Effects of the application of Effective Microorganism and of solid tine aerification on the population of microorganisms and the organic matter content in a sand profile fairway of a golf course with a medium-high level of maintenance
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Abstract: Effective Microorganism (EM) is an inoculum of microorganisms developed to promote plant growth and fertility of agricultural soil. In this research, it is studied the influence of the application of EM and of solid tine aerification on the population of microorganisms and the organic matter content in a fairway of a golf course at Madrid, Spain. The treatments were these: Control, EM, Aerification, and Aerification + EM. No significant differences were found for the population of microorganisms in any of the treatments and dates tested. Likewise, no significant differences were found for the organic matter content of the soil, having into account that its initial contents were low or very low.
INTRODUCTION
The technology of EM (Effective Microorganism) was developed in the 1970’s at the University of the Ryukyus, Okinawa, Japan. At the beginning, this technology was based on blending a multitude of microbes which was, a posteriori, refined until including only three principal types of organisms commonly found in an ecosystem, namely photosynthetic bacteria, lactic acid bacteria, and yeasts. Photosynthetic bacteria synthesize amino acids, nucleic acids, bioactive substances and sugars, substances from secretions of roots, and organic matter by using sunlight and the heat of soil as sources of energy. Lactic acid bacteria produce lactic acid from sugars. This acid is a strong sterilizer since it suppresses harmful microorganisms and increases rapid decomposition of organic matter (lignin and cellulose) in the soil. Yeasts synthesize bioactive substances (hormones and enzymes) that promote active cell and root division. The principle of activity of EM is that an increase of the bio diversity of the micro flora of the soil should produce an increase of the yield of the crop and an improvement of the soil properties. 
Experiments conducted on many crops (Higa T. 1991) have shown that the effect of microorganisms largely differs depending on soil conditions and methods of application. There are known principles in the ecology of the soil that reject straight forward the effectiveness of EM: principally the effect of EM in the soil is difficult to achieve since the amount of microorganisms added by the EM solution in comparison with the amount of microorganisms in the soil (109) is insignificant and no effects can be expected (Cóndor-Golec A. et al. 2007). It should be also taken into account the complexity of the competitive and symbiotic relations among the microorganisms in the soil and the stability of these relations. The alteration of these relations by the application of any external element will end up in a quick reestablishment of the initial equilibrium present in the soil. The ecology of the soil is not easy to change.
The aim of this research was to evaluate the evolution, after the application of EM and solid aerification, of the population of microorganisms and of the organic matter content in a sand profile fairway of a golf course with a medium-high level of maintenance.
MATERIALS AND METHODS
The trial was carried out at Centro Nacional de Golf of the Royal Spanish Golf Federation located in Madrid. It was used the product EM agro (Effective Microorganism), solid aerifications, and a combination of both on a ryegrass (Lolium perenne) fairway constructed on a 20 centimeter 100% silica sand profile. The product was applied with a portable sprayer at a rate of 22 l/Ha by foliar application, and afterwards, it was drenched into soil profile with a 5-minute watering. The aerification was carried out at the same time than the application of EM by means of a vertical-action coring machine. The applications and aerifications were carried out in the first three days of each month in the period ranged from February to August 2010 (6 tested dates). The treatments were: control, EM, aerification, and aerification + EM. During the trial, the regular schedule of course maintenance was carried on: cultural practices, fertilization, and pesticide treatments.
The sample taking was made the last three days of each month. It was carried out by extracting 10 centimeter deep soil cylinders with a cup cutter. Two subsamples of each repetition were taken and, afterwards, they were mixed up to be sent to the laboratory where the following parameters were determined: 
- In the first three centimeters of the profile: (i) lactic acid bacteria; (ii) yeasts.

- In the first ten centimeters of the profile: (j) total organic matter; (jj) total organic carbon; (jjj) C/N relation; (jjjj) organic and ammoniac nitrogen.

A sample taking and an analysis of the experimental plots were made prior to the first treatment with the aim of having initial values of reference and guaranteeing the homogeneity of the experimental plots. Here, the same parameters previously exposed were determined. 
The experimental design was a RCBD (Randomized Complete Block Design). An area of the fairway measuring 2.50 by 3 meters was taken as basic plot. Each treatment was repeated randomly four times in four different fairways of the golf course. The data were studied with the ANOVA, using Duncan’s Test (P< 0.05) for the mean separation.
RESULTS

Microbiologic analysis

The population of lactic acid bacteria did not show significant differences in any of the dates when the sampling were taken (Table 1). A big variability in the data can be observed both in the different dates and in the different treatments. 
The population of yeasts behaved the same as the one of lactic acid bacteria (Table 1), that is, not showing significant differences for the tested dates and treatments, although a certain stabilization of the populations can be observed in dates 5 and 6.
Chemical analysis

The values of total organic matter remained in low or very low levels during the trial (Fig. 1). Significant differences were only observed in date 3 when the treatments EM (0.75%) and aerification + EM (0.63%) showed higher values. However, these values were always around low or very low levels. In the last tested date (date 6), it was observed an increase of the percentage of total organic matter in all treatments.
The total organic carbon content behaved the same as the total organic matter content, which remained during the whole trial in very low levels for all treatments (Fig. 2).
The average values of organic and ammoniac nitrogen are shown in figure 3. It was only observed significant differences in date 3, probably due to the higher percentage of total organic matter that same date. In the rest of the dates no significant dates were observed, and the values remained around low levels for all treatments.

The C/N relation remained constant during the whole trial and it was not observed any significant differences in any treatment nor tested dates (Fig. 4). The values remained in low levels during the whole period covered by the trial.
CONCLUSIONS

The application of EM did not show any effect on the population of lactic acid bacteria and yeasts of the soil. Likewise, no effect was observed on the quantity of organic matter in the soil. The low levels of initial organic matter seem to be, a priori, the main handicap for the non-proliferation of microorganisms in the soil, especially having into account that in most of the previous trials the application of EM was accompanied by the addition of organic matter to the soil (Iwaishi, S. 2000; Tokeshi, H. et al. 1993; Van Vliet, P.C.J. et al. 2005; Yamada, K. et al. 2000). The sand profile of the soil seems to be another determining factor for the non-proliferation of microorganisms in the soil.
Therefore, we can conclude that the application of EM in a golf course with a medium-high level of maintenance and with a sand profile soil did not show any effect on the soil.

These conclusions could be extrapolated to greens built over silica sand since they have a soil similar to the one tested in the experiment. Greens are usually exposed to a high level of maintenance, so their organic matter content, in normal conditions, is usually as low or lower than the one of the surface where the experiment was carried out.
The solid aerification did not show any effect either on the population of microorganisms in the soil or on the organic matter content. To this, we have to add that an aerification with this cadence would be unviable in the ordinary maintenance of a golf course.
The reduced time of duration of the trial, even more having into account the required time and difficulty to modify or alter the ecology of soil, could be presented as a determining factor which detracts from the veracity of the results. However, studies carried out during 4 years (Mayer, J. et al. 2010) did not show either significant differences for the application of EM.
It would be advisable to make the experiment with EM in a golf course with a low level of maintenance and built on a plot with higher content of organic matter, clay, and silt.
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	Figure 1. Total organic matter content evolution of the four treatments tested.

Different letters indicate significant differences by Duncan’s Test (P<0.05).
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	Figure 2. Total organic carbon content evolution of the four treatments tested.

Different letters indicate significant differences by Duncan’s Test (P<0.05).
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	Figure 3. Organic and ammoniac nitrogen content evolution of the four treatments tested. Different letters indicate significant differences by Duncan’s Test (P<0.05).
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	Figure 4. C/N relation evolution of the four treatments tested. Different letters indicate significant differences by Duncan’s Test (P<0.05).




