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EFFECT OF COMBOUTEA (KOMBUCHA) AND MİX MİCROORGANİSMS CULTURE 
COMBOUTEA PRODUCTİON WASTE ON BASAL RESPİRATİON AND MİCROBİAL 

BİOMASS CARBON CONTENT OF SOİLS

ABSTRACT:

This study aims to determine the effects of comboutea and lyophilized comboutea 
culture on soil some soil biological features. This study was carried out on 2 different 
soils as a pot experiment in the greenhouse. 4 doses of comboutea (0, 10, 20, 30 ml/
pot) and 4 doses of lyophilized comboutea culture (0, 0.25, 0.50, and 0.75 mg/pot) were 
applied on the soils with 4 kg soil in apiece pot. At the end of the experiment, basal 
respiration (BR) and microbial biomass carbon (MBC) analyzes were made in the soils 
taken from the pots. According to the analysis results, it was observed that upregulati-
on in the amount of comboutea and lyophilized waste of comboutea culture caused an 
improvement of BR and MBC of soils based on the soil texture.

Keywords: Comboutea, Microbial Biomass Carbon, Soil Respiration, Soil, Soil Bio-
logy.



COMBOUTEA (KOMBUCHA) VE COMBOUTEA ÜRETİM ATIKLARI KARIŞIK 
MİKROORGANİZMA KÜLTÜRÜNÜN TOPRAKLARDAKİ TOPRAK SOLUNUMU VE 

MİKROBİYAL BİYOKÜTLE KARBON İÇERİĞİ ÜZERİNE ETKİSİ

ÖZ:

Bu çalışmanın amacı, kombu çayı ve liyofilize edilmiş kombu çayı kültürünün top-
rağın bazı biyolojik özellikleri üzerindeki etkilerini belirlemektir. Bu çalışma serada 
saksı denemesi olarak 2 farklı toprak üzerinde gerçekleştirilmiştir. 4 kg toprak bulunan 
saksılara 4 doz kombu çayı (0, 10, 20, 30 ml/saksı) ve 4 doz liyofilize eilmiş kombu çayı 
kültürü (0, 0.25, 0.50 ve 0.75 mg/saksı) uygulanmıştır. Deneme sonunda saksılardan 
alınan topraklarda toprak solunumu ve mikrobiyal biyokütle karbon analizleri yapıl-
mıştır. Analiz sonuçlarına göre, kombu çayı ve liyofilize edilmiş kombu çayı kültürü-
nün toprak tekstürüne bağlı olarak toprak solunumunu ve mikrobiyal biyokütle karbon 
içeriğini artırdığı belirlenmiştir.

Anahtar Kelimeler: Kombu Çayı, Mikrobiyal Biyokütle Karbon, Toprak Solunumu, 
Toprak, Toprak Biyolojisi.


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1. INTRODUCTION

Soil is a living matter. The reason why soil is a living matter is the organisms that 
live in and on it. For the microbial population in the soil to maintain its viability, it 
must have suitable conditions for these living organisms. (Aşkın et al., 2004; Kızılkaya 
and Aşkın, 2007). The use of microorganisms plays an important role in sustainab-
le husbandry practices, on the other hand, the increasing use of microorganisms in 
agriculture is evident (Malek, 1971; Kızılkaya et al., 2003; Çakmakçı et al., 2007). Soil 
microbial biomass and CO2 production are widely accepted as markers of soil quality. 
Microorganisms provide the cycle of plant nutrients by reducing the need for chemi-
cal fertilization as far as possible, therefore, their importance in agriculture is great. 
For this reason, microorganisms are used as microbial fertilizers in agriculture due to 
their beneficial effects on development (İsmailçelebioğlu, 1969; Emtiazi et al., 2004). 
Microorganisms that promote plant growth, as well nitrogen fixation and phosphate 
solubility, promote plant growth through the synthesis of herbal hormones and vita-
mins, inhibiting ethylene synthesis, increasing nutrient intake and resistance to stress 
conditions, and decomposition of soil organic matter (Naruala et al., 2000; Saravanan 
et al., 2008).

Comboutea is a beverage, and it is a fermentation product  composed of mushro-
oms, black tea, and sugar. (Marzban et al, 2015). Comboutea is a conventional beverage 
used in various parts of the world, mainly in Asian countries. Also, it is claimed that 
comfort may have many beneficial effects on human health (Murugesan et al., 2009; 
Marzban et al, 2015). Comboutea is a sweetened black tea which is fermented with 
acetic acid bacteria and yeast culture. Comboutea has a complex chemical compositi-
on and contains vitamins, organic acids, enzymes, polyphenols, and several micronut-
rients (Kumar and Joshi 2016; Emiljanowicz and Malinowska-Pańczyk, 2020).

Microorganisms are supreme alternatives for sustainable agriculture (Malek, 1971; 
Kızılkaya et al., 2004; Çakmakçı et al., 2007). Microbial activity of soil and soil fertility 
are closely related, so the conversion of nutrients (C, N, P, and S) from organic to mine-
ral structure is turning through microbial biomass in the soil (Frankenberger and Dick, 
1983). This study aimed to exhibit the effects of the comboutea and lyophilized waste of 
comboutea culture on Soil Respiration (basal respiration-CO2 production) and Micro-
bial Biomass Carbon of soils.

2. MATERIAL AND METHODS 

2.1. Material

2.1.1. Experiment Soil

In this study, two different soil samples were used. One of the soils was from 
Çorlu district of Tekirdağ province (soil A) and the other soil was taken from Bafra 
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district of Samsun province (soil B). The methods used to determine some para-
meters of the soil are given in Table 1.

2.1.2. Comboutea

 Comboutea was used in 2 different forms in the trials. The first was used dire-
ctly by the manufacturer in the form offered to the market. The second form was 
used as waste, and mixed microorganism cultures were frozen in liquid nitrogen, 
they were lyophilized at -80 ºC for 3 days and the cell water was removed and used 
as cultures that show activity when combined with water. 

2.2. Methods

This study was designed and conducted as a pot trial, and it was made in the 
greenhouse under controlled conditions. The experiment was conducted in Sam-
sun Ondokuz Mayıs University, Department of Soil Science and Plant Nutrition 
research and application greenhouse. Comboutea and lyophilized comboutea cul-
ture were applied to two different soil types, both in terms of physical and chemical 
contents.

In the experiment, the pot was filled with 4 kg soil of oven on dry weight. 
Then, 4 doses of comboutea (0, 10, 20, 30 ml) and lyophilized comboutea culture 
(0, 0.25, 0.50, and 0.75 mg)  were added on the soils. The water lost from the pots 
was added every day by weighing. Wheat plants were grown in test pots, and at the 
end of greenhouse experiment (138th day) the plants were harvested. At the end 
of the experiment, fresh soil samples were taken from each pot to determine the 
microbial biomass carbon and soil respiration of the soils. 

MBC was determined by the SIR (substrate-induced respiration) method by 
Anderson and Domsch (1978). BR at field capacity (CO2 production at 22 ºC wit-
hout the addition of glucose) was measured, as reported by Anderson (1982).

Table 1. Analysis applied to determine some parameter of soil samples used in 
the experiment (Rowell, 1996)
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All determinations were performed in triplicate, and all values reported are 
averages of triplicate determinations. The routines of the SPSS 21.0 statistical prog-
ram were used for the statistical analysis.

3. RESULTS AND DISCUSSION

3.1. Soil Physical and Chemical Properties

The major physical and chemical contents of the soils in the current study are 
presented in Table 2. Accordingly, one of the trial soils is sandy loam and acid rea-
ction, and the other is loam and alkaline.

3.2. Properties of Comboutea

The mineral contents of comboutea were determined by Acmelabs (Acme 
Analytical Laboratories (Vancouver) Ltd. 1020 Cordova St. East Vancouver BC 
V6A 4A3 Canada in ICP-MS, and results are given in Table 3. According to the 
analysis results, it was determined that comboutea contains nutrients, especially P, 
and contains potentially toxic heavy metals (Cd, Pb…) in very traces.

Table 2. Physical and chemical properties of trial soils
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Table 3. Minerals content of comboutea

While producing comboutea, non-pathogenic bacteria and yeasts are used in 
the fermentation period. (Mayser et al., 1995; Mo et al., 2008; Jayabalan, 2010).

Bacteria:

Acetobacter xylinus (synonym: Gluconacetobacter xylinus)

Acetobacter aceti 

Acetobacter pasteurianus

Yeasts:

Schizosaccharomyces pombe (synonym: Schizosaccharomyces malidevorans) 

Saccharomycodes ludwigii 

Saccharomyces cerevisiae (synonym: Saccharomyces aceti, Saccharomyces capen-
sis, Saccharomyces chevalieri, Saccharomyces hienipiensis, Saccharomyces italicus, 
Saccharomyces norbensis, Saccharomyces ole)

Kloeckera apiculata (synonym: Hanseniaspora uvarum)

Zygosaccharomyces rouxii (synonym: Kluyveromyces osmophilus, Saccharomyces 
rouxii)

Zygosaccharomyces bailii (synonym: Saccharomyces bailii, Saccharomyces ele-
gans) 
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Brettanomyces bruxellensis (synonym: Brettanomyces abstinens, Brettanomyces 
bruxellensis, Brettanomyces custersii, Brettanomyces intermedius, Brettanomyces 
lambicus,  Dekkera intermedia, Dekkera bruxellensis)

Pichia membranaefaciens (synonym: Candida valida, Pichia alcoholophila) 

Candida kefyr (synonym: Candida macedoniensis, Candida pseudotropicalis,             
Kluyveromyces cicerisporus, Kluyveromyces fragilis, Saccharomyces marxianus)

Candida krusei (synonym: Endomyces krusei, Saccharomyces krusei, Issatchenkia 
orientalis)

Microorganisms (yeast and bacteria) used in the production of comboutea 
synthesize various organic acids, amino acids, and vitamins, it is also contained 
in the final product. Organic acids in the content of comboutea tea are given in 
figure 1, amino acids in figure 2, vitamins in figure 3, and tea polyphenols in 
figure 4.
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Figure 1. Various organic acids within comboutea (Blanch, 1996; Srinivasan, 
1997; Dufresne and Farnworth, 2000; Sreeramulu et al. 2000; Jayabalan et al. 2007; 
Mo et al. 2008)
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Figure 2. Various aminoacids within comboutea (Jayabalan, 2010)

Figure 3. Various vitamins within comboutea (Bauer-Petrovska ve Petrushev-
ska-Tozi, 2000)
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Figure 4. Various tea polyphenols within comboutea (Jayabalan, 2010)

 
     Both the lactic acid contained in comboutea and the lactic acid synthesized 
by the waste microbial mixed culture used by lyophilization (Emiljanowicz and 
Malinowska-Pańczyk, 2020)  has a very strong sterilizing feature, suppresses 
the population of pathogenic bacteria, and accelerates the mineralization of soil 
organic matter. At the same time, lactic acid prevents the reproduction and spread 
of Fusarium, which negatively affects vegetative productivity in agriculture. As a 
result, it increases the resistance of plants to pathogens.
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3.3. Biological Properties of Soils

3.3.1. Basal Respiration (BR)

The effects of comboutea applied from the soil and lyophilized waste comboutea 
culture on BR in 2 different soils with sandy loam and loam are given in figure 5 
and table 4. According to the results, it was determined that comboutea applied to 
the soil at increasing levels increased the amount of BR in both sandy loam and 
loam soils, depending on the increasing doses of comboutea and lyophilized waste 
comboutea culture dose.
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Figure 5: The effects of comboutea applied from the soil and lyophilized waste 
comboutea culture on soil respiration
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Although the applications applied to sandy loam textured soil and loam soil 
give similar results on BR, it has been determined that the effect of waste kombu 
tea cultures by lyophilizing sandy loam to textured soil on BR is more pronounced. 
It was determined that 0.75 g/pot comboutea culture increased BR by 18.5% 
compared to control. However, when comboutea is applied directly to the soil as a 
product, the most effect was determined in loamy soil and 30 ml/pot application 
dose, the increase in BR at this dose compared to control was determined to be 
15.8%.

CO2 production which is determined in soils refers to the amount of CO2 
produced as a result of the respiration of soil creatures, and this is also called soil 
respiration. Soil creatures (soil fauna and microflora) produce a very large amount 
(2/3) of CO2 produced in soils, and some (1/3) of it is produced by plant roots 
(Haktanır and Arcak, 1997). For this reason, the determination of CO2 production 
is also a frequently used evaluation method in determining the biological activity of 
soils (Anderson, 1982). It has been determined that the increases in soil respiration 
as a result of the application of both comboutea and lyophilized waste comboutea 
culture vary according to the soil texture. Also, it was determined that the increases 
in soil respiration as a result of the applications increased root respiration due to the 
increased plant growth. As a result of the addition of comboutea or waste lyophilized 

Table 4:  The effects of comboutea applied from the soil and lyophilized waste 
comboutea culture on soil respiration
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kombu tea culture to the soils, it has been determined that microbial respiration 
also increases as root respiration as a result of the microorganism population in the 
soil. Dhull et al. (2004), observed the changes in biological activity in the soil by 
applying organic fertilizers and chemical fertilizers in different doses and mixtures 
to the soil. At the end of the study, they reported that organic fertilizer applications 
significantly increased soil respiration. Garcia-Gil et al. (2004), the physical 
(aggregation), chemical (pH, EC, total organic C and C fractions), and biological 
(microbial biomass C, soil respiration, dehydrogenase, phosphatase, β-glycosidase, 
and urease) properties were investigated. At the end of the study, they determined 
that aggregate stability, soil respiration, dehydrogenase, urease, and phosphatase 
activity were higher in soils where plants were grown compared to the control 
soil. Many studies show that (Hadas et al., 2004; Parfitt et al., 2005; Joergensen 
and Potthoff 2005; Kaur et al. 2005; Kızılkaya et al., 2007) organic origin materials 
applied to soils increase the amount of CO2 production and report that the reason 
for this increase is  narrow C:N and nutrient-rich organic materials.

3.3.2. Microbial Biomass Carbon (MBC)

The effects of comboutea applied from the soil and lyophilized waste comboutea 
culture on MBC in 2 different soils with sandy loam and loam are given in figure 6 
and table 5. According to the results, it was determined that comboutea applied to 
the soil at increasing levels increased the amount of MBC in both sandy loam and 
loam soils, depending on the increasing doses of comboutea and lyophilized waste 
comboutea culture dose. 

Figure 6. The effects of comboutea applied from the soil and lyophilized waste 
comboutea culture on microbial biomass carbon
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Table 5. The effects of comboutea applied from the soil and lyophilized waste 
comboutea culture on microbial biomass carbon

Even though the applications applied to sandy loam textured soil and loam 
soil give similar results on MBC, the effect of the applications on the sandy loam 
textured soil is more pronounced compared to the loamy soil. It was determined 
that 0.75 g/pot lyophilized waste comboutea culture in sandy loam soil increased 
the MBC content by 33.9% compared to the control soil. In the same soil, as a result 
of 30 ml/pot application of directly kombu tea, it was determined that the MBC 
content increased by 55.4% compared to the control soil.

The population of soil microorganisms is in a very tight relationship with the 
physicochemical properties of soils. Cultural activities such as organic matter or 
waste applications on soils can also affect the population of these microorganisms 
(Vekemans et al., 1989). Although the population of soil microorganisms is 
sufficient when similar organisms are compared with each other, this population 
does not make sense when the whole soil microflora is evaluated. For this reason, the 
determination of the biomass of microorganisms such as total microbial biomass C 
is one of the most frequently used parameters when evaluating the microbiological 
properties of soils (Rogers and Li, 1985; Vekemans et al. 1989; Nannipieri et al. 
1990). Albiach et al. (2000), applied 5 different organic materials (municipal solid 
waste, humic acid, vermicompost, waste sludge, and sheep manure) to the garden 



288 Effect of Comboutea (Kombucha) and Mix Microorganisms Culture Comboutea...

ANAJAS, 2022, Cilt 37, Sayı 2, Sayfa 275-292

4. CONCLUSION

The effects of comboutea and lyophilized waste comboutea cultures applied to 
soils on the biological properties of soils are generally positive. However, these 
positive effects are generally more pronounced in sandy loam soils. The main 
source of the increase in soil biological properties, after the application of both 
comboutea tea and waste lyophilized culture on soils is directly related to the 
introduction of microorganisms to the soil through and the entry of some organic 
compounds and nutrients in the product. When evaluated the amount of carbon 
dioxide production, it is seen that the comboutea culture applied by lyophilization 
increases the CO2 production more than the comboutea applied as a direct 
product. This may be due to the low pH of the comboutea product, which is not 
lyophilized and in liquid form, as well as the microorganisms that synthesize acid 
in comboutea. It may have had a negative effect on plant root development in the 
low pH environment.

On the other hand, microbial biomass carbon, in contrast to that of carbon 
dioxide production, in lyophilized comboutea application resulted in lower MBC 
content compared to liquid culture application in both soil types. The reason for 
this is the number of microorganisms populations in the lyophilized waste culture 
and it can be thought that the liquid culture may have a more active microorganism 
population.

It is clear that comboutea product, whether as liquid culture or as lyophilized 
waste, has a positive effect on the vitality and microorganism activities of soils. 
However, more detailed studies are required to reach a definitive conclusion.
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soil, they investigated the effects of soils on enzyme activities (dehydrogenase, 
alkaline phosphomonoester, phosphodiester, aryl sulfatase and urease), and 
microbial biomass content end of 4. and 5. years, then it was determined that all 
of these organic residues in general cause an increase in soil enzyme activities and 
microbial biomass, and the highest effect was obtained from urban solid waste, 
sheep manure, and waste sludge application, respectively. 

Bastida et al. (2008), examined the effect of organic materials with different 
stabilization degrees on the size, efficiency, and structure of the microbial 
population in the soil. At the end of the research, they found that compost 
application significantly increased the microbial biomass carbon in the soil.



289Murat DURMUŞ, Rıdvan KIZILKAYA

https://doi.org/10.7161/omuanajas.961243

Author Contribution Rates

Design of Study (Çalışmanın Tasarlanması): MD (%50), RK (%50)

Data Acquisition (Veri Toplanması): MD (%75), RK (%25)

Data Analysis (Veri Analizi): MD (%50), RK (%50)

Writing up (Makalenin Yazımı): MD (%80), RK (%20)

Submission and Revision (Makalenin Gönderimi ve Revizyonu): MD (%90), 
RK (%10)

REFERENCES 

Albiach, R., Canet, R., Pomares, F., & Ingelmo, F. (2000). Microbial biomass content and enzymatic activities after the 
application of organic amendments to a horticultural soil. Bioresource Technology, 75, 43-48.

Anderson, J. P. E. (1982). Soil respiration. in: A. L. Page, R. H. Miller and D. R. Keeney (eds.), Methods of soil analysis, 
part 2-chemical and microbiological properties, Madison, Wisconsin, American Society of Agronomy, Soil Science 
Society of America 831-871.

Anderson, J.P.E., & Domsch, K.H. (1978). A physiological method for the quantitative measurement of microbial biomass in 
soils. Soil Biology and Biochemistry, 10, 215-221.

Aşkın, T., Kızılkaya, R., Gülser, C., & Bayraklı, B. (2004). Ondokuzmayıs üniversitesi kampus topraklarının bazı mikrobiyolojik 
özellikleri. Ondokuz Mayıs Üniversitesi Ziraat Fakültesi Dergisi, 19, 31-36.

Bastida, F., Kandeler, E., Moreno J.L., Ros, M., Garcia, C., & Hernandez, T. (2008). Application of fresh and composted 
organic wastes modifies structure, size and activity of soil microbial community under semiarid climate. Applied 
Soil Ecology, 40, 318-329.

Bauer-Petrovska, B., & Petrushevska-Tozi, L. (2000). Mineral and water soluble vitamin content in the Comboutea drink. 
International Journal of Food Science and Technology, 35, 201-205.

Blanch, P.J. (1996). Characterization of the tea fungus metabolites. Biotechnology Letters, 18, 139-142.
Çakmakçı, R., Dönmez, M.F., & Erdoğan, Ü. (2007). The effect of plant growth promoting rhizobacteria on barley seedling 

growth, nutrient uptake, some soil properties, and bacterial counts. Turkish Journal of Agriculture and Forestry, 31, 
189-199.

Dufresne, C., & Farnworth, E. (2000). Tea, comboutea, and health: a review. Food Research International, 33, 409-421.
Emtiazi, G., Naderi, A., & Etemadifar, Z. (2004). Effect of nitrogen fixing bacteria on growth of potato tubers. Advances in 

Food Sciences, 26, 56-58.
Fatemeh, M., Gholamreza, A., Sanaz, A., Reza, S., Mir Hadi, S., Alireza, R., & Abbas, M. (2015). Comboutea tea ameliorates 

experimental autoimmune encephalomyelitis in mouse model of multiple sclerosis. Food and Agricultural 
Immunology, 26, 782-793.

Frankenberger, W.T., & Dick, W.A. (1983). Relationships between enzyme activities and microbial growth and activity 
indices in soil. Soil Science Society of America Journal, 47, 945-951.

Garcia-Gil, J. C., Ceppi, S., Velasca, M., Polo, A., & Senesi, N. (2004). Longterm effects of amendment with municipal solid 
waste compost on the elemental and acid functional group composition and ph-buffer capacity of soil humic acid. 
Geoderma, 121, 135-140.

Hadas, A., Kautsky, L., Goek, M., & Kara. E.E. (2004). Rates of decomposition of plant residues and available nitrogen 
in soil, related to residue composition through simulation of carbon and nitrogen turnover. Soil Biology and 
Biochemistry, 36, 255-266.

Haktanır, K., & Arcak, S. (1997). Toprak Biyolojisi. Ankara: Ankara Üniversitesi Ziraat Fakültesi Yayınları No. 1486. 
İsmailçelebioğlu, N. (1969). Muhtelif bölgelerden izole edilen Azotobacter chroococcum ile aşılamanın, Erzurum Kan siltli 

kili ve Palandöken çakıllı tınında yetiştirilen buğday ve patates bitkilerinin verimi üzerine etkisi. Erzurum: Atatürk 
Üniversitesi Yayınları No: 274 

Jayabalan, R., Malini, K., Sathishkumar, M., Swaminathan, K., & Yun, S.E. (2010). Biochemical characteristics of tea fungus 



290 Effect of Comboutea (Kombucha) and Mix Microorganisms Culture Comboutea...

ANAJAS, 2022, Cilt 37, Sayı 2, 

produced during comboutea fermentation. Food Science and Biotechnology, 19, 843-847.
Jayabalan, R., Marimuthu, S., & Swaminathan, K. (2007). Changes in content of organic acids and tea polyphenols during 

comboutea tea fermentation. Food Chemistry, 102, 392–398.
Joergensen, R.G., & Potthoff, M. (2005). Microbial reaction in activity, biomass, and community structure after longterm 

continuous mixing of a grassland soil. Soil Biology and Biochemistry, 37, 1249-1258.
Katarzyna, E.E., & Edyta, M.P. (2020). Comboutea from alternative raw materials-The review. Critical Reviews in Food 

Science and Nutrition, 60, 3185-3194. 
Kaur, K., Kapoor, K.K., & Gupta, A.P. (2005). Impact of organic manures with and without mineral fertilizers on soil chemical 

and biological properties under tropical conditions. Journal of Plant Nutrition and Soil Sciences, 168, 117-162.
Kızılkaya, R., Ekberli, İ., & Kars, N. (2007). Tütün atığı ve buğday samanı uygulanmış toprakta üreaz aktivitesi ve kinetiği. 

Ankara Üniversitesi Ziraat Fakültesi Tarım Bilimleri Dergisi, 13, 186-194.
Kızılkaya, R., Aşkın, T., & Özdemir, N. (2003). Use of enzyme activities as a soil erodobility indicator. Indian Journal of 

Agricultural Sciences, 73, 446-450.
Kızılkaya, R., & Aşkın, T. (2007). The spatial variability of soil dehydrogenase activity:  a survey in urban soils. Agriculturae 

Conspectus Scientificus, 72, 89-94.
Kizilkaya, R., Aşkın, T., Bayraklı, B., & Sağlam, M. (2004). Microbiological characteristics of soils contaminated with heavy 

metals. European Journal of Soil Biology, 40, 95-102.
Kumar, V., & Joshi, V. (2016). Comboutea: technology, microbiology, production, composition and therapeutic value. 

International Journal of Food and Fermentation Technology, 6, 13-24.
Malek, A.E. (1971). Free-Living nitrogen-fixing bacteria in Egyptian soils and their possible contribution to soil fertility. 

Plant and Soil special, 2, 423-442. 
Mayser, P., Fromme, S., Leitzmann, C., & Gründer, K. (1995). The yeast spectrum of the 'tea fungus Comboutea. Mycoses, 

38, 289-295.
Mo, H., Zhu,, Y., & Chen, Z. (2008). Microbial fermented tea e a potential source of natural food preservatives. Trends in 

Food Science and Technology, 19, 124-130.
Murugesan, G.S., Sathishkumar, M., Jayabalan, R., Binupriya, A.R., Swaminathan, K., & Yun, S.E. (2009). Hepatoprotective 

and curative properties of Comboutea tea against carbon tetrachlorideinduced toxicity. Journal of Microbiology 
and Biotechnology, 19, 397–402.

Nannipieri, P., Ceccanti, B., & Grego, S. (1990). Ecological significance of the soil biological activity in soil. Bollag, J.M. and 
Stotzky, G. (Eds.). Soil Biochemistry (415-471). New York: Marcel Dekker.

Narula, N., Kumar, V., Behl, R.K., Duebel, A.A., Gransee, A., & Merbach, W. (2000). Effect of P solubilizing Azotobacter 
chroococcum on N, P, K uptake in P responsive wheat genotypes grown under green house conditions. Journal of 
Plant Nutrition and Soil Science, 163, 393–398.

Saravanan, P., Pakshirajan, K., & Prabirkumar, S. (2008). Biodegradation of phenol and m-cresol in a batch and fed batch 
operated internal loop airlift bioreactor by indigenous mixed microbial culture predominantly Pseudomonas sp. 
Bioresource Technology, 99, 8553-8558.

Parfitt, R.L., Yeates, G.W., Ross, D.J., Mackay, A.D., & Budding, P.J. (2005). Relationships between soil biota, nitrogen and 
phosphorus availability, and pasture growth under organic and conventional management. Applied Soil Ecology, 
28, 1-13.

Rogers, J.E., & Li, S.W. (1985). Effect of heavy metal and other inorganic ions on soil microbial activity: soil dehydrogenase 
assay as a simple toxicity test. Bulletin of Environmental Contamination and Toxicology, 34, 858-865.

Rowell, D.L. (1996). Soil science: methods and applications. London, UK: 3rd Edition Longman. 
Sreeramulu, G., Zhu, Y., & Knol, W. (2000). Comboutea fermentation and its antimicrobial activity. Journal of Agricultural 

and Food Chemistry, 48, 2589-2594.
Srinivasan, R. (1997). Probable gastrointestinal toxicity of Comboutea tea. Journal of General Internal Medicine, 12, 643-

633.
Suresh, D., Sneh, G., Krishan, K., & Mool, M. (2004). Microbial biomass carbon and microbial activities of soils receiving 

chemical fertilizers and organic amendments. Archives of Agronomy and Soil Science, 50, 641-647.
Vekemans, X., Godden, B., & Penninckx, M.J. (1989). Factor analysis of the relationships between several physico-chemical 

and microbiological characteristics of some Belgian agricultural soils. Soil Biology and Biochemistry, 21, 53-57.


