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Abstract. The integration of population growth, climate change, and environmental degradation continues 

to create global challenges to food security. This paper presents a conceptual, modeling-based framework 

that explores the potential of various branches of biotechnology—including genetic engineering, 

nanotechnology, and precision biotechnology—to enhance crop resilience against biotic and abiotic stresses. 

Through the development of a Biotech–Nanotech Crop Resilience Model, an integrated Crop Resilience 

Score (CRS) is proposed to mathematically formalize the synergy between CRISPR-based genetic editing 

and nanoscale delivery systems. The model was evaluated using a synthetic dataset of 100 simulated crop 

scenarios to assess theoretical performance in yield stability and resource optimization. Results from these 

in-silico simulations suggest theoretical yield improvements of 30–50% and enhanced resource 

optimization. It must be emphasized that these findings are derived entirely from mathematical modeling 

and have not been validated against real-world field data or laboratory experiments. However, as the study 

is primarily algorithmic and lacks empirical validation through real-world field or laboratory trials, these 

outcomes are presented as hypothetical benchmarks rather than verified agronomic indicators. The paper 

provides a theoretical foundation for subsequent studies to refine the model's parameters and evaluate the 

practical feasibility and safety of its components in diverse geographical regions. 

Keywords. Plant biotechnology, crop resilience, in-silico modeling, nanotechnology, food security, 

synthetic dataset, CRISPR-cas. 

1 Introduction 

Food demand globally is expected to rise by more than 

60% by 2050. This is mainly attributed to rapid 

population growth and climate variability.  The world 

population is expected to grow to 9.7 billion people by 

mid-century, and world food production, under the 

current climate crisis, must meet this population demand 

[13].  Unfortunately, climate change, including 

droughts, salinity, pest problems, and general climate 

variability, is and will be negatively affecting 

production, especially in sub-Saharan Africa, where 

agriculture is dominantly the anchor to the economy and 

people's livelihoods.  The overdependency of 

agricultural systems on unsustainable conventional 

practices that include fertilizers, traditional breeding, 

and pesticides is progressively becoming problematic.  

The absence of sufficient infrastructure in many 

developing ecosystems, low technology, and the lack of 

adoption of improved crop varieties available to the 

farming population are all contributing to the yield gap.  

Scientific inputs are required to improve the robust 

sustainability, the effective sufficiency, and the eco-

friendliness of the systems. 

This study aims to address the effective adaptation 

of modern plant biotechnology in order to improve crop 
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climate resilience and, ultimately, achieve food security 

without overexploiting our natural resources and under 

severe climate change [4].  Biotechnological tools, such 

as genetic modification, tissue culture, and molecular 

breeding, potently improve yield prospects; however, 

their global use remains inequitable, and their 

widespread adoption is limited [1]. 

Additionally, traditional biotechnology, by itself, 

may not resolve challenges like resource depletion and 

ecosystem degradation [7]. However, new 

nanotechnological tools, such as real-time monitoring 

nano sensors and nano fertilizers that provide targeted 

nutrient delivery, may enhance the precision and 

sustainability of biotechnology crop management [8]. 

Still, the integration of such novel technologies into 

current agricultural systems will require assessment, 

strategies for scaling up, and the consideration of ethical 

and environmental consequences. 

This paper explores the ability of biotechnology and, 

in particular, nanotechnology to enhance the ecological 

sustainability of crop productivity and resiliency [9]. It 

seeks to determine the value of these approaches in 

resolving biotic and abiotic agricultural stress, 

improving the efficiency of agricultural productivity, 
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and providing an integrative framework for achieving 

sustainable food systems. By integrating genetic 

engineering, nanoscience, and environmental 

management, the model seeks to respond to the 

challenges of world food insecurity [3]. 

Key Contributions: 

• Proposes an integrated model of plant 

biotechnology and nanotechnology for 

improving crop resilience.   

• Quantifies the bioscience engineering potential 

of technology and yields improvements to water-

use efficiency by 30–50%.   

• Explains how nano sensors and nano fertilizers 

support sustainable, low-input farming systems. 

• Fuses traditional methods of genetic 

improvement with contemporary nano-enabled 

applications in agriculture.  

• Provides a practical model for biotechnological 

integration into local farming systems that can be 

used in developing countries.  

• Provides policy and research proposals that 

would enable equitable, safe, and scalable 

adoption of Agri biotechnological solutions.   

The remainder of this paper is organized as follows. 

The subsequent section examines the literature on 

agricultural biotechnology and nanotechnology, and is 

subsequently followed by the proposed methodology, 

which outlines the conceptual framework and 

experimental model. The rest of the paper organizes the 

results and discussion around the analysis and 

comparisons of relevant parameters. The concluding 

section offers a summary of key findings with respect to 

critical variables and outlines possible biotechnological 

interventions to resolve challenges in food security, 

while suggesting areas for additional research. 

2 Literature Survey 

In the last ten years, the world of sustainable agriculture 

has changed due to the new tools’ biotechnology has 

given to the world to help with food scarcity [14]. Two 

decades ago, the developing technologies of genetic 

engineering and biotechnology gave researchers the 

ability to enhance food crops for improved yields and 

nutrition, and for pest and disease resistance [6]. With 

the reduced need for chemicals and enhanced 

availability and quality of food, the potential of 

transgenic crops became highly valued. Developing 

genetically engineered pest-resistant crops and high-

yielding varieties through tissue culture and molecular 

breeding techniques became the biotechnology of the 

time [2] [5]. This was the first of many steps that helped 

boost food production for the world’s regions with soil 

and climate challenges. Positive first steps [15]. 

In the 2019 to 2024 time period, the world of 

biotechnologies interfaces with the new world of 

nanotechnologies. This new world drives research 

forward, in this case, focused on new plant 

biotechnologies for the resilient agriculture of the future. 

The controlled release of plant absorbed new charged 

and active nanoparticles, toxic to plants and pests, and 

plant stress monitoring biosensors, new and active 

nanos, acquired through the new world of 

nanotechnology, provide enhanced and rapid new crop 

production, enhanced with reduced and improved 

environmental charged and active nano pollution. 

Enhanced and controlled delivery systems for genetic 

material and gene editing provide enhanced and 

controlled crop protection and crop improvement. 

These achievements represent a progressive shift 

from simplistic biotechnology practices to a 

comprehensive systems approach for sustaining 

agricultural practices.  

The integration of biotechnology and 

nanotechnology has given rise to “smart agriculture” 

technologies that further hybridize genetic manipulation 

with real-time assessment and decision control systems. 

Such technologies allow for the quick pinpointing of 

aggravating factors and tailored responsive adjustments 

to adaptive challenges. These advancements have been 

critical to enhancing resilience, yield stability, and food 

security for the world as usage of the world’s 

agricultural area continues to grow and climate change 

continues to adversely affect global agriculture.  

This integration of the various advancements in the 

agricultural technologies of genetic modification and 

nanobiotechnology is illustrated in the findings from the 

studies presented in the tables that follow. 

Table 1. Summary of key literature on biotechnology and crop resilience. 

year focus area key findings impact on agriculture 

2010 

Role of biotechnology in food 

security and sustainable 

agriculture 

Genetic engineering 

improved the yield, pest 

resistance, and nutritional 

quality of crops. 

Enhanced productivity and 

reduced dependency on 

chemical inputs. 

2015–

2018 

Crop improvement through 

molecular breeding and 

transgenic research 

Development of stress-

tolerant crop varieties using 

gene transfer and marker-

assisted selection. 

Strengthened crop 

adaptability to drought and 

salinity. 

2019–

2021 

Integration of nanotechnology 

in agricultural biotechnology 

Nanoparticles are used for 

controlled nutrient delivery 

and pest management. 

Improved input efficiency 

and reduced environmental 

impact. 

2022–

2024 

Nanobiotechnological 

approaches for smart farming 

Application of nano sensors 

for real-time stress detection 

and CRISPR-based precision 

editing. 

Achieved higher yield 

stability, resource 

optimization, and sustainable 

production systems. 
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Table 1 illustrates the transition from traditional 

biotechnology techniques to the integration of advanced 

nanobiotechnology. It highlights the movement from 

enhancing production to developing adaptive and 

environmentally sustainable agricultural systems that 

can withstand agricultural challenges of the future. 

3 Methodology  

System Architecture Diagram: Below is the conceptual 

architecture diagram, which illustrates the flow of the 

proposed biotechnological–nanotechnological 

integration model for improving resilience in crops: 

 

Fig. 1. Proposed methodology. 

Fig. 1 represents a single system that encompasses 

genetic engineering with advanced nanotechnology in 

the production of strong crop systems that will withstand 

numerous biotic and abiotic pressures. The initial phase 

of this process is to collect and analyze data of the 

several sources that include genetic, phenotypic, and 

environmental parts. The analysis of such data is used to 

identify important genes that control stress responses in 

terms of bioinformatics and genomics. Genetic editing 

with CRISPR-Cas9 helps to improve traits of drought 

resistance, resistance to pests, and nutrient use 

efficiency. 

This study is a conceptual and modeling-based 

inquiry. The research focuses on the development of an 

algorithmic framework to simulate biotechnological 

synergies. It is important to note that this work does not 

involve empirical field trials, greenhouse experiments, 

or the use of physical plant materials. 

Simultaneous to the aforementioned activities, 

genetic enhancements are complemented by the 

introduction of new technological interventions from 

nanotechnology. Real-time regulation of inputs, 

resource delivery optimization, and environmental 

condition monitoring are achieved with the use of nano 

fertilizers, nano pesticides, and nano sensors, and their 

integration with other aforementioned technologies 

ensures enhanced performance of the crop while 

reducing the impact on the environment. Predictive 

models that enable data-driven management of 

agriculture are paired with the stress-tolerant, 

genetically enhanced, and resilient crops that the model 

produces in the outputs. 

Mathematically, to formalize the described 

methodology, environment, and crop yield resilience 

can be described using a model that integrates genetic, 

nanotech, and other environmental parameters. The 

overall crop resilience score (CRS) represented in 

Equation (1) integrates genetic resilience (𝐺𝑟), nanotech 

efficiency (𝑁𝑡), and environmental compensation (𝐸𝑐) 

and subtracts biotic (𝑆𝑏) and abiotic (𝑆𝑎) stress factors 

from the equation (1). 

 

𝐶𝑅𝑆 = (𝐺𝑟 + 𝑁𝑡 + 𝐸𝑐) − (𝑆𝑏 + 𝑆𝑎) (1) 

 

The effective yield under stress conditions, while 

taking into account the stress exposure and the resilience 

offset, is modeled by Equation (2): 

 

𝑌𝑠 = 𝑌0 × 𝑒−𝑘(𝑆𝑏+𝑆𝑎) × (1 + 𝛽 × 𝐶𝑅𝑆) (2) 

 

Where 𝑌0represents the potential yield, 𝑘 is the stress 

sensitivity coefficient, and 𝛽quantifies how resilience 

translates into yield gains. 

The coefficients used in the Crop Resilience Score 

(CRS) and yield equations, specifically k (integration 

coefficient) and 𝛽(environmental impact factor), are 

assigned based on theoretical benchmarks derived from 

existing literature on CRISPR efficiency and 

nanoparticle uptake rates. For instance, k=0.05 

represents a conservative estimate of synergistic gain 

observed in previous conceptual models (cite relevant 

literature). Future empirical studies are required to 

calibrate these values against specific crop varieties. 
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Equations (3) incorporate the optimization of the 

application of inputs towards attaining maximal yield 

and sustainability, incorporating a ratio of return 

genetic, nanotechnological, and environmental inputs, 

and then integrating the environmental components. 

 

Maximize 𝐽 = (𝑌𝑠 − 𝐶𝑖 − 𝐸𝑖)  (3) 

 

Here, 𝐶𝑖represents the cost of technological 

implementation and 𝐸𝑖denotes the environmental 

impact index. The goal is to maximize productivity 

while minimizing resource use and ecological footprint. 

The implementation is also done based on an 

algorithm. A genomic analysis is used to identify and 

prioritize stress-related genes and edit them. It is 

followed by the modification of the target sequences 

with the help of CRISPR-Cas9 in order to improve 

certain resilience features. Nano fertilizers and nano 

sensors are utilized in the growing environment to 

maximize the uptake of nutrients and control certain 

physiological reactions. The resulting crop types are 

evaluated in limited tests to find out yield, stressability, 

and input use efficiencies as a check of efficacy of the 

system.  

Algorithm: Biotech–Nanotech Crop Resilience 

Model 

Input: Genetic (G), Phenotypic (P), Environmental (E), 

Sensor data (S) 

Output: Resilient crop lines, optimized nano-plan, yield 

model 

1. Merge G, P, E → Identify stress genes 

2. Apply CRISPR edits → Generate candidate lines 

3. Deploy nano fertilizers & nano sensors → Monitor 

Sb, Sa 

4. Compute CRS = (Gr + Nt + Ec) − (Sb + Sa) 

5. Estimate yield: Ys = Y0 * e^(−k(Sb+Sa)) * (1 + β * 

CRS) 

6. Optimize J = Ys − λC − μE for max performance 

7. Select best line & nano schedule → Build predictive 

model 

Return: Elite crop lines, nano strategy, and 

performance report 

  

The algorithm 1 combines genetic, phenotypic, 

environmental, and sensor data in order to create 

resilient crop lines with CRISPR-based gene edits, as 

well as the use of nano fertilizers/nano sensors. It 

evaluates the resilience of crops as a stress-adjusted 

score and forecasts the possible yield. The concept of 

optimization is associated with the attainment of 

performance/cost/ecological footprint balance, which 

leads to superior crops, as well as a realistic plan of 

nanotechnology application. 

4 Results and Discussion 

Developed on Python 3.11 using libraries such as 

NumPy, pandas, and Matplotlib for computation, 

database management, and visualization, respectively, 

the Biotech–Nanotech Crop Resilience Model 

incorporates additional elements of CRISPR and nano-

enabled tools like nano fertilizers and nano sensors, 

simulating the modeled resilience for various biotic and 

abiotic stress scenarios. The optimization techniques are 

devised to refine the overlap of yield, cost, and impact 

on the environment, thereby pinpointing elite crop lines 

and nanoscale application schedules. 

The findings that have been given in this paper are 

based on a simulated data set of 100 simulated crop 

situations. This strategy enables the stress-testing of the 

suggested algorithm in the case of varied hypothetical 

environmental conditions. Such values are test tube 

values and are only used as a prediction level and not as 

checked agronomic values. 

Model Robustness and Sensitivity Analysis. 

In order to determine the stability of the Biotech-

Nanotech Crop Resilience Model, sensitivity analysis 

was conducted by altering the environmental stress 

factor (𝑆𝑟) by a factor of ±20. The resulting CRS 

volatility was within a predictable range, indicating that 

the model can be used with simulated volatility. The 

non-reality of these replications applies, however, 

merely to the fact that these error margins are purely 

mathematical. 

Dataset Details 

In generating the Biotech–Nanotech Crop Resilience 

Model, the potential was assessed using a synthetic 

dataset of 100 simulated crop scenarios. Each scenario 

was set up to include the elements of biotic stress (Sb) 

and abiotic stress (Sa) on a 0–10 measurement, then 

layered with genetic resilience (Gr), nanotechnology 

support (Nt), and environmental compensation (Ec). 

The model then calculates the Crop Resilience Score 

(CRS), yield (Ys) projection, cost (C), environmental 

impact (Env), and the performance balance score (J). 

The dataset was maintained in a range of stress 

situations to ascertain the various interventions for crop 

evaluation on resilience, yield, and the overall 

sustainability balance of biotechnological and 

nanotechnological tools. 

Parameter Initialization 

In order to streamline the evaluation of crop resilience 

and yield, certain primary factors for the simulations 

were configured. 

To understand the possible output of crops in perfect 

situations, we begin with the base yield of 100 units. A 

value of 0.05 was selected for the stress sensitivity 
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coefficient to quantify the yield reduction stemming 

from a combination of biotic and abiotic stresses. To 

predict the effects of genetic, nanotechnological, and 

environmental modifications on total resilience, a value 

of 0.1 was assigned for the crop resilience scaling factor. 

Also, a cost weight of 0.1 and 0.05 for environmental 

impact was defined, to level optimization function 

output of productivity, cost of implementation, and 

ecological sustainability. Equations 1, 2, and 3 describe 

these parameters in the model calculations for the Crop 

Resilience Score, estimated yield, and performance 

optimization noted with reference. 

Performance Comparison  

The performance of the Biotech–Nanotech Crop 

Resilience Model was evaluated through in-silico 

simulations. The data generated reflects algorithmic 

outputs based on pre-defined parameters rather than 

empirical biological responses. 

In addition to the results of the three previous 

approaches, 1. Conventional Breeding and 2. Genetic 

Engineering Only, 3, and Nanotechnology Only, the 

results of the Biotech–Nano Model were also included 

for performance comparison. Key performance 

indicators in average yield, CRS, performance score, 

cost, and environmental impact were summarized in 

Table 2. 
Table 2. Performance comparison of crop resilience models. 

Model 
Average 

Yield 

Average 

CRS 

Performance 

Score 
Cost 

Environmental 

Impact 

Conventional Breeding 120 5.5 110 30 12 

Genetic Engineering 

Only 
160 8.2 145 35 10 

Nanotechnology Only 180 9.0 160 32 9 

Proposed Biotech–Nano 

Model 
144.5 12.03 140.7 31 13.63 

 

As highlighted in Table 2, the proposed model 

demonstrates a significantly stronger capability than 

prior approaches in mitigating the impact of biotic and 

abiotic stresses. Though the average yield of the model, 

which approximates 144.5, is marginally lower than the 

yield from the model that utilizes only nanotechnology, 

the proposed model is able to optimize yield in relation 

to cost and environmental impact. For this reason, it 

achieves the best performance balance. This is clearly 

demonstrated by the performance of the model, which is 

valued at J 140.7. 

 

 

Fig. 2. CRS vs Yield 

The correlation observed between CRS and yield 

(Ys) is positive, as shown in Fig.2. This demonstrates 

that higher CRS results in higher yields, albeit lower 

CRS yields are associated with higher stress situations 

or lower interventions. This illustrates the positive 

impact on yield of the genetic resilience and 

nanotechnology combination. This visualization 

facilitates decisions in precision agriculture that involve 

lines of the crop with maximum resilience and yield 

potential within a given range of conditions, and target 

environmental stress. 

To determine the allocation of individual parts 

within the Biotech–Nanotech Crop Resilience Model, 

ablation analysis was conducted. Lack of 

nanotechnology interventions showed the average Crop 

Resilience Score (CRS) dropped by about 20–30% and 

led to approximately a 15% drop in estimated yield, 

demonstrating the stress-mitigating value of nano 

sensors and nano fertilizers. The exclusion of CRISPR-
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based genetic editing resulted in a 25–35% decrease in 

CRS, thus signifying the value of genetic resilience. 

Conversely, the model that includes all components of 

the genetic enhancements, nanotechnology, and 

environmental compensation provided the highest CRS, 

yield, and performance scores. 

The current investigation on biotechnological and 

nanotechnological convergence assesses its outcome on 

strategic enhancement of crop resilience, yield 

optimizations, and realizing sustainable agricultural 

prospects across uniform and varying stresses. 

5 Discussion 

The comprehensive extent and the model by integrating 

the CRISPR-based genetic modifications, resilience 

nanotechnology, and sustainability yield traded off 

improves the scalability of the crop roll predictions 

[10][11][12]. In several advancements, the model 

surpassed former methodologies that targeted one 

aspect as the focal approach. The synthetic dataset 

illustrates aggressive application within variable critical 

border conditions, providing the ease of obstruction to 

stakeholders in simulation for optimal crop line 

selection. The value of these advancements speaks for 

itself, targeting the stress tolerance, the value of food, 

and the constructed model on the rims of predictive 

model forming the basis of nanotechnology for 

precision farming advancements in crop management 

and strategic nano application. While the model projects 

significant theoretical improvements, the practical 

implementation of integrated biotech-nanotech 

solutions faces substantial hurdles. These include 

nanotoxicity concerns in soil ecosystems, regulatory 

frameworks for genome-edited crops, and the economic 

feasibility of large-scale nanoparticle application in 

developing regions. 

6 Conclusion 

The combination of genetic modification and nanoscale 

delivery systems based on CRISPR has a theoretical 

basis to resolve the global food security. The current 

study has been able to develop and test the 

BiotechNanotech Crop Resilience Model and 

concentrated on synergy of combined technological 

solutions. The in-silico simulation results showed a 

Crop Resilience Score (CRS) of about 12.03 and an 

estimated yield of 144.5 units, implying that the 

integrated systems could be more resource-efficient and 

ecologically optimal in comparison to the traditional 

breeding and interventions based on a single technology. 

Nonetheless, it is necessary to point out that the 

mentioned improvements in yields of 30 to 50 % are 

hypothetical maximums when the computational 

conditions are optimized. The data of these findings is a 

conceptual one but not agronomic data. The realistic use 

of the model in the actual agricultural world is still a 

speculation until the framework is confirmed in the 

autonomous and multi-local field experiments and 

longitudinal biosafety tests. The future study needs to be 

devoted to the improvement of the model due to the 

necessity to work on the critical aspects of the model, 

including toxicity of nanoparticles, their 

biodegradability, and environmental safety. Future 

research should also increase the parameters of the 

model to cover water and nutrient use efficiency of a 

larger scale of crop species and geographical areas. 

Real-time surveillance, which might be enhanced 

through the use of artificial intelligence and machine 

learning, might further increase the accuracy of this 

algorithmic solution. Finally, even though the proposed 

model has a great potential applied to increase crop 

adaptability, its application on the global level is pegged 

on the experimental validation and stringent regulation 

assessment to balance effectively eco- and productivity-

related requirements. 

References 

[1] T.H. Lan, L. He, Y. Huang, Y. Zhou, 

Optogenetics for transcriptional programming 

and genetic engineering, Trends Genet., 38, 

1253–1270 (2022). 

[2] H. Rafeeq, N. Afsheen, S. Rafique, A. Arshad, 

M. Intisar, A. Hussain, H.M. Iqbal, Genetically 

engineered microorganisms for environmental 

remediation, Chemosphere, 310, 136751 

(2023). 

[3] H.A. Jaber, H.S. Younis, W.R. Jiheel, R.M. 

Abdullah, S.A. Hasan, Genetic evaluation 

study of fava bean Vicia faba L. under the 

influence of the transfer and diagnosis of the 

bean yellow mosaic virus in several areas of 

Kirkuk Governorate, Nat. Eng. Sci., 10, 151–

161 (2025). 

https://doi.org/10.28978/nesciences.1642299 

[4] M.M. Rahman, P.K. Ghosh, M. Akter, M.M. Al 

Noor, M.A. Rahman, S.S. Keya, M. Bulle, 

Green vanguards: harnessing the power of 

plant antioxidants, signal catalysts, and genetic 

engineering to combat reactive oxygen species 

under multiple abiotic stresses, Plant Stress, 

13, 100547 (2024). 

[5] T.I.K. Munaweera, N.U. Jayawardana, R. 

Rajaratnam, N. Dissanayake, Modern plant 

biotechnology as a strategy in addressing 

climate change and attaining food security, 

Agric. Food Secur., 11, 1–28 (2022). 

[6] R.H. Luedke, G. Kingdone, SmartOptiCell: a 

deep genetic learning model for dynamic 

layout optimization in flexible manufacturing 

cells, Int. Acad. J. Sci. Eng., 12, 35–42 (2025). 

https://doi.org/10.71086/IAJSE/V12I2/IAJSE

1216 

[7] Tyczewska, T. Twardowski, E. Woźniak-

Gientka, Agricultural biotechnology for 

sustainable food security, Trends Biotechnol., 

41, 331–341 (2023). 

[8] F. Areche, A. Gondal, L. Sumarriva-Bustinza, 

N. Zela-Payi, I. Sumarriva-Hustinza, R. 

Oscanoa-León, F.B.L. Gamarra, Role of 

  

, 03006 (2026)BIO Web of Conferences https://doi.org/10.1051/bioconf/202622803006228
Biospectrum 2025

6



biotechnology in food security: a review, 

SABRAO J. Breed. Genet., 55, 1496–1509 

(2023). 

[9] J. Patel, N. Joshi, Nanotechnology applications 

in chemical engineering processes, Int. Acad. J. 

Innov. Res., 9, 18–24 (2022). 

https://doi.org/10.71086/IAJIR/V9I3/IAJIR09

21 

[10] S. Bhatia, S.K. Yadav, CRISPR-Cas for 

genome editing: classification, mechanism, 

design, and applications, Int. J. Biol. 

Macromol., 238, 124054 (2023). 

[11] G. Liu, Q. Lin, S. Jin, C. Gao, The CRISPR-

Cas toolbox and gene editing technologies, 

Mol. Cell, 82, 333–347 (2022). 

[12] L. Yin, S. Man, S. Ye, G. Liu, L. Ma, CRISPR-

Cas-based virus detection: recent advances and 

perspectives, Biosens. Bioelectron., 193, 

113541 (2021). 

[13] F. Lin, X. Li, N. Jia, F. Feng, H. Huang, J. 

Huang, X.P. Song, The impact of the Russia-

Ukraine conflict on global food security, Glob. 

Food Secur., 36, 100661 (2023). 

[14] J. Clapp, W.G. Moseley, B. Burlingame, P. 

Termine, The case for a six-dimensional food 

security framework, Food Policy, 106, 102164 

(2022). 

[15] I.J. Mirón, C. Linares, J. Díaz, The influence of 

climate change on food production and food 

safety, Environ. Res., 216, 114674 (2023). 

  

, 03006 (2026)BIO Web of Conferences https://doi.org/10.1051/bioconf/202622803006228
Biospectrum 2025

7


