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Chapter 2

Evolutionary Processes in Crop  
Species Enhanced by Agritech

Mansi Sahu1 , Kailash Bisht2  and Sanjeev Kumar Shah3

Abstract

Traditional breeding techniques, ethno-botanical expertise, local agronomy research, extension 
services, farmer engagement, and social and cultural studies are all still important, even if gene-focused 
domestication initiatives might produce vital allele variations for novel crop production. The scientific 
community, funding organizations, proposal reviewers, and researchers themselves must acknowledge 
and encourage these fields as essential to the advancement of gene editing technology in order to fully 
realize the benefits of de novo domestication on the environment and society. Classical genetic mapping 
has identified numerous genes and loci related to domestication and alterations. However, only a 
small percentage of these genes have been fully described. The genetic valley preserves advantageous 
haplotypes, resulting in less genetic variety. It is anticipated that advances in genetic mapping, crop 
genome sequencing, and various biological data collecting will strengthen our comprehension of crop 
biological processes and accelerate the conversion of lab results into practical field applications. A 
species' ability to adapt to external challenges is made possible by genetic variety. Since it permits 
modifications to the genetic makeup, animals can adjust to shifts in their surroundings. Enhancing 
morphological and agronomic traits is a major function of plant genetic diversity in agriculture. A 
greater degree of diversity improves a species' ability to adapt to changing circumstances, particularly 
when pests and climatic swings arise. With an emphasis on genetic variables and phenotypic plasticity, 
this study investigates diversity in seed dispersion attributes. It investigates certain characteristics and 
biological systems and suggests a simulation model to meet the demands of upcoming studies. The 
researchers call on biologists and ecologists to comprehend how fast changes in seed distribution affect 
plant population responses to climate change.
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1. Introduction

Human preferences, farming practices, and agricultural environment all have an impact on the results of 
crop domestication, thereby decreasing mutations and variation. Selectivity driven by humans can be 
better understood due to developments in molecular technology involving genome sequencing [1]. Critics 
sometimes draw comparisons between conventional domestication and genetic modification (GM), but 
it's critical to recognize that these processes varies significantly in biological and social ways, which 
influences seed sovereignty and agrobiodiversity. Misrepresenting genetic modification as a continuation 
of domestication ignores the distinct mechanisms and consequences of each occurrence [2]. Through 
fixing nitrogen, boosting soil fertility, and enhancing water consumption efficiency, legumes benefit the 
environment and agricultural systems. Analyses on global food security and climate change are shifting 
from profitable species to underutilized ones with abundant genetic resources [3]. Crop evolution has 
been profoundly influenced by gene knockout alleles, from early agricultural origins to yield 
improvements during the Green Revolution. Recent genome sequencing has revealed advantageous 
loss-of-function occurrences in crop species, prompting efforts to accelerate crop breeding procedures 
by targeting gene knockouts with contemporary gene editing technologies [4]. Interest in de novo 
domestication of novel crops from wild species has increased with the latest advances in genome editing. 
De novo domestication must, be seen as an iterative process. Agronomic innovation, connections, and 
general genetic shifts as well as variations in human social preferences might all be significant [5]. Due 
to climatic change and geographic isolation, new species are formed, and genetic materials and accessions 
are essential for germplasm gathering. Competitor and predator effect diversification. Stress tolerance, 
yield, and quality are the main goals of plant breeding, that employs genetic diversity to enhance crops 
[6]. Genes related to seed qualities as dormancy, lifespan, germination, and vigor are identified by high-
throughput gene expression analysis conducted on crops. Scientists have discovered unique genes that 
are active at various phases of seed formation. The analysis draws attention to the possible impact of 
epigenetic variables on seed growth and chemical composition, including imprinted genes in the seed-
endosperm connection [7]. Faster gene discovery of agronomic factors influencing food production and 
quality has been made possible by computing resources, accessible genome sequencing, and molecular 
phenotyping technological advances [8]. For crop adaptation to climate change, crop intensification is 
essential, and genomics may accelerate the evolution of adaptable breeds. The acceptance of novel 
varieties and the effectiveness of resource-intensive breeding approaches may be impeded by centralized 
breeding initiatives' inability to satisfy the demands of smallholder farmers [9].

2. The Evolution of Crop Genetics

Though self-sufficiency is the objective of the food security strategy regarding seeds, it is dependent on 
imported seeds due to factors that include low quality, low competitiveness, insufficient infrastructure, 
antiquated machinery, and the absence of qualified professionals [10]. Biotechnology and genetic 
engineering have benefited significantly from genome editing and genetic selection approaches. For 
better commercial crops, shorten breeding time, promote novel genetic variations, and produce 
genetically modified plants with disease resistance attributes, molecular markers are employed in 
functional genomics, selection, editing, and gene targeting [11]. Although plant genetic resources (PGRs) 
are essential for agricultural resilience and profitability, population expansion is predicted to make them 
even more significant. However, due to genetic deterioration and environmental changes, numerous 
PGRs have disappeared, including landraces, wild relatives, and contemporary breeds [12]. Utilizing seed 
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retention in agricultural weed species including ryegrass, wild radish, and weedy amaranths, innovative 
weed management approaches like harvest weed seed control are implemented. By combining these 
approaches with genetics and molecular biology, seed shattering in weed and agricultural species may be 
minimized [13]. A greater knowledge of the interaction between genotype, phenotype, and environment is 
made possible by big data on crop characteristics, a massive dataset spanning many sizes and ecosystems. 
This improves plant molecular breeding, functional genomics, and effective farming techniques [14]. The 
global food security is dependent upon crop genetics. Since the Arabidopsis thaliana genome was 
sequenced, more than 100 crop genomes have been sequenced, and new technology and strategies might 
encourage more advancement in this field. Sequencing of the genomes of rice and Arabidopsis thaliana 
is a breakthrough [15]. Non-thermal plasma, also referred to as cold plasma, holds promise as an alternative 
to treat seeds including wheat, beans, corn, soybeans, barley, peanuts, rice, and Arabidopsis thaliana 
while also removing the necessity of pesticides and improving germination rates, crop shelf life, and 
ecological tolerance [16]. For plant populations to survive and grow, seed distribution is essential. Since 
the majority of plant species depend upon animals to distribute their seeds, modifications to external 
conditions that directly affect animals may have far-reaching consequences for plant ecosystems [17]. 
Physiological and demographic variables frequently impact plant adaptation to abiotic environments, but 
swift environmental changes may additionally affect seed dispersion processes. Considering to ecological 
variety and phenotypic heterogeneity in characteristics associated to dispersion among seeds and their 
dispersers, monitoring these changes is complex [18]. As sea levels rise, the tidal marsh ecosystem is 
undergoing significant modifications. However, not much is known about the biological mechanisms 
driving this movement, especially with regard to the preservation and distribution of seeds in the soil [19]. 
Crop resilience, productivity, and adaptability are all endangered by crop genetic erosion, or the loss of 
crop variety. We still don't fully comprehend the scope, direction, reasons, and significance of these 
losses, despite warnings more than a century ago [20].

3. Recommendation

We propose the following recommendations for the future crop genomics.
	• The ecology, physiology, and genetics of seed shattering should be the main topics of future 

exploration. Particular attention should be paid to the potential of weed species that are important 
to agriculture and the effects of environmental conditions.

	• For agricultural production constraints to be addressed and future food security to be guaranteed, 
high-throughput genotypic and phenotypic approaches are essential for sustainable genetic 
resource exploitation.

	• It is possible to improve future projections and estimate both the best- and worst-case scenarios 
by integrating theoretical and mathematical models with practical knowledge of seed dispersal 
mechanisms.

	• Understanding the likelihood of species co-extinction and ecosystem buffering is possible through 
observational research and rewiring models. In order to address de-faunation impacts, it is 
imperative to comprehend methods for compensating for seed disperser loss.

	• To combat climate change and population expansion, crop development is essential. Both 
improved genotype selection and genetic variety are necessary for success. In traditional crosses, 
animals that have close connections with one another could develop greater genetic variety, and 
induced mutations can provide unique genetic traits.
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	• • Similar to gene editing and crucial decision-making in domestication pathways, new food crop 
domestication is a complex public health endeavor. Even if vaccinations are appealing, 
advancements in vaccination acceptability must include ongoing surveillance of viral development 
and transmission, improvements in vaccine delivery technology, support for clinics and vaccination 
campaigns, and cultural outreach.

	• Technological developments in genetics and molecular biology have the ability to manage weed 
species by decreasing agricultural seed shattering. Further research need to investigate various 
processes of seed splitting in connection with climate and farming methods.

Conclusion

Through effective management techniques and the maintenance of unique seed trait variants within gene 
banks, genetic and genomic resources facilitate the development of precise cultivars and offer important 
insights into the biology and attributes of seeds. When assessing the productivity and financial advantages 
of food crops, seed production is an essential indicator. Breeding efforts are directed on minimizing seed 
cracking, a biological trait present in many weed species. In many crop kinds, seed breaking is still a 
major problem even if human interventions have decreased it in food crops. The function of gene LoF in 
rapid evolution and adaptability—particularly in domestication and crop species augmentation—is 
being investigated by evolutionary biologists. This leads to the development of gene editing techniques 
for particular crop growth. The “Second Green Revolution” of modern agriculture is under threat because 
the major yield increases of the Green Revolution were mostly brought about by spontaneous LoF 
mutations. On seed germination, plant development, yield, and stress tolerance, researchers are 
investigating the effects of non-thermal plasma (NTP). Water contact angle, DNA methylation, gene 
expression patterns, germination speed, seedling development, enzyme activity, hormone presence, and 
the transmission of enhanced features to subsequent generations are just a few of the impacts of NTP on 
seeds that are being explored.
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