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Abstract 4 
The utilization of organic waste products for plant growth has gained attention as an eco-friendly and cost-effective fertilization 5 
method. This study explores the impact of mutton washed water on the growth and flowering of rose plants (Rosa spp.) through an 6 
analysis supported by a Large Language Model (LLM). The research focuses on evaluating the nutritional content of mutton 7 
washed water, its effects on soil properties, plant health, and potential risks associated with its usage. 8 
Mutton washed water contains essential nutrients such as proteins, fats, nitrogen, phosphorus, and trace minerals, which can 9 
enhance plant growth and flowering when applied correctly. However, improper application may lead to soil contamination, 10 
microbial imbalance, and nutrient toxicity. This study employs AI-driven data analysis to assess the effectiveness of mutton 11 
washed water as an organic fertilizer through controlled experiments involving different treatment groups. 12 
By integrating machine learning models, the study provides insights into the long-term impact of mutton washed water on soil 13 
health, microbial diversity, plant development, and disease resistance. Predictive modeling using LLM helps refine best practices 14 
for sustainable agricultural applications. The results indicate that diluted mutton washed water (1:10) or its combination with 15 
compost extract significantly improves rose plant growth, while undiluted application can lead to root stress and reduced 16 
flowering. The findings contribute to the sustainable farming movement by advocating for the optimized use of organic waste 17 
products and AI-driven agricultural strategies. 18 
 19 
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Introduction 24 

The increasing demand for sustainable agricultural practices has led to the exploration of alternative 25 

fertilizers that reduce reliance on synthetic chemicals while promoting soil health and plant growth. One 26 

such approach is the use of organic waste products, such as mutton washed water, as a potential fertilizer. 27 

The disposal of animal by-products, including nutrient-rich water from meat washing, is an environmental 28 

concern that can be transformed into an opportunity for sustainable agriculture. 29 

Mutton washed water is a by-product generated during meat processing, containing organic residues rich in 30 

nitrogen, phosphorus, and trace minerals (Kumar et al., 2021). These nutrients are essential for plant growth 31 

and soil fertility. However, direct application of such organic waste to soil requires scientific validation to 32 

ensure its effectiveness and prevent potential risks such as microbial contamination or nutrient imbalances 33 

(Singh et al., 2020). Studies suggest that organic fertilizers can improve soil microbial diversity, enhance 34 

moisture retention, and reduce dependency on chemical fertilizers (Patel & Sharma, 2019). 35 

With advancements in artificial intelligence (AI) and machine learning, agricultural research is undergoing a 36 

transformation. AI-driven models enable precise analysis of soil composition, nutrient requirements, and 37 

plant responses, facilitating the optimization of organic fertilizers like mutton washed water (Ganesan & 38 

Gupta, 2023). By leveraging AI, researchers can assess the viability of unconventional fertilizers, predict 39 

long-term impacts on soil health, and optimize application strategies for maximum benefit (Chen et al., 40 

2018). 41 

This study aims to investigate the effects of mutton washed water on rose plant growth using AI-driven 42 

predictive modeling. The objectives include analyzing the nutrient profile of mutton washed water, assessing 43 

its impact on soil properties, and utilizing AI to optimize application frequency and concentration. By 44 



 

 

integrating AI into agricultural research, this study contributes to sustainable farming by promoting eco-45 

friendly fertilization practices. 46 

Formalism 47 

The Role of AI in Agricultural Research 48 

The integration of Artificial Intelligence (AI) and Large Language Models (LLMs) in agricultural research 49 

has revolutionized data analysis, pattern recognition, and predictive modeling (Kaul et al., 2022). AI-based 50 

models can process large datasets, identify trends, and provide insights into plant responses to 51 

unconventional fertilizers. Machine learning algorithms and LLMs enable researchers to analyze 52 

experimental data, optimize fertilization strategies, and predict long-term effects of organic amendments on 53 

soil and plant health (Patel et al., 2021). 54 

AI-Driven Data Analysis in Agriculture 55 

Machine learning techniques, such as supervised learning, regression models, and neural networks, are being 56 

increasingly utilized to study plant growth dynamics and soil fertility (Zhang et al., 2020). In this study, we 57 

employ Random Forest Regression (RFR) and Support Vector Machines (SVM) to analyze the impact of 58 

mutton washed water on rose plants by predicting growth parameters based on nutrient availability and soil 59 

health indicators. 60 

AI-driven data analysis enables the identification of optimal fertilizer compositions, growth patterns, and 61 

environmental impact assessments. Deep learning networks, such as Convolutional Neural Networks 62 

(CNNs), can process satellite imagery and soil health data to understand large-scale agricultural trends 63 

(Singh et al., 2019). Reinforcement learning algorithms allow continuous improvement of fertilizer 64 

application strategies by adjusting concentrations based on observed plant responses. 65 

Additionally, AI facilitates real-time anomaly detection, allowing farmers and researchers to identify early 66 

signs of plant stress, nutrient deficiencies, and soil degradation. This is achieved through predictive 67 

analytics, where historical and real-time data are combined to improve decision-making. Natural Language 68 

Processing (NLP) models like Large Language Models (LLMs) assist in analyzing scientific literature and 69 

providing data-backed recommendations for sustainable farming practices (Ganesan & Gupta, 2023). 70 

By leveraging AI-driven data analysis, this study ensures that mutton washed water is utilized efficiently, 71 

maximizing benefits while minimizing risks. The integration of these technologies allows for precision 72 

agriculture, improving crop yield and sustainability. 73 

AI for Soil and Fertilizer Optimization 74 

AI-powered soil and fertilizer optimization involves the analysis of vast datasets to determine the best 75 

fertilization strategies for plant growth. Machine learning algorithms such as Random Forest, Gradient 76 

Boosting, and Deep Neural Networks can process data related to soil composition, weather conditions, 77 

microbial diversity, and nutrient availability to recommend the most effective fertilization techniques (Chen 78 

et al., 2018). 79 



 

 

1. Soil Health Monitoring: AI-driven soil sensors and Internet of Things (IoT) devices continuously 80 

monitor pH levels, moisture content, organic matter composition, and microbial activity (Jha et al., 81 

2020). AI models analyze this real-time data to provide recommendations on fertilizer type, dosage, 82 

and application timing. 83 

2. Predicting Nutrient Deficiencies: Using Convolutional Neural Networks (CNNs) trained on soil 84 

images and plant leaf patterns, AI can identify nutrient deficiencies before visible symptoms appear 85 

(Kumar et al., 2022). This allows for timely intervention with targeted fertilizer applications, 86 

reducing waste and ensuring optimal plant growth. 87 

3. Optimizing Fertilization Schedules: AI models, such as Recurrent Neural Networks (RNNs), analyze 88 

historical soil and climate data to predict the best times for fertilizer application (Sharma et al., 89 

2021). This approach enhances nutrient absorption and prevents excessive leaching into groundwater, 90 

improving environmental sustainability. 91 

4. Customizing Organic Fertilizer Formulations: AI-based clustering techniques analyze the chemical 92 

composition of organic fertilizers, such as mutton washed water, to recommend optimal blending 93 

ratios (Mehta & Joshi, 2019). This ensures that plants receive a balanced mix of macronutrients (N, P, 94 

K) and micronutrients (Ca, Mg, Zn), promoting healthy growth. 95 

5. Microbial Activity Enhancement: AI-assisted analysis of microbiome sequencing data enables the 96 

identification of beneficial microbes that enhance nutrient uptake and soil fertility (Rana et al., 2023). 97 

This information can be used to develop bio-fertilizers or optimize composting techniques that 98 

incorporate mutton washed water for enhanced microbial activity. 99 

Soil Health Monitoring 100 

Soil health is a critical factor in sustainable agriculture, as it directly impacts plant growth, crop yield, and 101 

long-term soil fertility. AI-based soil health monitoring involves the use of IoT sensors, machine learning 102 

models, and predictive analytics to assess soil conditions in real-time. These technologies help farmers 103 

understand soil composition, detect deficiencies, and recommend corrective actions to maintain fertility. 104 

AI-enabled soil health monitoring systems use sensors to measure moisture content, nutrient levels, 105 

temperature, pH, and microbial activity. By analyzing this data, AI models can predict soil degradation 106 

trends, recommend organic amendments like mutton washed water, and optimize fertilization schedules. 107 

Remote sensing techniques using satellite imagery further enhance soil monitoring capabilities, allowing 108 

large-scale soil health assessments. 109 

AI-driven insights improve decision-making by identifying early signs of soil erosion, salinity buildup, and 110 

microbial imbalances. Additionally, AI models can simulate the effects of different organic fertilizers, 111 

enabling researchers to develop sustainable soil management strategies. By integrating LLMs, the system 112 

can continuously learn from new data, refining soil health recommendations over time. 113 
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Results and Discussion 116 

Effect of Mutton Washed Water on Soil Nutrients 117 

The analysis of soil samples before and after applying mutton washed water revealed a significant increase 118 

in organic matter content, nitrogen levels, and microbial activity. Soil pH remained stable (6.5–7.0), 119 

indicating no adverse acidification effects, while moisture retention improved by 12% in treated soil 120 

compared to control plots. 121 

 Nitrogen (N) increased by 18%, primarily due to protein breakdown from organic residues. 122 

 Phosphorus (P) increased by 9%, contributing to root development. 123 

 Potassium (K) increased by 6%, supporting stem strength and flower production. 124 

 Microbial diversity improved by 15%, enhancing soil nutrient cycling. 125 

These results confirm that mutton washed water can serve as an organic nutrient booster without causing 126 

nutrient leaching or toxicity when applied in controlled concentrations. 127 

Impact on Rose Plant Growth and Flowering 128 

Growth metrics for rose plants (Rosa spp.) under different fertilization treatments were assessed over eight 129 

weeks. The height, leaf count, chlorophyll content, and flower yield were significantly higher in plants 130 

treated with diluted mutton washed water (1:10 ratio) compared to those with conventional fertilizers or 131 

untreated controls. 132 

Treatment 
Average Height 

(cm) 

Leaf 

Count 

Chlorophyll Content 

(SPAD) 

Flower Yield (per 

plant) 

Control (No Treatment) 25.4 ± 1.2 18.5 ± 2.3 34.2 ± 1.5 2.5 ± 0.6 

Chemical Fertilizer 28.7 ± 1.5 22.1 ± 2.7 36.9 ± 1.8 3.8 ± 0.8 

Mutton Washed Water 

(Undiluted) 
24.3 ± 1.1 17.8 ± 2.5 32.5 ± 1.4 2.1 ± 0.5 

Mutton Washed Water (1:10 

Dilution) 
31.2 ± 1.7 24.7 ± 2.9 39.5 ± 2.0 4.6 ± 1.1 

 133 

The 1:10 dilution treatment resulted in a 22.8% increase in flower yield, likely due to optimal nutrient 134 

availability and improved soil microbial interactions. However, undiluted applications caused root stress, 135 

decreased chlorophyll content, and lower overall plant vigor. 136 

AI-Driven Analysis of Plant Responses 137 

Using Random Forest Regression and Support Vector Machines (SVM), AI-based analysis identified 138 

nitrogen availability, soil moisture, and microbial diversity as the most influential factors for rose growth. 139 

The AI model predicted an optimal application frequency of once every 10 days for sustainable nutrient 140 

release without causing excess soil saturation. 141 



 

 

Key AI Insights: 142 

 A 10% increase in soil organic matter correlated with a 15% improvement in root biomass. 143 

 Over-fertilization (N > 20% increase) led to chlorophyll degradation and leaf yellowing. 144 

 AI models predicted peak flowering within 6–8 weeks post-application, aligning with observed 145 

trends. 146 

These insights suggest that machine learning can optimize organic fertilizer use, reducing trial-and-error in 147 

agricultural applications. 148 

Sustainability and Environmental Considerations 149 

While mutton washed water proved beneficial in controlled amounts, excess application led to organic 150 

residue buildup, increasing soil microbial oxygen demand. Long-term AI simulations indicated that 151 

continuous high-dose applications (>2 times per week) could reduce oxygen diffusion, potentially harming 152 

root respiration. 153 

From an environmental perspective, AI-assisted sustainability models showed that incorporating mutton 154 

washed water into composting systems before soil application reduces risks of microbial imbalance while 155 

enhancing long-term soil fertility. 156 

Conclusion 157 

a. Diluted mutton washed water significantly improves rose growth and flowering due to enhanced soil 158 

nutrition and microbial activity. 159 

b. AI-driven predictive models successfully optimize application rates, preventing over-fertilization 160 

effects. 161 

c. Composting integration is recommended to mitigate potential risks of direct organic residue 162 

application. 163 

d. AI-based decision-support tools ensure sustainable adoption of organic fertilizers in precision 164 

agriculture. 165 
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