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Abstract. The organic certification process is financially impossible for many tea-farm producers. 
Differences in soil physicochemical properties, microbial physiological variables, and community 
structure were investigated in organic and conventional agroecosystems in Nantou County, central 
Taiwan. Soil samples were collected monthly in 2011 from two study sites: below tea shrub canopies 
(TI) and between tea shrubs (TII). Abiotic and biotic soil parameters were analyzed using two-way 
ANOVA to determine the impact of farming type and sampling location. Microbial-community 
structure and functional diversity were determined based on substrate-induced respiration, indicating 
the metabolic potential of the microbial community. The results indicate that organic farming can 
reduce the metabolic quotient (qCO2) and basal respiration, and increase microbial-community 
functional diversity and catabolic ability, especially with amino acids and carbohydrates. The 
addition of fertilizers will decrease the metabolic function of bacterial communities. We attribute 
these results to the continuous supply of fresh organic matter that maintains long-term carbon 
bioavailability, improving nutrient supply to yield production. 

Keywords: Carbon availability, conventional farming, organic farming, soil microbial community, 
tea farming. 

1   Introduction 

One of the most common practices in organic farming in an agricultural system is to leave the organic 
debris in the field in order to enhance biological activity and diversity, to promote soil fertility during 
the decomposition process, and in addition, in order to decrease weed growth, thus reducing the area of 
weeds to be tidied. In the decomposition process, soil microorganisms play a critical role in ecosystem 
functions, i.e., soil structure [1], soil quality [2], pest control [2], material decomposition [3], the nutrient 
cycle [4], and in plant-community composition [5, 6]. Enhancing the understanding of a soil microbial-
mediated process is, therefore, essential for achieving sustainable agriculture. 

Ecosystem resilience may decrease when microbial species diversity decreases [7]. Species diversity and 
functional diversity are correlated, but functional diversity has a greater impact on ecosystem processes 
than species diversity [8]. Thus, microbial functional diversity is a good indicator of disturbances and for 
predicting soil function, even though the functional redundance of the ecosystem is high or a disturbance 
has just taken place [9-12].  

Recently, researchers have become interested in comparing the soil processes of organic and 
conventional farming systems. The general setting of organic-farming study means operation without 
herbicides, insecticides, and mineral fertilizer, but with animal manure or compost [2, 9, 13-17]. However, 
it is unusual that conventional farming is compared with organic farming, which abandons all artificial 
managements except harvesting. 

Traditional culture-based techniques for a microbial community cover only 1% of the soil bacterial 
species of the total bacterial populations and 17% of fungal species [10, 18-20], not to mention the 
taxonomic disputes and unknown functions of these species. Recently, several methods have been 
developed to assay structure and potential function of a microbial community. Such methods include 
polymerase chain reaction – denaturing gradient gel electrophoresis (PCR-DGGE), phospholipid fatty 
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acids (PLFA), MicroRespTM, and BIOLOG [21-24]. MicroRespTM [25] is an alternative method for 
constructing a community-level physiological profile (CLPP) and the functional diversity of a microbial 
community. Its advantages include the use of whole-soil samples rather than a soil extract (elimination 
of extraction bias), rapid response based on substrate-induced respiration (SIR), and utility in a wide 
range of soils with better discrimination [10, 12, 18, 26]. MicroRespTM reflects the activity of fast-
growing, aerobic and heterotrophic microbes and those organisms capable of utilizing available carbon 
sources [10, 18], which represent the availability of food resources in the soil, such as plant root exudates 
[27-29]. 

The purpose of this study was to explore how agricultural managements (organic and conventional) 
influence the physicochemical conditions, microbial community, and metabolic function of the soil. We 
also investigated the relationship between physicochemical properties and physiological variables. Soil 
samples were, therefore, collected from beneath canopies and between tea shrubs from a conventional 
farm (CA) and an organic farm (OA). 

We hypothesized that organic farming will improve soil function within natural ecosystem boundaries 
by increasing microbial functional diversity and soil microbial-community activity compared with 
conventional farming. At both sampling sites the soil samples beneath and between tea shrubs will 
similarly be affected by tea plant residues. 

2   Materials and Methods 

2.1   Study Site 

The study site was located in the Mingjian agricultural area, western Nantou County in central Taiwan. 
The study site was composed of two sites: an organic tea farm (OA, 23°49'00.70"N, 120°39'01.60"E, 417 
m above sea level) and a conventional tea farm (CA, 23°51'34.00"N, 120°38'13.80"E, 390 m above sea 
level). Both farms were 1500 square meters in size. The mean annual temperature at the study site was 
22.2oC, and the mean multiannual precipitation (over15 year period) was 1980 mm. 

The soils at both study sites were red ultisols [30]. The basic physicochemical properties of the soil are 
described in Table 1. 

The tea-shrub species in both farms are Camellia sinensis, planted in rows with a width of 1.5 m. The 
weeds of the organic tea farm flourish all the year round and are dominated by Oplismenus hirtellus, 
Paspalum conjugatum, Cyrtococcum patens, Peristrophe roxburghiana, and Ageratum houstonianum. 

2.2   Management 

Management at the conventional tea-farm study site included shrub pruning in February and the 
harvest period starting in April and ending in November. A total of four to five harvests were conducted, 
with intervals of 45 to 50 days between each harvest in order to allow the plants to re-grow. 

At the organic farm, there was no artificial management, i.e., watering, plowing, or application of 
insecticides or herbicides in the past 13 years, except for the application of slow-release organic fertilizer 
in early January. At the conventional farm, mineral fertilizers (N: P: K=20: 5: 1), or insecticides were 
applied following the pruning and harvest periods. Irrigation during the year was a function of 
precipitation abundance and dispersion. Rice bran and peanut shell amendments were applied between 
the tea-farm rows at the conventional farm in order to prevent evaporation from the soil and to improve 
soil organic matter. 

2.3   Soil Sampling and Physicochemical Properties  

Two sets of soil samples were collected from each study site on the same day before harvesting: one 
below the shrub canopy (n=5) (TI) and the other between the tea shrubs (open space) (n=5) (TII). The 
soil samples were collected from the upper soil layer of 0-10 cm depth with a soil corer (diameter = 5.5 
cm). Four soil subsamples were pooled together to represent one soil sample as one replicate. These soil 
samples were kept in an insulated ice box to prevent overheating, and transported to the laboratory, 
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where they were kept at 4°C for a maximal 48 hours, awaiting chemical and biological analysis after 
being sieved (≦2 mm) to remove plant roots and debris. 

Soil moisture content (SM) was determined gravimetrically by drying the soil at 105°C for 24 h [31, 
32]. 

Water-holding capacity (WHC) was determined by applying tap water to 40 g dry soil samples from 
each treatment in a bottom-perforated vessel. The WHC was inferred from the amount of residual water 
remaining following the draining of gravitational water [31]. 

pH was determined using a combined pH electrode in the filtered supernatant of a mixture of 20 g 
fresh soil and 40 ml distilled H2O following shaking for 10 min at 140 rpm [33]. 

Organic matter (OM) was determined by the loss-on-ignition method, a modification of a method 
described by Ben-Dor and Banin [34]. An amount of three grams oven-dried soil was placed in a ceramic 
crucible, which was then heated at 400°C for 4 h. The value of OM was calculated as the difference 
between the initial and final sample weights divided by the initial sample weight expressed as percent 
[35, 36]. 

Total soil nitrogen (TN) was determined by using the Kjeldahl method [37]. One gram of oven-dried 
soil was introduced into a flask and mixed with 4 ml concentrated H2SO4 (98%) and at least 0.27 g 
catalyst mixture (K2SO4: CuSO4‧ 5H20: Se=50: 10: 1). It was heated until digestion was completed. 
Ammonium was measured using alkaline distillation and titration. Total soluble nitrogen (TSN) was 
determined using 20 g fresh soil mixed with 50 ml 2M KCl, as described by Keeney and Nelson [38]. The 
mixture was shaken for 1 h and the filtered supernatant was collected, followed by stirring for 30 min. 
The filtrate was measured using an autoanalyzer for total nitrogen [37]. 

2.4   Physiological Variables and a Microbial Community 

Soil subsamples from each replicate were adjusted to 40% soil moisture content of WHC and pre-
incubated in the dark at 25oC for 2 days (48 h) before catabolic assay. Pre-incubated soil samples were 
added to the deep-well microplate after loading carbon substrates in the relevant wells. The microplate 
was attached to a colorimetric detection plate via a perforated seal and incubated at 25oC for 6 h. The 
detection plates were read by inserting them in a plate reader spectrophotometer at 570 nm before 
sealing the deep-well plates (Time 0) and after 6 h incubation (Time 6). The absorbance of each well 
was calculated based on the CO2 concentration at time zero and the level of CO2 after 6 h [25]. 

CO2 evolution and microbial biomass were determined using the MicroRespTM system [25]. Water was 
added to soil samples in a deep-well microplate in order to determine basal respiration (BR), and 
glucose was added to quantify microbial biomass (MB) based on the substrate-induced respiration 
method (SIR) [39]. 

Metabolic quotient for CO2 (qCO2) is a specific activity parameter for estimating the effects of 
environmental conditions on soil microbial biomass. It was calculated according to the equation qCO2 = 
basal respiration (BR)/microbial biomass (MB)  
[40, 41]. 

Soil microbial substrate utilization functional diversity (H’) was determined by the MicroRespTM 
system [25], consisting of a deep-well microplate (1.2 ml) filled with soil and aqueous carbon substrates, 
a perforated seal, and a colorimetric detection plate for absorbing CO2. The respiratory response to the 
following fifteen carbon substrates (Table 2) was tested at 30 mg/ml soil water: five carbohydrates 
(arabinose, fructose, galactose, glucose, and trehalose), six amino acids (alanine, arginine, cysteine HCl, 
γ-amino butyric acid, lysine, and N-acetyl glucosamine), three carboxylic acids (citric acid, malic acid, 
and oxalic acid), and one aromatic carboxylic acid (protocatechuic acid). 

Microbial functional diversity (H’) was determined using the Shannon–Weaver index (H’): H’ = -Σ Pi 
(ln Pi), where Pi is the ratio of the activity of a particular substrate and the sum of the activities of all 
substrates [42]. 

The colorimetric detection plate, as a CO2 trap, was prepared by loading microplate wells with 150 μl 
Nobel agar (1%)-based gel intermixed with cresol red (12.5 μg/ml), potassium chloride (150 mM), and 
sodium bicarbonate (2.5 mM) [25]. All detection plates were stored in a sealed bag with soda lime for 
CO2 absorption and wet tissue to avoid desiccation of the gel. 
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2.5   Data Analyses 

All soil physicochemical properties and physiological variables were analyzed (n=5) using two-way 
ANOVA with two factors: farming type (CA and OA) and sampling position (TI and TII). A Tukey’s 
comparison of all means of treatments (CAI, CAII, OAI, and OAII was performed for all variables, if a 
significant effect of factors was detected [28]. The Pearson correlation coefficient was used to test the 
correlation between variables (SM, pH, TN, TSN, OM, WHC, MB, BR, qCO2, and H’). The above-
mentioned statistical analyses were conducted using MINITAB 14 (Minitab Inc., Phoenix, AZ). 

The metabolic profiles of SIR, the CO2 concentration response of the soil microbial community under 
the stress of 15 different substrates, were log (x+1)-transformed, and a resemblance matrix was created 
on normalized data using Euclidean distances. Ordination by non-metric multidimensional scaling (MDS) 
was used to show the pattern of functional profiles. Similarity-percentage (SIMPER) analysis was used 
to calculate the contribution percentage of individual substrates to grouping soils by functionality were 
performed using PRIMER 5 [26]. 

3   Results 

The total annual rainfall during the 2011 study period was 1210 mm (Fig. 1), which was 44% less than 
the mean precipitation of the previous four years. The rainy days were unevenly distributed throughout 
the year. Eighty-five percent of the precipitation occurred in the summer season (May to November). 
Almost 30% of the rain fell in July, which was the highest amount for any month throughout the year. 

3.1   Soil Physicochemical Properties 

Rainfall distribution and its abundance were reflected in the pattern of soil moisture content on a 
temporal basis. The soil moisture level reached a mean value of 58.9% and  a minimal value of 19.9% 
was recorded in May (Fig. 2). Soil moisture was significantly affected (p<0.001) by farming type and 
location (Tables 1, 3). Moreover, there were no significant differences in soil moisture between CA-TI, 
OA-TI, and OA-TII, where the soil moisture at CA-TII (51.27± 0.96 %) was twice as much as the 
others (p<0.001). Furthermore, soil moisture had a positive correlation with total N, total soluble N, 
organic matter, and water-holding capacity (Table 4). 

Farming type and sampling location significantly (p<0.001) affected pH values (Table 3). 
Conventional farming soil exhibited lower pH both under the canopy and between the shrubs. The pH 
was lowest in the CA-TII, reaching a value of 3.21± 0.03, while no significant difference was found 
between OA-TI and OA-TII (Fig. 2). A significant correlation was found between pH and total nitrogen, 
organic matter, and water-holding capacity of the soil (Table 4). 

Farming type and sampling location had significant effects (p<0.001) on the soil nitrogen 
concentration (Table 3). The highest total N (0.86± 0.02 g*kg-1) and total soluble N (211.00±16.6 μg 
soil g-1) were found (Fig. 2) between the shrubs at the conventional farm, where they reached values 
that were four and ten times higher compared to the others, respectively (Table 2). No significant 
difference was found in TSN between CA-TI, OA-TI, and OA-TII, and TN at OA-TI was significantly 
lower than at CA-TI and OA-TII. The soil nitrogen concentration was positively correlated with organic 
matter and water-holding capacity of the soil (Table 4). 

Organic matter and water-holding capacity reflected the same pattern in relation to both farming 
type and sampling location (Fig. 2; Table 3). The organic matter and water-holding capacity between 
the shrubs (TII) were much higher than under the canopy (TI) at a conventional farm, but were not 
significantly different at the organic farm (Table 1). A strong positive correlation was found between soil 
moisture and water-holding capacity (Table 4). 

Overall, soil physicochemical properties were significantly affected by farming type and sampling 
locations. Conventional-farming samples exhibited substantially higher soil moisture, total N, total 
soluble N, organic matter, and water-holding capacity, but lower pH. The environmental conditions of 
the organic farm were relatively stable, and were not significantly affected by sampling location during 
the study period. 
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3.2   Microbial Community 

The microbial biomass (MB) in the soil samples collected under organic farming was significantly higher 
(p<0.001) than under conventional farming conditions, and the microbial biomass under the canopy was 
higher (p<0.001) than that found between the shrubs [Table 5; Fig. 3(a)]. Soil samples collected 
between the shrubs at the organic farm exhibited the highest value of 129.45 μg C g-1 dry soil and, at 
the same time, samples from under the shrubs at the conventional farm exhibited the lowest value of 
65.76 μg C g-1 dry soil, i.e., half the amount of the highest. (Table 2). 

The metabolic quotient (qCO2) indicates the ecophysiological state of the soil microbial community. 
Soil between the shrubs at the conventional farm had the highest value of qCO2, followed by the 
variable collected from under the canopy of the conventional farm; the values found at the organic farm 
were lowest (Table 2). There was no significant difference with qCO2 between two sample locations at 
the organic farm [Fig. 3(b)]. The metabolic quotient was found to be mainly associated with changes in 
total N, organic matter, and water-holding capacity (Table 4). 

Basal respiration (BR) exhibited a pattern similar to that of the metabolic quotient, with the highest 
values of 0.93 μg CO2-C g-1 dry soil h-1 found under the canopy at the conventional farm [Fig. 3(c)]. A 
significant positive correlation (r=0.76, p<0.001) was found between basal respiration and total soluble 
nitrogen (Table 4). 

Differences in farming type were reflected by the Shannon index (H’) (p<0.001; Table 5), with 
significant differences between sampling locations. The mean Shannon index in soil samples between the 
shrubs (H’= 2.57) was higher than those taken under the canopy at the organic farm, and a relatively 
lower value was found between the shrubs at the conventional farm (H’= 2.11) [Table 1; Fig. 3(d)]. The 
Shannon index demonstrated a correlation with total N, organic matter, water-holding capacity, and the 
metabolic quotient (p<0.001), and a positive correlation with soil pH (r=0.53, p<0.001) (Table 4). 

3.3. Functional Structure of the Microbial Community 

The distribution of non-metric multidimensional scaling (MDS) based on the microbial metabolic profile 
with fifteen carbon substrates showed two distinct groups, one for each of the two farming types (stress 
= 0.1; Fig. 4; Table 6). The microbial community of conventional farming displayed a higher ability to 
metabolize carboxylic acids (lysine and arginine) compared with organic farming, and their substrate 
utilization ability was mainly expressed by the use of an amino acid (citric acid) and carbohydrates 
(glucose and fructose). Soil samples collected between the shrubs were distinguished from the samples 
collected under the canopy by a decrease in the catabolic ability of arginine and an increase in lysine 
and cysteine at the conventional farm. The functional profile under the canopy at the organic farm 
demonstrated reduced lysine, cysteine, and arginine catabolism compared with samples collected 
between the shrubs. 

4   Discussion and Conclusions 

Mäder et al. [17] demonstrated that organic farming improves physical and chemical soil stability 
compared with conventional farming. These findings are similar to our findings. All parameters 
measured in the present study were found to be significantly affected by farming types, and the 
standard errors of values at the organic farm were relatively smaller than at the conventional farm not 
only under the canopies but also between the shrubs (except for pH). The soil microbial community was 
found to be sensitive to abiotic factors [43, 44]; therefore, stable abiotic factors may be a cue of stable 
microbial-community structure and agroecosystem functions. 

Conventional management alters the environmental conditions between the shrubs of CAII, but not 
beneath the shrubs of CAI, from OAI and OAII, for example: SM, TN, TSN, and OM. The application 
of organic nitrogen fertilizer resulted in a great increase in soil organic matter, which is consistent with 
previous studies [2, 45]. However, conventional management was found to affect the pH value (decrease 
to a level of 3.21) at the CAII, indicating serious soil acidification, and nitrogen concentration in CAI 
and CAII may be caused by mineral fertilizers [2, 17, 45]. The considerably high N concentration in the 
CAII soil (conventional farming between shrubs) probably originated from organic nitrogen fertilizer and 
mineral nitrogen applications, as described by Mäder et al. [17]. These physicochemical properties very 
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seldom act independently [29], and this is in line with the results of correlation analysis. Extreme acidity 
at the conventional farm is harmful to most microorganisms because the enzymes are mostly pH-
dependent, and will reduce the nitrification rate and modify microbial-community structure in soil if pH 
is below 6 [29, 46, 47]. 

Functional diversity and functional group components of organisms change with the modification of 
environmental conditions or different management programs, and have a great impact on ecosystem 
processes [14, 48]. The physiological microorganism variance demonstrated an apparent farming-
management effect. 

qCO2 reflects the maintenance requirements of the microbial biomass. As described in recent research 
studies, organic farming results in lower qCO2 and higher microbial biomass than conventional farming 
[9, 14, 17, 45]. The lower qCO2 indicates that organic farming maintains the agricultural system at a 
lower energy budget. Consequently, microbial communities are able to use organic substances more for 
growth or biomass increase [17]. Furthermore, the functional diversity based on substrate-induced 
respiration of OAII was highest, so the mechanism of niche differentiation and coexistence may support 
microbial populations with extra resources [48]. Therefore, organic farming can build up a higher 
microbial biomass than conventional farming. 

There was no significant difference in the microbial biomass between CAII and OAI, while the basal 
respiration of CAII was about twice as high as in other sampling locations. This pattern may be caused 
by an increasing dominant group of bacteria that, under high nutrient conditions, easily metabolized N 
[28, 49], or through the utilization of soil organic matter [50]. In addition, conventional tillage stimulates 
microbial activity, leading to an increase in the soil respiration rate [29]. 

Functional diversity was significantly different between plots, and the order was OAII > OAI > 
CAI > CAII. It is obvious that organic farming will increase functional diversity of a microbial 
community, and conversely, conventional farming has a negative impact on functional diversity, 
especially in plots where fertilizer is applied. Vegetation can influence the soil microbial community by 
root exudations [28]. Microclimate and environmental conditions at fine-scale soil ecosystems determine 
the general microbial community structure [13]. An increasing resource heterogeneity created by 
multiple root exudations from a large amount of weeds and non-tillage throughout the year at the OAII 
should facilitate microbial diversity. A more diverse community results in more efficient resource 
utilization [17]. 

4.1   The Functional Structure of a Microbial Community 

The metabolic ability of samples collected from the organic farm was more outstanding and faster than 
at the conventional farm. OA expressed a weaker response only when lysine, arginine, and cysteine were 
used. In particular, the microbial community of the organic farm had a better potential for degrading 
recalcitrant materials such as 3,4-dihydroxybenzoic acid. This result supports earlier findings that 
organic farming promotes the decomposition of plant material and organic residues [14, 17], as well as 
enhances nutrient cycling [2]. Grayston et al. [27] indicated that a microbial community demonstrated 
greater utilization of multiple carbon substrates when soil was not fertilized or semi-fertilized, and this 
result supports our finding. This study suggests that fertilizer will decrease the metabolic function of 
bacterial communities [28, 51], even though mineral N application increases the decomposition rate of 
organic matter by fulfilling N demands of microbes [2, 27, 52, 53]. 

Conventional-farming samples show a relatively high ability to metabolize carboxylic acids. This is in 
agreement with previous studies that showed that organic acids are used by a wide range of bacteria [14], 
and conventional farming will improve the growth of copiotrophic bacteria rather than oligotrophic 
microbes [54]. This result can perhaps be explained by the fact that the availability of excessive 
nutrients leads to a shift in the dominant microbial community of the conventional farm toward early 
successional species at the cost of more efficient resource users [2]. 

The knowledge of the relationship between biodiversity and ecosystem processes and the mechanism 
of how agriculture management influences the structure and function of microbial communities is still 
limited [26, 28]. However, this study advocates that agricultural manipulation of conventional farms, 
especially the application of fertilizer, has strong influences on nutrient supply, decomposition processes, 
and microbial-community structure. Furthermore, functional diversity was associated with pH, soil total 
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nitrogen, organic matter, and qCO2 of soil, and organic farming increases functional diversity and 
promotes metabolic ability and decomposition rate by modifying these physicochemical properties. 

Sustainable farming is an important concept in natural farming for maintaining the health of soil, 
crops, the soil biotic community, and the interplay between them, leading to a long-term balance and it 
will be one of the most important factors determining primary productivity on a long-term scale. Such 
long-term balance will also help to decrease dependence on limited, non-renewable pollution resources, 
such as petroleum-based products, and the importation of organic materials. 
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Appendix 

Table 1. Summary of soil physicochemical and physiological properties. 

Farming type Position SM (%) pH  Total-N (g*kg-1)  TSN (μg/soil g) OM (%) WHC (%) 

CA TI 24.63 (0.54) 4.10 (0.05) 0.23 (0.01) 20.09 (1.80) 5.64 (0.21) 68.75 (0.62) 
 Tll 51.27 (0.96) 3.21 (0.03) 0.86 (0.02) 211.00 (16.60) 17.13 (0.33) 104.31 (1.05) 
OA TI 24.53 (0.29) 5.91 (0.10) 0.17 (0.00) 8.19 (0.54) 4.55 (0.07) 64.04 (0.42) 
  Tll 26.05 (0.31) 6.07 (0.09) 0.21 (0.00) 23.00 (2.09) 5.16 (0.11) 66.01 (0.38) 

 
Farming type Position MB (μg C g-1 dry soil) qCO2 BR (μgCO2-C g-1 dry soil h-1) H' 

CA TI 65.76 (2.77) 6.09 (0.18) 0.40 (0.03) 2.34 (0.03) 
 Tll 101.41 (5.82) 9.71 (0.38) 0.93 (0.06) 2.11 (0.05) 

OA TI 95.25 (3.76) 4.64 (0.21) 0.41 (0.02) 2.46 (0.02) 
CA, conventional farm; OA, organic farm; TI, below shrub; TII, between shrubs; SM, soil moisture; TN, total 
nitrogen; TSN, total soluble nitrogen; OM, organic matter; WHC, water-holding capacity; MB, microbial biomass; 
BR, basal respiration; qCO2, metabolic quotient; H', microbial functional diversity; the number in parenthesis are 
standard deviation. 

Table 2 The different carbon substrates added to soil in MicroRespTM divided into chemical groups. 

Carboxylic acids Carbohydrates Aromatic carboxylic acids Amino acids 
L-Alanine L-Arabinose 3,4-Dihydroxybenzoic acid Citric acid 
Arginine D-Fructose (protocatechuic acid) L-Malic acid 
L-Cysteine HCl D-Galactose  Oxalic acid 
Gamma-Amino butyric acid  D-Glucose   
L-Lysine Trehalose   
N-Acetyl-Glucosamine       

Table 3. Summary of ANOVAs for soil physicochemical properties over the entire study period; test for farming 
type and position treatment. 

Soil property 
Farming type effect   Position effect   Farming type × Treatment 

Fvalue P   Fvalue P   Fvalue P 
SM 457.13    0.000    565.14    0.000    449.63    0.000  
pH 1100.57   0.000   27.24   0.000   56.77   0.000  
TN 1415.79   0.000   1265.75   0.000   964.45   0.000  
TSN 140.43   0.000   148.73   0.000   108.99   0.000  
OM 1013.69   0.000   870.26   0.000   702.78   0.000  

WHC 1015.09    0.000    772.83    0.000    619.27    0.000  
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Table 4. Pearson’s correlation coefficients between the variables. Correlation coefficient between different variances 
for soil samples representing the different treatments.  

  SM pH TN TSN OM WHC MB BR qCO2 
pH 0.66***                 
TN 0.96*** 0.72***        
TSN 0.70*** 0.60*** 0.77***       
OM 0.96*** 0.71*** 0.99*** 0.76***      

WHC 0.93*** 0.74*** 0.96*** 0.72*** 0.96***         
MB NS 0.25*** NS 0.24*** NS NS    
BR 0.54*** 0.41*** 0.59*** 0.76*** 0.60*** 0.58*** 0.55***   

qCO2 0.64*** 0.69*** 0.71*** 0.68*** 0.72*** 0.76*** 0.17* 0.66***  
H' 0.49*** 0.53*** 0.54*** 0.43*** 0.55*** 0.56*** 0.20** 0.38*** 0.63*** 

SM - soil moisture, pH, TN – total nitrogen; TSN – total soluble nitrogen; OM - organic matter WHC – water-
holding capacity, MB - microbial biomass ; qCO2 - metabolic quotient. p values:  
*p <0.05; **p<0.01; ***p<0.0001 

Table 5. Summary of ANOVAs for physiological variances during the entire study period; test for farming type 
and position treatment (NS –non significant). 

Soil property 
Farming type effect   Position effect   Farming type × Treatment 

F1,236 P   F1,236 P   F1,236 P 
MB 32.47   0.00001   47.89   0.00001   0.02   NS  
qCO2 201.29   0.00001   40.59   0.00001   69.31   0.00001  
BR 32.91   0.00001   71.94   0.00001   37.25   0.00001  
H' 89.30    0.00001   3.36    NS    31.00    0.00001  

Table 6. The strongest variables (substrates) associated with the differences based on the catabolic profile of a 
microbial community under conventional farming and organic farming. 

Substrate  Type of substrate Average value of CA Average value of OA Contribution % 
L-Lysine Carboxylic acid 1.42  0.46  11.58  
Arginine Carboxylic acid 1.07  0.31  10.29  

Citric acid Amino acid 0.29  0.91  8.81  
D-Glucose Carbohydrate 0.34  0.91  8.09  
D-Fructose Carbohydrate 0.29  0.80  8.08  

CA, conventional farm; OA, organic farm 
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Figure 1. Monthly rainfall in the research area throughout the study period (Jan-Dec 2011). 
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Figure 2. Mean physicochemical properties (± SE) in different treatments. Bars with the same letter are not 
significantly different, using Tukey’s comparison of all means. (CA, conventional farm; OA, organic farm; I, below 
shrub). 
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Figure 3. Mean physiological variables (± SE) in different treatments. Bars with the same letter are not 
significantly different, using Tukey’s comparison of all means. (CA, conventional farm; OA, organic farm; I, below 
shrub; II, between shrubs).    

Stress: 0.1

 
Figure 4. The non-metric multidimensional scaling (MDS) plot based on normalized Euclidean distances generated 
from catabolic-utilization (CO2 evolution) data. (CA, conventional farm; OA, organic farm; I, below shrub; II, 
between shrubs). 
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