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The problem
• Huge amounts of agricultural wastes produced annually
• Mostly disposed untreated in the environment
• No common strategic framework for safe reuse in agricultural 

sector or for safe disposal

The objective
• To provide scientific and technical guidelines to authorities, 

organized into concrete steps, 
• to facilitate the design and implementation of sustainable 

strategies for agricultural waste reuse or disposal
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Two categories of agricultural wastes
1. Traditionally used (AW-TYPE1) applied mainly as soil improvers (manures, 

composts)
2. Potentially hazardous or hazardous wastes (AW-TYPE2), e.g. olive mill wastes, 

wastewater and sludge from food processing, a.o.

An  Eight Steps strategic approach for managing AW at local/regional level
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Recording areas’ current status-Development of 
databases (inventories)
 Parameters: natural areas’ characteristics, current 

and past land use, environmental status socio-
economic parameters aesthetic of the areas, social 
life

 Soil sampling following a well designed sampling 
campaign-Development of soil thematic maps

Set local or regional priorities, quantified targets for 
each one of the parameters of priority, establishment of 
a set of appropriate indicators to be monitored

Development of local/regional plans

STEP 1 : Development of regional action  plans and establishment of quality criteria
Definition of the appropriate land use
Definition of level of quality that m

ust be kept 
constant or im

proved  
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• Waste producers are responsible for sampling and analyzing waste produced 

• Authorities must facilitate the procedure of data collection and submission 
(e.g. a web-based procedure)

• Correct sampling and results-Authorities should provide assistance and 
technical guidance for sampling 

• For AW-type2, a more detailed monitoring plan should be put in force, 
including a well-designed waste sampling strategy.  Due to the particularity of 
this waste type, it is recommended to be performed by experts. 

• Data must be stored in the inventory of Step 1 

STEP 2 : Physical, chemical, biological characterization of the organic materials 

According to the results of this assessment and the 
national/European/international legislative restrictions, the competent 

local/regional/governmental authority may permit (or not) landspreading. 
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STEP 3: Adoption of soil quality indicators and thresholds

establish a set of soil parameters (i.e. soil indicators for waste disposal) that will be monitored 
periodically to assess soil quality. By considering also legislative restrictions and literature data, 
authorities can establish a list of thresholds for soil parameters 
1. sampling strategy should be designed and implemented by experts
2. identification of background levels of key soil parameters by using soil survey data of Step 1.
3. definition of the soil parameters that are most likely to be affected by waste reuse/disposal. 

The Methodology in brief
• identification of background levels of key soil parameters by using soil survey data of 

Step 1. -establish a list of thresholds for soil 
• definition of the soil parameters that are most likely to be affected by waste 

reuse/disposal. These parameters can be used as indicators for soil quality 
monitoring. 

• collection of additional soil data from areas that already accept waste for almost one or 
two years. 

• soil sampling every 2-3 months to ensure that all activities, which could have a 
detrimental effect on soil parameters will be recorded and assessed. 

• Establishment of or find the thresholds of the selected indicators

SOIL: Areas that have been identified as appropriate for  waste reuse or disposal 
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STEP 4: Development of Land Suitability Maps

Development of GIS-Land Suitability Maps- degree of suitability of each site to accept waste. 

Land Suitability Classes according to FAO

Provides authorities with data to define which areas among the potentially appropriate (Step 1) are indeed suitable to accept waste, in 
terms of soil quality, site characteristics and targets established during Step 1 

Land Suitability Classes according to FAO (A Framework for Land Evaluation. Soil Resources Management and Conservation Service Land and Water Development Division: FAO Soil Bulletin No. 32. 
FAO-UNO, Rome.(1976))-Food and Agriculture Organization of the United Nations
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Parameters for land evaluation for pistachio solid waste/sludge disposal

Cyprus 2016, Saturday, 25 June

STEP 4: Development of Land Suitability Maps



Cyprus 2016, Saturday, 25 June

STEP 4: Development of Land Suitability Maps



Cyprus 2016, Saturday, 25 June



STEP 5

AW-TYPE 1.
Soil characterization-analyses

AW-TYPE 2
Assessment of risk level and development of remediation or landspreading plan

• Farmers must perform chemical analyses 
to define the level of soil fertility as well as 
the nutrients that should be supplied for a 
specific type of cultivation

• Soil chemical analysis must be carried out 
annually 

CONSIDERING land suitability maps
• Wastes can be applied without limitations in areas characterized as S1 and a 

management plan should be developed and implemented under the supervision of 
local authorities and the responsible governmental agencies. 

• For areas belonging to S2, S3, N1 and N2 suitability classes, performance of a risk 
assessment study is recommended

• For areas characterized as S2 and S3 and following the results of the risk 
assessment and the degree of limitations as well as the restricted factors, 
authorities can decide if these areas can be included in the landspreadingplans or if 
a remediation plan should be developed and applied. 

• N1 and N2 areas must be excluded from the landspreadingplans and an 
improvement or remediation plan should be developed and implemented. 

STEP 6

Quantification of cultivation targets and 
definition of cultivation practices

• Then farmers should define and quantify 
their targets for the season or/and for longer 
period. 

• Estimation of the amount of nutrients that 
must by supplied in order to achieve the 
defined targets, considering also the 
concentration of the nutrients in soil

Quantification of landspreading-Doses estimation

• Estimation of the optimum amount of each waste type that can be distributed at the 
suitable areas

• Ensure that the upper thresholds of the soil indicators (Step 3) will not be 
exceeded. 

• The concentration of indicators in soil, in waste as well as the respective indicators’ 
threshold should be known
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STEP 9: Periodical  monitoring and risk evaluation during and after landspreading

Monitoring the impact of AW disposal on soil through a systematically planned sampling scheme and aims to 
identify and continuously record the impact of waste landspreading on soil quality and the environment in the 

short and in the long term.

Authorities in cooperation with scientists and local waste users:
• Must design an effective monitoring strategy and implement it.
• Monitoring soil quality indicators once a year and preferably before wastes distribution (soil sampling and 

analysis). A technical report should be submitted to the responsible authorities. The report should also include 
a detailed description of the wastes’ distribution plan (amount, timing, equipment used). Depending on the 
evaluation results, the responsible authorities may permit wastes disposal or not.

• Inventory establishment of each disposal site, which will be updated annually with all data submitted by 
the owners or/and the results of surveys performed by the authorities. This will facilitate the immediate 
identification of risky areas as well as, will provide data regarding history of the site, specific local 
geomorphological characteristics, amounts of waste that have been disposed each year, results of waste and 
soil chemical analyses and any other data that are considered useful and necessary for the effective protection 
of soil quality and function. 
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The application provides temporal evaluation of the cultivated areas through comprehensive charts, or statistical 
data analysis on a spatial scale analysis, potential to visualize the analysis results and produce local/regional 
maps. The platform allows individual users to communicate through the “Cultivation Management Software” 
with the responsible local/regional authority and request directives and guidance about their cultivated fields or 
discharge areas. 
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A web GIS based application for soil data collection, processing and evaluation



monitoring of the impact of AW disposal on soil through a systematically planned sampling scheme and aims to identify and 
continuously record the impact of waste landspreading on soil quality and the environment in the short and in the long term.

The application uses interpolation surfaces that indicate the distribution of the different chemical parameters 
in the area of interest, so the user can rapidly obtain an idea of the diffusion of the chemical parameters and 
the degree of risk in the vicinity of the waste disposal areas 
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Thank you 
for your attention

Dr. Maria K. Doula
Benaki Phytopathological Institute

Greece
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