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Abstract  

The agricultural sector faces a significant challenge due 

to the climate change particularly in dairy industry, where 

productivity and sustainability are threatened by the 

erotic weather patterns, and growing pest threats. This 

study uses are interdisciplinary approaches to improve 

farming practices sustainability and efficiency by 

examining improved solution arises from the fashion of 

agricultural science with the Artificial intelligence (AI) 

and Machine learning (ML). These Technologies helps to 

solve problems regarding climate resiliency through 

foretelling Techniques, analyzing methods and Biology. 

Their focus ins additionally on enhancing soil quality, 

livestock care, production of crops, and preservation of 

species utilizing sophisticated ML techniques.  
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1.INTRODUCTION  

Climate change is a most significant global challenge 

that has Lang term implications for Agriculture and food 

security. The agricultural sector, including crop 

productivity, livestock industry and soil management, is 

highly vulnerable to Extreme weather events, climate 

change, changing climatic pattern of precipitation. Dairy 

forming is particularly sensitive to heat stress in animal, 

it leads to decreased milk production and infections 

disease.  

Traditional Agricultural practices have been proven to 

be satisfactory historically, they are increasingly less then 

adequate in addressing modern challenges.  

 This has driven the development of data driven 

technologies, such as artificial intelligence and machine 

learning. Due to their powerful use of big datasets, a lack 

of common algorithms and interdisciplinarity across 

disciplines, AI and ML can predictive analytics, real time 

decision making, and precision interventions. In this 

paper, we explore their application in dairy farming and 

agriculture, and how they can incorporate insights from 

botany and zoology to improve productivity and 

sustainability. 

2. LITERATURE REVIEW 

The study o applications of XGBoost and SARIMA 

Forecasting models on Water Consumption at MSU-

TCTO main campus. Their analysis demonstrated that the 

XGBoost model provided superior predictive accuracy 

Over the SARIMA and model, highlighting its potential 

for effective water resource management [1]. XGBoost to 

predict groundwater levels in Selangor, Malaysia. They 

compared XGBoost’s Performance with Artificial Neural 

Networks (ANN) and support vector regression, finding 

that XGBoost provided superior predictive accuracy [2]  

Crop yield estimation using multisensory satellite and 

meteorological data. There composite covariance GP 

model effectively captured complex, non-linear crop 

growth processes, outperforming other machine learning 

methods in predicting corn, wheat, and soybean yields 

across the continental U.S sensitivity analysis highlighted 

soil moisture and canopy greenness as key predictive 

factors, demonstrating GPs potential in identifying 

climate anomalies affecting crop proactivity [3].  

 

Application of Artificial Intelligence (AI) in 

managing heat stress among ruminant livestock. They 

highlight how AI tools, including Machine learning, 

Neural networks, and deep learning, enable automated 

monitoring of behavioral, physiological and health 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 09 Issue: 04 | April - 2025                               SJIF Rating: 8.586                                  ISSN: 2582-3930                                                                                           

 

© 2025, IJSREM      | www.ijsrem.com                                 DOI: 10.55041/IJSREM43632                                           |        Page 2 
 

responses to heat stress. AI-driven System to enhance 

climate resilience and sustainability in livestock 

production by Proving real time data collection, 

predictive modeling and early waring system, thereby 

reducing losses associated with heat stress [6].  

Now a days highlight the transformative role of ICT, 

AI, IoT, and blockchain in livestock farming. These 

technologies enhance productivity, animal health 

monitoring, and supply chain transparency, fostering 

sustainable practices and real-time decision-making in 

both developed and developing agricultural sectors [8]. 

The dairy sector is evolving with advancements in 

technology, feed quality, breed improvement, and 

marketing strategies. Key challenges include feed 

shortages, suboptimal genetics, and low producer prices. 

Sustainable solutions like biogas generation, economies 

of scale, and institutional support, especially in India, are 

crucial for long-term viability and socio-economic 

resilience in dairy farming [9]. 

The key developments are water consumption 

forecasting, crop yield forecasting, heat stress 

management in livestock, and dairy industry 

sustainability. Productivity, sustainability, and real-time 

decision-making are facilitated by technologies such as 

XGBoost, AI.  

The critical role of agriculture in developing 

countries, particularly in Sub-Saharan Africa, amidst 

rising food prices and growing food insecurity. It 

examines the factors influencing agricultural 

productivity, including the Green Revolution, land 

markets, access to technology, and environmental 

challenges. Key highlights include the need for increased 

smallholder productivity, effective collaboration between 

private and public sectors, and social safety nets to 

combat chronic poverty. While price stabilization 

policies are not seen as promising, the focus on 

intensification, technology adoption, and rural 

development is essential for sustainable agricultural 

growth and food security [11]. 

 

3.  METHODOLOGY  

The methodology combines data collection, the 

application of rare ML algorithms, interdisciplinary 

insights, and validation across various agro-climatic 

conditions. 

 

 

3.1 Data collection:  

These research study utilized diverse data sets to 

ensure modeling and robust analysis.  

 Crop and Soil Data collected from open source 

platforms like the soil Health card Scheme, sentinel 

satellite imagery, and local agriculture research center.  

Weather Data from the Bhavan. It is a free remote 

sensing data provider jointly operated by ISRO and 

NRSC, and also, we can use sentinel Hub, NASA Earth 

data Search. 

 

Fig-1 Weather Data from the Bhavan 

Livestock Health Data from wearable sensors, the 

Dairy monitoring Dataset, and Veterinary reports. 

 

Pest and Disease Data annotated images sourced 

from the Plant Village Dataset, Git-hub, and Agricultural 

extension Services. 
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3.2 Rare Machine Learning (ML) Algorithms 

Applied:   

Extreme Gradient Boosting (XGBoost) used for soil 

fertility prediction and yield estimation, minimizing the 

loss function: 

Obj(θ) =∑ 𝑙(𝑦𝑛
𝑖=1 𝑖, 𝑦′𝑖) + ∑ 𝛺(𝑓𝑖)𝑚

𝑗=1    (1) 

Here l(yi,y’i) is loss function and 𝛺(𝑓𝑖) is 

regularization term to prevent overfitting.  

 

Deep Gaussian Processes (DGP’s) is applied for 

weather forecasting with a gaussian kernel function. 

k(x,x’) = δ2exp(−
||𝑥−𝑥′||2

2𝑙2 )  (2) 

Here δ2 is the signal variance and l is the length scale 

parameter.  

 

Deep Reinforcement Learning (DRL) optimized 

resource allocation using reward function. 

 J(θ) = Eπθ [∑ ϒ𝑡 𝑇
𝑡=0 𝑟𝑡]   (3) 

 

 Here ϒ𝑡 is the reward at time t and ϒ is the discount 

factor. 

Variational autoencoders (VAEs) is used for 

anomaly detection in livestock health using the evidence 

lower bound (ELBO)  

 

3.3 Integration of Agricultural and zoological Insights  

Machine Learning (ML) models leverage insights from 

botany to optimize agricultural practices.  

These models integrate. 

Crop Growth Cycles: The Time series analysis and 

deep learning models (like...LSTMs) predict growth 

stages and yield based on environmental conditions. 

Soil plant interaction: soil analysis using 

convolutional neural networks (CNN)processes imagery 

to assess soil health, nutrient content, and moisture levels.  

Pest behavior prediction: reinforcement learning 

models analyze historical pest out breaks climatic factor, 

and plant health to optimize pest control strategies. 

AI for Livestock Health and productivity: AI and 

IoT sensors monitor livestock behavior physiology and 

environmental factors to enhance productivity and 

disease management.  

 

These technologies are used in Livestock physiology 

monitoring by using wearable sensors with ML 

algorithms, behavioral analysis by using vision and deep 

learning models, climate adaptation by using AI models 

integrate temperature, humidity, and feed intake data to 

adjust livestock management. 

 

Field trials were conducted in different agro-

climatic conditions throughout the project to include hot 

stress areas drought risk and flood prone zones. Some 

recommendations from farmers, agricultural scientists 

and veterinarians incorporated in order to refine and 

enhance the usable models. 

 

 

4. MODELING AND ANALYSIS  

4.1 Weather prediction and assessment: 

 Here Deep Gaussian Processes model is used to 

predict the weather conditions.  It gives the accurate 

predictions of rainfall and temperature variations were 

achieved, reducing uncertainty in crop planning.  

4.2 Precision Agriculture: 

 Here Deep reinforcement Learning (DRL) used 

for precision Agriculture. Optimized the resource 

allocation for irrigation and fertilization, ensuring 

sustainable water and nutrient usage. 

4.3 Livestock Health Monitoring; 

Here Variational Autoencoders (VAE’s) used for 

the Early detection of disease and stress in livestock 

improved productivity and reduced veterinary Costs.  

4.4 Soil Health Monitoring: 

Extreme Gradient Boosting (XGBoost) model 

used for prediction of nutrient deficiencies and 

Recommendations for corrective measures improved soil 

health and crop yields.  

 

 5. RESULTS AND DISCUSSIONS  

5.1 Weather Prediction:  

DGP’s reduced forecasting errors by 30% compared to 

traditional models, providing reliable predictions for 

rainfall and temperature.  
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Table 1: Weather Prediction performance Metrics 

Algorithm  RMSE 

(rainfall)  

RMSE 

(temperature)  

LSTM 3.2 mm 2.1oC 

Deep 

Gaussian 

Process 

2.1 mm 1.4oC 

 

5.2 Precision Agriculture 

Optimized irrigation and fertilization Schedules, and also 

reduced water and fertilizer Usage by 25%, while 

improving crop yields. 

Table 2: Resource optimization metrics 

Crop type Traditional 

water use 

(liters)  

Optimized 

water use 

(liters)  

Yield 

Increase 

(%) 

Wheat  5000 3750 12% 

Rice  7000 5250 10% 

 

  
Fig-3 Resource optimization chart 

 

5.3 Livestock Health Monitoring: 

VAEs Improved Early disease detection rates, enhancing 

milk yield and reducing mortality rates in dairy herds.  

Table 3: Livestock Health Metrics 

Parameter  Normal 

Range  

Anomalous 

Range  

Intervention  

Feed 

Intake  

25-35 

kg/day 

<20 kg/day Nutritional 

Boost  

Milk 

Yield  

20-

30liters/day 

<15 

liters/day  

Veterinary 

Check  

 

 5.4 Pest and Disease Management: 

Capsule Networks increased detection accuracy to 93%, 

surpassing traditional CNNs.  

Table 4: Pest detection metrics 

Model Accuracy 

(%) 

Precision 

(%) 

Recall 

(%) 

CNN 85 82 84 

Capsule 

Networks  

93 91 92 

 
 

 

5.5 Soil Health Monitoring  

 XGBoost improved nutrient application 

efficiency, increasing soil fertility and biodiversity.  

 

Parameter  Measured 

Value  

Optimal 

Range  

Recommendation  

Soil pH 5.8 6.0-7.5 Apply lime  

Organic 

Matter  

2.5% >3%  Add compost 

 

Discussion: 

The integration of rare ML algorithms with 

agricultural and zoological insights demonstrated 

consistent improvements in climate resilience. These 

technologies enhanced decision-making, reduced 

resource wastage, and increased productivity in terms of 

both crop and livestock system. 

 

6. CONCLUSIONS 

This Study highlights the potential of AI and ML 

in addressing the challenges posed by climate change in 

agriculture and dairy farming. By advanced algorithms, 

researchers can develop more precise solutions to 

enhance productivity and also sustainability. The 

Integration of machine learning Techniques with 

knowledge from plant and animal science, it enables a 

deeper understanding of crop growth patterns and 

livestock health and environmental factors. This holistic 

approach not only optimizes resources utilization but also 

mitigates the vulnerable effects of climate variability. As 

result shown AI Driven innovations are best way for more 

resilient and efficient agricultural sector, ensuring food 

security for future generations. 
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