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Abstract 
European agriculture sector is based on a competitive, market oriented policy, aiming to fulfill 

in the same time other public concerns, such as protecting the environment. Agriculture generates a 

considerable amount of waste from plastics, estimated at 10% of the total weight of plastics in landfills. 

In this context, the development of biodegradable products for agriculture use is consequently an 

important point to reduce the environmental impact of cultivated land. 

Five bio-based composites with polylactic acid (PLA) and wood fiber in order to produce 

tomatoes yarns and transplanting pots were performed.  

Tomatoes yarns and pots have been tested on tomato hybrid “SIRIANA F1”and Broccoli 

hybrid “MONTOP F1” in the greenhouses of SCDL BUZAU. 

It was found that the formulation with 15% wood fiber shown the best characteristics in order 

to produce tomato yarns while the use of pots leads to stressing the plants, because no biodegradation 

of these has been observed during more than 4 months and the roots could not exit out of pots.  
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1. Introduction 
 

In recent years, an increase of research interest into biodegradable polymers for use in 

agriculture has been noted, including packaging, automotive and other areas.   

The conventional plastic materials used for agriculture applications have not only 

benefits derived from their use, but also a number of serious associated problems. After use, 

they need to be disposed in landfills where they will remain unchanged for a long time. Some 

ways of disposing of used conventional plastics by recycling and composting were proposed. 

Recycling of plastic materials wastes is applicable for a limited number of plastics, while 

composting is the most desirable solution.  

Biopolymers may degrade entirely and safely in the composting environment and they 

represent a viable alternative to common plastic materials.  

Materials based on polylactic acid (PLA) have drawn much attention in recent years 

because of their biodegradable nature [1–3]. These materials are suitable both for high 

performance applications as well as for traditional commodity uses [4]. Some applications 

include food containers, soil retention sheeting, agriculture film, waste bags [5] and the 

packaging material in general [6].  

The European agriculture sector is based on a competitive, focused toward market 

policy, aiming to fulfill also other public concerns, such as protecting the environment. 
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Agriculture generates a considerable amount of waste from plastics, estimated at 10% of the 

total plastic weight in landfills. In this context, the development of biodegradable products for 

agriculture use is consequently an important point to reduce the environmental impact of 

cultivated land. In agricultural field biodegradable polymers are also widely used for many 

applications [7-12].  

The present study focuses on bio-based composites with PLA, ECOFLEX and wood 

fibers, designed to produce tomatoes yarns and transplanting pots. Since all components are 

biodegradable, composites are also expected to be biodegradable.  

Supported culture systems are particularly important in tomato production to reduce 

disease problems and fruit rotting. In spite of the associated labor and material costs for 

training tomatoes, the benefits of increased air circulation and reduced contact with the soil 

are significant [13].   

Biodegradable plant pots are known in the nursery and greenhouse industry. They are 

often used in growing seedlings (young plants developing out of a plant embryo from a seed), 

which are transplanted into the ground after the seedling approaches maturity. The advantage 

of a biodegradable plant pot is that they can be planted along with the growing medium and 

the seedling, without impeding the root development of the seedling, because the 

biodegradable plant pot breaks down and degrades after being planted in the soil [14].  

 

2. Materials and methods 
 

2.1 Materials 

Polylactic acid (PLA 3051D) in pellet form was obtained from NatureWorks. It has a 

specific gravity of 1.24 g/cm
3
 and a melt flow index of 14 g/10 min (210

0
C/ 2.16 kg) [15]. 

PLA is a thermoplastic, high-strength, high-modulus polymer that can be made from annually 

renewable resources.  

ECOFLEX F BX 7051 is a biodegradable aliphatic-aromatic copolyester based on the 

monomers 1,4-butandiol, adipic acid and terephtalic acid produced by BASF. It has a typical 

copolyester density of 1.25–1.27 g/cm
3
 and the MVR is 2.5– 4.5 ml/10 min (190

0
C/2.16 kg) 

[16]. Under certain conditions such as those present in compost, Ecoflex is degraded into 

water, carbon dioxide and biomass within just a few weeks.  

Cellulose fibers type EFC 1000 and wood fiber type La.So.Le 200/150 were supplied 

by CARTIF (Spain) and their volume average particle size is 200 µm. 

Five formulations based on PLA, Ecoflex and wood fibers were used in this study, 

having codes UNIPIX 026-11 to UNIPIX 030-11. The maximum content of used wood fibers 

in composites was 20 % wt.  
 

2.2 Methods 

The pilot scale compounding was performed by UNIPI using the COMAC co-rotating 

twin screw extruder EBC 25 HT. 

Processing of the yarns was carried out on a TRUSIOMA extruder equipped with a 

single screw with diameter of 32 mm and length to diameter ratio of 20.  All formulations of 

tomatoes yarns could be easily processed by extrusion and they were unaffected by the ratio 

PLA/Ecoflex and type of fibers (EFC 1000 or La.So.Le.).  

Biodegradable pots were processed by molding injection technology using the 

formulation UNIPIX 030-11. Was used a VC 200/40 FOCUS – ENGEL injection molding 

machine, which has 2.5 tones, a screw with diameter of 30 mm and clamping force of 400 kN. 

The quality of the resulting pots was adjusted by changing of the injection speed and cooling 

time.  
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All formulation PLA/Ecoflex/Wood fibers required pre-drying at 80
0
C for 2 h before 

processing. 

Experiment placements were performed in the premises of SCDL BUZAU green houses. 
 

3. Results and discussions 
 

3.1 Tomato yarn 

Eight experimental variants of tomatoes yarns were made as presented in Table 1. V7 

and V8 variants had the same composition but different thickness.  

Tomato Hybrid SIRIANA F1 was used to test the behavior of experimental yarns in green 

house. Romanian yarns from polypropylene (PP) and polyvinyl chloride PVC) having a 

thickness of 0.28 mm and a width of 15 mm were used for comparison. Experiments have 

taken place for 5 months, according to culture technological steps, as presented in Table 2.  

Table 1. Experimental variants to test yarns  

Variants Code  

V1 Mt. Romanian market 

– PP 

V2 INCERPLAST – 

PVC 

V3 UNIPIX 026-11 

V4 UNIPIX 027-11 

V5 UNIPIX 028-11 

V6 UNIPIX 029-11 

V7 UNIPIX 030-11 

V8 UNIPIX 030-11 

Table 2. Culture technological steps  

No. Technological steps 

in culture 

Date 

1. Sowing 19.01.2011 

2. Arising 07.02.2011 

3. Pricking out 22.02.2011 

4. Planting 11.05.2011 

5. Flowering 21.05.2011 

6. Fructification 30.05.2011 

7. Palissing, staking 08.06.2011 
 

In Table 3 are presented the dimensional and physical-characteristics for used tomatoes yarns.  

Table 3. 

 Characteristics 

Value 

UNIPIX 

026-11 

UNIPIX 

027-11 

UNIPIX 

028-11 

UNIPIX 

029-11 

UNIPIX 

030-11 

UNIPIX 

030-11 

Dimensional 

characteristics 

Thickness 

(mm) 
0.47 0.50 0.47 0.34 0.45 0.49 

Width (mm) 3.3 3.2 3.8 4.0 3.9 7.4 

Physical-

mechanical 

characteristics 

Breaking 

strength (N) 
70 30 34 36 24 32 

Tear strength 

(N/mm) 
56 62 91 119 70 65 
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The yarn used in solariums or greenhouses could not be very thin because there is the 

risk to hurt the plant by cutting through the action of its own weight. The yarns must have a 

resistance to maintain both plant as well as fruit. It was found that a thickness between 0.3 to 

0.5 mm and a resistance of minim 24 N was optimal for experimental yarns.  

In Figure 1 is presented the behavior of tomato yarns in green house trials. 

 

 
V1                        V2                                V3                                  V4 

 

    
V5                                V6                             V7                                 V8 

 

Figure 1. Variants of tomatoes yarns  
 

Observations on quality and staking of tomatoes yarns are displayed  in Table 4. For 

tomato yarn product the best quality was noted for V3, V4, V6 and V8 variants and control 

V1 (PP), the staking procedure being realized in a proper way. The formulations with 15% wt. 

content of fiber and a tensile strength greater than 32 N are adequate to be used as yarns.    
 

Table 4. Observations on tomato yarn behavior in green house trials 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variants Comments 

V1 Mt.  Good quality, proper staking 

V2 It lengthens, it is transparent, too flexible, at 

temperature more than (above 30
0
C) it 

lengthens too much, and plants start to become 

curved, they are not well sustained, starting 

with the third inflorescence developed 

V3 Good quality, proper staking 

V4 Good quality, proper staking 

V5 Yarn is not uniform, easy to broke, it needed to 

be joint by nodes for proper length for staking 

V6 Good quality, proper staking 

V7 Yarn is not uniform, easy to broke, it needed to 

be joint by nodes for proper length for staking 

V8 Good quality, proper staking 
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3.2 Transplanting pots 

 

Broccoli hybrid MONTOP F1 was sowed in three types of pots, using traditional pots 

existing on the Romanian market.  

The experimental variants and characteristics of pots are presented in Table 5 and 

Figure 2. The cultural technological phases of broccoli are displayed in Table 6.  

Table 5. Experimental variants to test pots 

Variants  Code  Composition  Size 

Apical Ø 

(cm) 

Base Ø 

(cm) 

Height 

(cm) 

V1  UNIPIX 027-

11 

Volume 0.14 

liter 

8.0 5.5 5.0 

V2 Romanian 

market 

Plastic Pots – 

volume 0.3 liter 

9.0 6.5 7.0 

V3 Mt. Romanian 

market 

Alveolar pallets 

104 holes 

3.0 3.0 3.0 

  

   
 

Figure 2. Experimental variants of pots 

Table 6. Cultural technological phases  

No.  Specification  Date  

1.  Sowing  18.01.2011  

2.  Arising  24.01.2011  

3.  Pricking out  07.02.2011  

4.  Planting  29.03.2011  

5.  Harvesting  21.05.2011  

14.06.2011  

 

Field monitoring of pots is shown in Figure 3. 

 

 
 

Figure 3. Observations on developed roots  
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  The transplanting pots stressed the plants, because no biodegradation of these has been 

observed during more than 4 months, and therefore the roots could not exit out of pots. Thus, 

the development, the growing and the flowering processes were disturbed.  

 

4. Conclusions 
 

■ Two agricultural products from biodegradable compositions were obtained and their 

behavior in field tests was studied; 

■ Compositions based on PLA and renewable resources can be processed using existing 

machinery to produce yarns and pots;  

■ Yarns from bio-based formulations shown physical-mechanical properties which compare 

favorably with traditional plastics used for tomato palissing; 

■ For transplanting pots, future research is necessary in order to determine the optimum of 

thickness and proper material formulations. 
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