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Abstract. The aim of this study was to investigate the influence of four different cropping management 

practices in plastic shed soils and open-field soils under organic cultivation or conventional cultivation on 

soil biodiversity and functions. Soils under plastic sheds and open-field were sampled in Beijing, China, 

in areas where organic cultivation had been conducted for 5 years and conventional cultivation had also 

been employed. The results showed that plastic shed production resulted in lower soil bacterial richness 

and diversity than open-field but higher soil mesofaunal Shannon diversity and Pielou’s species evenness 

indexes. Plastic shed production decreased soil urease and phosphate activities compared to open-field 

under conventional cultivation. Organic cultivation resulted in higher soil urease, phosphatase and 

catalase activities than conventional cultivation except for soil urease activity in open soil. Plastic shed 

soils exhibited significantly higher soil electric conductivity (EC) and NO3-N contents than open-field 

soils only under conventional cultivation. By contrast, organic cultivation decreased soil EC and nitrate 

contents compared to conventional cultivation in plastic shed soils. Organic cultivation resulted in higher 

soil bacterial OTU, Shannon diversity, Chao1 and ACE indexes than conventional cultivation, but 

significant differences were observed in the open-field soils. 

Keywords: soil bacterial, soil mesofaunal, enzyme activity, cultivation practices, plastic shed production 

Introduction 

Rapid economic development and increasing living standards in China have 

encouraged the rapid development of plastic shed production. Consequently, the land 

area used for plastic shed production in China has rapidly increased in recent years. The 

total area of vegetable crops planted under plastic shed production in China is estimated 

to reach 3.70 million ha (Luo et al., 2020), and China has become the country that 

produces the most vegetable crops via plastic shed production worldwide (Duffy, 2017). 

Moreover, most of the newly developed plastic shed production land has been converted 

from croplands (Min et al., 2011). However, increasing concerns have been raised 

regarding soil degradation after plastic shed production. Plastic shed production systems 

are usually characterized by controlled environmental conditions and can strongly alter 

soil environmental conditions such as soil temperature and moisture. The higher 

evapotranspiration observed in plastic shed soils compared with open-field soils can 

also influence the distribution of the soil solution in the soil profile (Ge et al., 2010). For 
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example, soil salinity is significantly higher in plastic shed its than in open-field its (Ju 

et al., 2007), which potentially affects soil biodiversity and functions in plastic shed its 

(Paoletti, 1999; Jiang et al., 2015). Soil microorganisms and fauna are an integral part of 

the soil ecosystem due to their high biodiversity (Van Straalen, 1998; Nannipieri et al., 

2003; Andre et al., 2002). They play vital roles in maintaining soil functions such as 

nutrient cycling, organic matter decomposition, bioremediation and plant growth (Berg, 

2009) that are critical for soil sustainability and health (Bhat, 2013; Goldford et al., 

2018). Although those affecting these organisms are a relevant concern in plastic shed 

production, they are still poorly studied, especially regarding the effects on soil 

biodiversity and function. 

In addition, to obtain a higher vegetable crop yield, large amounts of water, chemical 

fertilization and insecticides are applied in plastic shed production. These conventional 

agricultural practices may not only increase salt accumulation (Liu et al., 2005), soil 

acidification, nutrient imbalances and environmental pollution but also alter soil 

biodiversity and functions (Coolon et al., 2013; Bender et al., 2016). For instance, 

insecticide application may directly promote changes in population biodiversity and 

dynamics by killing components of the soil microbial and faunal community (Giller et 

al., 1997). As a consequence of the decline in biodiversity, increasing concern has 

arisen about the sustainability of farming practices (Hole et al., 2005). Organic 

cultivation is considered an important tool for combatting the negative effects of 

conventional methods in which the inputs are substituted to meet regulations (Geiger et 

al., 2010; Goldberger, 2011). Many researchers have reported that organic cultivation 

practices have positive effects on soil microbial populations, diversity and activities 

(Clark et al., 1998; Girvan et al., 2004; Ponce et al., 2011). A study by Mäder et al. 

(2002) showed that organically cultivated soils exhibit greater faunal diversity than 

conventionally cultivated soils. Two well-known meta-analyses conducted by Hole et 

al. (2005) and Bengtsson et al. (2005) demonstrated the benefits of organic cultivation 

on soil fauna communities. Soil enzyme activities in soils under organic cultivation 

were shown to be higher than those under conventional cultivation. Although the 

majority of research has shown increased soil organism diversity in soils from organic 

cultivation systems compared to those from conventional cultivation, some studies have 

obtained different results. A study of Shannon et al. (2002) showed that the differences 

in the microbial communities of soils under organic and conventional cultivation were 

subtle rather than dramatic. Some studies have found that organic field soils exhibit 

lower arthropod diversity than conventional field soils (Shah et al., 2003; Ponce et al., 

2011). The inconsistent results between studies suggest that the benefits of organic 

cultivation for soil biodiversity may vary according to factors such as management 

systems, climate and crop type (Hole et al., 2005). For example, organic cultivation in 

plastic shed soils exhibited fewer examples of specific studies than in open-field soils. 

Soil biodiversity, including that of both microorganisms and fauna, has been less well 

studied under organic cultivation in plastic shed fields (Madzaric et al., 2018), and there 

are a lack of studies concerning soil enzyme activity. 

In this study, we characterized soil bacterial and mesofaunal diversity and measured 

the activities of soil extracellular enzymes and soil properties in plastic shed and open-

field soils under organic and conventional cultivation. We hypothesized that (1) plastic 

shed production would decreased the diversity of soil organisms and enzyme activities 

compared with open-field under conventional cultivation, but the negative effects may 

be alleviated by organic cultivation, and (2) organic cultivation increases soil 
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biodiversity and enzyme activities compared to conventional cultivation, but plastic 

shed production may reduce these positive effects. Furthermore, this investigation could 

help farmers to improve their practices and enable stakeholders to develop future 

strategies for soil organism diversity and functioning and sustainable agriculture by 

saving inputs and preventing environmental damage. 

Methods and material 

Soil sampling 

The study was conducted at Horticultural Farms located at two sites in Shunyi, 

Beijing, China, in March 2016. The climate in the region is a warm temperate subhumid 

climate, with 80% of annual precipitation (610 mm) falling from June to August. The 

mean annual air temperature is 11.5 °C, and the total annual sunshine (hours) is 2750 h. 

The soils were sampled when the final harvest of the crops was performed to avoid 

the effects of direct fertilization during the next growing season. The fields managed 

under an organic farming approach were located in Beiwu County (40° 04′ N, 116° 49′ 

E). Crops have been grown under greenhouse conditions at these sites, typically in 

plastic sheds and open fields. All of these fields were located near each other within a 

continuous field area of approximately 11 ha. They were conventionally cultivated for 

several years before being converted to an organic system in 2010. On the organic 

horticultural farm, no chemical fertilizers or pesticides were used. The fields managed 

under the conventional farming approach were located in Lisui County (40° 05′ N, 116° 

45′ E). These fields have been conventionally cultivated for more than 6 years. Crops in 

these areas have been grown under greenhouse conditions, typically in plastic sheds and 

in open-field soils. Further details of the major crops that were grown and fertilizer 

applied to the soils in the various fields are provided in Table 1. 

 
Table 1. Characteristics of the land management practices investigated in this study 

Treatments Major crop Fertilizer Other farming practices 

Plastic shed field 

+ organic 

cultivation 

Rotation: Solanum 
lycopersicum, 

Capsicum annuum, 

Solanum 
integrifolium 

Organic fertilizer included: Total N 1.94 g/kg, 

Total P 0.58 g/kg, Total K 0.84 g/kg. Organic 

matter 182.45 g/kg; 

Application amount: 10000-12000 kg/ha 

Soil disinfestation: irrigated and covered 
with plastic film lasted for a period of 

four weeks in July every year (Huang et 

al., 2019); 

Pollination method: bee-pollinated (drone 

density: (1200 individual/ha); 

Pest control: stick insect net in yellow; 
Weed control: manual weeding 

Open field + 
organic 

cultivation 

Corn 
Organic fertilizer was same as above; 

Application amount: 5000-6000 kg/ha 

Soil disinfestation: no; 

Pollination method: Natural pollination; 

Pest control: no; 
Weed control: manual weeding 

Plastic shed field 
+ conventional 

cultivation 

Rotation: 

Solanum 

lycopersicum, 

Capsicum annuum, 
Solanum 

integrifolium 

Chemical fertilizer was composed of 

diammonium phosphate and compound fertilizer 

(6:1), and included: total nutrients ≥ 680 g/kg, N 
180 g/kg, P2O5 460 g/kg, K2O 70 g/kg; 

Application amount of basic fertilizer: 450 kg/ha; 

Application amount of supplement fertilizer: 
360 kg/ha 

Soil disinfestation: no 

Pollination method: hand pollination; 

Pest control: Chemical insecticide 
(neonicotinoids, pyrethroid, benzoylurea 

and carbamate); 

Weed control: herbicide 
(organophosphorus and ether-derivative) 

Open field + 

conventional 
cultivation 

Corn 

Chemical fertilizer was same as above; 
Application amount of basic fertilizer: 200 kg/ha; 

Application amount of supplement fertilizer: 

180 kg/ha 

Soil disinfestation: no 

Pollination method: hand pollination; 

Pest control: chemical insecticide 

(neonicotinoids, pyrethroid, benzoylurea 
and carbamate); 

Weed control: herbicide 

(organophosphorus and ether-derivative) 
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Three 10-cm-deep soil cores (5 cm diameter) were taken from the three subplots and 

mixed to form a composite soil sample. After removing visible plant roots and stones, 

the composite samples were passed through a 2-mm sieve and divided into two halves. 

The first half was air-dried and subsequently stored at 4 °C for the analyses of soil 

physicochemical properties. The second half of the soil samples was packed in 

polyethylene bags and immediately stored at −20 °C until DNA extraction. Next-

generation high-throughput sequencing was applied to determine the composition and 

diversity of soil bacterial communities. 

 

Bacterial community 

Soil genomic DNA was extracted from 0.5 g of dried soil per sample with the Fast 

DNA Spin Kit (MP, Biomedicals, USA) following the manufacturer’s protocol. The 

extracted DNA was diluted to 10 ng/μL, checked using 1% agarose gel electrophoresis, 

and stored at −20 °C until PCR analysis. Soil bacterial communities were evaluated by 

amplifying the V4 region of the 16S rRNA gene using the primer set 515F (5′-

GTGCCAGCMGCCGCGG TAA-3′) and 907R (5′-CCGTCAATTCCTTTGAGTTT -3′). 

All PCR amplifications were performed in a 30-μL reaction volume containing 15 

μL Phusion High-Fidelity PCR Master Mix (New England Biolabs, Ipswich, MA, 

USA), 0.2 μM forward/reverse primers, and 10 ng template DNA (Xiong et al., 2012). 

The PCR conditions were as follows: 98 °C for 1 min; 30 cycles of 10 s at 98 °C, 30 s at 

50 °C and 30 s at 72 °C, and finally 5 min at 72 °C (Xue et al., 2017). Amplicons (200–

400 bp) were confirmed on 2% EtBr agarose gels and purified using a GeneJET Gel 

Extraction Kit (Thermo Fisher Scientific, Carlsbad, CA, USA). Following quantitation, 

equal concentrations of the purified amplicons were combined in a single tube. 

Sequencing libraries were generated with an NEBNext Ultra DNA Library Prep Kit for 

Illumina (New England Biolabs, Ipswich, MA, USA) following the manufacturer’s 

protocol, and index codes were added. Library quality was assessed on a Qubit 2.0 

Fluorimeter (Thermo Fisher Scientific, Carlsbad, CA, USA) and an Agilent Bioanalyzer 

2100. The pooled amplicons were subjected to paired-end sequencing on the Illumina 

HiSeq 2500 platform (Illumina Inc., San Diego, CA, USA) (Caporaso et al., 2012). 

The paired-end reads were merged with FLASH, a fast and accurate tool designed 

specifically for overlapping reads. Sequence reads were assigned according to sample-

specific barcodes. The sequences were analyzed in QIIME (Quantitative Insights into 

Microbial Ecology) with in-house Perl scripts for calculating alpha- (within-sample) 

and beta- (between-sample) diversity. The reads were passed through QIIME quality 

filters before pick_de_novo_otus.py was used to select operational taxonomic units 

(OTUs) with an OTU table. Sequences showing 97% nucleotide similarity were 

assigned to the same OTUs. A representative sequence for each OTU was screened and 

used to assign the taxonomic composition in the Greengenes (bacterial 16S rRNA) 

databases. 

 

Mesofaunal community 

Modified Tullgren funnel extractors were used for collecting the soil mesofauna. The 

extracted samples were collected from one soil core (10 ×10 cm), and the depth of the 

soil core was 15 cm. These samples were taken back to the laboratory and extracted for 

48 h at 28 °C. A total of 24 soil mesofauna samples were collected (4 treatments × 3 

duplications × 3 plots). All of the soil fauna samples were preserved in 75% alcohol. 
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The soil fauna were counted under an OLYMPUS SZX16 stereoscopic microscope 

(Olympus Co., Tokyo, Japan) and were identified to the family level or to the suborder 

if identification to the family level was not possible (Yin, 1998; Zheng and Gui, 1999). 

Soil fauna community diversity was quantified using the Shannon-Wiener index (H’), 

Pielou evenness index (J) and Menhinick richness index (d) (Huang et al., 2006). 

 

Soil properties and enzyme activity 

The soil analysis followed the ‘Analysis of soil characteristics’ guidelines (Lu, 

2000). The organic matter content was analyzed in ground soil by using the Walkley 

and Black dichromate oxidation method. Soil pH was measured in a 1:5 soil:water 

(distilled water) slurry using a glass electrode. Available P was extracted with 0.5 mol/L 

NaHCO3 by the Olsen method. Available K was extracted with 1 mol/L NH4OAc and 

was determined in all pot soil samples. Soil electrical conductivity determined with a 

conductivity meter following extraction using a 1:5 soil:water suspension. Soil mineral 

N was extracted from 40 g equivalent dry soil with 100 ml of a 1 M KCl solution. NO3
- 

was determined with an AA3 continuous flow analyzer. Microbial biomass carbon and 

microbial biomass nitrogen were determined using the chloroform fumigation extraction 

methods of Vance et al. (1987) and Potthoff et al. (2003). 

Soil enzyme activities were analyzed and assayed as described by Guan (1986). 

Dedydrogenase (DED) activity (mg TPF g-1) was determined by the reduction of 

triphenyl tetrazolium chloride (1%) to triphenyl formazan. Protease (PRO) activity (mg 

tyrosine g-1) was measured by the determination of the amino acid release after the 

incubation of samples with sodium caseinate (2%). Phosphatase (PHO) activity (mg 

phenol g-1) was estimated by the determination of phenol release after the incubation of 

samples with phenyl disodium phosphate (0.5%). Urease (URE) activity (mg NH4
+ g-1) 

was measured by the determination of NH4
+ released in the hydrolysis reaction after the 

incubation of samples with urea (1%). Catalase (CAT) activity was measured by back-

titrating residual H2O2 with KMnO4. 

 

Statistical analysis 

Two-way analysis of variance (ANOVA) was used to determine the effects of plastic 

shed and organic cultivation on soil electrical conductivity, NO3
--N, soil organic matter, 

available P, available K, microbial biomass carbon and microbial biomass nitrogen, 

urease, protease, phosphatase, dehydrogenase and catalase activities, and the soil 

bacterial OTU, Shannon and Chao1, soil mesofauna Shannon, Pielou and Menhinick 

indexes. Duncan’s test was used to examine the significant differences in the mean 

values between different treatments at a probability level of 0.05 for detecting 

significant differences. Redundancy analysis (RDA) and the linear canonical 

community ordination method were used to visualize the relationships between the 

response variable values (soil bacterial and mesofaunal diversity), the environmental 

parameters and the samples with CANOCO 5.0 software (Microcomputer Power Inc., 

Ithaca, NY). For the RDA in this study, soil bacterial and mesofaunal diversities were 

used as the explained variables. Seven environmental factors (SOM, NO3-N, EC, AP, 

AK, MBC and MBN) were used as the explanatory variables. Additionally, redundancy 

analysis (RDA) and the linear canonical community ordination method were used to 

visualize the relationships between the response variable values (soil enzyme activities), 

the environmental parameters and the samples with CANOCO 5.0 software 
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(Microcomputer Power Inc., Ithaca, NY). For the RDA in this study, soil enzyme 

activities were used as the explained variables. Seven environmental factors (SOM, 

NO3-N, EC, AP, AK, MBC and MBN) and seven soil bacterial and mesofaunal 

diversity indexes (Bac-OUT, Bac-Shannon, Bac-Chao1, Bac-ACE, Fau-Shannon, Fau-

Pielou and Fau-Menhinick) were used as explanatory variables. 

Results 

Diversity of the soil bacterial and mesofaunal communities 

The soil bacterial Shannon diversity associated with plastic shed production was lower 

than that associated with open-field under both organic and conventional cultivation. 

Plastic shed production decreased the bacterial OTU, Chao1 and ACE evenness indexes 

compared to open-field only under organic cultivation (Fig. 1). Organic cultivation 

increased bacterial Shannon diversity compared to conventional cultivation in both plastic 

shed soil and open-field soils. Organic cultivation increased the bacterial OTU, Chao1 

and ACE evenness indexes compared to conventional cultivation only in the open-field 

soils (Table 2; Fig. 1). Plastic shed production resulted in higher soil mesofaunal Shannon 

diversity than open-field under both organic and conventional cultivation. Plastic shed 

production resulted in a higher soil mesofaunal Pielou index than open-field under both 

organic and conventional cultivation, but a significant difference was observed only for 

organic cultivation. Organic cultivation did not affect soil mesofaunal diversity in either 

plastic shed or open-field soils (Table 2; Fig. 2). 
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Figure 1. The OTU, Shannon, Chao1 and ACE index of soil bacteria in the following 

treatments: plastic shed and open-field soils under organic and conventional cultivation. 

Vertical lines indicate standard deviation of the mean. Values with different letters differ 

significantly at p < 0.05 across different treatments 
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Figure 2. The Shannon, PieLou and Menhinick index of soil mesofauna in the following 

treatments: plastic shed and open-field soils under organic and conventional cultivation. 

Vertical lines indicate standard deviation of the mean. Values with different letters differ 

significantly at p < 0.05 across different treatments 

 

 
Table 2. F values and error from two-way ANOVA on the effects of plastic shed and organic 

cultivation and their interactions on the diversity of soil bacterial and mesofaunal 

community in the all treatments 

Treatment df 
The diversity of soil bacterial community 

The diversity of soil mesofaunal 

community 

OTU Shannon Chao1 ACE Shannon Pielou Menhinick 

Plastic shed (PS) 1 3.85 8.23* 8.93* 8.95* 1.98 10.11* 0.15 

Organic cultivation (ORG) 1 18.30** 22.32** 21.72** 26.23** 0.20 0.01 0.01 

PS×ORG 1 6.35* 0.01 13.03** 19.43** 0.05 0.41 0.60 

Error 8        

* Significant at the 0.05 probability level 

** Significant at the 0.01 probability level 
*** Significant at the 0.001 probability level 

 

 

Soil enzyme activities 

Plastic shed production decreased soil urease, protease and phosphatase activities 

compared to open-field only under conventional cultivation (Table 3). Under organic 

cultivation, plastic shed production resulted in higher urease, protease and phosphatase 

activities than open-field, but the only significant difference was found for protease 

activity (Table 3). Compared with open-field, plastic shed production increased soil 

dehydrogenase activity under conventional cultivation and decreased soil 

dehydrogenase activity under organic cultivation. Compared to conventional 

cultivation, organic cultivation decreased soil urease and protease activities in open-

field soils but increased their activities in plastic shed soils. Organic cultivation 
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increased soil phosphatase, dehydrogenase and catalase activities compared to 

conventional cultivation in both plastic shed and open-field soils (Table 3). 

 

Soil properties 

Plastic shed production significantly increased soil EC and NO3
--N concentrations 

compared to open-field only under conventional cultivation. Organic cultivation 

significantly decreased soil EC compared to conventional cultivation in both plastic 

shed and open-field soils (Table 4; Fig. 3). Organic cultivation significantly decreased 

soil NO3
--N compared to conventional cultivation only in association with plastic shed 

production. Plastic shed production significantly increased SOM, AP and AK 

concentrations compared to open-field under both organic and conventional cultivation. 

Organic cultivation significantly increased soil SOM and AK concentrations compared 

to conventional cultivation only in plastic shed soils (Table 4; Fig. 3). Plastic shed 

production increased soil MBC and MBN compared to open-air vegetation under both 

organic and conventional cultivation (Table 5). Organic cultivation produced significant 

soil MBN compared to conventional cultivation only in open-air vegetation, while there 

was no difference in soil MBN between organic and conventional cultivation under 

plastic shed production (Table 5). 

 
Table 3. The mean value (±SE) of soil urease, protease, phosphatase, dehydrogenase and 

catalase activity in the following treatments: plastic shed and open-field soils under organic 

and conventional cultivation 

 
Urease activity 

(mg/g) 

Protease activity 

(mg/g) 

Phosphatase 

activity (mg/g) 

Dehydrogenase 

activity (mg/g) 

Catalase activity 

(ml/g) 

Plastic shed + organic 

cultivation 
87.57 ± 11.7 ab 116.2 ± 7.03 a 113.8 ± 8.03 a 79.03 ± 6.41 b 189.5 ± 20.4 ab 

Plastic shed + conventional 

cultivation 
79.76 ± 29.6 b 12.24 ± 1.18 d 20.45 ± 3.53 c 54.21 ± 4.95 c 111.6 ± 20.9 b 

Open-field + organic 
cultivation 

55.86 ± 15.1b 61.42 ± 1.97 c 108.2 ± 4.64 a 97.46 ± 6.96 a 230.0 ± 33.6 a 

Open-field + conventional 

cultivation 
119.1 ± 4.14 a 80.33 ± 5.94 b 58.77 ± 9.20 b 16.87 ± 3.07 d 113.3 ± 39.1 b  

Analysis of variance      

 df F df F df F df F df F 

Plastic shed (PS) 1 0.05 1 1.94 1 5.83* 1 2.89 1 0.50 

Organic cultivation (ORG) 1 2.44 1 80.4*** 1 111.3*** 1 89.88*** 1 10.77* 

PS×ORG 1 4.01 1 167.6*** 1 10.53* 1 25.15** 1 0.43 

Values with different letters within a column show means with treatment-specific significant differences (p < 0.05; Duncan test). 
The lower part of the table shows F-values from the analysis of variance; degrees of freedom *p < 0.05; **p < 0.01; ***p < 0.001 

 

 
Table 4. F values and error from two-way ANOVA on the effects of plastic shed and organic 

cultivation and their interactions on soil electrical conductivity (EC), pH, NO3-N, SOM, 

available P and available K in plastic shed and open-field soils under organic and 

conventional cultivation 

Treatment df EC pH NO3-N SOM AP AK 

Plastic shed (PS) 1 15.14** 0.87 93.85*** 584.1*** 91.76*** 203.8*** 

Organic cultivation (ORG) 1 301.03*** 0.67 72.30*** 158.8*** 1.81 11.60** 

PS×ORG 1 35.95*** 0.09 62.50*** 177.4*** 0.09 37.47*** 

Error 8       

*Significant at the 0.05 probability level 

**Significant at the 0.01 probability level 
***Significant at the 0.001 probability level 
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Table 5. The mean value (±SE) of soil microbial biomass carbon (MBC) and microbial 

biomass nitrogen (MBN) in the following treatments: plastic shed and open-field soils under 

organic and conventional cultivation 

 MBC MBN 

Plastic shed + organic cultivation 165.57 ± 21.68 a 36.82 ± 2.85 a 

Plastic shed + conventional cultivation 137.98 ± 18.06 a 30.68 ± 2.38 a 

Open-field + organic cultivation 66.44 ± 2.54 b 22.24 ± 1.69 b 

Open-field + conventional cultivation 63.18 ± 8.14 b 13.37 ± 1.49 c 

Analysis of variance   

 df F df F 

PS 1 34.79*** 1 53.73*** 

ORG 1 1.09 1 11.90** 

PS×ORG 1 0.68 1 0.39 

Values with different letters within a column show means with treatment-specific significant differences 

(p < 0.05; Duncan test). The lower part of the table shows F-values from the analysis of variance; 

degrees of freedom *p < 0.05; **p < 0.01; ***p < 0.001 

 

 
 

0

60

120

180

240

 

c

NO
3
-N

SOM

0

2

4

6

8

10

 

 Plastic shed+ Organic cultivation           Open+ Organic cultivation 

 Plastic shed+ Conventional cultivation   Open+ Conventional cultivation 

pHEC

0

50

100

150

 

bb
b

a

AP
AK

0

20

40

 

cc
b

a

0

40

80

120

 

b
b

a
a

0

75

150

225

300

 

c
c

a

b

a

c

b

 

Figure 3. Soil electric conductivity (EC), pH, NO3-N, organic matter (SOM), available P (AP) 

and available K (AK) in the following treatments: plastic shed and open-field soils under 

organic and conventional cultivation. Vertical lines indicate standard deviation of the mean. 

Values with different letters differ significantly at p < 0.05 across different treatments 

 

 

Correlations among soil organism diversity, soil enzyme activities and soil properties 

The first ordination RDA axis explained 52.55% of the variation in the soil bacterial 

and mesofaunal data, and the second axis explained 17.43% (Fig. 4). The RDA 
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suggested that the soil available P (which explained 26.8% of the variance, P = 0.022) 

was the most important parameter contributing to the diversity of the soil bacteria and 

mesofauna, followed by soil EC (which explained 24.1% of the variance, P = 0.028), 

and NO3-N (which explained 19.0% of the variance, P = 0.07) (Fig. 4). The first 

ordination RDA axis explained 57.00%, and the second axis explained 31.20% of the 

variation in the soil enzyme data (Fig. 5). The RDA suggested that the soil EC (which 

explained 55.0% of the variance, P = 0.002) was the most important parameter 

contributing to soil enzyme activity, and thereafter, the most important parameters were 

the soil NO3-N (which explained 47.7% of the variance, P = 0.01), Bac-Shannon (which 

explained 40.1% of the variance, P = 0.004), Bac-Chao1 (which explained 25.4% of the 

variance, P = 0.042), Bac-ACE (which explained 24.9% of the variance, P = 0.046), and 

Bac-OTU (which explained 21.8% of the variance, P = 0.072) (Fig. 5). 

 

 

Figure 4. Redundancy analysis between soil bacterial and mesofaunal diversity and soil 

environmental parameters. Bac-Shannon bacterial Shannon diversity index; Bac-Chao1, 

bacterial Chao1 index; Bac-ACE, bacterial ACE index; Fau-Shannon, mesofaunal Shannon 

diversity index; Fau-Pielou, mesofaunal Pielou index; Fau-Menhinick, mesofaunal Menhinick 

index; SOM, soil organic matter; NO3-N, nitrate; EC, electric conductivity; AP, available 

phosphorus; AK, available potassium; MBC, microbial biomass carbon; MBN, microbial 

biomass nitrogen; Bac-OUT, bacterial OUT; PSS + ORG, plastic shed soils + organic 

cultivation; PSS + CON, plastic shed soils + conventional cultivation; OS + ORG, open-field 

soils + organic cultivation; OS + CON, open-field soils + conventional cultivation 

Discussion 

The soil bacterial diversity and richness index in plastic shed soils were lower than 

those in open-field soils. This may be due to changes in soil environmental factors that 

play important roles in shaping the bacterial community composition (Horner-Devine et 

al., 2004). Plastic shed production not only directly changed soil temperature and 
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moisture but also indirectly altered soil nutrients, which contributed to the changes in the 

soil bacterial community. In the present study, we observed that soil bacterial diversity 

was significantly negatively correlated with soil available P, EC and NO3-N content. Our 

results partly agree with the findings of Ma et al. (2018) and Chen et al. (2019), who 

found that NO3-N and electrical conductivity were the most important soil properties 

controlling the variation in bacterial community structure. The results of previous studies 

have shown that high soil nutrient levels in plastic shed soils could decrease soil bacterial 

diversity (Ramirez et al., 2010; Sun et al., 2015; Chen et al., 2019). Although the present 

study did not measure environmental conditions, several studies have suggested that the 

soil temperature and moisture content in plastic shed soils are higher than those in open-

field soils (Chen et al., 2008). Soil bacteria that are adapted to the high temperatures and 

moisture levels in plastic shed soils will be the dominant population, which may result in 

a decrease in bacterial diversity. Organic cultivation increased bacterial Shannon diversity 

compared to conventional cultivation in both plastic shed and open-field soils. This result 

is consistent with the findings of many previous studies showing that organic cultivation 

usually results in much higher soil biodiversity compared to conventional cultivation. The 

increase in bacterial diversity also increases the resilience of soils, leading to improved 

soil health (van Bruggen and Semenov, 2000). 

 

 

Figure 5. Redundancy analysis between soil enzyme activities and soil environmental 

parameters. DEH, dehydrogenase; URE, urease; PRO, protease; PHO, phosphatase; CAT, 

catalase; SOM, soil organic matter; NO3-N, nitrate; EC, electric conductivity; AP, available 

phosphorus; AK, available potassium; MBC, microbial biomass carbon; MBN, microbial 

biomass nitrogen; Bac-OUT, bacterial OUT; Bac-Shannon bacterial Shannon diversity index; 

Bac-Chao1, bacterial Chao1 index; Bac-ACE, bacterial ACE index; Fau-Shannon, mesofaunal 

Shannon diversity index; Fau-Pielou, mesofaunal Pielou index; Fau-Menhinick, mesofaunal 

Menhinick index. PSS + ORG, plastic shed soils + organic cultivation; PSS + CON, plastic 

shed soils + conventional cultivation; OS + ORG, open-field soils + organic cultivation; 

OS + CON, open-field soils + conventional cultivation 
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Plastic shed production resulted in higher soil mesofaunal diversity and evenness 

indexes compared to open-field under both organic and conventional cultivation. This 

result is consistent with the findings of previous studies (Shah et al., 2003; Li and Gu, 

2009; Ponce et al., 2011) in which the authors speculated that this change may be due to 

the improvement of soil nutrients. In the present study, we observed that the Shannon, 

Pielou and Menhinick indexes of the soil mesofauna were positively correlated with soil 

available P, soil microbial biomass carbon, microbial biomass nitrogen and nitrate 

contents. However, other researchers have shown that plastic shed production leads to 

lower Shannon diversity and Pielou evenness of the soil fauna community compared to 

open-field (Dong et al., 2008; Wang, 2009). This may occur because the soil 

macrofauna is more severely affected by plastic shed production than the meso- and 

microfauna (Postma-Blaauw et al., 2010; Ponge et al., 2013). The nonsignificant 

differences in mesofaunal diversity and evenness indexes between organic and 

conventional cultivation were not consistent with the findings of many studies (Cotes et 

al., 2010; Jiang et al., 2015) that have shown increased diversity of the soil fauna 

(arthropods) under organic cultivation. Such nondiscriminating results could be 

attributed to the heterogeneity of organic practices applied within soil systems as well as 

climate parameters and the different responses of species to management disturbance 

(Hole et al., 2005; Bengtsson et al., 2005; Gkisakis et al., 2016) 

In soils, enzymes play an essential role in mediating biochemical transformations and 

nutrient cycling and can thus be used as a sensitive index to monitor changes in soil 

microbial activity and functioning. Under conventional cultivation, plastic shed 

production decreased soil urease, protease and phosphatase activities compared to open-

field. These results suggest a decrease in soil function related to N and P transformation 

(Sinsabaugh et al., 2008). However, under organic cultivation, we observed that plastic 

shed production resulted in higher soil urease, protease and phosphatase activities 

compared to open-field. These results indicated that organic cultivation could alleviate 

the adverse effect of plastic shed production on soil enzyme activities related to soil N 

and P. In the present study, we observed higher soil urease, protease, phosphatase, 

dehydrogenase and catalase activities under organic cultivation than under conventional 

cultivation in plastic shed soils. These results indicated that the soils of organic 

cultivation systems exhibit higher overall microbial activity and a higher capacity to 

cleave proteins and organic phosphorus. In the present study, soil enzyme activities 

showed no significant correlation with most of the examined soil properties. These 

results differ from those of a previous study showing that soil properties such as 

available P and N exhibit close relationships with soil enzyme activities (Ling et al., 

2014). However, the present study indicates that soil enzyme activities are significantly 

positively correlated with bacterial the Shannon diversity, Chao1 and ACE indexes. The 

results were in accordance with the findings of Chen et al. (2019) showing that soil 

enzyme activities were correlated with the microbial diversity index. The findings of 

Carrara et al. (2018) also showed that extracellular enzyme activities were significantly 

correlated with the bacterial community composition. This may be explained by the 

results of a study suggesting that a change in microbial diversity impacts soil functions 

such as enzyme activities (Colombo et al., 2016). This also supports the conclusion that 

the microbial community composition is more important than soil nutrient properties in 

influencing soil functioning (Nannipieri et al., 2012; Stark et al., 2014). In addition, the 

present study revealed that soil enzyme activities were significantly negatively 

correlated with soil electrical conductivity and NO3-N. These results indicated that the 
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accumulation of salt in the soil impaired soil enzyme activities (Tejada et al., 2006; 

Tripathi et al., 2007). 

Under conventional cultivation, plastic shed production significantly increased soil 

EC compared to open-field. These results indicated that under conventional cultivation, 

plastic shed production causes soil salinization. This agrees with the findings of a 

previous study (Ju et al., 2007). These results may be due to the following two reasons. 

First, under conventional cultivation, heavy application rates of chemical fertilizers in 

vegetable production cause excessively high nutrient accumulation in soil. Soil nitrate is 

one major factor leading to soil salinization, which occurs easily in plastic shed soils 

due to the heavy use of fertilizers (Shi et al., 2009). In the present study, plastic shed 

production significantly increased the soil NO3-N concentration compared to open-field 

only under conventional cultivation. The accumulated NO3-N content reflects the 

impact of chemical fertilizers on soil EC. Second, plastic shed production usually 

causes higher evapotranspiration compared with open-air fields (Han et al., 2009), 

which induces the upward movement of soil water and the soil solution from subsoil, 

resulting in the accumulation of soil salt ions in topsoil (Ge et al., 2010). However, 

under organic cultivation, the soil EC values were not different between the plastic shed 

and open-field soils. These results indicated that organic cultivation can significantly 

alleviate soil salinization in plastic shed soil. Organic cultivation can reduce soil nitrate 

accumulation, which may improve denitrification processes (Huang et al., 2019). In the 

present study, significantly lower soil EC and nitrate contents were observed under 

organic cultivation than under conventional cultivation. Together, the available 

evidence suggests that the observed effects of organic cultivation management are 

attributable to its roles in alleviating soil salinization (or nitrate accumulation), which 

likely benefit from the alteration of soil N-cycling processes. The soil organic matter, 

available K and available P contents observed in association with plastic shed 

production were significantly higher than those associated with open-field under both 

organic and conventional cultivation. These results indicate that the nutrient contents of 

the plastic shed soils were maintained at high levels to achieve sustained soil chemical 

fertility (Chen et al., 2019; Xie and Tan, 2001; Yang et al., 2011). The soil organic 

matter and available K contents under organic cultivation were significantly higher than 

those under conventional cultivation associated with plastic shed production. These 

results occurred because N fertilizer in organic shed production systems is generally 

replaced with organic fertilizer, which includes carbon and K in different forms. 

Plastic shed production increased soil microbial biomass carbon and microbial biomass 

nitrogen compared to open-field under both organic and conventional cultivation. These 

findings are consistent with the results of several previous studies (Yu, 2007) and may be 

due to the higher soil nutrient contents associated with plastic shed production compared 

with open-field (Mele and Crowley, 2008; Zhong et al., 2010). In the present study, we 

observed that soil microbial biomass carbon and microbial biomass nitrogen were 

correlated with soil nutrients such as soil organic matter, NO3
--N, available P and 

available K. Organic cultivation significantly increased soil microbial biomass carbon and 

microbial biomass nitrogen compared to conventional cultivation in both plastic shed and 

open-field soils, with the exception of soil microbial biomass nitrogen associated with 

plastic shed production. These results are in agreement with other studies (Liu et al., 

2007; van Diepeningen et al., 2006). Under organic cultivation, more organic carbon there 

is applied to fields to maintain the organic matter content in soils, which may 

simultaneously increase the microbial biomass. 
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Conclusion 

This research provides evidence that plastic shed soils exhibit lower soil bacterial 

richness and diversity than open-field soils but present higher soil mesofaunal Shannon 

diversity and Pielou’s species evenness indexes. Plastic shed production significantly 

decreased soil urease and phosphate activities compared with those in open soil only 

under conventional cultivation. Organic cultivation mostly resulted in higher bacterial 

abundance and diversity, soil microbial biomass and enzyme activities compared with 

conventional cultivation, but significant differences in some parameters were observed 

only in the open-field soils. Changes in soil enzyme activities occurred and were tightly 

linked to bacterial diversity and soil electrical conductivity, rather than to soil nutrient 

properties. Plastic shed production increased soil nutrient properties but caused soil 

salinization (mainly because of soil nitrate accumulation) under conventional 

cultivation, which may cause groundwater pollution. Organic cultivation decreased the 

soil EC and nitrate contents and increased soil organic matter and available K contents 

compared with conventional cultivation in plastic shed soils. Together, these results 

indicated that organic cultivation could be used to minimize the negative impacts of 

plastic shed production, particularly to decrease soil EC and nitrate contents and 

enhance soil functions, and the showed that the positive impacts of organic cultivation 

on soil microbial diversity and functions were reduced by plastic shed production. 

Further studies are still needed to determine the long-term effects of plastic shed 

production systems on soil nutrients, biodiversity and functions under different 

management practices. 

Acknowledgements. This research was supported by the National Key R&D Program of China (grant 

2019YFE0121500). We gratefully thank Gu Wei and Xu Yingjun for their valuable contribution to the 

study. 

REFERENCES 

[1] Andre, H. M., Duarme, X., Lebrum, P. (2002): Soil biodiversity: myth, reality or 

conning? – Oikos 96: 3-24. 

[2] Bender, S. F., Wagg, C., van der Heijden, M. G. (2016): An underground revolution: 

biodiversity and soil ecological engineering for agricultural sustainability. – Trends Ecol. 

Evol. 31: 440-452. 

[3] Bengtsson, J., Ahnström, J., Weibull, A. C. (2005): The effects of organic agriculture on 

biodiversity and abundance: a meta-analysis. – J. Appl. Ecol. 42: 261-269. 

[4] Berg, G. (2009): Plant-microbe interactions promoting plant growth and health: 

perspectives for controlled use of microorganisms in agriculture. – Appl. Microbiol. Biot. 

84: 11-18. 

[5] Bhat, A. K. (2013): Preserving microbial diversity of soil ecosystem: a key to sustainable 

productivity. – Inter. J. Curr. Microbiol. Appl. Sci. 2: 85-101. 

[6] Caporaso, J. G., Lauber, C. L., Walters, W. A., Berg-Lyons, D., Huntley, J., Fierer, N., 

Owens, S. M., Betley, J., Fraser, L., Bauer, M., Gormley, N., Gilbert, J. A., Smith, G., 

Knight, R. (2012): Ultra-high-throughput microbial community analysis on the Illumina 

HiSeq and MiSeq platforms. – ISME J. 6: 1621-1624. 

[7] Carrara, J. E., Walter, C. A., Hawkins, J. S., Peterjohn, W. T., Averill, C., Brzostek, E. R. 

(2018): Interactions among plants, bacteria, and fungi reduce extracellular enzyme 

activities under long-term N fertilization. – Glob. Chang. Biol. 24: 2721-2734. 



Tao et al.: Soil organism diversity and functions in plastic shed and open field soils under different cultivation methods 

- 2147 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(3):2133-2150. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1903_21332150 

© 2021, ALÖKI Kft., Budapest, Hungary 

[8] Chen, D., Fan, W. X., Liang, P., Liang, Y. B., Li, J. (2008): Microclimate characteristics 

of different structure plastic greenhouses in summer. – J. Northwest Agr. Forest Univ: 

Nat Sci Ed 36: 183-190. 

[9] Chen, J. H., Wu, Q. F., Li, S. H., Ge, J. F., Liang, C. F., Qin, H., Xu, Q. F., Fuhrmann, J. 

J. (2019): Diversity and function of soil bacterial communities in response to long-term 

intensive management in a subtropical bamboo forest. – Geoderma 354: 113894. 

[10] Clark, M. S., Horwath, W. R., Sherman, C., Scow, K. M. (1998): Changes in soil 

chemical properties resulting from organic and low-input farming practices. – Agron. J. 

90: 662-671. 

[11] Colombo, F., Macdonald, C. A., Jeffries, T. C., Powell, J. R., Singh, B. K. (2016): Impact 

of forest management practices on soil bacterial diversity and consequences for soil 

processes. – Soil Biol. Biochem. 94: 200-210. 

[12] Coolon, J. D., Jones, K. L., Todd, T. C., Blair, J. M., Herman, M. A. (2013): Long-term 

nitrogen amendment alters the diversity and assemblage of soil bacterial communities in 

tallgrass prairie. – PLoS One 8: e67884. 

[13] Cotes, B., Campos, M., Pascual, F., García, P. A., Ruano, F. (2010): Comparing 

taxonomic levels of epigeal insects under different farming systems in Andalusian olive 

agroecosystems. – Appl. Soil Ecol. 44: 228-236. 

[14] Dong, B., Zhang, R. Z., Jing, S. J., Xie, Y., Yao, H. (2008): Animal community structure 

in greenhouse soils with different planting years in Shouguang City. – Chin. J. Appl. 

Ecol. 19: 1769-1774 (in Chinese). 

[15] Duffy, R. (2017): Good Agricultural Practices for Greenhouse Vegetable Production in 

the Southeast European Countries. – Food and Agriculture Organization of the United 

Nations, Rome. 

[16] Ge, T., Nie, S. A., Hong, Y., Wu, J. S., Xiao, H. A., Tong, C. L., Kozo, I. (2010): Soluble 

organic nitrogen pools in greenhouse and open field horticultural soils under organic and 

conventional management. – Eur. J. Soil Biol. 46: 371-374. 

[17] Geiger, F., Bengtsson, J., Berendse, F., Weisser, W. W., Emmerson, M., Morales, M. B., 

Ceryngier, P., Liira, J., Tscharntke, T., Winqvist, C., Eggers, S., Bommarco, R., Pärt, T., 

Bretagnolle, V., Plantegenest, M., Clement, L. W., Dennis, C., Palmer, C., Oñate, J. J., 

Guerrero, I., Hawro, V., Aavik, T., Thies, C., Flohre, A., Hänke, S., Fischer, C., 

Goedhart, P. W., Inchausti, P. (2010): Persistent negative effects of pesticides on 

biodiversity and biological control potential on European farmland. – Basic Appl. Ecol. 

11: 97-105. 

[18] Giller, K. E., Beare, M. H., Lavelle, P., Izac, A. M. N., Swift, M. J. (1997): Agricultural 

intensification, soil biodiversity and agroecosystem function. – Appl. Soil Ecol. 6: 3-16. 

[19] Girvan, M. S., Bullimore, J., Ball, A. S., Pretty, J. N., Osborn, A. M. (2004): Responses 

of active bacterial and fungal communities in soils under winter wheat to different 

fertilizer and pesticide regimens. – Appl. Environ. Microbiol. 70: 2692-2701. 

[20] Gkisakis, V., Volakakis, N., Kollaros, D., Bàrberi, P., Kabourakis, E. M. (2016): Soil 

arthropod community in the olive agroecosystem: determined by environment and 

farming practices in different management systems and agroecological zones. – Agr. 

Ecosyst. Environ. 218: 178-189. 

[21] Goldberger, J. R. (2011): Conventionalization, civic engagement, and the sustainability of 

organic agriculture. – J. Rural Stud. 27: 288-296. 

[22] Goldford, J. E., Lu, N., Bajić, D., Estrela, S., Tikhonov, M., Sanchez-Gorostiaga, A., 

Segrè, D., Mehta, P. (2018): Emergent simplicity in microbial community assembly. – 

Science 361: 469-474. 

[23] Guan, S. Y. (1986): Soil Enzyme and Research Methods. – Agriculture Press, Beijing (in 

Chinese). 

[24] Han, X. M., Cao, Z. P., Chen, Y. F., Chen, G. K., Camponogara, A., Yang, H., Gullino, 

M. L. (2009): Grafting, metham sodium, soil solarization and virtually impermeable films 



Tao et al.: Soil organism diversity and functions in plastic shed and open field soils under different cultivation methods 

- 2148 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(3):2133-2150. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1903_21332150 

© 2021, ALÖKI Kft., Budapest, Hungary 

as alternative technologies to methyl bromide for Chinese protected tomatoes. – Ecol. 

Econ. 5: 177-186. 

[25] Hole, D. G., Perkins, A. J., Wilson, J. D., Alexander, I. H., Grice, P. V., Evans, A. D. 

(2005): Does organic farming benefit biodiversity? – Conserv. Biol. 122: 113-130. 

[26] Horner-Devine, M. C., Carney, K. M., Bohannan, B. J. (2004): An ecological perspective 

on bacterial biodiversity. – P. Roy. Soc. B-Biol. Sci. 271: 113-122. 

[27] Huang, Y. M., Zhang, J., Yang, W. Q. (2006): The characteristics of soil community 

structure in Eucaly ptus grandis plantation. – Acta Ecologica Sinica 26(8): 2502-2509 (in 

Chinese). 

[28] Huang, X. Q., Zhao, J., Zhou, X., Zhang, J. B., Cai, Z. C. (2019): Differential responses 

of soil bacterial community and functional diversity to reductive soil disinfestation and 

chemical soil disinfestation. – Geoderma 348: 124-134. 

[29] Jiang, M., Wang, X. H., Liusui, Y. H., Sun, X. Q., Zhao, C. Y., Liu, H. (2015): Diversity 

and abundance of soil animals as influenced by long-term fertilization in grey desert soil, 

China. – Sustainability 7: 10837-10853. 

[30] Ju, X. T., Kou, C. L., Christie, P., Dou, Z. X., Zhang, F. S. (2007): Changes in the soil 

environment from excessive application of fertilizers and manures to two contrasting 

intensive cropping systems on the north china plain. – Environ. Pollut. 145: 497-506. 

[31] Li, S. M., Gu, H. M. (2009): Comparison of the community characteristic of soil animal 

in plastic greenhouse and outside field. – J. Anhui Agr. Sci. 37: 6000-6004 (in Chinese). 

[32] Ling, N., Sun, Y., Ma, J., Guo, J., Zhu, P., Peng, C., Yu, G., Ran, W., Guo, S., Shen, Q. 

(2014): Response of the bacterial diversity and soil enzyme activity in particle-size 

fractions of Mollisol after different fertilization in a long-term experiment. – Biol. Fertil. 

Soils 50: 901-911. 

[33] Liu, Y., Jiang, Y., Liang, W. J., Li, Q., Wen, D. Z. (2005): Soil chemical property 

changes in vegetable greenhouse fields. – Chin. J. Appl. Ecol. 16: 2218-2220 (in 

Chinese). 

[34] Liu, B., Tu, C., Hu, S., Gumpertz, M., Ristaino, J. B. (2007): Effect of organic, 

sustainable, and conventional management strategies in grower fields on soil physical, 

chemical, and biological factors and the incidence of southern blight. – Appl. Soil Ecol. 

37: 202-214. 

[35] Lu, R. K. (2000): Analysis of Soil Characteristics. – China Agricultural Scientech Press, 

Beijing. 

[36] Luo, F., Xu, H. B., Zuo, Z. Y., Zhao, G. D., Guo, X. S., Wang, L. P. (2020): The present 

situation, deficiency and solutions of facility agriculture in China. – Jiangsu Agr. Sci. 

48(10): 57-62. 

[37] Ma, B., Lv, X., Cai, Y., Chang, S. X., Dyck, M. F. (2018): Liming does not counteract 

the influence of long-term fertilization on soil bacterial community structure and its co-

occurrence pattern. – Soil Biol. Biochem. 123: 45-53. 

[38] Mäder, P., Flieβbach, A., Dubois, D., Gunst, L., Fried, P., Niggli, U. (2002): Soil fertility 

and biodiversity in organic farming. – Science 296: 1694-1697. 

[39] Madzaric, S., Ceglie, F. G., Depalo, L., Al Bitar, L., Mimiola, G., Tittarelli, F., Burgio, G. 

(2018): Organic vs. organic - soil arthropods as bioindicators of ecological sustainability 

in greenhouse system experiment under Mediterranean conditions. – Bull. Entomol. Res. 

108: 625-635. 

[40] Mele, P. M., Crowley, D. E. (2008): Application of self-organizing maps for assessing 

soil biological quality. – Agr. Ecosyst. Environ. 126: 139-152. 

[41] Min, J., Zhao, X., Shi, W. M., Xing, G. X., Zhu, Z. L. (2011): Nitrogen balance and loss 

in a greenhouse vegetable system in southeastern China. – Pedosphere 21: 464-472. 

[42] Nannipieri, P., Ascher, J., Ceccherini, M. T., Landi, L., Pietramellara, G., Renella, G. 

(2003): Microbial diversity and soil functions. – Eur. J. Soil Sci. 54: 655-670. 



Tao et al.: Soil organism diversity and functions in plastic shed and open field soils under different cultivation methods 

- 2149 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(3):2133-2150. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1903_21332150 

© 2021, ALÖKI Kft., Budapest, Hungary 

[43] Nannipieri, P., Giagnoni, L., Renella, G., Puglisi, E., Ceccanti, B., Masciandaro, G., 

Fornasier, F., Moscatelli, M. C., Marinari, S. (2012): Soil enzymology: classical and 

molecular approaches. – Biol. Fertil. Soils 48: 743-762. 

[44] Paoletti, M. G. (1999): Using bioindicators based on biodiversity to assess landscape 

sustainability. – Agr. Ecosyst. Environ. 74: 1-18. 

[45] Ponce, C., Bravo, C., León, D. G., Magaña, M., Alonso, J. C. (2011): Effects of organic 

farming on plant and arthropod communities: a case study in Mediterranean dryland 

cereal. – Agr. Ecosyst. Environ. 141: 193-201. 

[46] Ponge, J. F., Pérès, G., Guernion, M., Ruiz-Camacho, N., Cortet, J., Pernin, C., Villenave, 

C., Chaussod, R., Martin-Laurent, F., Bispo, A., Cluzeau, D. (2013): The impact of 

agricultural practices on soil biota: a regional study. – Soil Biol. Biochem. 67: 271-284. 

[47] Postma-Blaauw, M. B., De Goede, R. G. M., Bloem, J., Faber, J. H., Brussaard, L. 

(2010): Soil biota community structure and abundance under agricultural intensification 

and extensification. – Ecology 91: 460-473. 

[48] Potthoff, M., Loftfield, N., Buegger, F., Wick, B., John, B., Joergensen, R. G., Flessa, H. 

(2003): The determination of δ13C in soil microbial biomass using fumigation-extraction. 

– Soil Biol. Biochem. 442: 947-954. 

[49] Ramirez, K. S., Lauber, C. L., Knight, R., Bradford, M. A., Fierer, N. (2010): Consistent 

effects of nitrogen fertilization on soil bacterial communities in contrasting systems. – 

Ecology 91: 3463-3470. 

[50] Shah, P. A., Brooks, D. R., Ashby, J. E., Perry, J. P., Woiwod, I. P. (2003): Diversity and 

abundance of the coleopteran fauna from organic and conventional management system 

in southern England. – Agr. Forest Entomol. 5: 51-60. 

[51] Shannon, D., Sen, A. M., Johnson, D. B. (2002): A comparative study of the 

microbiology of soils managed under organic and conventional regimes. – Soil Use 

Manage. 18: 274-283. 

[52] Shi, W. M., Yao, J., Yan, F. (2009): Vegetable cultivation under greenhouse conditions 

leads to rapid accumulation of nutrients, acidification and salinity of soils and 

groundwater contamination in South-Eastern China. – Nutr. Cycl. Agroecosys. 83: 73-84. 

[53] Sinsabaugh, R. L., Lauber, C. L., Weintraub, M. N., Ahmed, B., Allison, S. D., 

Crenshaw, C., Contosta, A. R., Cusack, D., Frey, S., Gallo, M. E., Gartner, T. B., Hobbie, 

S. E., Holland, K., Keeler, B. L., Powers, J. S., Stursova, M., Takacs-Vesbach, C., 

Waldrop, M. P., Wallenstein, M. D., Zak, D. R., Zeglin, L. H. (2008): Stoichiometry of 

soil enzyme activity at global scale. – Ecol. Lett. 11: 1252-1264. 

[54] Stark, S., Männistö, M. K., Eskelinen, A. (2014): Nutrient availability and pH jointly 

constrain microbial extracellular enzyme activities in nutrient-poor tundra soils. – Plant 

Soil 383: 373-385. 

[55] Sun, R. B., Zhang, X. X., Guo, X. S., Wang, D. Z., Chu, H. Y. (2015): Bacterial diversity 

in soils subjected to long-term chemical fertilization can be more stably maintained with 

the addition of livestock manure than wheat straw. – Soil Biol. Biochem. 88(4): 9-18. 

[56] Tejada, M., Garcia, C., Gonzalez, J., Hernandez, M. (2006): Use of organic amendment 

as a strategy for saline soil remediation: influence on the physical, chemical and 

biological properties of soil. – Soil Biol. Biochem. 38: 1413-1421. 

[57] Tripathi, S., Chakraborty, A., Chakrabarti, K., Bandyopadhyay, B. K. (2007): Enzyme 

activities and microbial biomass in coastal soils of India. – Soil Biol. Biochem. 39: 2840-

2848. https://doi.org/10.1016/j.soilbio.2007.05.027. 

[58] van Bruggen, A. H. C., Semenov, A. M. (2000): In search of biological indicators for 

plant health and disease suppression. – Appl. Soil Ecol. 15: 13-24. 

[59] van Diepeningen, A. D., de Vos, O. J., Korthals, G. W., van Bruggen, A. H. C. (2006): 

Effects of organic versus conventional management on chemical and biological 

parameters in agricultural soils. – Appl. Soil Ecol. 31: 120-135. 

[60] Van Straalen, N. M. (1998): Evaluation of bioindicator systems derived from soil 

arthropod communities. – Appl. Soil Ecol. 9: 429-437. 



Tao et al.: Soil organism diversity and functions in plastic shed and open field soils under different cultivation methods 

- 2150 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(3):2133-2150. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1903_21332150 

© 2021, ALÖKI Kft., Budapest, Hungary 

[61] Vance, E. D., Brookes, P. C., Jenkinson, D. S. (1987): An extraction method for 

measuring soil microbial biomass-C. – Soil Biol. Biochem. 19: 703-707. 

[62] Wang, Q. Z. (2009): The influence of vegetable farming plastic greenhouse on soil 

animal community. – Chin. J. Soil Sci. 40: 767-770 (in Chinese). 

[63] Xie, R., Tan, H. (2001): The present and future demand of phosphate fertilizer in China in 

the light of agricultural production. – Phosphate Comp. Fert. 16: 6-9. 

[64] Xiong, J., Liu, Y., Lin, X., Zhang, H., Zeng, J., Hou, J., Yang, Y., Yao, T., Knight, R., 

Chu, H. (2012): Geographic distance and pH drive bacterial distribution in alkaline lake 

sediments across Tibetan Plateau. Environ. – Microbiol. 14: 2457-2466. 

[65] Xue, L., Ren, H., li, S., Leng, X. H., Yao, X. H. (2017): Soil bacterial community 

structure and co-occurrence pattern during vegetation restoration in Karst Rocky 

desertification area. – Front. Microbiol. 8: 2377. 

[66] Yang, L. J., Li, T. L., Li, F. S., Lemcoff, J. H. (2011): Long- term fertilization effect on 

fraction and distribution of soil phosphorus in a plastic-film house in China. – Commun. 

Soil Sci. Plant Anal. 42: 1-12. 

[67] Yin, W. Y. (1998): Pictorial Keys to Soil Animals of China. – Science Press, Beijing. 

[68] Yu, L. (2007): The Changes of Soil Microbial Biomass and Enzyme Activities and Their 

Relations with Soil Fertility in Sheltered Planting. – Shandong Agricultural University, 

Taian, Shandong, China. 

[69] Zheng, L. Y., Gui, H. (1999): Insect Classification. – Nanjing Normal University Press, 

Nanjing. 

[70] Zhong, W., Gu, T., Wang, W., Zhang, B., Lin, X., Huang, Q., Shen, W. (2010): The 

effects of mineral fertilizer and organic manure on soil microbial community and 

diversity. – Plant Soil 326: 511-522. 


