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Organic farming systems based on ecological concepts have the potential to produce sustainable
crop yields with no decline in soil and environmental qualities. Recent expansion of sustainable
agricultural systems, including organic farming, has brought about need for development of
sustainable farming systems based on value judgments for key properties of importance for
farming, Chemical and microbiological properties were chosen as indicators of soil quality and
measured at soil depth intervals of 5-20 and 20-35 cm in conventional and organic-based apple
orchards located in Yeongchun, Gyeongbuk. The orchards were two adjacent fields to ensure the
same pedological conditions except management system. Soil pH in organic farming was around
7.5, whereas below 6.0 in conventional farming. Organic farming resulted in significant increases
in organic matter and Kjeldahl-N contents compared to those found with conventional
management. Microbial populations, biomass C, and enzyme activities (except acid phosphatase)
in apple orchard soil of organic farming were higher than those found in conventional farming.
Higher microbial quotient (C,,;/C,,, ratio) and lower microbial metabolic quotient for CO,(¢CO,)
in organic farming confirmed that organic farming better conserves soil organic carbon. Biological
soil quality indicators showed significant positive correlations with soil organic matter content.
These results indicate organic-based farming positively affected soil organic matter content, thus
improving soil chemical and biological qualities.

: apple orchard, biological indicator, conventional farming, microbial activity, microbial
= biomass, organic farming, soil quality

Industrialized agriculture system dependent on large
inputs of fertilizers and pesticides is generally unstable,
the potential for maximum yield being inevitably associated
with risks due to the instability of the ecosystem.
Although industrialized agricultural pattern is still the
main stream of farming, farmers are more interested in
creating sustainable farming systems that have the
potential to produce similar yields year after year with no
decline in soil and environmental qualities [Bezdicek et
al., 1984].

Sustainable agriculture systems based on ecological
concepts promote biodiversity, recycle plant nutrients,
protect soil from erosion, conserve and protect water, use
minimum tillage, and integrate crop and livestock
enterprises in the farms. Sustainable agriculture is also a
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way of raising healthy foods for consumers and animals,
without harming the environment. Organic farming is one
of the common sustainable agriculture systems. Organic
farmers do not use synthetic fertilizers and pesticides, and
attempt to close nutrient cycle on their farms, protect the
quality of the environment, and enhance beneficial
biological interactions and processes [Vandermer, 1995].

Soil, one of our most valuable resources, regulates the
global biogeochemical cycles, filters and remediates
anthropogenic pollutants, and enables food production.
Sustainable soil fertility management is the most important
practice for long-term sustainable crop production, and in
organic farming it relies on a long-term integrated
approach rather than the more short-termed very targeted
solutions commontly found in the conventional agriculture
[Watson et al., 2002].

Soil quality is a necessary indicator of sustainability in
land management [Herrick, 2000], and depends on a large
number of physical, chemical and biological soil propetties.
Characterization of the soil quality requires the selection
of indicators most sensitive to the changes in management
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practices [Doran ef al., 1994]. However, a good soil
quality in one farming system may not be so good in
another, and thus rendering the quantitative assessment of
soil quality difficult. Over the last several years,
researchers have attempted to establish minimum data
sets of physical, chemical, and biological properties that
can be used as quantitative indicators in soil quality
assessments [Andrews ef al., 2002; Carter, 2002; Doran
et al., 1994; Frankenberger and Dick, 1983; Herrick,
2000]. Soil biological properties are mostly controlled by
microorganisms, and the key processes controlled by
these organisms include decomposition of organic materials
and plant residues, increased nutrient availability of P,
Mn, Fe, Zn, and Cu, nitrogen fixation, biological control
of pests, biodegradation of pesticides and pollutants, and
improved soil aggregation [Paul and Clark, 1989]. For the
assessment of soil biological quality, a variety of biochemical
and microbial properties including microbial population
and diversity, biological activities, and disease suppressiveness
should be analyzed.

In Korea, the history of sustainable farming systems is
relatively short, and only few farms have followed the
regulations for sustainable farming for more than one
decade. However, sustainable farming has been rapidly
expanding, and development of sustainable farming
systems necessarily must be based on value judgments
for key properties of importance for farming [Lee et al.,
2004]. The build-up of a large and active soil microbial
biomass is critically important for sustaining the productivity
of soils in organic farming systems [Vandermer, 1995].

In this study, we investigated the effect of organic soil
management on soil biological properties of apple
orchards. Because individual soil biological indicator
vary both seasonally and spatially, and also many
physical and chemical properties affect soil biological
quality [Arshad and Martin, 2002], we selected side-by-
side apple orchards adopting conventional and organic
farming systems and compared their soil chemical and
biological properties.

Materials and Methods

Study area and soil sampling. The conventional and
organic-based apple orchards selected for this study were
located in Yeongchun, Gyeongbuk (latitude 36°01'N and
longitude 128°60'E). The organic-based apple orchard has
been managed without using synthetic fertilizers and
pesticides since 1999. The selected apple orchards were
two adjacent fields to ensure the same pedological
conditions except for the management system. The soil
type in the area is classified as Daegu series. Daegu soils
are loamy skeletal, nonacid, mesic family of Lithic

Eutrudepts. The soil fertility management of the two fields
differs markedly, but is representative for the conventional
and organic farming (Table 1). Characteristics of the
fermented compost used in the organically managed
apple orchard are listed in Table 2.

Soil samples were collected from two different depths
(5-20 and 20-35 cm) at each of the three sites in both
conventional and organic-based apple orchards in
September 2006 with randomized sampling points. Large
pieces of raw organic materials were removed from the
soil surface before collecting the samples. Field moist soil
was sieved (2 mm) and divided into two subsamples. One
was immediately stored at 4°C in plastic bags loosely tied
to ensure sufficient aeration and to prevent moisture loss
until assaying of the microbiological and enzymatic
activities. The other was air-dried for chemical analysis.

Chemical analyses. Soil pH and EC were measured in a
1:5 soil to water extract using Mettler 350 pH meter
(Mettler-Tokedo Ltd., Essex, England) and Orion Mate 90
conductivity meter (Corning Co., Corning, NY, USA). Total
organic carbon was determined by dichromate oxidation
following Walkley and Black procedure [Nelson and
Sommers, 1982]. Total nitrogen was determined by Kjeldahl
distillation method after sulphuric acid digestion using Se,
CuSO,, and K,SO, as catalysts [Bremner and Mulvaney,
1982]. Ammonium (NH,-N) and nitrate (NO,-N) in the soils
were extracted with 2 M KCl, and their contents were
determined using the FIA-5000 autoanalyzer (FOSS
Tecator, Hoganés, Sweden). Available phosphorus (P) was
measured following Lancaster method [NIAST, 1988].

Soil microbial population and biomass. Microbial
populations were determined by soil dilution plating on
various agar media [NIAST, 1988]. For each of the three
subsamples from each composite soil sample, 10 g soil
was weighed and added to 90mL sterilized water,
vigorously stirred for 30 min, and serially diluted (10°-
107). Colony counts for microorganisms were determined
using a spread plate technique to inoculate five replicate
agar plates per dilution prior to incubation for adequate
colony growth. Aerobic bacteria were enumerated on YG
media (yeast extract 1g, glucose 1g, K,HPO, 03 g,
KH,PO, 0.3 g, MgSO,7 - H;,0 0.2 g, agar 15 g, distilled
water 1 L, pH 6.8-7.0) after 14 days incubation at 28°C.
Gram (-) bacteria were grown on YG media containing
5 mL of 0.1% crystal violet solution for 3 days at 28°C.
Fluorescent Pseudomonas were grown on Pseudo 1 media
(K,HPO, 1 g, MgSO,7H,0 0.5 g, KC1 0.2 g, NaNO; S g,
sodium deoxycholate 1 g, betaine 5 g, agar 15 g, distilled
water 1 L, pH 7.2-7.4) for 2 days at 28°C. For counts of
mesophilic Bacillus, the serial dilutions of soil samples
heated at 80°C for 30 min were inoculated on YG media
and incubated for 3 days at 28°C. Fungi were grown on
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Martin media (KH,PO, 1 g, MgSO,7 - H,O 0.5 g, peptone
5 g, glucose 10 g, rose bengal 0.033 g, agar 20 g, distilled
water 1L, streptomycin 33 mg L™) for 5 days at 28°C.
Actinomycetes were enumerated on starch-casein agar
media (starch 10 g, casein 1 g, K,;HPO, 0.5 g, cyclohexamide
0.05g, agar 15g, distilled water 1L) after 14 days
incubation at 25°C.

Soil microbial biomass C was determined using a
chloroform fumigation extraction method [Vance et al.,
1987]. The microbial biomass C was calculated as the
difference in extractable C between the fumugated and
unfumigated samples using a conversion factor of 0.45
[Jenkinson et al., 2004].

Microbial respiration rates. Soil respiration was
determined as the rate of CO, evolution for each sample
as described by Marinari ef al. (2006). Metabolic quotient
of CO, (¢CO,) was calculated by dividing respiration rate
by microbial biomass carbon.

Soil enzyme activities. Dehydrogenase activity was
determined by colorimetric measurement of the reduction
of 2,3,5-triphenyltetrazolium chloride to triphenylformazan
according to the method of Casida et al. (1964). Acid and
alkaline phosphatases were assayed according to the
methods described by Tabatabai (1982). The procedure
involves the spectrophotometric determination of p-
nitrophenol released by soil during incubation at 37°C.
Protease was assayed by spectrophotometric determination
of amino acid leucine released from N-carbobenzoxy-L-
phenylalanyl-L-leucine by soil during incubation at 37°C
[NIAST, 1988]. Urease activity was determined based on
the measurement of the NH," released by urease when
soil was incubated with THAM buffer, urea solution, and
toluene at 37°C for 2 h [Tabatabai, 1982].

Statistical analysis. Duncan’s multiple range test was
used to separate means when the F-value indicated
differences at the P <0.05 level using SAS program
[SAS Institute, 1995].

Results and Discussion

Soil chemical properties. Chemical properties of the
apple orchard soils as affected by organic manuring and
chemical fertilization are shown in Table 3.

In the conventional farming apple orchard soil pH was
in a weak acidic condition and the pH value was slightly
lower than the recommended optimum range of 6.0-6.5
for tree crops [NIAST, 1999]. However, soil pH in the
organically managed apple orchard was near the neutral
condition. High pH in the organically managed soil could
be due to the long-term application of high pH organic
materials. Liebig and Doran (1999) found that soil pH
values in organic farms were closer to neutral and were
generally higher than those found in the conventional
farms. Although not significantly different, soil EC was
also slightly higher with conventional soil management.
Neither inorganic nor organic fertilization appeared to
cause soil salinization.

Organic matter contents in the soil of organic management
were higher in both depths than those subjected to the
conventional management. This result could be due to the
higher rate of organic material input in the organically
managed apple orchard (Table 1). The use of organic
materials have been shown to maintain soil organic matter
at higher levels than inorganic fertilization [Marriott and
Wander, 2006; Tu et al., 2006a]. In addition, organic
practices significantly increased the soil extractable C
content [Tu ef al., 2006b]. Although several years of
contrasting soil management was not sufficient to produce a
consistent difference in soil organic matter content, the
steady use of organic materials on organic farms is
considered important in maintaining the level of soil organic
matter [Marinari ef al., 2006]. Depending on the soil type,
climate, management, and capacity of the soil to store
organic matter, organic C levels may increase linearly with
the amount of organic matter input [Carter, 2002].

Table 1. Management practices employed on the conventionally and organically managed apple orchards

Farming system Organic matter input

Chemical input Tillage method

Fermented compost application

Organic farming (30 Mg ha™) on the surface of the

soil within the drip line in December

Several foliar applications of nutrients
between May and September

None

Composted manure application

Conventional farming (10 Mg ha") in December

1 Mg ha”' (N-P-K=17-21-17) in
February and 100 kg ha’'
(N-P-K=17-21-17) in June

Ploughing 0.2 m
deep every year

Table 2. Characteristics of the fermented compost used in the organically managed apple orchard

pH (1:5 H,0) EC Organic matter Total N NH-N NO;-N Total P
dSm’ gkg' e mg kg ----—- g kg™
7.4 8.9 639 659 70 15.8
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Table 3. Soil chemical properties of apple orchards under organic and conventional managements

Fa‘m‘s’(‘)gﬂ ng;g‘ and a: SPEIZO) EC ?;ﬁ?t‘:r" Total N NH,-N NO,-N  Available P
dSm' gkg'-——- e mg kg™ -----m--m-
Organic
5-20 cm 7 4a' 0.87bc 55.8a 3.4a 13b 10.5b 541 4b
20-35 cm 7.6a 0.75¢ 38.1b 2.4b 1.3b 6.8 481.8b
Conventional
520 cm 5.8b 121a 35.5bc 23b 42a 26.0a 845.0a
20-35 cm 6.0b 0.97b 3.1¢ 12¢ 3.3ab 234a 888.3a

"Means within a column followed by the same letter are not significantly different at P < 0.05.

The organically managed apple orchard soil also had a
higher total N content than that of the conventionally
managed orchard. Such high total soil N content in the
organically managed orchard could be due to the
application of organic materials, as reported previously
by several other researches [Blaise ef af., 2004; Gerhardt,
1997; Marriott and Wander, 2006). Soil NH,-N and NO;-
N contents were higher in both depths in the conventional
farming soil compared with that of the organic farming
apple orchard. Blaise et al. (2004) found higher NH,-N
and NO;-N contents in cotton fields subjected to organic
management than with the modern method of cultivation.
Marinari et al. (2006) also found that NH,-N and NO;-N
contents were continuously higher during the growing
season in organic farming soil compared with conventional
farming soil. However, Liebig and Doran (1999) reported
that soil NO;-N was significantly higher on the surface
30.5 cm of the conventional farm as compared with the
organic farm. The soil mineral N content could differ
significantly depending on the amount and time of
organic and inorganic N fertilizer applications. The high
NH,-N and NO;-N contents in the soils of conventional
based apple orchard found in this study could be due to
the additional fertilization during the mid season.

Available P was higher with the conventional farming
than organic. The annual addition of soluble P fertilizer
could be the reason for the higher accumulation of
available P in the soil of conventional farming apple
orchard. Nongtheless, in spite of the relatively lower
available P content found in the organic farming apple
orchard soil, the level of available P, 480-540 mg kg™,
was sufficient for crop production. Liebig and Doran
(1999) found that trends in the extractable P between
organic and conventional farms were not consistent, and
variation in the extractable P level was greater in
conventional farms.

Previous works reported on the changes in the soil
quality in terms of increased organic C, total N, and
available P contents of organic soil as compared to those

from conventional soil fertility managements [Andrews
et al., 2002; Gerhardt, 1997; Liebig and Doran, 1999].
The higher pH and higher organic matter and total N
contents in the organic farming apple orchard soil could
be the results of long-term effects of organic soil fertility
management. Although Blaise ef al. (2004) found higher
contents of mineral N and NaHCO; extractable P in
cotton fields of organic cultivation than those from
modern cultivation, the contents of inorganic nutrients in
the soil would vary depending on the amount and time of

- chemical and organic fertilizer applications. As mentioned

by Liebig and Doran (1999), having an appropriate
balance of nutrients for crop growth at critical times
during the growing season is an essential factor to achieve
optimal soil function for promoting a more sustainable
agriculture. A relatively consistent supply of available
mineral nutrients would be available for crop growth
during the growing season through mineralization of
organic matter in the organic-based farming.

Soil microbial population and biomass. The effects
of organic and conventional farming systems on the
microbial populations of apple orchard soils are shown in
Table 4. Organic soil fertility management significantly
increased total bacterial populations. Populations of
Gram (-) bacteria and Pseudomonas were about 10-fold
higher in the organically managed soil than in the
conventionally managed soil. Mesophilic Bacillus
population was also higher in the organically managed
soil. However, actinomycetes, which are more
autochthonous-type organisms, varied only slightly
between the soil fertility management systems. Although
not significantly different, populations of fungi were
relatively higher in the conventionally managed soil in
comparison to the organically managed one. Microbial
biomass is among the most labile pools of organic matter,
serving as an important reservoir of plant nutrients, such
as N and P [Marumoto ef al., 1982). Microbial biomass
was significantly higher in the apple orchard managed
organically than conventionally (Fig. 1), possibly due to
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Table 4. Effects of organic and conventional soil fertility managements on the microbial populations in apple

orchard soils

Aerobic Gram (-)

Fluorescent

Mesophilic

e e e pewdwow Bl (3 G
Organisms g™ dry soil

Organic
5-20 cm 75.5+£9.5a" 148.3 £36.9a 177.5+43.1a 66.4 +1.6a 303+ 1.3¢ 33.8+29a
20-35 ¢cm 77.5+3.9a 168.5 £ 14.6a 179.8+ 16.5a 51.9+3.0b 32.0+0.8¢ 435+ 16.7a

Conventiona
5-20 cm 295+4.1b 18.5+3.1b 16.0 £ 4.2b 37.7+7.1¢c 36.8 £ 6.0ab 26.7+t6.7a
20-35 cm 17.5+4.8¢ 22.2+4.8b 19.3 £4.1b 31.6+5.1¢ 38.8+2.9a 27.8+12.1a

*Means within a column followed by the same letter are not significantly different at P < 0.05.
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Fig. 1. Effects of conventional and organic manage-
ments on the biomass C in apple orchard soils.

the increased microbial populations in the organically
managed apple orchard soil. Populations of aerobic
bacteria, Gram (-) bacteria, Pseudomonas, and mesophilic
Bacillus, and content of biomass C were significantly
correlated with the soil organic matter content (Table 5).
It has been well documented that manure and other
organic amendments can have numerous gross effects on
the soil microbial populations and biomass under different
climatic and soil conditions [Marinari ef al., 2006, Melero
et al., 2006]. The higher microbial populations and
biomass in organic farming system are due to the greater
supply of available C and improvement of other soil
physical and chemical characteristics [Schjenning et al.,

2002]. The relatively higher fungal population in the
conventionally managed apple orchard in this study could
be due to the acidic reaction of the soil. Many fungi are
insensitive to high hydrogen ion concentrations and fungi
make up a relatively larger percentage of the community
in acid soil. Elmholt and Labouriau (2005) found that soil
fungal populations varied significantly between organic
and conventional farming systems, and postulated that the
fungal population could be associated with certain
management factors being more prevalent in one farming
system than the other. Filamentous fungi are known to be
rather insensitive to farming system as assessed by
dilution plating [Shannon et al., 2002].

The ratio of microbial C (C,;) to total organic C (C,y) is
an indication of the quality of soil organic matter for
microbial biomass establishment, and studies have found
the ratio is significantly affected by the farming systems
and was greater in the organic farming as compared to the
conventional farming system [Anderson and Domsch,
1989; Marinari ef al., 2006; Melero et al., 2006]. In this
study, a significantly higher C,;/C,, ratio was found in
organic-based apple orchard as compared to the
conventional one, indicating a better soil quality (Fig. 2).
The considerably higher values of C,;/C,, ratios are
probably due to the easily available carbon fraction of the
introduced organic material [Moscatelli ef al., 2005].

Soil microbial respiration rate. Effects of conventional
and organic farming on the microbial respiration rate and
gCO, are presented in Table 6. Soil microbial respiration

Table 5. Correlation coefficients between soil organic matter content and microbial populations (n = 16)

Aerobic
bacteria

Gram (-)
bacteria

Fluorescent
Pseudomonas

Mesophilic

Fungi Actinomycetes Biomass C

Bacillus

. Organic matter ~ 0.385%%* 0.605* 0.665**

0.911** -0.707** 0.099 0.613*

*p < 0.05; **p < 0.01.
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Fig. 2. Effects of conventional and organic manage-
ments on the microbial quotient (C,./C,, ratio) in
apple orchard soils.

Table 6. Effects of conventional and organic farmings
on the microbial respiration rate and metabolic quo-
tient for CO, (¢CO,) in apple orchard soils

Microbial metabolic

Farming system Microbial

. L quotient’
and soil depth respiration rate (GCO))
mg CO, kg soil day™ day™'

Organic

5-20 cm 69.5 + 6.0bt 0.24 £ 0.04¢

20-35 cm 69.3+0.1b 0.27 £ 0.01bc
Conventional

5-20 cm 93.5+£9.2a 0.41+0.01a

20-35 ecm 64.3+£2.3b 0.31+0.03b

"Microbial metabolic quotient was calculated by dividing
respiration rate by biomass carbon.

*Means within a column followed by the same letter are
not significantly different at P < 0.05.

rate, measuring the microbial activity, was highest in 5-20
cm depth soil of the conventional farming apple orchard,
whereas, 20-35 cm depth soils, the respiration rate was
not significantly different between conventional and
organic farming apple orchards. The ¢CO, was higher in
the conventional than organic farming apple orchard, and
the highest value was found in 5-20 cm depth soil of the
conventional farming. This indicates microorganisms in
the organic farming soils need less energy to maintain
their biomass than ones from the conventional farming
soils. In general, comparatively low gCQO, values are a
typical feature of the diverse and highly interrelated
communities and thus can be used as a specific indicator
of soil quality managed under organic and conventional
conditions [Anderson and Domsch, 1993]. Higher
respiration rate was found in smaller microbial communities
of the conventional farming systems [Hopkins and Shiel,
1996}, and high soil gCO, values was found in soils with

10

el

mg TPF kg™ dry soil '

520em 20-38cm 52 cm 20-35 om

Convertionsal Drganic

Fig. 3. Dehydrogenase activities in apple orchard soils
as affected by conventional and organic managements.
Vertical bars are standard deviations.

less available nutrients [Agnelli ef al., 2001]. The higher
C.i/Co, ratio and lower gCO, in organic farming found in
this study also support the hypothesis that organic
farming better conserves soil organic carbon as reported
by Marinari et /. (2006).

Soil enzyme activities. Because soil enzymes react to
changes in soil management more quickly than other
variables, they can be used as potential indicators of soil
quality for sustainable management [Garcia et al., 2000].
The measurement of dehydrogenase activity is particularly
useful in assessing the overall microbial activity since it is
linked to the microbial oxidation of organic substances
and can provide an index of endogenous soil microbial
activity [Casida et al., 1964]. In this study, the activity of
dehydrogenase was significantly higher in the soils of
organically managed apple orchard than the conventional
one (Fig. 3), indicating that the soil microbial metabolism
was greatly enhanced as a result of the organic material
application. According to Tejada et al. (2006), the amendment
of organic materials to soil increased dehydrogenase
activity, because the added material may contain intra-
and extracellular enzymes, thus stimulating the microbial
activity in the soil.

In soils phosphatase in soils is derived mostly from the
microbial population [Tabatabai, 1982] and has been
suggested as a good index of microbial activity
[Frankenberger and Dick, 1983]. Alkaline phosphatase
activity was significantly higher in the soils of organically
managed apple orchard, whereas acid phosphatase activity
was higher in the soils of conventionally managed apple
orchard (Fig. 4 and 5). Acid phosphatase activity has
been reported to be predominant in acid soils, whereas
alkaline phosphatase dominates in alkaline soils [Dick
and Tabatabai, 1984]. Kremer and Li (2003) showed that
phosphatase activity in soils under organic management
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Fig. 4. Alkaline phosphatase activities in apple orchard
soils as affected by conventional and organic manage-
ments. Vertical bars are standard deviations.
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Fig. 5. Acid phosphatase activities in apple orchard
soils as affected by conventional and organic manage-
ments. Vertical bars are standard deviations.

was higher than that under conventional management.
Alkaline phosphatase activity was closely related to the
soil organic matter content [Melero et al., 2006]. Acid
phosphatase activity was correlated with organic C and
highly dependent on the soil pH [Paz Jimenez, 2002]. The
higher acid phosphatase activity in lower organic matter
soil of the conventionally managed apple orchard found
in this study indicates that acidic soil condition could be a
more important controlling factor for the enzyme than the
organic matter content. The application of organic fertilizer
generally increases the rate of organic-P mineralization in
the soil and may have positive implications for nutrient
cycling and soil fertility [Garcia et al., 1994; Tejada ef al.,
2006; Chang ef al., 2007].

Activities of protease and urease were also higher in the
apple orchard soils under organic than conventional
management (Fig. 6 and 7). Both hydrolase enzymes are
associated with mineralization of organic nitrogen and
also sensitive indicators of management-induced changes

20

-
o)

10

prole leucine kg" dry soil ht

5-20cm 20-35cm 520cm  20-35cm

Conwventionsl Organic

Fig. 6. Protease activities in apple orchard soils as
affected by conventional and organic managements.
Vertical bars are standard deviations.
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Fig. 7. Urease activities in apple orchard soils as
affected by conventional and organic managements.
Vertical bars are standard deviations.

in the soil quality due to their strong relationship with the
soil organic matter content [Masciandaro and Ceccanti,
1999].

Increasing the organic matter, total nitrogen, and
available phosphorus content could serve as a basis for
increasing both the biological and enzymatic soil
activities. Activities of all five enzymes investigated in
the apple orchards were higher in the 5-20 cm depth soils,
and activities of the enzymes except acid phosphatase
were significantly correlated with the soil organic matter
content (Table 7).

Soil organic matter contents were significantly higher
in apple orchards under organic farming system compared
to those found under conventional farming system. Soil
biological parameters including microbial populations
and biomass, and enzyme activities were strongly
influenced by the farming system, and these parameters
showed significant positive correlations with the soil
organic matter content. These results indicate that for
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Table 7. Correlation coefficients between soil organic matter content and enzyme activities (n=16)

Alkaline

D
ehydrogenase phosphatase

Acid

phosphatase Urease

Protease

Organic matter 0.748**

0.947**

-0.396 0.837** 0.889**

*P <0.05; **P < 0.01.

successful soil quality management, input of organic
materials is of importance, and long-term organic-based
farming positively affect the soil organic matter content,
thereby improving the soil chemical and biological
qualities.
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