


ALIENS IN THE FIELD: A REVIEW OF NON-NATIVE PLANT CONTRIBUTION IN AGRICULTURE

ABSTRACT
The exotic crops are like aliens in the fields, offering significant potential in food security, farm diversification, and economic growth for farmers, especially in regions of ecological imbalance and climate change with declining crop diversity. India’s diverse agro-climatic zones make it a favourable environment for adapting exotic species, many of which have become integral to local farming systems. 
Despite many challenges, such as outbreaks of pests, diseases, and weed infestation, with the invasion of exotic crops, successful practices like protected cultivation and precision farming greatly support establishing a cropping system with exotic crops. The market demand for exotic crops is increasing daily, and their nutritional value also helps combat hidden hunger and strengthen food systems.
With proper management, policy support, and farmer participation, exotic crops can be pivotal in building resilient, self-reliant agricultural systems—their integration into local ecosystems heading toward a critical step toward a sustainable and secure farming system.
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Introduction
Conventional farmers adopting farming systems focused on traditional crops generate less revenue than those focused on exotic crops. India has 15 agro-climatic zones considered under the Indian Meteorological Department, which illustrates diverse climate, soil types, topology, and rainfall patterns, making the introduction of many exotic crops in India plausible.
India's current biosphere of crops is diverse, yet their adaptability is in question due to rapid climate change. Cultivate novel ways to help in soil amendments and enhance cultural practices, like in dragon fruit, which optimizes yield and crosses over traditional crops, resulting in an increase in the benefit-cost ratio of 1.85. It shows that if managed well, it surpasses indigenous varieties by adopting and challenging the agro-ecosystem of the crop and increasing yield up to 44% (Development of Agriculture Value Chains as a Strategy for Enhancing Farmers’ Income . PDF) (Wakchaure et al., 2023).
Resilient adaptation of these crops in a new area, region, or country needs multiple strategies such as combining genetic improvement, precise agronomic management, and socio‐economic alignments. All these factors together or single-handedly lay the foundation for the commercial cultivation of exotics in different regions. Genetic diversity is a boon; the wide range of landraces and wild relatives helps as an essential reservoir of adaptive traits (Bazile et al., 2016). Despite their non-native origin, the continuing success of maintaining their seed collection and diversification in new areas where they have not been cultivated previously improves the crop yield and quality, which can ensure the local food security.
Developing seed collection and diversification also helps develop orders to maintain the diversity adapted to local growing conditions and improves the crop base by this shift. It helps deal with the increasing impact of climate change (Kell et al., 2018).
Cultivating non-native plants came centuries ago and became integral to food security. The number of species in the world is still hidden, serving as ideas to conserve the plant species and discover their potential for us as food resources, raw material, etc. Collecting specimens and samples of new species finds that there are 90.8% herbaceous plants than woody ones with bright flowers and fruits, specifically in the Asian region….
Serendipitous discovery of novel species strengthens our sustainable agriculture program by expanding sampling coverage, databases, and the collection of plant specimens. This will enlighten us on areas of plants rich in different species, leading to the discovery of new commodities. The unnamed plant species gains its identity and adapts to being exotic. Data analysis plays a significant role in its capability to grow in different regions of the world (Shi et al., 2025). 
1. Evidence of Exotics
Plants that grow beyond their native geographical range are called exotic plants. They can be introduced intentionally or unintentionally. The beginning of adapting and cultivating exotic crops began centuries ago, and now we cannot tell whether it's our indigenous or exotic on first glance.
Since immemorial, the Indian Subcontinent has been enriched with exotic crops due to its diverse climatic conditions. India is the home of the secondary centre of origin of many crops, resulting in it being a major centre of genetic diversity.
Today, maize is cultivated in 166 countries, with the center of origin in America, and was domesticated in the Balsas River valley of Mexico (Zahn, 2018). On the flip side, evidence of maize is found in ancient sculptures of temple walls in Karnataka, India, of the 11th and 13th centuries, which shows the introduction of maize on the Asian continent (Pokharia et al., 2009).
The Near East and the Mediterranean regions have taken crucial steps in the domestication and spread of several major and many more minor crops throughout the globe. Genus Allium, belonging to the family Alliaceae, distributed in Turkistan, is a vast centre of diversification along with a centre of origin for the bulb onion. Seven of 600 species are adopted commercially as garden or vegetable crops, and some are purposefully cultivated as medicinal plants (Singh, 2017).
The ancient introduction of plants existed through terrestrial and maritime trade routes. The biodiversity in Indian agriculture is filled with crop species from Africa, the Mediterranean, the Near East, and Central Asia from ancient times, along with American origins. Countable exotic legumes travelled from African origins, where they were introduced, adapted, established, and became prominent farming in India since ancient times (Candolle, 1882)…..
Today India is the 5th largest producer of soyabean, which was historically cultivated on a small scale in Himachal Pradesh, the Khasi Hills, Manipur, the Naga Hills, the Kumaon Hills, eastern Bengal, and parts of central India, covering Madhya Pradesh, making it from its Chinese origin to the secondary center for domestication…….
Today, many plant species appear natural to the land where they were introduced, adapted, and domesticated, enriching biodiversity in different world regions. India is one of the biggest homes in this adaptation, with indigenous and exotic crop diversity since ancient times.
India is the second as well as regional centre of diversity for some crops like pearl millet, maize, amaranth, niger, sorghum and cowpea; safflower, pumpkin, muskmelon and chilies are either second or regional centre of diversity for these crops. That means India is also considered to be a regional level centre of origin for: barley grain amaranth buckwheat foxtail millet chickpea proso millet bottle gourd (McLaughlin, 1996).
The consequences of invasions are sometimes disasters that we can witness from invasive attacks of weeds. Parthenium hysterophorus L., a native of North East Mexico, is a threat to the globe; its spread worldwide is observable. With the importation of American cereals in the 1950s, parthenium weed seeds were introduced as a threat in Asian countries, parts of the African continent, and Australia.
However, constant research and studies help to manage these threats by utilising them in different forms, such as biopesticides, compost, green manure, and soil amendments, as it is nutrient-rich because of high consumption during growing stages (Oli et al., 2024). These threats were challenging but can be controlled and utilized by different intercultural operations in the field and out-of-the-box innovations.
2. The Next Big Thing in the Global Market (Economic Aspects)
With an insatiable appetite for discovery, people are always eager to explore new experiences, with the curiosity to try different foods often at the top of their list. Despite their various health benefits this is one reason for economic boost of exotic crops in the market. Their importance is evident not only in domestic markets but also in international trade, where these crops generate significant export revenues and underpin rural livelihoods. 
The dominance of exotic crops in the market is observed by the example of Apple, which was once a home market or regional fruit, and is now a globally consumed product. This can also lead to innovative and technological advancement for high-density planting systems, as well as advancement in shortening, grading, and packaging, which can offer global exports (O’Rourke, 2021).
The dominance of exogenous crops ended up by accounting a country Guinea-Bissau 90% revenue in exports and 10% GDP in Guinea-Bissau, just by the market dominance of exotic crops, particularly cashew nuts (Dept., n.d.).
The awareness and market trends toward health benefits and different tastes of Asian vegetables in European countries are increasing demand and a competitive advantage for exporters of developing countries in Asia. 
The demand for high-value crops and other agricultural commodities peaked worldwide. Farmers shifted from traditional staple crops toward export-oriented high-value exotics. This paradigm shift is often remunerative enough to balance high production costs, transportation, and other challenges (Schneider et al., 2010).
Transformative market opportunity and incomes compared to the indigenous cropping system in Kenya through exotic crops like French beans, tobacco, and baby corn. The intercropping of maize-beans is more profitable when adequate rainfall is available, and market access, family labor, and risk tolerance conditions are met. At the same time, this highlights potential challenges, including the high cost of production, problems in new market channels, and technical complexities (Schneider et al., 2010).
Moreover, whenever we started with new high-potential exotic crops for the first time, we had to start with zero, even though we did not get quality seeds or any guidance or insurance for the risk. This leads to a new market of scientific studies and research.
Contract and cooperative farming are emerging as potent strategies in curbing transactional expenses and dampening the inherent market volatility. This system helps to get guaranteed pricing and reliable access to the market. Bargaining and coordinating investment help mitigate any capital outlay and help in post-harvest processing for the farmers.
Integrated agriculture value chains (AVCs) and agribusiness companies with regulatory bodies like certification agencies and warehouse keepers provide gaurantte qualities and other services that promote access to high-value exotic crops in the market (Economics & Library, n.d.).
Balance diversification strategies leverage endurance of both exotic as well as indigenous crops to promote sustainability and overall income stability. While exotic crops offer high value and export potential, they require significant management and high capital investment (Thandeka et al., 2022).
By progressing digital agriculture, precision farming and climate-smart practices which leads to less yield loss and better quality strategies. The premium and royalty tag of exotic or foreign crops keeps increasing, obviously their economic profitability in international markets (Hanjra & Williams, 2020).
It all concludes exotic crops has a great potential for increasing farmer income and rural development. The possibilities of this can be unlocked with efforts to address research, infrastructure and policy challenges, fueling these crops as engines for a more sustainable agricultural future and an economic stimulant for farmers and exporters. This will be a pillar of the nation's rural economic growth and development. Moreover, it helps in the technological advancement of agriculture.

3 Food security through exotics
This is one of the most significant threats of our century, mainly due to the world's fast-growing population, climate change, and international conflicts. The countries that depend on imports for even basic food crops are now at risk of insecurity in the global market, obstructed supply chains, and pressure from other nations. In stimulus, growing exotic crops locally has become a new clever approach. It helps improve local food production, boosts nutrition, and protects the country from trusting too much on international food sources (Muluneh, 2021).
Most countries' government policies and research are changing how we farm by introducing non-native crops and improving present ones through modern breeding and agroforestry programs. These combined efforts make better use of present resources, increase crop varieties, and ultimately build a stronger, self-reliant food security system. Growing exotic crops strengthens local food production, creating new market opportunities for farmers and reducing the risk of pests and diseases.
Counting too much on just a few imported crops can be risky—historically proven, as Nigeria has faced serious consequences because it relied on food imports, making it exposed to global price hikes and supply breaks (Adebayo & Ojo, 2012). The practice of cultivating underutilized and exotic fruit crops shows opportunities for farmers as well as the broader economy, particularly in India. This can also help agroprocessing industries create value-added products, leading to food security and premium prices.
Due to a lack of knowledge of agronomy, limited market access, and insufficient research, this can be ignored in mainstream farming. Market drift with health conscious segment raised the annual demand of dragonfruit, baobab and West Indian cherry by 10-15% (Marappan et al., 2025). Mix of native and exotic crops means food security. This can be obtained by an enumeration on household consumption score and people's preferences. Their choices help to understand security measures and concerns to focus on the crops that influence the house demand—similar help to know the exotic crops to adapt in the region for our population.
The diversification of both indigenous and exotic crops play a significant role in improving food security of Tanzania. By encouraging the growth of a wider variety of crops, the country can diversify away from just a few main staple foods, which in turn makes the food supply more resistant to climate change and pests and diseases. It also makes a positive contribution to the nutrition by expanding types of food for the country (John, 2024).
Reducing the risk of global recession, import tariffs, and dependencies on other countries, and becoming economically independent by cultivating exotic crops, productive and resilient plants that can thrive in local conditions. Countries can grow faster with the growth of non native crops and strengthen their food systems. For a moment, switching staples like rice and wheat with well-suited exotic crops can help local food production. This can cut imports and strengthen the nation from external shocks, leading to economic stability and food security (Kahane et al., 2013).
Economic diversification is an intrinsic benefit of exotic crop farming. By developing niche markets for high-value exotic commodities (such as avocado, citrus, and other fruits), nations can generate new revenue streams that spur domestic economic growth. Local production of these high-value crops and integration with an agroforestry system creates a strong supply chain. With improved local production infrastructure and decentralizing seed propagation programs, farmers get high-quality planting material, and countries can reduce their import of seeds and technologies (R. Jamnadass et al., 2013).
Extinct crop farming can potentially improve and enhance diet diversity by adding cultivars with superior micronutrient profiles to domestic food security. Avocado, citrus, etc, not only bring essential vitamins and minerals, but also provide dietary fibers and phytochemicals that are not present in staple foods. This can help to protect healthy food security (R. H. Jamnadass et al., 2011). The wider composition of nutrient-rich crops reduces the "hidden hunger" of a large population and secures a food system that reduces country inflation.
Exotic crops farming is a powerful poverty, biodiversity and food security tool by which to reduce dependency on imported food and develop strong local production systems through genetic crop diversity, agroforestry, targeted economic investment and biosecurity. This strategic shift towards a more self-reliant and diffused agricultural model to build national food systems supports long term economic resilience (Muluneh, 2021).

4. Regional Adaptation of Invasive and Exotic Plant Species
The three key components for an adaptation are the genetics of the plant, ecology, and management practices by which plants of different regions adjust to a new environment. The breeding programs help harness exotic Germplasm to develop cultivars that can be cultivated economically to local environmental conditions. Both Invasive plant species and exotic plants species illustrates how important adaptation to regional conditions. The invasive plants are introduced accidentally or intentionally, and must adjust to new environments, unfamiliar climatic conditions, and interaction with local plant species. On the other hand, Exotic crops are intentionally introduced to new areas to bring all agricultural possibilities. Different breeding programs help adapt crops to local farming practices. In every case, success lies in a complex integration of rapid evolution, flexibility in plant traits (Phenotypic plasticity), and human involvement, all of which bring adaptation in new varieties (van Boheemen et al., 2019).
The first step in the regional adaptation of exotic plants is to bring out propagation materials. This can be supported by the international sharing of Germplasm- plant genetic materials. But with these efforts, there should be challenges, primarily like the spread of pests, diseases, and weed invasion. The solution to mitigate this problem is to enforce strict plant quarantine measures to ensure food security and the sovereignty of a country. The exchange of germplasm is important for climate change adaptation, increasing production, crop diversification and minimizing pests and diseases. For instance, India exchanged rice germplasm with Brazil to get new resistant varieties. Quarantine process involves:
(a)Inspection
(b)Disinfection
(c) Certification
In IndiaNBPGR (National Bureau of Plant Genetic Resources) has international donations and getting Germplasm and plant quarantine input (Kumar, 2023).
 The trade-off theory predicts that specialization of an organism for one niche must have reciprocal fitness costs in another, thereby excluding any single species from being a "jack-of-all-trades". This is especially pronounced in the context of local adaptation in plants, where local populations are fitter in their home environment than they are elsewhere. Although the relative resource allocation is considered as the major factor contributing to those trade-offs, the specific relationships between them at physiological and molecular levels are largely unexplained.
 Instead of causing a disadvantage in different environments, many genes for local adaptation are conditionally neutral, meaning they help an organism thrive in one specific habitat but have little to no adverse effect elsewhere (Vanwallendael et al., 2019). Epigenetic modifications of DNA sequences that alter gene expression and influence phenotypes in plants. The tree species have a more rapid response to environmental changes. DNA methylation has a pivotal role in it (Sork, 2018).
A study of exotic crucifers in regions of Hyderabad and Coimbatore in India shows the adaptability of different cultivars. Cabbage and cauliflower were extensively explored, but numerous exotic varieties are uncommercialized. The experiment concluded that yield, quality, and growth rate were similar under protected cultivation and open field. These state that many exotic crops can be adapted to different regions with a controlled environment in a polyhouse to ensure their adaptability. The findings relevant to securing the productivity and resilience of exotic vegetables. These help the farmer to adapt the exotic crops and protect them from fluctuating climatic conditions (Lohitha et al., 2025).
How can farmers easily lead this adaptation in their farming systems?
Progressive farmers use integrated farming adaptation methods to cultivate exotic crops commercially, based on different environmental factors. They usually go for the bred crop varieties to enhance tolerance to drought, pests, and diseases. Farmers of the region, like Yatta sub-country, shifted toward exotic crops, which include maize, beans, kales, and tomatoes, while also using drought and disease-resistant cultivars of pigeon pea that are resilient to episodic moisture stress and pest infestation (Agesa et al., 2019).
Adaptation through the use of molecular markers and genetic transformation to develop ideotypes with resistance to biotic and abiotic stress is making breeding efforts more effective. Adaptation is the result of combining genetic, agronomic and ecological principles appropriate to selected production, environmental and economic considerations (Duc et al., 2015). Farmers jointly used agronomic practices with plant breeding to adapt exotic crops to variable climatic conditions. They use water and soil conservation methods to prevent or manage erratic rainfall and prolonged dry spells by methods of rainwater harvesting and different bundings like ridge and furrow. Adopting improved cropping systems, such as intercropping, crop rotation, and changing planting times, enhances the productivity and management of exotic crops (Agesa et al., 2019).
Helping farmers find more innovative ways to adapt to the weather by combining modern tools with traditional knowledge. Decision-making systems, weather forecasting, and signs from animal behaviour and plant cycles work together. Support from organizations is just as important. Local farming groups and seed banks—often working with researchers, NGOs, and businesses—give farmers access to better seeds, hands-on training, and even loans. This Support makes it easier for farmers to try new techniques and keep their farms productive despite challenges (van Zonneveld et al., 2020).
Overall, Support from different organizations plays a significant role, too. Local farming groups and community seed banks—often teaming up with researchers, NGOs, and businesses—help farmers get better seeds, practical training, and even small loans. This kind of help makes it easier for farmers to try out new ideas, improve their methods, and keep their farms running well, even when conditions are harsh. It's a simple but powerful way to build stronger, more resilient farming communities.

CHART 1. FLOW CHART OF NEW EXOTIC CROP ADAPTATION PROCESS:




5 Challenges and Threats in the Introduction of Exotic Crops
The challenges that threaten the introduction of exotic crops come from biological, ecological, economic, and political aspects from all four sides.
5.1 Biological and Ecological Challenges
Disease and pathogen outbreaks are one of the most significant risks, mainly when cultivated outside native ranges, and it didn't built any co-defense mechanism in plants. Introducing new plant species can threaten us with the exotic invasion of pests and diseases. The defence for these pathogens is very low. This makes a global threat to trade (Ennos, 2014). In international trade, these exotic crops may serve as vectors for invasive species that can cause major outbreaks in the local environment. Invasion of alien pests such as insects, fungi, and even weeds can accidentally be introduced and cause significant economic losses (Paini et al., 2016).
Integration with the existing farming system and crop rotation is the biggest challenge, as the native plants have built defense mechanisms against invasive species. Plant invasion drives the community response of local species—the defence response by the community of local plants to the invasive plants. Evidence shows that the interspecific interaction promotes the formation of plant community responses. The main reason behind these defence mechanisms is the competitiveness of exotic crops with neighboring crops.
The components of the establishment and spread of non-native plants in a new ecosystem are:
1. Invasiveness - the characteristics of invading species
2. Invasibility - the susceptibility of receiving species (Zhu et al., 2025)
5.2 Genetic and Agronomic Challenges
Another notable challenge is collecting and evaluating beneficial genetic traits from exotic Germplasm. Also, the integration into existing, locally adapted varieties is quite tough. This is quite challenging due to reduced genetic diversity in modern elite varieties, negatively impacting the quality as it's harder to introduce new genetic material (Wang et al., 2017).
Bringing new crops into different day lengths across the world frequently presents sensitive-development related difficulties. c(Cooper et al., 2001).
Genetic homogenization is reduced as high-yielding exotic cultivars replace traditional landraces, reservoirs of genetic data (Dhakal & Kattel, 2019).
5.3 Economic and Infrastructural Challenges
The input dependency cost of exotic crops is too high, due to the reliance on costly seeds from external sources, and the crop requires intensive infrastructure, such as protected cultivation techniques for controlled environmental conditions. The intensive labour and management practices, and elaborate pests initially were economically challenging but a boon when they achieved competitive yield and market standards…….
5.4 Sociocultural and Policy Acceptance Challenges
Accepting exotic crops by the farmer and the consumer is one of the challenges until we make them aware of their benefits.
Today, over-farming and the use of non-indigenous crops being planted, notably genetically modified organisms (GMOs), could possibly have harmful effects on pollinators by eliminating wild flowers essential for both their nourishment and development of new colonies. Among the chemicals most worrisome to bees are neonicotinoid insecticides, and herbicides that don't kill what they hit, but instead reduce populations of wild plant species we depend on to bloom so bees have pollen and nectar sources.(Potts et al., 2016)(Potts et al., 2016).
Though these are all barriers to exotic crop cultivation, they can be easily managed through sustainable approaches and new scientific methods. Research and agricultural institutes continue to work on this. And the acceptance of exotics can not be more threatened, as it's not just the need for farming development but the race to achieve new milestones in countries' agricultural programs.

6. Rise of exotic crops in a changing world
The future of exotic crops is the next big thing in the Agriculture sector. Technology advancements have transformed precision farming and enabled targeted cultivation of exotic crops by digital tools like IoT, remote sensing, sensors, robotics, satellite imaging, weather forecasting, etc., and modern advancements of AI optimize the production of exotics with optimized irrigation, nutrient delivery, management strategies, and so on by precision (Karunathilake et al., 2023). The advanced biotechnological innovation, molecular breeding including marker-assisted techniques, genomic selection, and genetic engineering, hastens the development of new varieties with new traits (Gebretsadik & Kiflu, 2018).
c. This approach broadens the genetic base of our food supply, reducing the risks posed by relying on just a few high-yielding varieties (Saini et al., 2020).
These crops contribute to national power by enhancing economic growth, bolstering agricultural resilience, and increasing geopolitical influence. A diverse food system (one that sustains a country's development, people and planet) also means greater economic potential and stronger links internationally. The global population is projected to increase by 30-35% in the next six decades. With a 'huge youth' population it is expected that we will grow to almost 10 billion human beings by 2050, with India and China as the most populous countries. As a result, the demand for global food production increases, and to fulfill this demand, exotic crops help. Supporting Brazil's economy and export capacity has been enhanced by introducing non-native crops like soybeans, maize, and sugarcane, reducing the country's reliance on a narrow range of crops (Basso et al., 2024).
This rise can be witnessed in the future as the technological advancement peaks. Crop management gets smarter day by day. The farmers get vigilant; today, even the consumers are smarter, and our upcoming generation is far more to witness. The advancement in hydroponics, polyhouses, and genetic breeding can lead toward a future of exotics. The non-native exotics that are adopted as our native species reduce all nutrient deficits of the nation and also stabilize the price of food. The significant change in world geography through exotics by changing the Ari

Conclusion 
Farmers are boldly stepping beyond traditional boundaries. They are trying non-conventional cash crops, often outside comfortable geographical confines. Apples in Rajasthan, Thai guava in MP, and Dragon fruits in Bihar, a crop native to different regions of the world, make the future of exotic crops more brighter. The exotic crops are a pillar of agricultural transformation, food security, and economic enhancement. The cropping of exotic crops with traditional crops leads to a sustainable agricultural future. Its future is moulded by the advance of technology, modern farming and protected cultivation. Given the varied agro-climatic conditions and diverse genetic resources in the country, introduction and development of exotic species is possible/feasible option which holds great promise. It's surrounded by walls, but it has changed agriculture in recent years.

It has become an integrated essential part of agriculture and is much required in countries like India, where most of the population is marginal farmers. This is no longer an option but a demand or an essentiality of the world.
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