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Summary: The increasing demand for mulching and solarization in agriculture is posing

serious problems of environmental concerns. Practically all these films are collected by

the farmers and left on the ground borders to be incinerated. The same collection by the

farmer is difficult; these films being thinner and damaged, their removal through

automatic means is almost impossible. The research has focused on an innovative

approach where a sort of sprayable water-based varnish is applied on soil. Such varnish,

made of biodegradable polysaccharides mixture, contains biodegradable plasticizers to

allow the film to remain elastic for the time needed. Moreover, a set of fibrous natural

fillers have been tested, which can bemixed in the varnish or can be preventively applied

on soil. The agronomic performances have been measured, together with mechanical

properties and degradation behavior. The results seem to confirm the technical

feasibility of such approach in developing a sustainable plasticulture.
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Introduction

The use of plastics in agriculture causes the

bulky problem of the waste disposal. The

growing interest in environmental protec-

tion has been orienting research to the

development of coatings based on biode-

gradable and renewable agricultural raw

materials. The introduction of waterborne

spray formulation of biodegradable poly-

mers can be a solution because the disposal

of biodegradable spray mulching coatings

could be accomplished by incorporating

them into soil by tilling the field at the end

of cultivation. The lecture examines the

main results obtained during applications in

field of water solution of natural biode-

gradable polymers sprayed on the cultiva-

tion area in order to form a mulch coating.

Aim of the research is to evaluate the

functionality, the mechanical and the

physical properties of biodegradable spray

for mulching coatings during two years crop

cultivation cycles. The spray coatings were

especially formulated to meet the require-

ment for installation, duration according to

type and time of cultivation, safe disposal

directly into the cultivation soil upon

milling. Physical properties were investi-

gated by means of laboratory tests. Radio-

metric analysis, SEM analysis, mechanical

tensile tests and infrared reflectance spec-

troscopy were executed on the biodegrad-

able spray coatings samples in order to

evaluate the coating properties. In the

present lecture, we report on some of the

most relevant tests effected in order to

characterize the materials.

Materials and Techniques

Mechanical Properties

The instrument used for tensile test is a

dynamometer Instron Mod. 4301, which

conforms to the ISO 5893 standard and is

linked to a personal computer for data

acquisition.
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The tests were performed on the speci-

mens taken from the soil at successive times.

It was so possible to collect a sampling, that

throughout mechanical analysis, could give

information about the effect of the aging due

to the permanence of the materials on the

soil. For the tensile analysis and for each time

of drawing out, five samples were tested.

They were prepared with a regular

punch cutter whose dimension are: 0.5 cm

of width� 2.5 cm of length.

Before testing, the samples were condi-

tioned at 48% relative humidity (RH) in a

desicator containing a saturated solution of

calcium nitrate. All the measurements were

performed at room temperature (27–28 8C)
and at relative humidity variable in the

range of 35–40% RH.

As far as the MA samples is concerned,

films removed both from strawberry culti-

vation (MAS) and from flower cultivation

(MAF) were tested. Nevertheless the MA

films show inhomogeneous surfaces and

changeable thickness; they are realized

spraying a polymeric solution on the soil

previously treated with a base of fibres

spread on it. The films obtained are cross-

linked dried gel enriched with fibres

particles; for this reason they exhibit several

irregularities, so avoiding the usual

mechanical testing.

Nevertheless the ICTP research group

carried out a different type of mechanical

characterization, by which the samples had

been undergone to a ‘‘puncture test’’. It

consists in penetrating the specimens until

the laceration of the same.

Following the photos of a MA sample

tested, of the apparatus used and of the

circular cups where the samples were trap-

ped are reported. To compare the mechan-

ical performances of different films tested

on the soil, the puncture analysis were

carried out also on MC and onMS samples.

Water Vapour Transmission Rate (WVTR)

The WVTR apparatus consists of:

A test chamber, where the assembled test

dishes are placed, kept at controlled atmos-

phere

A balance sensible to a change smaller than

1% of the weight changing during the

period when a steady state is considered

to exist.

A circular test dish, impermeable to water

or to vapour water; the specimen is attach-

ed to the dish by sealing in such a manner

that the dish mouth, of 44 mm diameter,

defines the effective area of exposition to

the water pressure.

The test specimen is sealed to the open

mouth of a test dish containing distilled

water (100% U.R.), and the assembly

placed in a test chamber under controlled

condition of temperature (38 8C) and

relative humidity (10% RH). An air flow

inside the room provides uniform condi-

tions at all test location.

The film separates two environments

differently conditioned: inside the test dish

there is saturated air (100% U.R.) and a

temperature of 38 8C with a water vapour

pressure of 6629,8 Pa; in the test chamber

there is an air flow at 10% of RH. and a

temperature of 38 8C.
The vapour pressure difference allows

the transfer of vapour through the specimen

from the water to the controlled atmo-

sphere with following weighing loses.

The WVTR calculates as follow:

WVTRðg=24 h �m2Þ ¼ G=tA

where

G¼weight change, g, t¼ time during

which G occurred, h, A¼ test area (cup

mouth area), m2

Results and Discussion

Mechanical Tests

1 - Chitosan Based Compositions (MCh/PG/CB)

By the results of tensile properties, it is

evident that, the better compromise of

mechanical performances is exhibited from

the last composition including the carbon

black; this material was actually employed

for mulching applications.
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2 - Puncture Test

As far as MA samples is concerned, films

removed both from strawberry cultivation

(MAS) and from flower cultivation (MAF)

were tested. Nevertheless the MA films

show inhomogeneous surfaces and irregu-

lar thickness; they are realized spraying a

polymeric solution on the soil previously

treated with a base of fibres spread on it.

The films obtained are cross-linked dried

gel enriched with fibres particles; for this

reason they exhibit several irregularities, so

hampering the usual mechanical testing.
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Table 1.
Materials tested.

Description Code

Biodegradable formulations:
Mulching Alginate based composite MA
Mulching polysaccharide PSS20� mixture with cellulose Fibres MF
Mulching polysaccharide PSS20 mixture with Gel fibres MG
Mulching films from Chitosan, Polyglycerol and Carbon Black of different composition MCh/PG/CB
Mulching Spray water solution of polysaccharides and cellulosic fibres MSO
MSO: The mulching is applied outside greenhouse MSG
MSG: The mulching is applied inside greenhouse

� PSS20 is the trade name of a guar gum based formulation belonging to PSI AB (SWEDEN).

Figure 1.

Holder and testing setup for Alginate samples.

Figure 2.

Measuring cell for WVTR.
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Nevertheless a different type of mechan-

ical characterization has been set up, by

which the samples undergoes a sort of

‘‘puncture test’’. It consists in penetrating

the specimens until the laceration of the

same.

The tests were performed on samples

opportunely cut with a punch cutter of

42 mm circular section; the samples were

trapped in cups fixed on the inferior

traverse of the INSTRON instrument used

for the previous tensile properties. They

undertake the action of a force exerted by a

spherical dart linked to a steel rod fixed on

the upper traverse of the apparatus; the dart

goes down moving at a rate of 2 mm/min

and penetrate the sample until the rupture

of the same. The applied load versus the

displacement were recorded.

The parameters obtained were normal-

ized respect to the 1/2 of the area of the

sphere and respect to a estimated value of

the displacement of 10 mm.

All the measurements were carried out

at room temperature on specimens condi-

tioned at 50% of RH. Following the tables

of maximum load against the displacement

both of MA and of MC samples are

reported:

Fig. 3 shows the trend of MAS maximum

load and displacement as function of the time.

For the too few data of the MAF sample, it

wasn’t possible to plot the relative curve.

By the analysis of the curves, it is

possible to individuate a quite regular trend

toward lower values both of the load and of

the displacements. This outline is consistent

with the loosing of plasticizer during the

time of permanence of the coating on the

soil; so the film, resulting more rigid, shows

both a lower resistance to rupture, and a

lower displacement.
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Figure 3.

Maximum Load and Displacement as function of time for MAS samples.
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Figure 4.

Maximum Load as function of time for MSG and MSO samples.
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In relation to MSO and MSG samples, it

is necessary to emphasize both the different

environmental condition of their applica-

tion, (in open field and greenhouse, respec-

tively), and the different thickness of the

samples; these two effects reflect on the

outcomes of their mechanical perfor-

mances. Following the table of puncture

test results of MSO and of MSG samples is

detailed; in this case the maxima loads (N)

versus the aging time of the two samples are

reported to underline the substantial dif-

ferences of loads values of the two samples:

Hereafter the curves of MSG and MSO

maximum load in function of the time are

reported.

The profile of the curves suggests that

MSG samples show better mechanical per-

formances than MSO films; this result is

probably ascribed to the different environ-

ment in which both the films aged: dif-

ferently to the films applied in open

field, the samples aged in greenhouse didn’t

undergo the direct action of atmospheric

agents (rain, wind, exposition to straight

solar radiation); this important issue com-

bined with the film thicknesses substantially

different, gives rise both to the shift of the

starting maximum load value and to the

diverse outline of the curves.

Concluding Remarks

The results obtained highlighted that the

innovative spray coatings can promote

sustainable agriculture, environmentally

friendly agricultural practices and the use
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Table 3.
Puncture Test results for MA applied on strawberry
(MAS).

MAS Maximum load (N) Displacement (mm)

Day 0 3.4� 1.6 1.058� 0.015
Day 8 3.8� 1.6 0.937� 0.012
Day 25 4.4� 6.3 0.855� 0.098
Day 39 7.5� 2.2 0.803� 0.076
Day 54 4.0� 0.9 0.613� 0.032
Day 59 4.3� 3.0 0.467� 0.045
Day 82 3.3� 1.5 0.318� 0.109
Day 94 2.3� 0.4 0.309� 0.098
Day 106 2.1� 1.0 0.311� 0.096

Table 4.
Puncture Test results for MA applied on flower (MAF); the films were tested until the 38th day, because after that
date the samples resulted already broken.

MAF Maximum Load (N) Displacement (mm)

Day 0 4.4� 1.1 0.994� 0.100
Day 15 4.4� 3.3 0.836� 0.053
Day 38 6.6� 4.8 0.830� 0.097

Table 5.
Puncture Test results for MSG and MSO samples.

Time (days) MSG Maximum
load (N) �20%

MSO Maximum
load (N) �20%

0 37,4 21,7
16 38,0 10,7
33 32,5 12,1
57 17,6 6,6

Table 2.
Modulus, Stress and strain at break for Chitosan based samples as function of composition.

Sample Young Modulus (MPa) Stress at break (MPa) Strain at break (%)

Chitosan 3417� 268 45.9� 3.71 13.1� 7.75
Chitosan/PG 67/33 239.0� 62.4 28.5� 4.93 61.3� 12.6
Chitosan/PG 50/50 72.4� 6.69 25.4� 3.22 78.1� 9.5
Chitosan/PG/CB 40/40/20 (MCh/PG/CB) 94.3� 4.7 8.16� 0.29 38.86� 1.55
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of non-oil renewable raw materials for the

mulching realization. It is of coarse a big

challenge to compete with existing materi-

als based on Polyethylene for performances

and price, but the recent trend goes in

the direction of cheaper polysaccharides

(starch) and in the application in pot culti-

vations for flower and vegetables, where it is

not possible to use plastics, and some of the

formulations show promising effects against

the development of spontaneous weeds.
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