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Abstract 

The soil fertility is a fundamental requirement for good agro-food 

production. Therefore there is a need to provide the soil with 

fertilizers, phytostrenghtener and agrochemicals to restore the optimal 

conditions for the plant growth. However these operations have 

significant costs, both on the budget of the producer and in terms of 

environmental impact bringing, for example, problems such as the 

eutrophication. Therefore, it’s everyone’s interest to limit the 

agrochemicals dosage numbers and amount, increasing at the same 

time their availability in the soil. All these issues can be summarized 

in the need for controlled-extended release products. The use of 

hydrogels based matrices, cross-linked polymers capable of absorbing 

water and releasing substances in them encapsulated in a controlled 

way, could be the solution to the problem.  

With this aim, in this thesis the process of encapsulation of a 

phytostrenghtener (Tequil Multi) in a polymer matrix (HPMC K4M), 

through the process of wet granulation, has been analyzed. Two types 

of granules were produced: concentrate (GC) and diluted (GD), which 

differ in the Tequil amount used in the wetting phase. The granulate 

produced has undergone to granulometric characterization, through 

sieving and image analysis. Both techniques showed that most of 

granules (in terms of mass) have a size between 0.71 and 2 mm. 

Moreover, the granules have undergone compression analyses to test 

the hardness, using Texture Analyzer. The recorded different 

mechanical response of the two products (GC and GD) was searched 

in their different morphology analyzed by scanning electron 

microscope (SEM). In particular, the diluted  granulate showed a more 

compact structure generated by the different wetting phase 

composition used for the granulation, that makes it harder and, thus, 
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less friable compared to GC. The granules flow properties have also 

been evaluated, through the determination of the Hausner ratio (HR), 

the Carr index (CI), and the angle of repose, demonstrating that both 

granules have a good flowability: essential characteristic for easy 

movimentation of particle systems.  

The granulate was also characterized in terms of encapsulated 

phytostrenghtener amount. In this regard, a method of quantification 

of the phytostrenghtener by spectrophotometric has been used, 

developed during this thesis work.  

Finally, washout tests of Tequil Multi, both simple and encapsulated, 

were carried in the soil. With this aim, a known amount of 

phytostrenghtener was added to the model soil in vases, both on the 

surface and mixed to it, to reproduce the commercial product mode of 

use. Then, a certain quantity of water was poured several times, and 

the washed part was taken, quantified and analyzed.  

It is shown that whatever the phytostrenghtener application, 

superficial or mixed, the kinetics of washout of Tequil Multi liquid is 

strongly higher than that of the granulate product in this thesis. 

Therefore, the possibility to modulate the agrochemicals release 

through hydrogels based devices was confirmed. 
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Parte dei risultati conseguiti durante questo lavoro di tesi sarà 

presentata a: 
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