finally, 

the effects of a number of different factors is reflected by CLM treatment and these 

results may also cause by community composition. From a soil microbial point of 

views, it could be suggested that CLM application used for eco-friendly and 

sustainable turfgrass management as a substitute for chemical fertilizer and pesticides. 
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ABSTRACT IN KOREAN 

 

본 실험  가축 뇨액비가 한  생 에 미치  향  알아보고, 

Rhizoctonia solani AG 2-2 (IV) 균주에 하여 생하  라지 치에 한 

생물학적 제 과  커니  규 하  하여 수행하 다.  

알아보  해 가축 뇨액비  학비료  처리한 후 각각  라지 치 

병 과 양  물리· 학   생물학적 특  변  조사하 다. 

가축 뇨액비  학비료  처리하  경우 엽색지수가 가하 고, 

가축 뇨액비  처리한 실험  얼경  도  건물  무처리 보다 

가하 다. 가축 뇨액비  처리하  경우 양 내 칼 과 나트 , 

리  양  가하 다. 2014 에 충남지역  전 지역  가축 뇨액비 

처리 에  무처리 에 비하여 생물학적 제 과가   정도 

가하  것  찰 었 , 충남지역 가축 뇨액비 처리 에  

무처리 보다 49%, 학비료처리 보다 46%정도  제 과가 

나타났다. 가축 뇨액비  처리하  경우 미생물  가도 찰 었다. 

균  균 가 가하 , FDA  통해 미생물   

가한 것  하 다. 가축 뇨액비   주  병원균주들에 한 

항  치 양  통해 한 결과 달라스 (Sclerotinia homoeocarpa), 

라지 치(Rhizoctonia solani AG-2-2 (IV)), 브라운 치(R. solani AG-2-2 (IIIB)) 

병원균주에 하여 각각 48.0, 20.4, 17.8%씩 균사생  억제하  것  

찰하 다. 가축 뇨액비 내에 항   110종  미생물들  

리하여 각 병원균주들에 해 과가 좋  1종씩 3종(ICIIIB60, GWIV70, 

ISSH20)  하고, 16S rDNA  통해 동정한 결과 각각 Alcaligenes sp., 

Bacillus licheniformis Ab2, and B. subtilis C7-3  졌다. 균과 균  
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집 조  다양  가축 뇨액비  학비료 처리에 해 달라졌다. 

특 , Actinobacteria문과 같    계통들  가축 뇨액비 처리 에  

상 적  포가 뚜 하게 가하 다. 양 내 강단  미생물  포  

라지 치 병  상 계  하여 보 , Actinobacteria강  경우 

라지 치 병 과 강한  상 계(r = -0.71)  나타내었다. 러한 

결과들  정리해보  가축 뇨액비 처리  미생물 집  규 나 조에 

향  주어 라지 치  병 에 향  주었  알 수 다. 라  

양미생물  점에  보았  , 가축 뇨액비  친 경 리  

하여 사  가 할 것  단 다. 
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