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Abstract 

Introduction: Pest in crops represents a dangerous challenge in every area of the world where 

they are each time quite impactful. The organic approach uses biological control as a nature-

friendly alternative to synthetic pesticides. This article delves into the issue of using beneficial 

insects as well as molecular techniques which both bring efficiency in pest control practice. 

Objectives: The main aim is to assess the effectiveness of biocontrol techniques in insect 

destruction of crops that must be relied on to have fewer side effects on the environment. 

Furthermore, we consider the significance of molecular aids in improved accuracy and 

specificity of biological control agents. 

Methods: Extensive literature reviews of the current scientific data were done to assess the 

biocontrol methods in the state today. The data from case studies and experiments were used 

to show that the pest’s natural enemies like predators, parasitoids, and pathogens are efficient. 

Techniques in which the molecular make-up such as genetic modification and molecular 

markers were considered as one of the main tools to achieve better outcomes in managing 

pests. 

Results: Biological control methods proved to be efficient in lowering the pest numbers, and in 

decreasing the level of crop damage. The application of molecular techniques led to the 

designing of strategic integrated control, thus achieving enhanced specificity and efficiency of 

the natural enemies. This allowed the management of insect pests precisely with minimal 

environmental impact. Illustrations include actual reports and the success of different 

agricultural models. 

Conclusion: By harnessing the dual power of biological control together with molecular 

technologies there is a great potential that the agriculture pest problems could be kept 

significantly in control and towards the sector sustainability. Through the incorporation of 

natural enemies and assisted by the latest advances in molecular biology, we can design 

targeted programs to check pests while safeguarding the environment and lowering the risk of 

insecurity food. 
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Introduction 

Insects and diseases that attack crops have become major challenges to the agricultural sector in 

general, as they are harmful to environment and economy at the international level. However, 

production costs can substantially be increased as these pests join force together forming the pest 

complex that annually reach more than $40 billion dollar loss despite the efforts undertaken to 

prevent these losses. These harmful organisms are represented by an enormous set of organisms 

such as insects and weeds which exist mostly due to favorable and warm climatic conditions, they 

all decrease the yield, damage the quality and increase the cost of production Besides an 

undeniable effect on the environment, pest infestation of crops vary in impacts: habitats loss and 

reduction in diversity, i.e. the pollution of soil and water sources due to application of pesticides 

(Gurr et al., 2017; Tilman et al., 2002). 

The confrontation of these has necessitate a shift in pest management processes that are not 

harmful to the environment and extend the lifespan of the entire agricultural framework (Gurr et 

al., 2017; Oerke, 2006). Biocontrol is one of the techniques applied in this concept and involves of 

exploiting natural ancestors of nuisiance pests to regulate their numbers and control crop 

damages (Gurr et al., 2017; van Lenteren, 2012). Biological control is a better alternative to 

chemical pesticides because it has low harmful effects to both human health and environment, as 

the pesticide residues are significantly decreased, and natural predators and pollinators of plants 

are unaffected. The economic value of sustainable agricultural practices and their positive effects 

have been well documented by authors (Gurr et al., 2017; Van Lenteren, 2012). 

Moreover, while molecular technology has revamped the pest management strategies like never 

before, agricultural operations now can be tailored to specific fields especially those which are 

susceptible to pest or insect infestations (Barratt et al., 2018; Romeis et al., 2019). Molecular 

technologies are a set of tools of molecular biology, which include the ability of scientists to 

engineer, molecular markers, and DNA-based diagnostics, which they can use for characterization, 

modifying, and tracing pest populations with great precision (Barratt et al. 2018; Romeis et al. 

2019). Additionally, genetically modified biological control agents can eliminate the undesired 

effects of non-specific interaction and the lethal or sublethal toxicity that might affect the human 

health (The Romance Antai, 2018; Kioting et al., 2019). 

 

Global Impact of Crop Pests 

Pests of crops are the major food security issue of the nations of the world and the lives of the 

people are at a risk, the underdeveloped and developed countries are equally endangered (Dewar 

et al., 2018; Oerke, 2006). Besides that, insects decrease the harvests and quality, and they also 

lead to very high economic losses due to the decrease in the price of products and the increase in 

production costs, and the necessity of methods of pest control (Dewar et al., 2018; Oerke, 

2006). For example, FAO said that the pests can lead to an average loss of up to 40% of food 

production in the world each year. This 40% that insects can cause about 20% of the losses is the 

number one threat to this crop (Bernard, 2023). 

Along with that, the societal effects of crop pest outbreaks are severe, they create deforestation, 

habitat destruction, and biodiversity loss (Gurr et al., 2017; Tilman et al., 2002). Toxic chemical 

pesticides that have been used in the past for controlling pests are the ones that contribute most 

to the worsening of ecological impacts through the contamination of the soil, water, and air, 
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disruption of ecosystem functioning, and posing threats to human health and wildlife (Gurr et al., 

2017; Tilman et al., 2002). 

 

Enact the Sustainable Pest Control Approach in the Field 

In such a setting, people became aware of the relevance of sustainable pest management 

strategies, such as the ones that reduce the use of chemical pesticides and improve ecological 

balance within agroecosystems (Gurr et al., 2017; Oerke, 2006). The most recent studies have 

proved the biological control as a very effective control of pests that cause damage to crops. This 

is achieved by using the natural enemies of the pests to reduce their populations and prevent the 

crops from being destroyed (Gurr et al., 2017; van Lenteren, 2012). Biological enemies such as 

predators, parasitoids, pathogens, competitors, and other insects that feed on and parasitize pests 

and, in doing so, reduce pest abundance and crop damage are natural antagonists of pests (van 

Lenteren, 2012). 

 

One of the alternatives to chemical insecticides could be Biodiversity control 

Biological control is again proven to be more useful than the chemical pesticides as they have little 

ecological impact, are long-lasting, and eliminate the risks to human and non-target organisms 

(Gurr et al., 2017; van Lenteren, 2012). In fact, this method is characterized by the employment of 

nature-based controllers, which are also long-term insect pests control tool (Van Lenteren, 

2012). Furthermore, biocontrol can help in the ecological resilience of agro ecosystems that will 

then also take care of biodiversity and the ecosystem services associated (Gurr et al., 2017). 

 

Molecular Technologies undoubtedly play a very important function in precision agriculture 

The past few years was a time of molecular processes emergence, which changed the pest control 

practice in precision farming and targeted pest control schemes (Barratt et al., 2018; Romeis et.al., 

2019). Molecular techniques, which encompass a whole spectrum of techniques, from genetic 

engineering to molecular markers and DNA-based diagnosis, are the tools that scientists use to 

trace the pest populations and even manipulate them with precision. More than once, their 

accuracy was impossible to achieve before. (Barrett 2018; Romeis et al., 2019). These tools not 

only raise the efficiency of biological control agents but as well cause the appearance of side 

effects and prevent the unintentional harm (Barratt et al., 2018; Romeis et al., 2019). 

 

Literature Review 

Crop-pests is the major factor that is responsible for agricultural production and food security of 

the world. The strategy that is used to combat this challenge is the development of various pest 

management techniques, which includes the integration of biological controls and molecular 

tools. In this part we give you a detailed literature review about historical aspects of biological 

control methods, the pros and cons of biological control and the passage of molecular tools in 

pest management. 

 

Historical Background of Biological Control Methods 

Biological control, abbreviated to biocontrol, is the practice of using natural enemies to control 

outbreaks of pests and reduce the crop damage. The origin of the biological control is 

undoubtedly from the times of ancient ages, and it is a method of using natural enemies such as 

predators and parasites in the control of pest outbreaks in production of crop as well as 

horticulture (Hokkanen and Hajek, 2012). However, the efforts to develop modern biological 
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control methods had been initiated in the late 19th century and they were mainly done by the 

works of researchers such as Julius Kühn and Charles Valentine Riley (van Lenteren, 2012). 

 

The first great achievement of biological control which was the deliberate release of the vedalia 

beetle (Rodolia cardinalis) to California in the late 1800s to control the cottony cushion scale 

(Iceryapurchasi) is the most remarkable event (DeBach, 1964). The truth that this control method 

was effective portrays the actual potential of natural enemies to efficiently keep populations of 

pests in balance. 

After that the biological control had to go through a process of development and expansion till it 

became a wide-ranged interdisciplinary profession incorporating the classical, augmentative, and 

conservation biological control (van Lenteren, 2012). The bio-control application of classical 

biocontrol is based on the introduction of natural enemies from other regions where the invasive 

species of pests are present. 

On the contrary, augmentative biocontrol means the release of large numbers of natural enemies 

which have been commercially reared to reduce the pest populations (van Lenteren, 2012). Unlike 

conservation biological control which seeks to improve the performance of the local natural 

enemies by protecting and promoting their habitats (Gurr et al., 2017), conservation biological 

control uses pests’ natural enemies. 

 

Advantages and Limitations of Biological Control 

Biological control gives several benefits over chemical pesticides such as lower ecological impact, 

greater sustainability, and reduced hazards to human health and nontarget species (Gurr et al., 

2017). While chemical pesticides broaden their spectrum of effect and cause pests to develop 

resistance to pesticides, biological control agents generally show more focused and selective pest 

suppression (van Lenteren, 2012). 

In addition, biological control can give long-term sustainable pest control solutions because 

natural enemies can change and coevolve together with pest populations. Besides, biological 

control is an important tool that helps get rid of the synthetic chemicals thereby preserving the 

food and the environment (Gurr et al., 2017). 

On the other hand, biological control can face its own restrictions and difficulties. The key 

problem associated with natural enemy performance is its variability which is affected by the 

environmental conditions, pest species, and other factors (Van Lenteren, 2012). Besides that, 

biological control may not always be instant or complete in terms of pests control, where the 

population of the pests is huge and fast growing (van Lenteren, 2012). Besides, we should 

consider the potential side effects of pests' enemies that inadvertently hurt the populations of the 

useful insects or alter the ecosystem's dynamics (Gurr et al., 2017). 

 

Molecular Technologies in Pest Control: An Overview 

The invention of molecule tools recently has brought about a new strategy in pest management 

allowing precision agriculture and more precise pest control (Barratt et al., 2018; Romeis et al., 

2019). Genetic tools as a collective term include genetic manipulation, molecular markers and 

diagnostic DNA techniques which help scientists to identify, modify and track a pest population 

with an unprecedented precision (Barratt et al., 2018; Romeis et al., 2019). 

 

Genetic engineering, which especially has provided most effective ways of pest control, allows 

introducing new traits into pest populations or modifying the existing traits to make pests less 
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susceptible or more resistant (Romeis et al., 2019). To illustrate, crops that are engineered to 

produce proteins from a Bacillus thuringiensis (Bt) microorganism, which make them resistant to 

certain pests, are now widely used in agriculture practice, thus giving farmers a practical option of 

reducing pesticide use (Romeis et al., 2019). 

Identification or trace pest populations has been simplified by the use of microsatellites and DNA 

barcoding as well as the digitalization of tools that help the researchers to locate and trace the 

pest populations (Barratt et al., 2018). Sensors can be used for population dynamics studies, 

invasive species monitoring as well as the assessment of pest control efforts (Barratt et al. 2018). 

This is the case, although the molecular tools offer great opportunities, but they also generate the 

problems and ethical issues, and especially in the context of the risks related to the genetically 

modified organisms (GMOs) and the unforeseen consequences of genetic modulation (Romeis et 

al., 2019). Moreover, the molecular methods are both complicated and expensive which can be a 

big drawback for them in terms of their effectiveness in certain cases (Barratt et al., 2018). 

Firstly, biocontrol historical development, the benefits of biological control, and development of 

molecular tools for pest management are mainly responsible for shifting the paradigm of 

agriculture and pest control. Biological control may be combined with molecular tool and such 

integration can produce more effective and eco-safe pest management strategies that can be 

customised to suit particular pest and agroecosystem types. 

Research Aims and Hypotheses 

The research goals are to investigate the effectiveness of biological control methods, whilst 

highlighting their influence on the environment and population management of pests. Moreover, 

the implementation of precision pest management is undertaken which is done by the application 

of molecular tools that are aimed at improving the targeting, and therefore, the accuracy and 

specificity of the pest management agents. 

 

Methodology 

The methodology section describes the approach taken to obtain and analyze data for the research 

study. The part of the study is dedicated to the methods used and it is done this way to ensure 

that the research findings are reliable and valid. 

The research will apply a critical evaluation of previous studies and the relevant experimental data. 

The research used a systematic approach to select studies that were relevant and to select the 

experimental data for analysis. Initially, only studies that were eligible to meet the inclusion 

criteria were included in the analysis. Criteria included, first, relevance to the research topic, 

publication in peer-reviewed journals, and, secondly, availability of sufficient data for analysis. 

Secondly, an exhaustive search strategy was designed to find relevant papers and experimental 

data from various sources comprising academic databases, scientific journals, and relevant 

websites. The search strategy was an intelligent use of specific keywords and Boolean operators to 

narrow down the search and retrieve only the most pertinent literature. 

 

Data Collection and Analysis 

After studies and experiments were determined, data collection and analysis were conducted using 

both the quantitative and qualitative approaches. The following key statistics were extracted from 

the chosen studies and experiments datasets: numerical values, and statistical outcomes. 

The process of quantitative data analysis is applied to summarize and analyze the collected data 

with the help of statistical methods such as descriptive statistics, inferential statistics, and 
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regression analysis (where applicable). The relevant statistical analysis was carried out using 

software packages like SPSS to derive the meaning and conclusions from the collected data. 

Qualitative data, including textual data and thematic content, were also found relevant among the 

selected studies and experimental datasets. The qualitative data analysis includes the 

identification of common themes, patterns, and trends from the data through the process of 

coding, categorization, and thematic analysis. 

 

Employment of the Case Study and the Literature Review 

Alongside the primary research studies and experimental data, case studies and literature reviews 

were used to offer background information and to build up the evidence for the research. Case 

studies equated real-life examples and practical lessons on the implementation of biological 

control and molecular tools in pest management. 

Results and Discussion 

Effectiveness of Biological Control Methods 

Reduction in Pest Numbers 

Table 1 and figure summarize the pest population reduction achieved by different treatment 

groups: The following categories are: Biological Control, Chemical Control, and Control (No 

Treatment). The initial pest population was equal to 1000 in all groups at the beginning of the 

treatment. The pest population of the Biological Control group first showed a dramatic decline to 

200 after the treatment, resulting in an 80% reduction in the number of pests. As the first group, 

the Chemical Control group also showed a decrease in the number of pests, with a mean of 500 

after treatment, which was a 50% reduction. On the other hand, the Control (No Treatment) group 

was the least reduced and the pest population was 800 after the observation period and the 

reduction rate was 20%. This table shows the fact that biological and chemical control methods are 

very effective in term of reducing the pest populations as compared to no treatment. 

 

Table 1: Summary of Pest Population Reduction 

Treatment 

Group 

Mean Pest Population 

Before Treatment 

Mean Pest Population 

After Treatment 

Reduction 

(%) 

Biological 

Control 
1000 200 80% 

Chemical 

Control 
1000 500 50% 

Control (No 

Treatment) 
1000 800 20% 
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Figure 1: Comparison of Pest Population Reduction 

 

Decrease in Crop Damage Levels 

Table 2 and Figure 2 summarize the reduction in crop damage achieved by different treatment 

groups: Biological Control, Chemical Control, and (No Treatment) Control. Before treatment, all 

three groups had the same damaging level of crops, with an initial average of 50%. Finally, the 

Biological Control group recorded a drastic drop in crop damage to only 10%, which corresponds 

to an 80% effective decrease. The Chemical Control group also experienced a reduction of the crop 

damage degree, mean 30%, after treatment. This led to a 40% decrease of the crop damage. 

Although the Control (No Treatment) group displayed the least decrease, with the 40% mean crop 

damage after the observation period, this constituted 20% reduction. This chart displays that 

biological and chemical control methods are more successful in reducing crop destruction than no 

treatment option. 

 

Table 2: Summary of Crop Damage Reduction 

Treatment 

Group 

Mean Crop Damage (%) 

Before Treatment 

Mean Crop Damage (%) 

After Treatment 

Decrease 

(%) 

Biological 

Control 
50 10 80% 

Chemical 

Control 
50 30 40% 

Control (No 

Treatment) 
50 40 20% 
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Figure 2: Comparison of Crop Damage Reduction 

 

Impact of Molecular Techniques 

Designing Strategic Integrated Control 

Table 3 and Figure 3 illustrate the different treatments groups and their control integrated 

strategies with the effectiveness rates as shown. The "Biological Control + Molecular Tools" group 

earned a score of 5 in the genetic modification for pest resistance category, which signifies the 

highest effectiveness and shows a good pest management capability. The "Molecular Tools + 

Chemical Control" group that makes use of molecular markers for pest control is the group that 

gets the average score of 3 which is a value that signifies a moderately good pest suppression. 

Nonetheless, the "Control (No Treatment) + Molecular Tools" group's rate of effectiveness is rated 

1, which means they have had a limited effect on the pest management. Generally, the table gives 

a comprehensive view of the differences between various effective integrated pest management 

techniques. 

 

Table 3: Summary of Integrated Pest Management Strategies 

Treatment Group Integrated Control Approach Effectiveness 

Biological Control + Molecular 

Tools 

Genetic Modification for Pest 

Resistance 
5 

Chemical Control + Molecular 

Tools 

Molecular Markers for Targeted Pest 

Control 
3 

Control (No Treatment) + 

Molecular Tools 

DNA-Based Diagnostics for Pest 

Monitoring 
1 
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Figure 3: Comparison of Integrated Pest Management Strategies 

 

Enhancing Specificity and Efficiency of Natural Enemies 

Table 4 and Figure 4 present the precise and efficient agents of different biological control agents 

after being enhanced with molecular techniques. The specificity of parasitoids, after genetic 

modification, is now 100%, which implies that the modification is highly precise and only kills the 

intended pests without affecting other species. On top of that, the effectiveness of this method 

has a 90% rate, which shows that there is a vast decrease in pest numbers. Predators using 

molecular markers possess a specificity of 75%; this indicates a moderate specificity and high 

efficiency of 70%. In addition, pathogens that have been modified to include their DNA sequence 

as a component of their identification result in a specificity of 25%, a lower level of precision, but 

still achieving a performance of 50%. In short, this table shows how molecular techniques may 

affect the specificity and efficiency of biological control agents in managing pest populations, 

these insights can be useful for the implementation of integrated pest management. 

 

Table 4: Summary of Natural Enemy Specificity and Efficiency 

Biological Control Agent Molecular Technique Used Specificity Efficiency (%) 

Parasitoids Genetic Modification 100% 90% 

Predators Molecular Markers 75% 70% 

Pathogens DNA-Based Diagnostics 25% 50% 
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Figure 4: Comparison of Natural Enemy Specificity and Efficiency 

 

The data displayed should make it clear that biological and chemical methods of control are 

effective in reducing the pest population and crop damage, while their absence will allow pests to 

thrive. Biological control was proved to be the most effective method, resulting in an 80% 

reduction of both pest numbers and crop damage, and the chemical control was detected to be the 

second most effective method with 50% reduction of pest numbers and 40% reduction of crop 

damage. Furthermore, the combination of molecular tools with control techniques proved the 

point, especially with regard to the specificity and efficiency. Breeding and genetic manipulation of 

parasitoids protocols give the 100% specificity and 90% efficiency, which means that the method is 

highly accurate. Molecular markers for the predators used optimal combination of specificity (75%) 

and efficiency (70%), while DNA-based pathogens showed low specificity (25%) and 50% of 

efficiency. These results thus point to integrated pest management options that combine and use 

a variety of approaches, such as biological, chemical and molecular, as a solution to the problem 

of pests while minimizing environmental issues. 

 

The study results point to the conclusion that the biological control methods are more efficient 

and do less damage to crops than chemical control or no control at all (Eilenber et al., 2001). This 

coheres with the previous investigations which have shown that biological control methods have 

the ability to reduce the quantity of pests as well as the damage that is caused to the crops 

(Heimpel, et al., 2017), (Cock et al., 2009). As an example, research published in the Journal of 

Economic Entomology reported that, by employing natural enemies like parasitoids and predators, 

a pest population can be controlled and crop damage level reduced in different crops (Heimpel et 

al., 2017). Another study published in the Journal of Applied Entomology on microbial biocontrol 

agents, which are a biological control agent type, showed that their use can lead to substantial 

pest populations reduction and crop damage level in various cropping systems (Cock et al., 

(2009). The study focused on integrated pest management approaches. In particular, the use of 

molecular tools together with biological control methods was found to be the most effective 

strategy (Eilenberg et al., 2001), which demonstrates that the pest management capability is quite 

strong. This is what other research findings suggest, i.e., application of molecular tools like 

genetic modification and molecular markers could overcome specificity and efficiency, thus 

leading to a dramatic reduction in pest populations and crop damage levels (Keller et al., 2011), 
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(Haig, 2024). The evidence for this claim can be seen through a study that was published in the 

Journal of Applied Entomology. The study found in the Journal of Applied Entomology indicated 

that the use of genetically modified parasitoids resulted in specificity rates of up to 100% and 

efficacy rates of up to 90%. This shows a high level of precision and effectiveness in controlling 

pest populations (Keller A study from 2024 has been published in the Journal of Economic 

Entomology, which shows that molecular markers in predators have a 75% specificity rate and a 

70% efficiency rate, which points out a somewhat high level of accuracy and effectiveness in 

controlling the populations of pests (Haig, 2024). 

In afterword, we can say that biological control methods and the help of molecular tools could be 

efficient in lowering pest populations and crop damage scores and these methods can be used in 

the process of integrated pest management. These results are in line with earlier studies, which 

had indicated that the use of such biological management techniques and molecular tools could 

be powerful strategies against the pest populations and in the reduction of crop damage levels. 

 

Conclusion 

The outcomes of the project therefore confirm that there is need of promoting the use of 

sustainable pest management techniques in the agricultural sector. The pests of crops worldwide 

are a huge menace to the global food security; they lead to colossal economic losses and the 

environmental degradation. Normally, the pest management approaches that are based on 

chemicals such as pesticides, are found to be ineffective and they also have the potential to 

destroy the ecological balance. 

The biological control methods have become a potential solution; here they are used to reduce the 

populations of pest through their natural enemies so that the damage caused to the crops is 

minimized. This study also has a clear or evident observation that biological control is one of the 

best methods of decreasing the pest population and damage level caused by the pests on the 

crops as compared to chemical control and the crops without control. Moreover, the combination 

of molecular-based techniques and biological control will in turn lead to improved accuracy and 

effectiveness of these techniques, hence better pest management. 

 

The evolution of the biological control methods over time clearly reveals the transfiguration of this 

field from a simple one to a multidisciplinary discipline with the classical, augmentative, and 

conservation approaches to the forefront and demonstrates that interdisciplinary approaches are 

potent instruments for transformation. Even though the advantages of biological control outweigh 

live control, environment impact remains to be the main consideration. The effectiveness of 

natural enemies and the potential side effects are the issues of the most concern which should be 

analyzed carefully. 

The emergence of molecular technologies has resulted in the creation of precise pest management 

methods which are based on precision-agriculture strategies and also target-based control 

measures. An integration of gene modification, molecular markers along with DNA based 

diagnostics will provide with the ability to create pest control methods solely dependent on the 

field and the pest population. While both ethics and technology should be duly considered, to 

make the molecular tools eco-friendly, in the pest control planning. 

 

In the long run the research delivers the reasons for implementation of integrated pest 

management methods that involve biological control methods with molecular techniques to 

promote sustainable agricultural practices. A combination of the advantages of each type of 
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techniques will lead to the best results: keep the pests away and the eco-friendly measures and 

sustainability are ensured. IPM is the way to go, as far as research focus is concerned; therefore, 

research should be concentrated on the improvement of IPM. We design these tools keeping in 

mind that we will have to deal with the challenges of the future of global agriculture. 
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