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Abstract: The use of non-biodegradable plastic mulching materials has become more and more
widespread on the island of Tenerife (Canary Islands, Spain). At the end of their useful life, they become
a source of pollution when disposed of improperly or require a subsequent removal and recovery
process by waste managers that increase costs, especially in island conditions. The use of degradable
mulch may be a solution, although there is practically no experience of its use in horticultural crops
under the agro-climatic and soil conditions of Tenerife. In this trial, the productive behaviour of a crop
of squash cv. ‘Largo de Napoles” was studied using two papers (Agropaper and Mimgreen), two
biodegradable plastics (Mater-Bi and Cylplast Bio), a commercial polyethylene and a control without
mulch. No significant differences were observed between the biodegradable materials and
polyethylene in commercial or total yield or in the average weight of harvested squashes. The costs of
biodegradable plastics were lower than the total cost of using polyethylene. Material costs and logistics
are especially important in relatively remote island areas, such as Tenerife.
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1. Introduction

Mulching is a widely used technique in horticulture to increase crop earliness, control weed
growth and save water by limiting direct evaporation from the soil [1]. The most widely used
mulching material commercially has been polyethylene (PE), a material that is not biodegradable and
leaves a considerable amount of residues: 250 kg/ha of polyethylene of which about 100 kg/ha is left
as waste in broccoli cultivation in SE Spain [2], the average plastic mulch residue in China is 84 kg/ha
in China [3] and there can be between 89 and 206 fragments/ha left in mulched areas in Germany [4].

Both material removal from farms and management of these residues incur costs. Moreover,
management can be complicated by several extraneous materials (soil and crop residues) that make
the material coming from the farms unacceptable to waste management companies [5,6]. Indeed,
there has been an increasing presence of microplastics in agriculture, of which mulching material is
one source [3,4]. For these two reasons, the use of degradable materials is becoming more and more
attractive and widespread [1,2,5].

Consequently, the use of biodegradable materials in mulch is a measure to be considered as part
of strategies to mitigate climate change. The use of biodegradable plastics for mulching has a more
favourable life cycle analysis (LCA) profile than PE, with a lower global warming potential and use
of non-renewable energy sources (between 25% and 80% lower, respectively) [7].

Biodegradable plastics can be composed of blends of starch and aliphatic polyesters or of
polycaprolactones and other synthetic polymers. These materials are degraded by the combined
action of climatic conditions and decomposition by soil micro-organisms [1,8]. In addition,
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biodegradable long fibre papers have been developed specifically for mulching in agriculture, with
very good degradability though with some handling problems compared to plastic [9,10].

The main barriers to adopting biodegradable mulch materials are the higher price compared to
PE and the lack of knowledge about the degradation rate of the material [11]. The costs of
biodegradable materials are in some cases also higher than PE [1,5,12].

The use of plastic mulch in Tenerife is particularly widespread in cucurbit crops (pumpkin,
watermelon and melon). The sum of these three crops accounts for 10% of the total area of
horticultural crops on the island [13]. For the last 10 years, the use of open-air semi-fertilisation
techniques (tunnels and mulching) in these crops has become the norm in medium-size and large
farms on the island. In fact, there is a certain lack of experience in the use of biodegradable materials
under Canarian cultivation conditions. This is due, among other reasons, to logistical problems of
having to transport the materials from Mainland Spain, with high costs for small quantities.

One of the top priorities for waste management operations in the European Union is preventing
and reducing waste generation. In the Canary Islands, where there is not enough infrastructure for
waste treatment and with a limited and remote territory, minimising waste generation is very
important [14,15]. Consequently, an experimental demonstration trial with the materials available on
the island of Tenerife in 2021 on a pumpkin crop was conducted to find out how these materials
perform in the open-air conditions of the island. It was aimed at disseminating their use among
vegetable growers.

2. Materials and Methods

In this trial, the productive behaviour of a squash crop was studied with the four biodegradable
mulching materials available on the island of Tenerife in December 2021. Two controls were used:
polyethylene was used in the rest of the plot, which corresponds to the most commonly used material
on the island; and the second was no mulch. The materials tested and their characteristics are shown

in Table 1.
Table 1. Materials used.

Treatment Company Material characteristics *
No mulching
Polyethylene (PE) Solplast Black PE 25 p (thickness)
Agropaper® Smurfitt Kappa  Black paper 90 g/m?
Mimgreen® Mimcord Black paper 100 g/m?
Mater-Bi® Novamont Biodegradable black plastic 15
Cylplast Bio® Solplast Biodegradable black plastic 15 u

*: Characteristics provided by suppliers.

The experiment was carried out in an outdoor commercial plot of 18,400 m?, at an altitude of 428
m above sea level, located in the municipality of Arico (SE Tenerife). Both the soil and the irrigation
water used were within the normal parameters for the area. The previous crop was also pumpkin.
Prior to planting, 20 t/ha of goat manure was applied.

The squash cultivar ‘Largo de Napoles’ (Cucurbita moschata D.) was used. The plants were
transplanted on 23 March 2022, with a planting spacing of 1 m between plants and 3 m between rows
(3333 plants/ha). A localised irrigation system was used.

The biodegradable materials were placed manually on 22 March 2022 due to the experimental
design and to facilitate the logistics of the work for the staff of the collaborating farm. In the rest of
the plot, PE was used as mulch material.
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In the case of the mulch papers, it was observed that the constant wind in the area lifted the
paper until the crop managed to cover the line, so bags with soil were placed on top to avoid the total
lifting of the material. This behaviour has also been reported in other similar trials [9,10]. This was
not necessary for the biodegradable plastics. In the un-mulched treatment, two manual weeding
operations had to be carried out because the spontaneous plant growth was much faster than that of
the crop at the beginning. The rest of the cultivation tasks such as irrigation, fertilisation and
phytosanitary treatments were the usual ones in the area, with all plants receiving the same
agronomic treatment. For irrigation management, there was a pair of electro-tensiometers placed in
the PE mulching area.

From 100 days after transplanting (dat) a high number of plants with virus symptoms (ZYMV
and CMV) were observed, which also affected the final production, especially with malformations.
The trial was terminated on 16 August 2022 (146 dat).

The trial used a randomised block design with three replications and six treatments,
corresponding to the different materials. The experimental unit consisted of 1 row 34 m long (102 m?
and 34 plants). The data were checked for normal distribution, and then subjected to analysis of
variance and separation of means by the Least Significant Difference (LSD) test, using IBM SPSS
Statistics v.28. The parameters controlled were:

e  Evolution of initial vegetative growth: The number of leaves produced by the main vine of five
plants of each experimental unit was determined weekly, from the appearance of the main vine
until there was no longer a dominant one

e  Evolution of fruit production: The total number of fruits produced from each experimental unit
was determined weekly, from the appearance of the first fruit to the moment when the first fruit
was mature (considered as the moment when the corolla was dry) until the end of the trial

¢  Commercial production: Two commercial harvests were carried out: on 28 July and 11 August.
The production of each experimental unit was monitored.

e  Average fruit weight. The weight of each fruit harvested in the two commercial harvests was
determined

e  Costs associated with the mulching: The cost was calculated as the sum of the following aspects.
o  Cost of materials. The cost also included transport costs from Mainland Spain to the Canary

Islands.

o A cost for 3,666 linear metres (ml) of material per hectare was considered (3,333.3 ml/ha and
an additional 10% to anchor the beginning of the line and taking into account losses due to
cuts).

Laying costs for all materials were considered to be similar. Laying time was 15.75 hours/ha.

o The labour cost was 9.64 €/hour.

Transport costs to the waste management company were calculated using the Canary
Islands land freight cost simulator [16] for a 3,500 kg lorry of maximum permissible
weight (26.84 €/hour). A time of 1 hour between loading, transport and unloading at the
nearest waste management company was calculated, which corresponds to an average
figure for the dimensions of an island the size of Tenerife (2,034 km?).

o  The waste management costs of the nearest waste management company (41.57 €/t) were
applied.

o In the case of the control without mulching, the cost of manual weeding in the crop row
was considered.

Air temperature and humidity data were taken during the experiment and recorded with an
OM-92 logger (Omega Engineering Inc). Soil temperature data were also recorded at 10 cm, with one
sensor per treatment, connected to a HOBO Onset logger (T&D Corporation). Air temperature data
are presented in Figure 1, and daily averages of soil temperatures in Figure 2.

After the end of the trial, at 160 dat, and after removing the PE from the plot, a rototiller was used
to incorporate the crop residues and biodegradable materials that remained in the plot (Figure 3).
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Figure 1. Maximum, minimum and average temperatures recorded in the experimental plot.
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Figure 2. Mean temperatures recorded at 10 cm depth under the tested materials.
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Figure 3. Condition of mulch materials at 160 dat. a): PE, b): Mimgreen, c): Agropaper, d): Cylplast, e): Mater-Bi.

3. Results
3.1. Development of Initial Growth

Table 2 shows the influence of mulching on initial plant growth. Plants without mulch
developed the first vine at 53-63 dat. Initial plant growth in the plastic mulching was slightly higher
than in the paper ones, though with no significant differences. At 63 dat, when the mulching
treatments no longer had a single dominant guide, PE mulched plants were similar in value to Mater-
Bi plastic and Agropaper. Mimgreen paper and Cylplast plastic had significantly lower initial growth
than the control with PE. The control without mulch had a significantly lower initial growth than the
other treatments, starting after 53 dat. This could be due to the lower soil temperature (figure 2) or
competition with weeds.

Table 2. Evolution of the initial growth of the crop.

Treatment leaf number / main shoot

46 dat 53 dat 63 dat
Agropaper 55 ab* 9.6 ab 16.3 ab*
Mimgreen 44 b 82 B 14.0 b
Cylplast 55 ab 92 ab 147 b
Mater-Bi 6.4 ab 10.2 ab 16.6 ab
PE 6.0 a 109 A 179 a
No mulching 00 c 00 C 6.6 c

*: Cultivars with the same letter have statistically similar values (LSD Test 95%).
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3.2. Evolution of Fruit Production

Table 3 and Figure 4 show that the fruit yield in the treatment without mulch was lower
throughout the entire period monitored. At the beginning of the period, there was a slight advantage
of mulch paper, especially Agropaper over plastic. From 96 dat onwards, PE had a slightly higher
fruit production than Agropaper. In a second step, the other materials up to 103 dat, Mimgreen and
Cylplast had a slightly higher fruit production than Mater-Bi, although without significant
differences. In the period between 103 and 120 dat, the fruit setting dropped significantly, probably
due to the high temperatures (Figure 1) [17].
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Figure 4. Evolution of fruit production (average values).
Table 3. Evolution of fruit setting (No. fruits / ha).
Treatment Dat
77 84 90 99 105 120 126 138 145

Agropaper 416> 8962 14762 30922 33200  4507:» 4629 5085® 53972
Mimgreen 145bc 299¢be 938p 2178>  2349> 3510  3637¢  4389c 4911w
Cylplast 67"c 162bc 824p 1982>  2327> 3928 4115>  4582b 4809
Mater-Bi 30820 5462 989ab 2149>  2758> 34344 3570c 38084  4147bc
PE 168abe 5466 10722 23916 33312  4793>  5033*  5481» 57982
No mulching 0e 25¢ 150¢ 531¢ 1072¢ 29614 30704 34354  3604¢

*: Cultivars with the same letter have statistically similar values (LSD Test 95%).

Regarding the final data (Table 3), at 145 dat, the control with PE produced almost 5800 fruits/ha,
followed by Agropaper, Mimgreen and Cylplast at around 5000 fruits/ha, with no significant
differences with the control. Mater-Bi, with slightly more than 4000 fruits/ha, did not differ
significantly from the biodegradable materials, but did differ significantly from PE.
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3.3. Yields

Commercial production was relatively low for normal values in the area (40 - 50 t/ha) but not
due to trial-related causes (partridge damage in the first fruit sets and malformations due to viruses
and pollination problems due to high temperatures).

All of the mulching treatments (23,457 — 31,320 kg/ha) had a significantly higher value than no
mulching (17,936 kg/ha) (Figure 4). All materials tested had a statistically similar value to the control
with PE (31,320 kg/ha), with biodegradable plastics (28,398 kg/ha and 30826 kg/ha for Cylplast and
Mater-Bi, respectively) and Agropaper (27532 kg/ha) standing out.
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31320
45000 30826
17936
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&b 35000 3
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= 30000 a
o
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S 20000
e
8. 15000
2 10000
5000
0
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Figure 4. Commercial production obtained. *: Cultivars with the same letter have statistically similar values (95%
LSD test).

28398
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mulching

3.4. Average Fruit Weights

The highest mean weight corresponded to the treatment with Mater-Bi (10.1 kg/piece), followed
by Agropaper and polyethylene, which exceeded 9.0 kg/piece (Figure 5). Cylplast plastic and
Mimgreen paper, without giving significantly higher values than Mater-Bi, were similar to the PE
control. The treatment without mulch, with only 7.1 kg/piece, had the lowest squash weight,
significantly lower than the control with PE.

Figure 5 also shows the standard deviations of the weights of each treatment, as there is no size
or weight classification for this type of squash. The ranges of the pumpkins harvested in the mulched
plots are between 7.27 and 10.43 kg/piece, with Mater-Bi standing out with 9.7 - 10.4 kg/piece. In
contrast, the treatment without mulching was between 6.6 and 7.6 kg/piece.
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Figure 5. Mean weights of harvested squash fruits (* Treatments with the same letter have statistically similar
values (95% LSD test)).

3.5. Costs Associated with Mulching

This section presents the costs of mulching with each material and, in the case of the control, the
costs of weeding. When calculating the total costs, the possible differences in the speed of application
of each material were not taken into account: some authors point out that paper should be applied at
a slower speed [18]. No specific cost was considered for the incorporation of the biodegradable
materials because their state at the end of the growing cycle meant that no specific work was
necessary, and they were carried out as part of the normal work for the next crop.

The time taken to remove the PE was measured on the farm itself, 17.5 hours/ha. The material
collected was also weighed, 550 kg/ha. In the case of the treatment without mulch, two manual
weeding operations had to be carried out with a duration of 42 hours/ha.operation.

Papers were higher priced than polyethylene (Table 5), about 1.9 times more expensive. For
plastics, prices were much more similar, about 1.2 times higher. It should be noted that the
biodegradable plastics were less thick than the PE used.

Table 5. Mulching costs for materials used in the test.

Material Placing Weeding  Removal Transport  Management Total
Treatment €/ha
Agropaper 769.21 151.83 0.00 0.00 0.00 0.00 921.04
Mimgreen 757.64 151.83 0.00 0.00 0.00 0.00 909.47
Cylplast 366.60 151.83 0.00 0.00 0.00 0.00 518.43
Mater-Bi 399.50 151.83 0.00 0.00 0.00 0.00 551.33
PE 320.78 151.83 0.00 168.70 3.13 22.86 667.30

No mulching 0.00 0.00 809.76 0.00 0.00 0.00 809.76
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The biodegradable materials do not have the costs of removal, transport to the waste
management company and management that would have to be charged for polyethylene. Under the
trial conditions, this cost amounted to 194.69 €/ha.

The total cost of mulching with PE was 667.30 €/ha (2.13 €/100 kg produced) (Table 5 and Figure 6):
Cylplast was 518.43 €/ha and Mater-Bi was 551.33 €/ha and mulching costs of 1.79 - 1.83 €/100 kg. The
costs of the two papers were almost 50% more expensive than PE, above 900 €/ha and 3.00 €/100 kg.
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Figure 6. Mulching costs per hectare of crop and per 100 kg of harvested fruits.

4. Discussion

Due to the low temperature period at the beginning of the trial, growth was slower than
expected. The minimum growth temperature of the pumpkin is 17°C [18]. In Figure 1, this
temperature was not reached on average until 35 - 40 dat. This may have influenced the differences
in growth between the plastic mulching treatments compared to the control and to a lesser extent
compared to those using paper. Higher temperatures under plastic mulch could favour crop growth
[19,20]. Indeed, in Figure 2, temperatures were higher under the plastic than under paper and bare
soil (Figure 2).

Tofanelli and Wortman (2020) in a meta-analysis found that yields using biodegradable plastics
and PE as mulch were similar, irrespective of the crop [21]. The same authors noted a certain decrease
in yields in the case of paper. No differences were found in the number of fruits or in pumpkin
production between the use of mulching with PE, biodegradable materials (plastics and paper) or not
using this technique in subtropical areas in summer crops where there is good weed control [19]. In
our case, spring growing conditions may have favoured better mulching behaviour (see Figure 2 for
root environment temperatures). As in other trials, the production in the paper mulch was somewhat
lower, which may be due to wind breakage, which led to a higher presence of adventitious weeds.
On the other hand, the irrigation of the plot was managed with tensiometers placed in rows with
plastic, so the management was not the most optimal for paper, which seems to have a higher direct
evaporation [22].

The prices of the materials used were lower than those reported by [5,10] which indicated prices
up to 3 to 4 times higher for biodegradable materials compared to PE. In other studies, the
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biodegradable materials used cost twice as much as PE [12]. This may probably indicate lower prices
for biodegradable materials due to the higher volume produced in recent years. The removal costs of
PE make the cost of mulching with biodegradable plastics lower than with non-biodegradable
plastics, compensating for the higher cost of biodegradable plastics. The higher price of paper makes
it more expensive, although it can be quite interesting for controlling some weeds [5,9] and in
conditions where 100% biodegradability is to be ensured. On the other hand, they are apparently
somewhat more complicated to lay and are more sensitive to windy conditions on farms.

In the light of the results of the trial, and for its conditions, it can be concluded that in this first
experimental-demonstrative experience with the use of biodegradable materials as mulch in
horticultural crops in the Canary Islands, the potential of the materials tested has been proven against
the control with PE, achieving similar productive behaviour in terms of production and size.

Within this experimental strategy, work on the use of biodegradable mulching materials should
continue. Future studies should adjust irrigation management to the use of papers. Testing of the
biodegradability of plastic materials and the presence of microplastics in the soil is also necessary as
well as demonstrating the good performance of biodegradable mulching materials in other crops.
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