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Background and Motivation

￭Fly ash is a by-product stemming from coal combustion in 
many industries. 
￭The presence of fly ash in the soil can be used as a 
solution of waste management system.
￭As a soil amendment ingredient, the impact of fly ash-
enriched soil on plant growth requires a comprehensive 
evaluation and understanding.

Aim of This Investigation
￭Optimized fly ash composition and the impacts of soil 

conditions on the radish plant growth in the delta clay-rich and 
the coastal sandy soil conditions.
￭ As an optimization method, we used a Multi-Attribute 

Decision-Making (MADM) method, which is called 'Multi-
Objective Optimization on the Basis of Ratio Analysis' 
(MOORA) technique.
￭Using this method, we find the best configuration or 

alternative for the radish plant growth in the delta clay-rich 
and the coastal sandy soil conditions.

￭The MOORA method configured a rank based on beneficial and non-beneficial attributes.

￭The best configurations for the delta clay-rich and coastal sandy soil are a fly ash rate of 20% 

and 0%, respectively.

￭The least alternatives for the delta clay-rich and coastal sandy soil are a fly ash rate of 5% 

and 15%, respectively.

￭The results indicate the necessity of further study for a better understanding of the 

phenomena of radish plant growth in different soil types.

Figure: Average germination rate, GR (%), plant height (cm), number of leaves, leaf 
area (dm2/plant), and shoot fresh and dry weight are plotted against the fly ash rate 
(%). GR is taken as an average over 7 days after sowing, and plant height and 
number of leaves are averaged over 11 - 71 days with 10 days interval..

Table: Decision matrix development containing all beneficial and non-beneficial 
attributes for MOORA analysis. There are five (5) alternatives (As) represented as A1, 
A2, A3, A4, and A5.
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• The experiment was performed in semi-controlled greenhouse conditions [1]. 

• There were 10 experimental formulae used for the experiment. They were 100% delta clay rich 

soil, 95% delta clay rich soil + 5% FA, 90% delta clay rich soil + 10% FA, 85% delta clay rich soil + 

15% FA, 80% delta clay rich soil + 20% FA, 100% coastal sandy soil, 95% coastal sandy soil + 

5%FA, 90% coastal sandy soil + 10%FA, 85% coastal sandy soil + 15%FA, and 80% coastal sandy 

soil + 20%FA. 

• The plant germination rate (GR) was recorded at 2nd, 3rd, 4th, 5th, 6th, and 7th days after 

sowing. 

• The plant height and number of leaves were collected at 11th, 21st, 31st, 41st, 51st, 61st, and 

71st days after sowing.

• The fresh weight was measured by using an electronic balance (OHAUS PR4202, USA). 

• Dry weight of tuber was determined after drying samples at 80 °C for three days in a drying 

chamber (BINDER, USA) until constant weight. Dry samples were weighed by the electronic 

balance (OHAUS STX-223, USA).

EXPERIMENTAL METHOD

THEORY
The MOORA technique is widely used in process parameters optimization, materials 

selection, and system performance assessment. The method simultaneously incorporates both 
desirable and undesirable criteria by using a ratio system. It then converts a decision matrix into a 
ranking system based on the sample configuration.
 In short, the method uses desirable and undesirable criteria or attributes simultaneously for 
developing ranking of the alternatives.
 Normalize Decision Matrix Equation [2]:
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 Assessment Values Equation [2]:
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 The weight (𝑤) is determined by the Shannon Entropy Weight method.

 Performance Indices or Project Outcomes 𝒑𝒊𝒋  Equation [3]:
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 Entropy 𝑬𝒋  Measurement Equation [3]:
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 Entropy-Based Weight Equation [3]:
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Data Resources: 
The radish plant growth data for the delta clay-rich and the coastal 

sandy soil conditions are publicly available through the resource [1]..
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