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Abstract

Trials were carried out in Liguria during three years (2004-2006) to evaluate the use of innovative starch based bioplastics for soil mulching. All trials carried out in open field as well as in greenhouse on different vegetable crops demonstrated the effectiveness of biodegradable films in controlling weeds and in increasing yield. The use of biodegradable mulching films found application  in integrated production regulations set up by the regional authority and it is potentially adoptable in an organic farming context.
Introduction 

Biodegradable mulching films represent a good alternative to herbicides or other chemicals for soil disinfestation, particularly when used just for weed control, being especially useful in organic farming (Minuto et al., 2002). Mater-Bi materials, produced by the Italian company Novamont Spa, have been introduced for several applications due to their different available processing systems, mechanical and physical properties and permeability to water. Mater-Bi materials are biodegradable, according to the European standards (Bastioli, 1997, 1998) and they can be industrially processed and produced by means of traditional film blowing and casting equipment (Thunwall et al., 2007). They have been adopted in the framework of demonstrative activities promoted by the European project LIFE04 ENV/IT/463 “BIOMASS” focused on the promotion of the substitution of existing non-biodegradable polymers with new biodegradable starched based plastics. 

Materials and methods 

Trials were carried out both in greenhouse and in open field in Liguria (La Spezia and Albenga locations); trial locations in La Spezia are certified for organic production. The behaviour of Mater-Bi films (NF 803/P - 12, 15 and 18 (m thickness) were compared to non biodegradable black polyethylene film (PE) (40 (m thickness). All films were laid both manually and mechanically and tested at least three times on different crops. The crops were managed following the cultural techniques commonly adopted by growers. Water was distributed through drip irrigation system. A complete randomised block design with 3 or 4 replicates of 25 m2 to 300 m2 each was applied. Data regarding behaviour of films during the crop cycle, mulching effect, crop yield, degree of degradation in the soil and climate condition were collected. In all demonstrative and experimental plots the effects of mulching films were evaluated counting the number of weeds/m2 and, in some cases, the fresh weight (g/m2) of aerial parts. The quantity (g/m2) of biodegradable film on the surface of the soil and in the soil was evaluated 14 days after rototilling. All data were statistically analysed using Duncan’s multiple range test (P=0.05). A comparison between costs of PE and biodegradable films was also calculated. 

Results 
Main results about trials carried out on tomato, lettuce, zucchini and Brussels sprouts are presented. Good results in terms of weed control and % of soil covered were obtained with 12 and 15 (m thick  films designed for short crop cycles (from 3 to 5 months) (Table 1 and 2).

Tab. 1. Percentage of mulched soil, degradation of mulching film and effect on weeds of biodegradable and PE films on tomato^ crop grown under plastic tunnel [Sarzana (SP), March – September 2006]. 

	Mulching film – thickness ((m)
	% of mulched soil at
	Degradation index of film at the end of the crop
	Weeds at the end of the crop

	
	25/04
	02/07
	12/09
	film upon the soil °
	buried  film °°
	number/m2
	Kg/m2

	NF 803/P – 12
	100
	a*
	90
	a
	85
	a
	7.3
	b
	3.6
	c
	3.0
	a
	0.4
	a

	NF 803/P – 15
	100
	a
	90
	a
	85
	a
	8.4
	a
	6.6
	b
	0.9
	a
	0.2
	a

	PE black – 50
	100
	a
	100
	a
	100
	a
	9.0
	a
	9.0
	a
	0.0
	a
	0.0
	a

	Bare soil
	-
	
	-
	
	-
	
	-
	
	-
	
	39.0
	b
	5.4
	b


^Randomized blocks with 3 replications; Cultivar of tomato: “Pera d’Abruzzo”; density of cultivation: 6 plants/m2; mulched surface/plot: 300 m2; water supply: drip irrigation; film drawing up: mechanized; soil texture: silt (>90%); soil pH: 7.0. * Values followed by the same letter do not significantly differ according to Duncan’s multiple range test (P=0.05). ° Degradation index of the film upon the soil (1=0% of mulched soil till 9=100% of mulched soil) and of the buried film (°°).

Tab. 2: Efficacy of different mulching films on tomato, zucchini and lettuce^ yield at the end of growing cycle [Sarzana (SP), March – November 2006].

	Mulching film – thickness ((m)
	Tomato °
	Zucchini °°
	Lettuce °°

	
	Kg/plant
	N° fruits/ plant
	Kg/plant
	Kg/m2

	NF 803/P – 12
	4.2
	a*
	13.3
	a
	4.5
	a
	278.0
	a

	NF 803/P – 15
	4.8
	a
	14.2
	a
	4.6
	a
	296.6
	a

	PE black – 50
	4.7
	a
	13.7
	a
	4.3
	a
	310.0
	a

	Bare soil
	2.9
	b
	12.7
	b
	2.1
	b
	78.0
	b


^Randomized blocks with 3 replications; mulched surface/plot: 300 m2; water supply: drip irrigation; film drawing up: mechanized; soil structure: silt (>90%); soil pH: 7.0. *See table 1. ° Plastic tunnel, Cultivar “Pera d’Abruzzo”, 6 plants/m2 (march-september, 2006); °° Open field, Cultivar “Ibis”, 2 plants/m2 (may-august, 2006); °°° Plastic tunnel, Cultivar “Lollo verde”,  20 plants/m2 (September-november, 2006).
During the growing cycle only a limited degradation was observed, with tears and visible degradation particularly located in the buried parts. The residues of biodegradable film observed on the soil surface (g/m2) immediately before rototilling, compared with the weight of new films, indicated that the degradation process of the material was already started. The same evaluation carried out 14 days after rototilling sieving the soil up to 20 cm depth confirmed the almost complete degradation of the film (Table 3).

Tab. 3: Film residues at the end of crop cycle of some vegetable crops (open field, winter-spring, Albenga 2005).
	Mulching film – 
	New film 
	Tomato 
	Brussels   sprouts 
	Lettuce 

	thickness ((m)
	(g/m²)
	residues of film at the end of the crop cycle (g/m²)

	
	
	upon soil°
	in the soil^
	upon soil°
	in the soil^
	upon soil°
	in the soil^

	NF803 – 18 
	25.0
	8.3
	b* 
	0.6
	b
	4.0
	b
	2.2
	b
	7.8
	a
	0.9
	b

	NF803 – 15
	22.9
	7.4
	a
	0.4
	a
	2.2
	a
	1.2
	b
	7.0
	a
	0.7
	b

	NF803 – 12
	15.3
	7.2
	a
	0.2
	a
	1.3
	a
	0.1
	a
	7.0
	a
	0.2
	a

	PE black – 50
	n.a.**
	n.a.
	-
	n.a.
	-
	n.a.
	-
	n.a.
	-
	n.a.
	-
	n.a.
	-

	Bare soil
	
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-


° g/m² of film residues upon soil before rototilling; ^ g/m² of film residues in the soil (evaluated sieving the soil up to 20 cm depth) 14 days after rototilling; * see table 1; ** because of technical and environmental reasons PE was not incorporated in the soil.

Tab. 4: Comparison between the costs of biodegradable films and conventional PE (being equal the application costs).

	Characteristic of the film
	PE
	Mater-Bi films

	Thickness (μm)
	45
	15
	12

	average weight (Kg/ha)
	450
	180
	140

	Cost of the product (€/ha)
	639
	900
	700

	Cost difference  (€/ha) (base: PE)
	-
	261
	61

	Cost difference  (%) (base: PE)
	-
	40,85
	9,55

	Average removal cost (€/ha)
	120
	0
	0

	Average disposal cost (€/ha) 
	50
	0
	0

	Overall cost of the product (€/ha)
	809
	900
	700

	Overall cost difference  (%) (base: PE)
	-
	11,25
	-12,11


Crop yield was not influenced by the different thickness of the mulching films and significantly differed from the yield obtained on bare soil due to high weed competition (Table 2). No differences in terms of film behaviour were observed between manually or mechanically laid films. Costs of biodegradable films (12 and 15 μm thick) including product, removal and disposal costs, proved to be comparable with the ones of conventional PE (Table 4). 

Discussion 
The results obtained testing different formulations of biodegradable films were generally encouraging and similar to those achieved by normal black PE. The same film behaviour was observed even on other crops which were grown during trials such as artichoke, garlic, onion, sweet pepper, water melon, eggplant and strawberry (data not shown). Thanks to their characteristics biodegradable films could mulch almost completely the soil during the crop cycle as well as standard PE assuring a constant control towards weeds and maintaining an accurate level of moisture in the soil. During application, mechanically laid films must be let free to rotate without any brakes in order to avoid stretching and consequent film thinning. No particular concerns are related to manual application. Biodegradable films proved also to be able to increase crop yield and quality and they are worth being used at the same extent of traditional films in consideration of the fact that even their cost is comparable when costs related to plants, removal and disposal of traditional films are taken in consideration. The evaluation of the percentage of mulched soil at the end of the crop along with crop yield suggests that an efficient weed control can be achieved as long as the film totally covers the soil during the major part of the crop cycle. 
Conclusions 
The major concern on biodegradable films in agriculture is primarily due to the effects of ageing and degradation during the growing cycle for long lasting applications, when premature breakings of the films can limit their applications. At this  regards other researches demonstrated that well produced  biodegradable films perform in a way comparable to the corresponding PE films (Briassoulis, 2007). Results demonstrated the effectiveness of biodegradable films manufactured using Mater-Bi films against weeds. Tested films appeared to be easily adapted during different seasons, in open field and under greenhouse conditions, being able to substitute conventional PE films for short crop duration. The revision of integrated production protocols and a further implementations of regulations at a regional level is expected to enhance a wider adoption of biodegradable films for the control of weeds without resorting chemical inputs, so stressing their capability to be used even for organic production.
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