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Abstract: Soil quality is directly affected by alterations in its microbiological, biological, biochemical,
physical, and chemical aspects. The microbiological activities of soil can affect soil fertility and
plant growth because it can speed up the cycling of nutrients, enzymes, and hormones that are
needed by plants for proper growth and development. The use of different agricultural management
practices can influence microbial biomass and enzyme activities by altering soil microclimate, soil
microorganism habitat, and nutrient cycling. Based on this, the present work planned to evaluate the
impact of conventional, low-input, and organic farming systems in a vegetable field growing celery
on microbial biomass and different soil enzyme activities. The present study showed a comparison
of the effect of different practices on biological soil quality indicators during two sampling times, i.e.,
one month after colonization and one month before harvesting. It was observed that the soil microbial
biomass in the organic farming system was significantly higher than that found in conventional
and low-input practices. Under an organic farming system, the soil microbial biomass in December
was significantly higher than that in October. The soil microbial biomass carbon in the 0–20 cm
soil layer showed higher variation compared to that in the 20–40 cm layer for all the three of the
farming management practices that were used in the study. Additionally, the soil total carbon and
total organic carbon were recorded as being higher in the December samples than they were in
the October samples. Under all the three of the management practices that were applied, the soil
catalase activity was higher in the October samples than it was in the December soil samples that
were collected the from 20–40 cm soil layer compared to those that were taken from the 0–20 cm
layer. The application of organic fertilizer (chicken and cowmanure compost) resulted inincreases
in the soil urease and in the protease activity. The protease activity of the soil samples that were
extracted from the 0–20 cm and 20–40 cm soil layers in October was higher in the samples that were
taken from farms using conventional practices than it was in the samples that were taken from farms
using organic and low-input practices, while the samples that were collected during December from
both of the soil layers showed higher protease activity when organic methods had been used. No
significant variation in the soil urease activity was observed between the two soil layer samples.
Urease activity was the highest when organic management practices were being used, followed
by the low-input and the conventional modes. For the conventional and low-input practices, the
soil urease activity showed an obvious trend of change that was related to thetime of sampling, i.e.,
activity in December was significantly higher than activity in October. The novelty of this study was
to determine the microbial biomass carbon and enzymatic activity in a six-field crop rotation (tomato,
cucumber, celery, fennel, cauliflower, and eggplant) using three management practices: low-input,
conventional, and organic systems. The present study showed that the long-term application of
organic fertilizers plays a large role in maintaining excellent microbial and enzyme activitythat result
in improved soil quality.

Keywords: agriculture; conventional farming; low-input farming; organic farming; soil enzyme;
catalase; protease; urease
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1. Introduction

Agriculture represents a critical sector of world’s economy. Sustainable land manage-
ment can increase the agricultural production and can reduce losses in biological diversity.
In land management, one of the main challenges is to conserve the soil quality as well as
the associated ecosystem services while increasing the agricultural yields [1]. Soil quality
represents the potential of a soil to work well within various ecosystem boundaries in
order to preserve biological productivity, maintain environmental quality, and promote
plant growth and development [2]. Land management techniques like conventional, low-
input etc. can result in variations in soil organic matter following loss of the organic carbon
and ultimately affect the microbial biomass of particular soil ecosystem [3]. Conventional
farming has generally led to a decline in soil structure and soil aggregation, which results
in reduced water infiltration, increased soil bulk density, and salinity and nitrogen leaching,
all of which contribute to ground water contamination [4,5]. Compared to conventional
land management techniques, organic farming results in better food quality and safety due
to its biological nutrient supply and pest control methods [6]. Under different crop manage-
ment practices, organic farming can lead to higher soil quality than conventional farming
due to enhanced soil biodiversity [7], better soil structure formation [8], and increased
enzyme activity, microbial biomass, and soil organic carbon [9,10]. Organic farming repre-
sents one of the most important and holistic production management systems and is able to
promote agro-ecosystem health by improving biological cycles, biodiversity, soil biological
activity, etc. This type of crop management practice avoids or excludes the use of synthetic
compounds, plant growth regulators, genetically modified organisms, fertilizers, pesticides,
livestock food additives, etc. Organic farming encourages the use of crop residues, animal
manures, plant nutrients (rock phosphate, basic slag, rock potash), legumes, green manure
(cowpea, green gram), off-farm organic waste, biofertilizers (Rhizobium, Azotobacter, Azospir-
illum, Rhizobacter, Mycorrihizal fungi, Blue green algae, Azolla), etc., as well as the use crop
rotation, mechanical cultivation, and biological pest (insects, weeds) control to maintain
the overall soil productivity [11]. Organic farming is able to help maintain the health of
the environment, reduces human and animal hazards, keeps agricultural production at a
sustainable level, reduces the cost of agricultural production, results in the optimumuse of
natural resources; improves soil physical properties such asgood tilth, granulation, good
aeration, and high water holding capacity; and reduces soil erosion [6]. Since 1985, organic
farming and the production of organic food has continued to grow across the world. By
2017, a total of 69.8 million hectares land were dedicated to organic farming globally, repre-
senting 20% growth compared to the year 2016 [12]. Among various countries, Australia
has the largest area that is dedicated to organic agricultural land (35.65 million hectares),
followed by Argentina, China, Spain, the USA, Italy, India, etc., while India has highest
number of organic producers in the world, followed by Uganda, Mexico, Ethiopia, the
Philippines, etc. [12]. Organic farming is practiced by 187 countries around the world and
covers about 72.3 million hectares of agricultural land [13].

The European Union recently launched the Farm to Fork (F2F) strategy under the
“European Green Deal”, which includes a set of different policies that have been determined
by the European commission that aim to introduce new legislation on organic farming
and food security. The European Commission’s F2F strategy initiated various initiatives,
with aim of at least 25% of the agricultural land in the European Union agricultural land
being managed by organic farming methods by 2030. Additionally, the F2F future targets
included a 50% reduction in pesticide use o; a 20% reduction in fertilizer use; a 50%
reduction in nutrient loss; a 50% reduction antimicrobial use in agriculture and aquaculture
activities; a 50% reduction in food waste; and sustainable food labeling by 2030 [14–16].

Different chemical and microbiological parameters can be used as indicators of soil
quality [17,18]. Bell and Raczkowski [19] observed that the physical, chemical, and biolog-
ical soil quality indicators can reveal rapid changes in soil conditions that are the result
of different soil management methods. Qin et al. [20] recommended that the microbial
biomass nitrogen (MBN), MBC, and activities of different enzymes were found to be the
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most effective indicators for monitoring soil quality and productivity. MBC represents the
microbial population and that acts as in indication of organic carbon turnover in soil, while
soil enzymes act as important constituents that catalyze the reactions that are important for
organic matter decomposition and for the cycling of nutrients [21–24]. Urease enzyme ac-
tivity is important for nitrogen cycling, while phosphorus cycling depends on phosphatase
enzyme activity [25,26]. No-till farming can increase the amount of organic matter that is
able to enter the soil and reduces soil disturbances and erosion; it also favors MBC and dif-
ferent enzyme activities [27,28]. Many authors have reported that the microbial population
and enzyme activities in soil are generally higher in organically managed farming soils
compared to in conventional and other farming practices [29,30]. Soils can also be classified
according to soil enzyme activity, allowing the productivity level of agricultural soil to
be evaluated [31]. The level of soil enzyme activity can directly affect the soil material
transformation and circulation rate and can quickly respond to alterations that have been
induced by external factors such aspH, water content, and soil temperature [32].

Presently, there is a growing concern among farmers and researchers to adopt alter-
native farming practices that can improve thebiological properties of soil and that can
thereby sustain good soil health and high crop productivity. During the last many years,
several studies comparing the abundance of microbial communities and enzyme activ-
ities insoil under different management systems (organically and conventionally) have
been published. However, there are less studies that have provided knowledge about
the long-term effects of organic farming applications on the microbial parameters that are
oftenreported upon. Keeping all of this in mind, it was determined that the present study
would compare soils from three greenhouses that were operating under three different agri-
culture practices (conventional, low-input, and organic farming systems) thatwere likely to
show differences in terms of the microbial biomass carbon and soil enzyme activityat the
Quzhou Experimental Station of the China Agricultural University, China. The objective of
present study was to estimate the long-term effects of different agricultural practices on
the microbial biomass carbon and the soil enzyme activity in soil being managed through
different agricultural practices.

2. Materials and Methods
2.1. Field Experiment

This experiment highlighting the effects of long-term management practices has been
being conducted at the Quzhou Experimental Station of China Agricultural University
in the North China Plain (36◦52′ N, 115◦01′ E) since 2002. The station is warm and has
asemi-humid climate thatcomprises dry and cold winters and rainy summers. The mean
annual temperature is 13.2 ◦C, and the soil type is an improved silt fluvo-aquic soil [33].
The initial basic soil properties at the 0–20 cm and 20–40 cm depths are shown in Table 1.

Table 1. The initial basic soil properties recorded in the greenhouse experiment.

Treatments Distance Organic Matter
(g/kg)

Total N
(g/kg)

Total P
(g/kg)

Available K
(mg/kg)

Alkaline
Hydrolytic
N (mg/kg)

Available P
(mg/kg)

CON
0–20 cm 18.93 1.36 2.22 212.83 128.38 163.05

20–40 cm 8.75 0.74 1.08 135.28 47.66 48.75

LOW
0–20 cm 15.25 1.19 1.24 364.28 95.35 81.68

20–40 cm 7.13 0.68 0.79 131.18 34.95 39.42

ORG
0–20 cm 16.63 1.17 1.38 257.30 101.28 139.13

20–40 cm 9.6 0.77 1.04 129.30 40.43 33.03

Three greenhouse farming systems were selected for the present experiment and
included those using conventional management practices (CON), low-input management
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practices (LOW), and organic management practices (ORG). Each greenhouse is 52 m in
length and 7 m in width. Tomato, cucumber, celery, fennel, cauliflower, and eggplant
were grown in rotation (mainly tomato and cucumber) and were planted in the fields, and
two or three types of vegetables were planted annually. The conventional system used
chemical fertilizers, pesticides, and chickenand cowmanure produced for the local style
of greenhouse vegetable production. For the low-input system, the fields received 50%
chemical fertilizer and 50% compost fertilizer and used biological and low-toxic chemical
pesticides for plant protection. The organic management system was conducted based on
the International Federation of Organic Agriculture Movements (IFOAM) and used chicken
and cowmanure compost and biological and physical methods to protect the plants.

2.2. Soil Sampling

The study area for the present work was a celery-growing field, and soil samples were
taken from the study area on two different occasions(October and December): one month
after colonization and one month before harvesting/maturity for the year of 2016. The
three greenhouses weredivided into four samples, with each sample being taken according
to the model S and were taken using the 5-point sampling method. Soil samples with four
replicates per system were taken at the 0–20 cm and 20–40 cm depths. After the soil had
been appropriately dried by the sun, the soil samples were each placed into aseptic bags,
labeled, and kept in the labrefrigerator 4 ◦C until they were able to be processed as soon
as possible.

2.3. Analysis of Soil Microbial Biomass and Soil Enzyme Activities

Soil microbial biomass carbon (MBC) was determined by the chloroform fumigation
extraction method [34]. About 20 gof fresh soil samples (passed through 2 mm sieve)
was placed into vacuum dryers with a layer of wet filter paper and was fumigated with
chloroform using a vacuum pump (25 ◦C; for 48 h in the dark wrapped with black cloth).
Further, asoil sample in abeaker was transferred to aconcussion bottle containing 60 mL
of 0.5 M potassium sulfate. The soil sample was centrifuged at 3000 rpm/min for 15
min. About 5 mL of the filtrate was placed into the liquid storage bottle and was further
analyzed by a TOC analyzer (elementar, liquid TOC II, Jena, Germany).

2.3.1. Soil Enzymes Activity

The activity of the enzymes that are commonly found in soil, such asurease, catalase,
and protease, was also determined. Urease activity was measured spectrophotometrically
using urea as a substrate, while catalase and protease activity was measured by employing
the volumetric method and the ninhydrin colorimetric method, respectively [35].

2.3.2. Catalase Activity

To determine thecatalase activity, 5 g of a dry soil sample was put into a 150 mL
triangle flask, to which 40 mL of distilled water and 5 mL of 0.3% H2O2 solution were
injected. After shaking the triangle flask (120 r/min) for 30 min, about 5 mL of 1.5 mol/L
sulfuric acid was added and centrifuged (3000 rpm/min for 15 min). The control sample
was also prepared the same way without a soil sample. About 25 mL of filtrate was
titrated against 0.002 mol/L KMnO4 until a light pink colour was obtained as an end
point. The catalase activity (hydrogen peroxide enzyme) was expressed as 0.002 mol/L
potassium permanganate ml per unit of soil weight consumption (difference between
control and experimental determination). The soil hydrogen peroxide enzyme activity(ml
KMnO4/gdry soil)wascalculated by formula:

Soil hydrogen peroxide activity = V / dwt

where, V is 0.002mol/L potassium permanganate mL (mL); dwt is the weight of the drying
soil (g).
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2.3.3. Protease Activity

Protease activity was determined by taking 2 g of dry soil sample in a triangular flask,
to which 0.5 mLtoluene was added, mixed, and leftundisturbed for 15 min. Further, about
10mL of 1% white gelatine was added to the soil sample, and the sample was then shaken
well. After shaking, the triangular flask was cultured in a water bath at 30 ◦C for 24 h
before the sample was centrifuged (3000 rpm/min for 15 min) and filtered. An amount
of 5 mL of filtrate was absorbed into a test tube, and 0.5 mL of 0.05 mol/L H2SO4 and
3 mL of 20% Na2SO4 were added to precipitate the protein, and the sample was filtered
again. From the solution, about 2 mL of filtrate was put into a test tube, to which 1 mL of
2% nin-hydrin solution was added, and test tube was heated in a boiling water bath for
10 min. After boiling, the solution was diluted to 50 mL with distilled water. Additionally,
the control sample was prepared using the above process without the addition of the soil
sample. Protease activity was determined spectro-photometerically (Shimadzu, UV-3600,
Kumamoto, Japan) by measuring the wavelength at 560 nm. The protease activity of the
soil samples was calculated by using the standard curve forglycine. The activity of the
soil-hydrolyzed protease enzymes wasexpressed as the micrograms of glycine in a1gsoil
sample after 24 h of treatment.

Glycine (µg,g−1) = (c × 50 × ts) / m

where glycine (µg,g−1) is the amount of micrograms of glycine in a1g soil sample after
24 h; c—glycine concentration found on the standard curve, µg, mL−1; 50—colored liquid
product (mL); ts—multiple (here is 2 s 10/5); m—soil mass (g).

2.3.4. Urease Activity

For the urease activity, 20 g of dry soil samples were placed into a 100 mL volumetric
flask and were treated with 2 mL toluene for 15 min. The volumetric flask was placed in
an incubator for 24 h at 37 ◦C. The samples were further transferred to capacity bottles,
to which 10 mL of 10% urea solution and 20 mL citric acid buffer (pH 6.7) were added
and shaken well. After mixing, the bottles were placed in a temperature box for 24 h at a
temperature of 37 ◦C. Afterwards, the samples were centrifuged (3000 rpm/min for 15 min),
and about 3 mL of the supernatant was absorbed into a 50 mL volumetric flask along with
10mL of distilled water. At the same time, the control sample was also prepared the in same
way butwithout the inclusion of a soil sample. The urease activity of the final soil solution
was determined using a spectrophotometer (Shimadzu, UV-3600, Kumamoto, Japan) at
the 578 nm wavelength. The urease activity of the soil samples was calculatedusing the
standard curve forammonium sulfate that has been dissolved in water and diluted to
1000 mL (100 ppm) with 0.1 mg of nitrogen. The enzyme activity in NH3-N represents the
number of milligrams of ammonia released by the enzyme deuresis urea per gram of soil.

2.4. Statistical Analysis

The data wereanalyzed and processed using Microsoft Excel 2010 software. SPSS19.0
software was used for the statistical analyses. The significance of the results was examined
with one-way analysis of variance (ANOVA) with the Duncan test, and differences were
considered significant if p < 0.05.

3. Results and Discussion
3.1. Microbial Biomass Carbon

The soil microbial biomass is the source and reservoir of plant nutrients and actively
participates in the nutrient cycle [36]. It represents the active part of soil nutrients, so it is
often used to evaluate the biological characteristics of soil quality. Based on analysis, it
was found that the long-term use of organic farming practices involving the application
of composting fertilizers to the soil significantly increased the microbial biomass carbon
(Figure 1). As shown in Figure 1, the soil microbial biomass carbon in the soil being culti-
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vated using organic practices was the highest, followed by the content that was obtained in
the soil being cultivated by the low-input practices, and the lowest was observed in the
soil that was being cultivated by conventional practices. The variation in the soil microbial
biomass carbon in the 0–20 cm soil layer was higher than that in the 20–40 cm soil layer for
all three of the farming practices.

Figure 1. Effect of conventional, low-input, and organic practices on soil microbial biomass carbon.

For the sample soils that were taken during the October sampling period, the samples
that had been taken from the low-input practice greenhouse at both the 0–20 cm and
20–40 cm soil layers showed a soil microbial biomass carbon level that was 4.89 times and
11.36 times higher, respectively, than those obtained from the samples from the greenhouse
using conventional practices. For the soil samples that were taken from the greenhouse
using organic practices, the amount of microbial biomass carbon was 8.59 times and
21.27 times higher than the amounts that were achieved at both depths in the soil samples
that were taken from the greenhouse using conventional modes of cultivation. The soil
total carbon and total organic carbon in the same soil layer were sampled twice and were
higher in December than they were in October.

Some studies have shown that soil microbial biomass can quickly respond to varia-
tions in different fertilization practices, crop systems, and land use patterns [37–39]. Soil
microbial carbon content acts as a significant contributor tosoil productivity and can con-
trol soil nitrogen (N) availability and the regulation of the physico-chemical properties of
soil [40]. Fertilization management has shown that the application of organic fertilizer can
significantly improve the soil microbial biomass carbon content and basal respiration inten-
sity, which was evident in the present study and was consistent with the findings of other
studies [41–45]. A high MBC can indicate an increase in N storage in soil. Singh et al. [46]
reported a significant increase in soil microbial biomass carbon and basal respiration in
rice–wheat and rice–wheat mungbean cropping systems in the Indo-Gangetic plains under
organic farming conditions involving the combination of vermincompost, crop residues,
and bio-fertilizers.

3.2. Soil Enzymatic Activities

Soil enzymatic activity may be influenced by different agronomic farming practices
such as organic or conventional farming; organic systems have been shown to have asignif-
icant impact on the soil enzyme activity [47–49].
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3.2.1. Soil Catalase Activity

The catalase enzyme is widely found in soil organisms. It promotes the decomposition
of hydrogen peroxide, a free radical that is harmful to terrestrial plants when it is able
to enterwater and oxygen; as a result, the catalase enzymeprevents the toxic effect that
hydrogen peroxide has on soil enzymes [50]. It acts as an important oxido-reductase system
for the synthesis of humus in soil [51]. Catalase plays an important role in soil ecosystem,
and it can be used as a biological activity index to evaluate the quality of a particular
soil [52]. As such, studies on the variationsthat can occur insoil catalase under different
farming practices is of great significance if we are to understand the rational utilization
of fertilizers, soil resources, and the construction of sustainable soil ecosystems. Catalase
activity depends onmicrobial biomass, organic oxygen concentration, changes in CO2,
dehydro-genase, glucosidase, and esterase activity in soils. Its high activity predicts high
soil fertility and the presence of aerobic micro-organisms in the soil [53].

The catalase activity (Figure 2) in the 20–40 cm soil layer was higher than that in the
0–20 cm soil layer under all three practices. The catalase activity in October in the same
soil layer under the same practice was higher than that in December. The catalase activity
in October and December had the same response order to different management modes,
whereas the conventional mode showed high catalase activity compared to the low-input
and organic farming modes. Kobeirski et al. [54] reported significant high catalase activity
in soil that had been cultivated under organic farming practices compared to soil that
had been cultivated using conventional practices. Additionally, Filipek-Mazur et al. [55]
reported high catalase activity in the stagnic luvisol soil type under organic farming
practices and concluded that the enzymatic activity of soil depends on the type of soil
and the variety of crops that are grown in that soil. Contradictory to the present results,
Purev et al. [51] observed high catalase activity at the 0–15 cm depth in mountainous, dry
steppe, and humidified soils while activity decreased rapidly as the depth increased.

Figure 2. Effect of conventional, low-input, and organic practices on soil catalase activity.
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3.2.2. Soil Protease Activity

Protease is a large type of enzyme that exists at high concentrations in soil, and it can
hydrolyze various proteins and peptides and other compounds into amino acids [56,57].
The protease activity in soil has an important relationship with the transformation of
nitrogen nutrition in soil, and it is also an important index that can be used to evaluate
the soil fertility level [58]. Soil protease activity is generally higher in soil that is under
crop rotation compared to in monoculture soil [59]. Protease activity indicates the nitrogen
mineralizationcapacity by the microbial communities that are present in the soil. From
Figure 3, it can be observed that the protease activity in the 0–20 cm soil layer in the three
different practices is higher than that in the 20–40 cm soil layer. However, the soil protease
activity in October and December was not consistent in response to the different practices.
In October, the protease activity in the 0–20 cm and 20–40 cm soil layers was higher in
the conventional practice soil samples than it was in the organic and low-input practice
samples. However, in December, the protease activity in both of the soil layers was higher
in the soil samples that were taken from the greenhouse using organic practices compared
those taken from the greenhouses using low-input and conventional modes of cultivation.
In the conventional practice samples, the soil proteinase activity in October was higher
than thatfrom the same soil later in December, and in low-input mode, the proteinase
activity in December was higher than that from the same soil layer in October.

Figure 3. Effect of conventional, low-input, and organic practices on soil protease activity.

Similar to the obtained results, Purev et al. [51] reported the highest protease activity
in the layer that was 0–15 cm from the soil surface and observed that the protease activ-
ity rapidly declinedas the soil depth increased. The protease activity sharply increased
in the soil that had been cultivated under organic farming practices compared to in the
soil that had been cultivated under conventional farming practices [60]. Additionally,
protease enzyme activity has been shown to be able increase in organic farming systems
when the soil pH is favorable and when there is a higher content of total nitrogen, organic
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carbon, etc. [61], a phenomenon that was also observed in this study. Similarly, Niewiadom-
ska et al. [62] reported thatincreased protease enzyme activityin maize-cultivated soil from
adidactic farm at the Department of Soil and Plant Cultivation, Swadzim (University of
Life Sciences in Poznan) depended on the type of organic fertilizer and the dose of that
fertilizer applied to soil when organic farming methods were being implemented.

3.2.3. Soil Urease Activity

Urease is widely present in the soil ecosystem, and its enzymatic product, ammonia, is
the main source of nitrogen for plants [63]. Urease has close relationship with soil nitrogen
ability, and it represents the degree of soil nitrogen supply [64]. High urease activity in
soil can rapidly hydrolyze externally applied urea to ammonia, which contributes to soil
nitrogen losses and covers up deficiencies in the plants [65]. The increase of urease activity
in soil is conducive to the stability of high organic nitrogen in the soil to the effective
nitrogen transformation. To improve the soil nitrogen supply, the increase of the urease
activity shows that using organic fertilizer to improve soil nitrogen transformation has a
better effect.

The response of the soil urease activity in the conventional, low-input, and organic
practices isshown in Figure 4. There was no significant difference in terms of the soil
urease activity between the two soil layers, and the changes in the soil urease activity in
the same soil layer showed obvious consistency duringboth sampling periods. Under the
organic conditions, the urease activity was the highest, followed by the low-input and the
conventional modes. For the conventional and low-input practices, the soil urease activity
showed an obvious trend of change with time, as the activity in December was significantly
higher than that in October. Under organic practices, the soil urease activity showed no
obvious changes with time, but slight differences were determined based on the month in
which the sample was taken: December and October.Urease activity can be influenced by
the presence of organic and inorganic matter content, and it is highly sensitive to heavy
metals in the soil [66]. Similar to the present study, Kwiatkowski et al. [61] also observed the
highest urease activity in the organically farmed soil, where it was present a higher amount
than the soil organic matter. They reported a significant positive correlation between the
organic farming of crops such as sugar beet, red clover, and oats and winter wheat and the
urease enzyme activity. Additionally, Chen et al. [67] reported a significant increase in the
urease activity of tea plantation soil under sustainable (organic) agriculture management
practices (after 2 and 25 years of experimentation) across a temporal scale, though no
significant differences between different management practices were observed.
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Figure 4. Effect of conventional, low-input, and organic practices on soil urease activity.

4. Conclusions

The present study was based on a comparison of the effects of different management
practices on soil microbial biomass and soil enzyme activity during two sampling periods,
i.e., one month after colonization and one month before harvesting. The present study
showed that the soil microbial biomass in the organic farming system was significantly
higher in the samples that were collected during December compared to those that were
obtained from the soil that had been cultivated using conventional and low-input practices.
The soil microbial biomass carbon in the 0–20 cm soil layer showed the highest variation
compared to the 20–40 cm layer under all three farming management practices. The soil
catalase activity was higher in October than it was in December in the soil samples that
had been collected from the 20–40 cm soil layer compared to those that had been collected
from the 0–20 cm layer. Under organic farming management practices, the urease, catalase,
and protease activity were the highest followed by the low-input and the conventional
modes, while samples that had been taken from the 20–40 cm soil layer that were collected
during December showed high soil enzymatic activity compared to the samples that had
been collected in October. The present work revealed that the long-term application of
organic fertilizers can improve the soil quality and can exert a strong positive effect on
the abundance of soil microbial communities as well as on the enzyme activity. This
study also showed that organic farming can lead to crop yield stabilization and that
it can make the crop yield more sustainable by improving the chemical and biological
properties of the soil. It can be concluded that encouraging organic farming can build an
ecologically, nutritionally, and economically healthy nation in the near future. Government
should encourage farmers to use eco-friendly farming practices, such asthe application of
perennials and legumes; the extension of crop rotation cropping system; and the application
of more organic fertilizers. More and more organic production should be encouraged,
which not only promotes the health of consumers of a nation but also the ecological health
and the economic growth of any nation. In the future, more extensive research should
be conducted using uniform protocols in order to establish the most suitable agricultural
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management practice, with the intention of not only improving crop yield but that is also
able to maintain resilient soil health.
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13. Willer, H.; Schlatter, B.; Trávníček, J.; Kemper, L.; Lernoud, J. (Eds.) The World of Organic Agriculture. Statistics and Emerging Trends;
Research Institute of Organic Agriculture (FiBL); Frick, and IFOAM–Organics International: Bonn, Germany, 2020.

14. Zilberman, D.; Holland, T.G.; Trilnick, I. Agricultural GMOs—what we know and where scientists disagree. Sustainability 2018,
10, 1514. [CrossRef]

15. European Commission. A Farm to Fork Strategy for a Fair, Healthy and Environmentally-Friendly DG SANTE/Unit ‘Food Information
and Composition, Food Waste’; European Commission: Brussels, Belgium, 2020.

16. Purnhagen, K.P.; Clemens, S.; Eriksson, D.; Fresco, L.O.; Sun, J.T.; Qaim, M.; Visser, R.G.F.; Weber, A.P.M.; Wesseler, J.H.H.;
Zilberman, D. Europe’s Farm to Fork strategy and its commitment to biotechnology and organic farming: Conflicting or
complementary goals? Trends Plant Sci. 2021, 26, 600–606. [CrossRef]

17. Benintende, S.M.; Benintende, M.C.; Sterren, M.A.; De battista, J.J. Soil microbiological indicators of soil quality in four rice
rotations systems. Ecol. Indic. 2008, 8, 704–708. [CrossRef]

http://doi.org/10.1098/rstb.2007.2178
http://www.ncbi.nlm.nih.gov/pubmed/17785275
http://doi.org/10.1007/BF00263167
http://doi.org/10.2136/sssaj2008.0333
http://doi.org/10.1093/fqsafe/fyaa018
http://doi.org/10.1007/s00442-003-1458-2
http://www.ncbi.nlm.nih.gov/pubmed/14714172
http://doi.org/10.1079/SUM2003186
http://doi.org/10.1016/j.soilbio.2005.05.002
https://www.britannica.com/topic/organic-farming
https://www.britannica.com/topic/organic-farming
https://www.organicworld.net/yearbook/yearbook-2019.html
https://www.organicworld.net/yearbook/yearbook-2019.html
http://doi.org/10.3390/su10051514
http://doi.org/10.1016/j.tplants.2021.03.012
http://doi.org/10.1016/j.ecolind.2007.12.004


Int. J. Environ. Res. Public Health 2021, 18, 12862 12 of 13

18. Lagomarsino, A.; Grego, S.; Marhan, S.; Moscatelli, M.C.; Kandeler, E. Soil management modifies micro-scale abundance and
function of soil microorganisms in a Mediterranean ecosystem. Eur. J. Soil Sci. 2009, 60, 2–12. [CrossRef]

19. Bell, M.C.; Raczkowski, C.W. Soil property indices for assessing short-term changes in soil quality. Renew. Agric. Food Syst. 2008,
23, 70–79. [CrossRef]

20. Qin, S.; He, X.; Hu, C.; Zhang, Y.; Dong, W. Responses of soil chemical and microbial indicators to conservational tillage versus
traditional tillage in the North China Plain. Eur. J. Soil. Sci. 2010, 46, 243–247. [CrossRef]

21. Jin, K.; Sleutel, S.; Buchan, D.; De Neve, S.; Cai, D.; Gabriels, D.; Jin, J. Changes of soil enzyme activities under different tillage
practices in the Chinese Loess Plateau. Soil Tillage Res. 2009, 104, 115–120. [CrossRef]

22. Balota, E.L.; Chaves, J.C.D. Enzymatic activity and mineralization of carbon and nitrogen in soil cultivated with coffee and green
manures. Rev. Bras. Cienc. Do Solo 2010, 34, 1573–1583. [CrossRef]

23. Burns, R.G.; DeForest, J.L.; Marxsen, J.; Sinsabaugh, R.L.; Stromberger, M.E.; Wallenstein, M.D.; Weintraub, M.N.; Zoppini, A. Soil
enzymes in a changing environment: Current knowledge and future directions. Soil Biol. Biochem. 2013, 58, 216–234. [CrossRef]

24. Kotroczo, Z.; Veres, Z.; Fekete, I.; Krakomperger, Z.; Toth, J.A.; Lajtha, K.; Tothmeresz, B. Soil enzyme activity in response to
long-term organic matter manipulation. Soil Biol.Biochem. 2014, 70, 237–243. [CrossRef]

25. Piotrowska, A.; Koper, J. Soil beta-glucosidase activity under winter wheat cultivated in crop rotation systems depleting and
enriching the soil in organicmatter. J.Elem. 2010, 15, 593–600.

26. Adetunji, A.T.; Lewu, F.B.; Mulidzi, R.; Ncube, B. The biological activities of β-glucosidase, phosphatase and urease as soil quality
indicators: A review. J. Soil Sci. Plant Nutr. 2017, 17, 794–807. [CrossRef]

27. Gajda, A.; Przewłoka, B.; Gawryjołek, K. Changes in soil quality associated with tillage system applied. Int. Agrophys. 2013, 27,
133–141. [CrossRef]

28. Mbuthia, L.W.; Acosta-Martínez, V.; DeBruyn, J.; Schaeffer, S.; Tyler, D.; Odoi, E.; Mpheshea, M.; Walker, F.; Eash, N. Long term
tillage, cover crop, and fertilization effects on microbial community structure, activity: Implications for soil quality. Soil Biol.
Biochem. 2015, 89, 24–34. [CrossRef]

29. Naorem, A.; Maverick, J.; Singh, P.; Udayana, S.K. Microbial community structure in organic farming and their management. In
Advances in Organic Farming-Agronomic Soil Management Practices, 1st ed.; Elsevier: Amsterdam, The Netherlands, 2021; Chapter 4.

30. Thapa, P.; Poundel, K. Azolla: Potential biofertilizer for increasing rice productivity and government policy for implementation. J.
Wastes Biomass Manag. 2021, 3, 62–68.

31. Monreal, C.M.; Bergstrom, D.W. Soil enzymatic factors expressing the influence of land use, tillage system and texture on soil
biochemical quality. Can. J. Soil Sci. 2000, 80, 419–428. [CrossRef]

32. Fan, J.; Hao, M. Study on long-term experiment of crop rotation and fertilization in the loess plateau II. Relationship between soil
enzyme activities and soil fertility. Plant Nutr. Fertil. Sci. 2003, 9, 146–150.

33. Li, Y.; Cao, Z.; Hu, C.; Li, J.; Yang, H. Response of nematodes to agricultural input levels in various reclaimed and unreclaimed
habitats. Eur. J. Soil Biol. 2014, 60, 120–129. [CrossRef]

34. Wu, J.; Joergensen, R.G.; Pommerening, B.; Chaussod, R.; Brookes, P.C. Measurement of soil microbial biomass C by fumigation-
extraction: An automated procedure. Soil Biol. Biochem. 1990, 22, 1167–1169. [CrossRef]

35. Guan, S.; Zhang, D.; Zhang, Z. Soil Enzyme and Its Research Method; Agricultural Publisher: Beijing, China, 1986.
36. Xu, Y.; Shen, Q.; Ran, W. Effects of zero-tillage and application of manure on soil microbial biomass C, N, and P after sixteen

years of cropping. Acta Pedol. Sin. 2002, 39, 89–96.
37. Ai, C.; Liang, F.Q.; Sun, J.W.; Wang, X.B.; Zhou, W. Responses of extracellular enzyme activities and microbial community in both

the rhizophere and bulk soil to long-term fertilization practices in a fluvo-aquic soil. Geoderma 2012, 173, 330–338. [CrossRef]
38. Zhang, X.Y.; Dong, W.Y.; Dai, X.Q.; Schaeffer, S.; Yang, F.T.; Radosevich, M.; Xu, L.L.; Liu, X.Y.; Sun, X.M. Responses of absolute

and specific soil enzyme activities to long-term additions of organic and mineral fertilizer. Sci. Total. Environ. 2015, 536, 59–67.
[CrossRef] [PubMed]

39. Holik, L.; Hlisnikovsky, L.; Honzik, R.; Trogl, J.; Burdova, H.; Popelka, J. Soil microbial communities and enzyme activities
after long-term application of inorganic and organic fertilizers at different depths of the soil profile. Sustainability 2019, 11, 3251.
[CrossRef]

40. Huang, Q.R.; Hu, F.; Huang, S.; Li, H.X.; Yuan, Y.H.; Pan, G.X.; Zhang, W.J. Effect of long-term fertilization on organic carbon and
nitrogen in subtropical paddy soil. Pedosphere 2009, 19, 727–734. [CrossRef]

41. Hati, K.M.; Swarup, A.; Dwivedi, A.K.; Misra, A.K.; Bandyopadhyay, K.K. Changes in soil physical properties and organic carbon
status at the topsoil horizon of a vertisol of central India after 28 years of continuous cropping, fertilization and manuring. Agric.
Ecosyst. Environ. 2007, 119, 127–134. [CrossRef]

42. Shao, X.F.; Xu, M.G.; Zhang, W.J.; Huang, M.; Zhou, X.; Zhu, P.; Gao, H.J. Changes of soil carbon and nitrogen and characteristics
of nitrogen mineralization under long-term manure fertilization practices in black soil. J. Plant Nutr. Fert. 2014, 20, 326–335. (In
Chinese)

43. Li, C.; Ma, S.; Shao, Y.; Ma, S.; Zhang, L.; Ling-Ling, Z. Effects of long-term organic fertilization on soil microbiologiccharacteristics,
yield and sustainable production of winter wheat. J. Integr. Agric. 2018, 17, 210–219. [CrossRef]

44. Rajput, R.; Pokhriya, P.; Panwar, P.; Arunachalam, A.; Arunachalam, K. Soil nutrients, microbial biomass, and crop response to
organic amendments in rice cropping system in the Shiwaliks of Indian Himalayas. J. Recycl. Org. Waste Agric. 2019, 8, 73–85.
[CrossRef]

http://doi.org/10.1111/j.1365-2389.2008.01113.x
http://doi.org/10.1017/S1742170507001883
http://doi.org/10.1016/j.ejsobi.2010.04.006
http://doi.org/10.1016/j.still.2009.02.004
http://doi.org/10.1590/S0100-06832010000500010
http://doi.org/10.1016/j.soilbio.2012.11.009
http://doi.org/10.1016/j.soilbio.2013.12.028
http://doi.org/10.4067/S0718-95162017000300018
http://doi.org/10.2478/v10247-012-0078-7
http://doi.org/10.1016/j.soilbio.2015.06.016
http://doi.org/10.4141/S99-088
http://doi.org/10.1016/j.ejsobi.2013.12.001
http://doi.org/10.1016/0038-0717(90)90046-3
http://doi.org/10.1016/j.geoderma.2011.07.020
http://doi.org/10.1016/j.scitotenv.2015.07.043
http://www.ncbi.nlm.nih.gov/pubmed/26196069
http://doi.org/10.3390/su11123251
http://doi.org/10.1016/S1002-0160(09)60168-5
http://doi.org/10.1016/j.agee.2006.06.017
http://doi.org/10.1016/S2095-3119(17)61740-4
http://doi.org/10.1007/s40093-018-0230-x


Int. J. Environ. Res. Public Health 2021, 18, 12862 13 of 13

45. Asirifi, I.; Werner, S.; Heinze, S.; Saba, C.K.S.; Lawson, I.Y.D.; Marschner, B. Short-Term Effect of Biochar on Microbial Biomass,
Respiration and Enzymatic Activities in Wastewater Irrigated Soils in Urban Agroecosystems of the West African Savannah.
Agronomy 2021, 11, 271. [CrossRef]

46. Singh, G.; Kumar, D.; Sharma, P. Effect of organics, biofertilizers and crop residue application on soil microbial activity in
rice–wheat and rice-wheatmungbean cropping systems in the Indo-Gangetic plains. Cogent Geosci. 2015, 1, 1085296. [CrossRef]

47. Tian, Y.; Zhang, X.; Liu, J.; Chen, Q.; Gao, L. Microbial properties of rhizosphere soils as affected by rotation, grafting, and soil
sterilization in intensive vegetable production systems. Sci. Hortic. 2009, 123, 139–147. [CrossRef]

48. Bielinska, E.J.; Mocek-Płóciniak, A. Impact of the tillage system on the soil enzymatic activity. Arch. Environ. Prot. 2012, 38, 75–82.
[CrossRef]

49. Skowronska, M.; Bielinska, E.J.; Szymanski, K.; Futa, B.; Antonkiewicz, J.; Kołodziej, B. An integrated assessment of the long-term
impact of municipal sewage sludge on the chemical and biological properties of soil. Catena 2020, 189, 104484. [CrossRef]

50. Lemanowicz, J. Activity of selected enzymes as markers of ecotoxicity in technogenic salinization soils. Environ. Sci. Pollut. Res.
2019, 26, 13014–13024. [CrossRef]

51. Purev, D.; Bayarmaa, J.; Ganchimeg, B.; Ankhtsetseg, B.; Anumandal, O. Catalase, protease and urease activity in some types of
soil. Mong. J. Chem. 2012, 13, 16–18. [CrossRef]

52. Qu, Y.; Tang, J.; Li, Z.; Zhou, Z.; Wang, J.; Wang, S.; Cao, Y. Soil enzyme activity and microbial metabolic function diversity in
soda saline-alkali rice paddy fields of Northwest China. Sustainability 2020, 12, 10095. [CrossRef]

53. Burns, R.G. Enzyme activity in soil. Soil Biol. Biochem. 1982, 14, 425. [CrossRef]
54. Kobierski, M.; Lemanowicz, J.; Wojewódzki, P.; Kondratowicz-Maciejewska, K. The effect of organic and conventional farming

systems with different tillage on soil properties and enzymatic activity. Agronomy 2020, 10, 1809. [CrossRef]
55. Filipek-Mazur, B.; Puzynska, K.; Tabak, M.; Puzynski, S. Enzymatic activity of soil under spelt grown in an organic farming

system in Poland temperate climate. Agronomy 2020, 10, 930. [CrossRef]
56. Razzak, A.; Shamsi, S.; Ali, A.; Ali, Q.; Sajjid, M.; Malik, A.; Ashraf, M. Microbial proteases applications. Front. Bioeng. Biotechnol.

2019, 7, 110. [CrossRef]
57. Greenfield, L.M.; Puissant, J.; Jones, D.L. Synthesis of methods used to assess soil protease activity. Soil Biol. Biochem. 2021, 158,

108277. [CrossRef]
58. Adamcyzk, B.; Smolander, A.; Kitunen, V.; Godlewski, M. Proteins as nitrogen source for plants: A short story about exudation of

proteases by plant roots. Plant Signal. Behav. 2010, 5, 817–819. [CrossRef] [PubMed]
59. Balota, E.L.; Kanashiro, M.; Filho, A.C.; Andrade, D.S.; Dick, R.P. Soil enzyme activities under long-term tillage and crop rotation

systems in subtropical agroecosystems. Braz. J. Microbiol. 2004, 35, 300–306. [CrossRef]
60. Lori, M.; Symnaczik, S.; Maeder, P.; De Deyn, G.; Gattinger, A. Organic farming enhances soil microbial abundance and activity-

A meta-analysis and meta-regression. PLoS ONE 2017, 12, e0180442. [CrossRef] [PubMed]
61. Kwiatkowski, C.A.; Harasim, E.; Feledyn-Szewczyk, B.; Antonkiewicz, J. Enzymatic activity of loess soil in organic and

conventional farming systems. Agriculture 2020, 10, 135. [CrossRef]
62. Niewiadomska, A.; Sulewska, H.; Wolnamaruwka, A.; Klama, A.J. Effect of organic fertilization on development of proteolytic

bacteria and activity of proteases in the soil for cultivation of maize (Zea mays L.). Arch. Environ. Prot. 2010, 36, 47–56.
63. Sigurdarson, J.J.; Svane, S.; Karring, H. The molecular processes of urea hydrolysis in relation to ammonia emissions from

agriculture. Rev. Environ. Sci. Bio/Technol. 2018, 17, 241–258. [CrossRef]
64. Liu, J.; Bergkvist, G.; Ulen, B. Biomass production and phosphorus retention by catch crops on clayey soils in southern and

central Sweden. Field Crop. Res. 2015, 171, 130–137. [CrossRef]
65. Rana, M.A.; Mahmood, R.; Ali, S. Soil urease inhibition by various plant extracts. PLoS ONE 2021, 16, e0258568. [CrossRef]
66. San Francisco, S.; Urrutia, O.; Martin, V.; Peristeropoulos, A.; Garcia-Mina, J.M. Efficiency of urease and nitrification inhibitors in

reducing ammonia volatilization from diverse nitrogen fertilizers applied to different soil types and wheat straw mulching. J. Sci.
Food Agric. 2011, 91, 1569–1575. [CrossRef]

67. Chen, Y.-P.; Tsai, C.-F.; Rekha, P.D.; Ghate, S.D.; Huang, H.-Y.; Hsu, Y.-H.; Liaw, L.-L.; Young, C.-C. Agricultural management
practices influences the soil enzyme activity and bacterial community structure in tea plantation. Bot. Stud. 2021, 62, 8. [CrossRef]
[PubMed]

http://doi.org/10.3390/agronomy11020271
http://doi.org/10.1080/23312041.2015.1085296
http://doi.org/10.1016/j.scienta.2009.08.010
http://doi.org/10.2478/v10265-012-0006-8
http://doi.org/10.1016/j.catena.2020.104484
http://doi.org/10.1007/s11356-019-04830-x
http://doi.org/10.5564/mjc.v13i0.153
http://doi.org/10.3390/su122310095
http://doi.org/10.1016/0038-0717(82)90099-2
http://doi.org/10.3390/agronomy10111809
http://doi.org/10.3390/agronomy10070930
http://doi.org/10.3389/fbioe.2019.00110
http://doi.org/10.1016/j.soilbio.2021.108277
http://doi.org/10.4161/psb.5.7.11699
http://www.ncbi.nlm.nih.gov/pubmed/20505350
http://doi.org/10.1590/S1517-83822004000300006
http://doi.org/10.1371/journal.pone.0180442
http://www.ncbi.nlm.nih.gov/pubmed/28700609
http://doi.org/10.3390/agriculture10040135
http://doi.org/10.1007/s11157-018-9466-1
http://doi.org/10.1016/j.fcr.2014.11.013
http://doi.org/10.1371/journal.pone.0258568
http://doi.org/10.1002/jsfa.4349
http://doi.org/10.1186/s40529-021-00314-9
http://www.ncbi.nlm.nih.gov/pubmed/34003387

	Introduction 
	Materials and Methods 
	Field Experiment 
	Soil Sampling 
	Analysis of Soil Microbial Biomass and Soil Enzyme Activities 
	Soil Enzymes Activity 
	Catalase Activity 
	Protease Activity 
	Urease Activity 

	Statistical Analysis 

	Results and Discussion 
	Microbial Biomass Carbon 
	Soil Enzymatic Activities 
	Soil Catalase Activity 
	Soil Protease Activity 
	Soil Urease Activity 


	Conclusions 
	References

