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Abstract: Agriculture uses plastic products for containers, packaging, tunnels, drip irrigation tubing, mulches.
Large amounts of plastics are used as mulches on the soil surface for vegetable production (tomato, cucumber,
watermelon, strawberry, vine) to reduce the weed competition, increase water and fertilizer use efficiency and
enhance crop yield. Portugal uses around 4,500 t/year of plastic to cover approximately 23,000 ha of agricultural
land and only a scarce amount is recovered for recycling or secondary uses because of contamination with soil,
vegetation, pesticide and fertilizers. Most plastic mulch is composed of polyethylene that degrades slowly and
produces a large quantity of residues in soil with negative impact in the environment. In the present study, the
effects of long-term cultivation of blueberry with green plastic mulch, at south Portugal, were evaluated for
soil chemical and biological changes. High density green plastic mulch did not contaminate the topsoil with
di(2-Ethylhexyl) phtalate and heavy metals. In the planting row with mulch a reduction of total nitrogen and
organic carbon concentration, cation exchange capacity and microbial activity in topsoil compared with bare
soil. Apparently, the presence of film did not affect negatively the presence of nematodes but the Rhabditida
(bacterial feeders) increased in the planting row.

Keywords: green high density polyethylene mulch; microbial activity; nematode community; open-
field; soil chemical composition; topsoil; Vaccinium cv. Centra Blue

1. Introduction

There are a multitude of uses for plastic products in agriculture (plasticulture) including
containers, pots, packaging, tunnel coverings, drip irrigation tubing and mulch films. Large amounts
of plastics are used as mulches applied on the soil surface in vegetable production (e.g., tomato,
cucumber, watermelon, strawberry, vine, young orchards) to reduce the weed competition, to
increase water and fertilizer use efficiency and soil temperature, and to enhance crop yield, especially
in arid and semi-arid environments [1-3]. Coloured plastic mulches have been widely accepted and
utilized by farmers to solve above-lined problems [2], and residual film can affect soil organisms and
various physicochemoical properties of soil and plant performance [2], [4]. Often, plastic mulch is
composed of polyethylene, PE [5] that degrades slowly in soil, with an incomplete recovery of the
used plastic film producing a large quantity of residues left in soils with negative impact in the
environment [4], [6]. Around 25.8 Mt of plastic waste are yearly generated in Europe [7], but the
percentage of mulch films that remain in the soil in Europe is based on experts’ opinion, rather than
collected data. France, Spain, Germany, Italy and UK are the main European users of plastic mulch
[8]. Portugal uses around 4,500 t/year of plastic to cover approximately 23,000 ha of agricultural land,
and only a small part of this is recovered for recycling or secondary uses because of issues of
contamination with soil, vegetation, pesticide, fertilizers. To comply with the European legislation
and the circular economy transition for agricultural plastics it is necessary to take the necessary
measures to facilitate the recycling of plastics and promote the use of materials with less negative
impact in the environment, such as the biopolymers.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Blueberry (Vaccinium sp.) is a perennial flowering plant with blue or purple berries. It belongs to
the Ericaceae Family, prized for their sweet edible fruits rich of vitamin C, minerals, and a number of
antioxidants. Blueberries are commonly eaten fresh, but can be baked in a variety of pastries.
Portuguese blueberry production is mainly exported to The Netherlands, France, Spain, Belgium, UK
and Germany [9].

Long-term studies on the effects of plastic mulch on soil characteristics are scarce. The aims of
present work were to assess the impact of a long-term production system using a green high density
plastic (HDPE) mulching a) on chemical and biological properties of topsoil cultivated with blueberry
(Vaccinium sp.) at Southern Portugal, and b) on the accumulation of phtalate esters (PAEs), namely
the di(2-Ethylhexyl) phtalate (DEHP) in cultivated soil.

2. Material and methods

2.1. Environmental conditions and experimental layout

The study was run at Fataca Experimental Farm, Odemira, Southern Portugal, Lat: 37.5903,
Lng: -8.7403. In a 30-year period, the annual temperature in the region varied from a mean minimum
of 7 °C to a maximum of 31 °C (average of 19 °C), and rainfall varied from a mean 3 mm in July and
August to 75 mm in December (average annual rainfall of 437.0 mm).

Two-years-old blueberry plantlets (Vaccinium cv. Centra Blue) were transplanted from nursery
to the field in summer 2013 and were maintained for 10 years. The soil was amended with composted
pinus bark to improve soil structure and organic matter concentration. In the open-field, inter-row
spacing was 2.50 m. Planting rows were covered with a permeable green high density plastic
(100%HDPE) mulch (Fig. 1) to control weeds emergence and increase soil moisture. Plastic labelling
did not indicate its thickness, but could last on the soil surface for 10 years. In each planting row. two
lines for drip fertigation was used, with emiters of 2.0 L h-! placed each 30 cm. Fertilization was
applied according to plants needs, i.e, ammonium, potassium, phosphorus and magnesium sulphate.
Electric conductivity (EC) of fertigation solution was set to a maximum of 1.2 mS cm-!. A contiguous
bare soil, without mulching and planting, was separated from cultivated soil with plastic mulching
for about 5 m, and was used as a control treatment (CK).

The experimental layout included two treatments: a control (bare) soil with no planting and no
mulching, and a cultivated soil covered with green high density plastic (HDPE) mulch, and three
replicates (5 plants each).

Figure 1. Soil covered with conventional green high density plastic mulch in blueberry (Vaccinium cv.
Centra Blue) plantation, at Fataca Experimental Farm (Odemira, south Portugal).
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2.2. Soil sampling and chemical and biological determinations

In June 2023, soil samples were taken at 0-20 cm depth for both treatments during the vegetative
phase of 10-yr-old blueberry plants in the planting rows with green plastic mulching. Fresh soil
samples were sieved (<2 mm) and used to evaluate the ezymatic activity and the population of
nematodes present; other sub-samples were air-dried and sieved (<2 mm) to evaluate the changes of
chemical composition after 10 years cultivation of blueberries, using green plastic mulch on planting
row.

In each soil sample, pH was determined in 1:2.5 soil:water ratio, the electric conductivity (EC)
was measured by potentiometry. Total nitrogen (N) was determined by dry combustion and organic
carbon (C) was estimated by sodium dichromate digestion and measured by UV-Vis
spectrophotometry. The extractable P and K was determined by Egnér-Riehm method [10], the
exchangeable bases were extracted by 1M ammonium acetate (CHsCOONHa4) solution at pH 7.0 [11],
the micronutrients (Cu, Zn, Fe, Mn) were extracted according to [12], and extracted boron (B) was
estimated by hot water method. The di(2-Ethylhexyl) phtalate (DEHP) was determined by GC-MS.

In each fresh soil sample, the dehydrogenase activity was evaluated by spectrophotometryic
quantification of the triphenyl formazan formed from reduction of 2,3,5-triphenyltetrazolium
chloride, using a modification of the method of Casida et al. [13] as described by Menino et al. [14].
The populations of nematodes present were extracted from 500 mL subsamples using the tray
method [15]. The suspensions were observed under a stereomicroscope (Nikon SMZ1500, Tokyo,
Japan), and specimens of each trophic group (plant parasites, bacterial feeders, fungivorous,
omnivores and predators) were counted, followed by observation using a brightfield light
microscope (Olympus BX-51, Hamburg, Germany) for identification.

2.3. Statistical analysis

Changes of chemical properties, enzymatic activity, and nematode communities in the topsoil
of planting rows after 10-years cultivation of blueberry with green plastic (PE) mulch in comparison
with a bare control soil (non-mulching, without planting). Values were presented as means and
coefficient of variation or standard deviation (n=3).

3. Results and discussion

3.1. Changes in soil chemical composition

After 10 years’ cultivation of blueberry ‘Centra Blue’, in the open-field and covered with green
plastic (PE) mulch, some changes in soil chemical properties were observed (Tables 1 and 2)
compared with the control (CK) bare soil. The green HDPE mulch was designed to alter the
microclimate at the plant and soil levels and was mainly formulated with role in light absorption and
crop physiology. Considering the best chemical indicators of soil quality, the organic C, CEC and EC
were slightly reduced in the planting row covered with plastic mulching in the long-term comparing
to bare soil (Table 1). Indicators of soil quality are defined as those soil properties that display the
greatest sensitivity to changes in soil function. The same tendency as above happened with soil total
N, with a lower value in the long-term planting soil with mulching (0.84 g kg') compared to
uncovered CK soil (1.08 g kg 1), but the C/N ratio in both soils was kept similar (11.9), appropriate for
mineralization process. The organic C in cultivated soil (10.03 g kg') was low for blueberry growth
(optimal value of 23 g C kg; [16] even lower than the CK soil (Table 1). Comparing with a black
polypropylene (PP) non-woven mulch, Domagaia—éwiajkiewicz and Siwek [17] found an opposite
result in raspberry cultivation soil. The lowest organic C and total N concentrations in present soil
with HDPE film could be explained by a fast mineralization rate by a possible higher soil temperature
and moisture due to mulching, but contradict the observed by Mufioz et al. [18] with black PE film
of 50 um in strawberry production in high tunnels, showing that other factors could also affect the
soil organic matter status in the planting row with mulching. The present reduction of EC with
mulching to 0.07 mS cm! was more favorable for plant growth, and had the same tendency as
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raspberry soil using a polylactic acid-based (PLA) biopolymer [17]. The pH-value in cultivated soil
(5.7) was above the optimum range of values (4.0-5.5) for blueberry growth [16], [19], but slightly
lower than the CK soil (Table 1). These authors referred that when the soil pH exceeds that range,
blueberries may show adverse symptoms, such as nutrients deficiency, delay of flower bud
differentiation and flowering, growth inhibition, low photosynthetic intensity, and reduced fruit yield
and quality (e.g., increase of titratable acid concentration).

Table 1. Changes in some soil chemical characteristics (0-20 cm depth) after 10 years cultivation of
blueberries ‘Centra Blue” in Fataca, Odemira, at south Portugal (mean+CV, n=3).

Treatment pHano) EC Total N Org.C Ext.P Ext. K Ca K Mg Na CEC

mS cm! g kgl mg kg1 cmol(+) kg!
Control (bare) 5.8+ 0.10+ 1.0840.05 129+ 5747+ 104.3+0.1 140+ 023+ 040+ 0.07+ 3.40+
soil 0.03 0.28 B 0.16 0.23 5 009 042 030 055 0.28
10-yr-old soil 5.7+ 0.07+ 0.84+0.04 10.03+  69.57+ 83.02+0.2 0.87+ 0.19+ 0.57+ 0.04+ 3.33+

with PE mulch 0.15 0.20 0.10 0.04 5 0.46 0.38 0.32 0.26 0.20

CV= coefficient of variation; n= number of observations; PE= polyethylene; EC= electric conductivity; Org. C=

organic carbon; Ext.= extractable; CEC= cation exchange capacity.

After 10 years’ cultivation of blueberries with green plastic mulch, the concentrations of
micronutrients in soil at 0-20 cm depth like the extractable copper (Cu), zinc (Zn), iron (Fe),
manganese (Mn) and B were slightly lower than those in control (bare) soil (Table 2). Nevertheless,
in both soils, the extractable Cu was in the medium range of values and the extractable Fe was very
high. As to the extractable Zn, its concentration in the control soil was in the medium range but
decreased to a low value in cultivated soil with mulching. The extractable Mn was very low, which
is overall good for agricultural purposes, but Fe and Mn are important nutrients for blueberry fruits
and their concentrations in plant should be further monitored. Finally, the extractable B had a low
concentration in the control (bare) soil and decreased to a very low level under cultivation with plastic
mulching. Boron is an essential micronutrient required for physiological and biochemical processes
in fruit crops such as blueberry (Vaccinium sp.), a plant species well adapted to acidic soils (pH20)<
5.5) with low B availability. According to the literature [20-21], the critical range of low and high B
levels in plant tissues is narrow, and B requirement is highly variable among plant species and
genotypes, with an optimum value for one cultivar being either insufficient or toxic for other species
or cultivar. There is little information regarding deficiency and excess of B in fruit plants grown in
acidic soils like the blueberry therefore, under the present conditions the evaluation of nutritional
status of plant (leaf, fruit) is recommended.

Table 2. Changes in some micronutrients in soils (0-20 cm depth) after 10 years’ cultivation of
blueberries ‘Centra Blue” in Fataca, Odemira, south Portugal (mean+CV, n=3).

Treatment Ext. Cu Ext. Zn Ext. Fe Ext. Mn Ext. B
mg kg!
Control (bare) soil 2.3+0.10 2.4+0.42 227+0.10 6.0+0.28 0.21+0.05
10-yr-old- Sr(zllﬂvzgh green PE 1.240.29 0.8+0.15 207+0.14 <25+nd <0.20+nd

CV= coefficient of variation; n=number of observations; PE= polyethylene; Ext.= extractable; nd=not determined.

Surprisingly, the cultivated soil did not show contamination with di(2-Ethylhexyl) phtalate
(DEHP) by using the green HDPE mulch in the long-term (<2.7 kg kg dry matter), similar to the
control soil.

3.2. Effect of long-term cultivation with green HDPE mulch on soil enzymatic activity
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Dehydrogenases are intracellular enzymes that are involved in microbial oxidoreductase
metabolism. The activity of enzyme dehydrogenases is among the most appropriate, crucial and
responsive soil biological indicators, responding immediately to changes in soil systems, cropping
and conditions. The soil dehydrogenase activity (DHA) has been recognized as an indicator of the
metabolic status of the soil microbiota and of the viable microbial activity [22]. DHA depends on the
same factors that affect the abundance and activity of microorganisms. In the present study, DHA in
soil collected at 0-20 cm depth at the end of spring and after 10 years’ cultivation of blueberry using
a green plastic mulch was significantly lower than the bare soil (Fig. 2). This fact indicates a possible
negative effect of green HDPE mulch on the overall soil microbial activity. This fact agrees with
Moreno et al. [23] for organic pepper cultivation, using black PE film, and was explained by a higher
temperature and reduction of gas interchange between the soil and the atmosphere under plastic
mulching. Nevertheless, the possibility that other factors related to blueberry cultivation may
negatively influence soil microbial activity cannot be ruled out.
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Figure 2. Comparison of soil dehydrogenase activity after 10 years’ cultivation of blueberry ‘Centra
Blue’ covered with green HDPE mulch, in Fataca Experimental Farm, at Odemira, south Portugal.
Values above columns and error bars represent, respectively, the mean and standard deviation of
three replicate samples. TFF, triphenyl formazan.

3.3. Effect of long-term cultivation with green HDPE mulch on the nematodes communities in soil

Although this is a preliminary study, discrete shifts of nematode community after 10 years’
cultivation of blueberry ‘Centra Blue’ in the open-field covered with green HDPE mulch were
observed in comparison with uncultivated (bare) soil (Fig. 3). The Rhabditida (bacterial feeders)
showed a 4-fold increase in cultivated soil compared with the control soil. This huge increase in
bacterial-feeder nematodes was probably due to previous soil organic amendment with composted
pinus bark, and a possible higher temperature and moisture caused by the plastic film. The presence
of higher values of bacterivorous and fungivorous nematodes in cultivated soil indicated that the
organic matter mineralization/nitrification was taking place, reducing total organic C and total N in
soil, in agreement with Table 1. Mycophagous nematodes (Aphelenchus sp.) did not differ between
the two treatments, probably because this group of nematodes is less responsive to soil modifications
[24]. Dorylamida (omnivore nematodes) were negligible, especially in cultivated soil, and predators
were not found in any treatment. The presence of a green HDPE film apparently did not affect
negatively the presence of nematodes, but these results need further confirmation. Moreover, the
nematode community structure must be studied using different indices in order to better assess any
changes due to soil disturbance [25-26].
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Figure 3. Number of nematodes per 100 mL of bare (control) soil (no mulching, no planting) and soil
with 10 years’ cultivation of blueberries ‘Centra Blue’ covered with green HDPE mulch, in Fataca
Experimental Farm, at Odemira, south Portugal: Aphelenchus sp. = fungivorous; Dorylaimida =
omnivorous; Rhabditida = bacterivorous.

4. Conclusions

This is a former open-field study on the effects of a long-term cultivation of a perennial plant
species, the blueberry, covered with a green high density plastic mulch, in a semi-arid environment
at south Portugal. This study revealed that mulching system apparently generated unique soil
conditions, mirrored by variations in specific soil parameters. The green polyethylene mulch
controlled well the emergence of natural vegetation and did not contribute to increase soil salinity in
the topsoil (0-20 cm). However, the long-term cultivation with plastic mulching tended to reduce
slightly the soil chemical quality comparing with non-mulching, reducing in particular the organic
matter concentration and nitrogen, some base cations and the cation exchange capacity. The soil pH
was also slightly reduced to 5.7, but this value was above the recommended values (4.0-5.5) for a
good blueberry growth; therefore, monitoring the plant development is recommended. Green plastic
mulch did not contribute to di(2-Ethylhexyl) phtalate (DEHP) contamination of topsoil, as well as to
copper, iron, zinc and manganese contamination. Manganese and boron were even depleted from
soil. Since these micronutrients are important for blueberries nutrition, their concentration in fruits
should be further controlled. There is little information regarding boron deficiency in plants grown
in acidic soils such as blueberry.

Biological quality in present cultivated soil requires further developments since the enzymatic
activity and nematodes community appear contradictory trends. A negative effect of plastic
mulching on the overall soil microbial activity was observed, contradicting the response of
nematodes community. Soil dehydrogenase activity and nematode community analysis are valuable
tools for assessing the impact of land management practices on soil biology, soil health and overall
soil condition. The use of nematodes as soil bio indicators makes ecological sense as they represent a
central position in the soil food web and are related to ecological processes such as organic matter
mineralization/nitrification, cultural practices and plant growth. Some authors found the nematode
community the best biological indicator [24-26].

A more robust experimental design should be put in place and the soil sampling must be
repeated with time to confirm present findings. In addition, the diversity of nematodes should be
further defined through the identification of key taxa, correlation of key taxa to disturbance, and
calibration of indices relative to ecosystem, climate and soil practice (mulching).
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