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Abstract. The proposed solution to the development of computer-based intelligent tools is intended 
for the empirical modeling of species’ behavior and qualitative reasoning with imprecise information 
about this behavior. 

Cultivation of forests and plant species by utilizing processed wastewater and sludge from the Waste 
Water Treatment Plants is effective method to reduce the release of harmful substances and provide 
favorable conditions for the development of agricultural sector under the shortage of water resources. 
For this purpose, the experiments have been carrying out to investigate the ability of species to absorb 
chemical elements under increased concentrations in wastewater, as well as other characteristics and 
features of species’ behavior in biological, chemical and physical aspects.  

The behavior is a result of complex cause-effect dynamical interactions in ecological networks 
with unknown mathematical models of underlying functional relationships. There are two important 
features inherent in the investigation of cultivating species by processed wastewater: empirical 
modeling of species’ behavior and qualitative reasoning with imprecise information.  

The worldwide increasing volume of the Waste Water Treatment Plants (WWTP) disposal is a 
significant factor of environmental contamination. This problem can be solved by the implementation 
of new technologies reducing water consumption for the industrial and household purposes, and thus, 
WWTP disposal volume, as well as by wastewater cleaning technologies in order to minimize 
environmental impact of harmful substances containing in disposed wastewater.  

The problem is, however, still far to be solved completely. For example, treatment technologies 
and control techniques used for WWTP do not enable quality parameters of effluent wastewater to 
hold reliably within required limits, which, in turn, leads to the environmental contamination.  

Therefore, an alternative approach to solve this problem is the effective reuse of processed 
wastewater, even with increased level of toxic ingredients. Cultivation of trees and other species by 
utilizing the processed wastewater and sludge from the WWTPs achieves the double-goal: first, it 
prevents the release of environmentally harmful substances, and second, provides favorable conditions 
for the development of agricultural sector under the shortage of water resources. 

Experiments with the utilization of processed wastewater in forest areas and for the afforestation 
purposes have shown that this method is cost effective and demonstrates good results in the properties 
of grown species. A series of experiments carried out in different countries in order to investigate the 
ability of species to absorb heavy metals under their increased concentrations in supplied wastewater, 
the influence of wastewater on the mortality rates and tree growth, mechanical, thermal and acoustic 
properties of trees, and others.  

Wide utilization of wastewater and sludge for agricultural purposes requires further investigation 
of the behavior of various species in biological, chemical, and physical aspects under different 
wastewater supply conditions. The problem involves many factors and parameters, such as the 
impacts of treatments on soil and flora, survival and mortality rates of species, their growth, 
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silvicultural issues (roots and crown development, competition), wood properties, assimilation 
behavior for different chemical elements, etc. 

The investigation problem of cultivating the species under wastewater supply has the following 
features:  

- experiments shall be conducted under a long-term program with the extension of number of 
investigated species in different areas; 

- behavior and properties of the species grown under wastewater supply conditions are the result of 
various cause-effect dynamical interactions in ecological networks, for which mathematical models of 
underlying processes are unknown; 

- criteria of a “good” solution, which would clearly identify all aspects of the problem, are ill-
defined, often contradictory, and cannot be formally stated; 

- search within some model for a “good” solution is being carried out in multidimensional solution 
space under uncertainty conditions. 

The investigation process of behavior of species, which is now being continued and involving new 
species and factors, includes two main phases: experimental analysis and experimental planning. The 
main goal of the experimental analysis is to determine the behavior’s stability of a species under 
different conditions, reveal the dominant factors that make an effect on its property, determine how 
good and reliable are the properties in order to utilize a species for agricultural purposes, compare the 
behaviors and properties among different species, etc.  

The experimental planning implies making the decisions about whether to continue the 
experiments for some species and what kind of experiments shall be executed to decrease an 
uncertainty degree of available knowledge, or to choose new species for further investigation. 

The investigation process is virtually an iterative sequence of empirical procedures intended for 
the identification and selection of species with stable behavior and properties “good” enough to utilize 
them for agricultural purposes under cultivation with processed wastewater. These procedures involve 
the analysis of the problem at different degrees of knowledge detalization and certainty. The 
investigator may have a detailed look at a single direct effect of a chemical substance on a species, or 
consider a chain of interactions by trying to generalize and find out a similarity or distinctiveness in 
the behavior between different species.  

Therefore, under uncertain multifactor conditions the search by using only conventional statistical 
methods becomes a trial-and-error procedure. Two main features of this process shall be emphasized: 
empirical estimation of complex nonlinear functional relationships between interacting objects in 
ecological network, and qualitative reasoning about such relationships to reveal stable characteristics 
of the objects and regularities of their behavior. 

More deep understanding of the behavior of species requires its investigation in different aspects 
and under different experimental plans, which at the same time substantially complicates the analysis 
of empirical results by using conventional statistical techniques. Important aspect of investigation is 
the analysis of how the concentrations in different species change and what would be the reaction of 
species when the concentrations in irrigated water increase up to the high toxic level.  

The proposed solution to the development of computer-based intelligent tools is intended for the 
empirical modeling of species’ behavior and qualitative reasoning with imprecise information about 
this behavior. The architecture includes the following components: a model that describes an 
ecological network under investigation; artificial neural network modules that model complex direct 
cause-effect interactions; a fuzzy inference system that provides the investigator with qualitative 
reasoning about these interactions within a framework of the model; and control system that, under the 
requests from the investigator, controls the operation of the above components. 
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