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research 
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The agricultural sector plays a critical role in mitigating environmental sustainability challenges and climate 
change impacts. Agricultural research is essential for conserving genetic resources, developing nutritious and 
high-yielding varieties, and enhancing soil, animal, and human health without affecting the biodiversity-
ecosystem. This paper gives an outlook on what means environmental sustainability integration possible in agri-
cultural research through multidisciplinary partnerships. The state of agricultural research today looks at inno-
vative approaches to support sustainable agriculture and discusses how we might use these approaches to make 
real strides towards environmental sustainability. 
 
The timeless tryst between man and crops 
also shows that various strategies of crop 
improvement, like introduction, selection 
(marker-assisted and genomic), hybridiza-
tion, mutation, etc. have been adopted since 
the advent of agriculture1,2. With the mar-
vellous increase in human population, a 
corresponding increase in crop production 
has also been observed, including an in-
crease in the biotic and abiotic stresses3,4. 
With much less focus on other strategies, 
plant breeding, hybridization and, in the 
last few decades, tissue culture, biotechno-
logy and bioinformatics have been given 
immense importance in agricultural research 
and development5. The green revolution, 
because of investment in agricultural res-
earch, has helped countries feed their teem-
ing billions and maintain peace around the 
world6–8. However, the phenomenon of 
climate change poses a challenge to the 
further evolution of crops and man together, 
i.e. the food security gains made through 
agricultural research and development. In 
addition, the growing emphasis on sustain-
able development requires a review of past 
strategies to promote sustainable develop-
ment in the future. Integrating environ-
mental sustainability through agricultural 
research requires input in the form of multi-
disciplinary knowledge, including agricul-
ture, medicine, nutrition and social sciences. 
Historically, crop improvement focuses on 
yield attributes that ignored the local envi-
ronmental sustainability by heavily investing 
in mono-cropping systems. For instance, 
India achieved a record in food grain pro-
duction (~315 million tonnes in 2021–22; 
Economic Survey, 2022–23) but did not 
overcome the poverty and malnutrition 
prevalence in the country. Therefore, crop 
production should aim for improved crop 
nutrition, input use efficiency, and adapta-
tion to biotic and abiotic (climate change) 
stresses to increase farm incomes locally 

and sustainably. Balancing food grain nu-
trition and staple productivity through new 
varieties would reward more inclusiveness 
of local, regional and global adaptation 
food production strategies. 
 Nutrition-related diseases, both malnu-
trition and overnutrition, affect billions of 
people across the globe9. The crop to be 
consumed by the affluent should be lower 
in calories and higher in fibre and nutrients. 
The crop consumed by the undernourished 
should have more deficiency-reducing fac-
tors in it. Crop improvement could be deri-
ved from the life sciences for the factors 
that determine human health and well-being. 
While non-food factors also play a critical 
role in health and well-being, food factors 
play a significant role. Since agriculture 
contributes to food, focusing on food fac-
tors and avoiding non-food factors in agri-
cultural research is better and necessary. If 
the scientific community can determine 
how much nutritional loss can be tolerated 
for the gain in productivity. In the present 
scenario, nutrition will likely be given more 
importance than productivity. This line of 
research could be considered by working 
on a baseline of the existing dietary pattern 
of the locality, the nutritional factors in the 
food, and the bioavailability and bioequiva-
lence of the nutrients in that locality. 
While all these are considered at the level 
of a single crop, the same should also be 
considered at the level of multiple crops 
and many crop interactions of the locality. 
Research could change the cropping pattern 
of an area and, therefore, the nutrient pat-
tern. For example, a high-productivity crop 
should not create a nutritional imbalance in 
the intended locality. Another factor to con-
sider is that increased productivity can lead 
to reduced fodder production, with conse-
quent impacts on livestock, soil and human 
health. Broad guidelines should also be esta-
blished for achieving an ideal population 

based on the global land-carrying capa- 
city. 
 While there is no way to prevent farmers 
from using improved varieties, even in agro-
biodiversity hotspots, the only option left 
to the scientific community is to invest in 
conservation activities. Various conservation 
activities are being conducted, but the 
question is: ‘Will not even one gene be lost 
from a given locality?’ Once lost, varieties 
and genes are lost forever. Considering the 
gravity of the situation, especially in the 
climate change scenario where biodiversity 
could be of immense help, an inventory of 
the existing diversity and conservation at 
all costs should be done. In addition, innova-
tions in genome sequencing and bioinforma-
tics have opened new vistas for harnessing 
conserved varieties, species and their genes. 
For instance, the Norin 10 and Dee-Gee-
Woo-Gen dwarfing genes have immensely 
fed billions of people10. Bringing genome 
sequencing into use can bring immense 
contributions. 
 It is known from historical evidence that 
genetic uniformity and climate change 
would make a species vulnerable to new 
biotic challenges and cause severe damage 
to society. The devastating impact of plant 
diseases on human societies and food secu-
rity under a changing environment is well 
explained by Rosenzweig et al.4 and several 
other authors. Considering the co-evolution 
of pathogens and pests against host viru-
lence, agricultural scientists need to focus 
more on the co-evolutionary interactions bet-
ween host and parasite at the molecular 
level, which will lead to continuous natural 
selection for adaptation and counter-adap-
tation by ecologically interacting pest and 
pathogen species under changing environ-
ment. 
 In an era of immense climate change, and 
with targets to reduce emissions, emissions 
from agriculture must also be reduced. Most 
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of these emissions come from the factories 
that run agriculture, including fertilizers and 
pesticides. Time-bound strategies should 
be developed to phase out polluting agri-
culture and achieve an agricultural system 
with a zero-carbon footprint. Further strate-
gies should be developed to sequester carbon 
emitted by industry through agriculture. 
The breeding process should strategize on 
how to sustain farmers’ livelihoods through 
agriculture in the long term. An example 
of sustainability in the breeding perspec-
tive is to have long roots and consider 
yield based on rainfall data over 100 years. 
This could be the basic framework for re-
leasing varieties in the context of climate 
change. While research is at one end of esta-
blishing equity and sustainability, other 
technologies that could drive such change 
include marketing and economics. Producer 
companies could effectively determine the 
movement of the percentage of compensa-
tion farmers receive from the consumers’ 
pie of payment.  
 The role of agricultural researchers must 
therefore shift from a single objective of 

increasing yields and incomes to a multi-
objective strategy of health, nutrition, climate 
change, economics, consumers and mar-
keting. This has multiplied the work of 
scientists and the investment in developing 
better crop varieties and technologies. Crop 
breeding gave us solutions to hunger in the 
early part of the century and has the poten-
tial to meet the many challenges we now 
face. Investment in agricultural research 
should help to address these multiple chal-
lenges. Agricultural research with sustain-
ability objectives across sectors is the need 
of the hour.  
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Nano impacts: from science to society 
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Uses of nanotechnology-based products in daily life brings human health under the scrutiny of nanotoxicity and 
nanosafety domains. Standard guidelines set for nanotoxicity assessment and nanosafety measures are yet to gene-
rate public awareness. This gap needs to be bridged by educating society about the toxicity and safety issues of 
the daily use of nanomaterials. An effort is made here to conceptualize the basic framework for raising aware-
ness about the nanotoxicity and nanosafety of public concerns. 
 
Medical science and technology have made 
significant progress in the early detection 
and curing of human diseases. In recent 
times, many newly emerged biotic factors 
(BFs) and abiotic factors (AFs) have been 
detected that cause serious human health 
issues. Among the most significant BFs, 
new strains of clinical pathogens of natural 
mutation origin are worth mentioning. Cli-
nical detection and treatment of human 
diseases caused by newly emerged patho-
gens are being made possible, and succes-
ses have been made to a great extent. 
However, the same trend line is not seen 
with many AFs. Lack of theoretical know-
ledge, limitations in research modalities 
and clinical trial guidelines have been found 
to be the basic possible causes that have 

delayed dealing with the human health is-
sues originating from AFs. Among the vast 
arrays of newly emerged AFs, nano-sized 
(1–100 nm) materials have been found to 
be hazardous to human and environmental 
health1. It can be recalled that nanoscience 
and nanotechnology are two important sci-
entific disciplines that have made significant 
societal contributions. Nanotechnology-based 
commodities for daily life uses have been 
manufactured at industrial and global scales, 
and overall demand is still growing. In this 
regard, the great contribution in the form 
of theoretical knowledge made by Richard 
Feynman is highly appreciated2. However, 
not more than three decades ago, the pros 
and cons of nanoproducts were included 
under the global regulation protocols for 

emerging contaminants, and extensive res-
earch has been carried out in the direction 
of nanotoxicity. The presence of nano-sized 
AFs, such as nanomaterials (NMs), in the 
human body and environment has raised 
serious public concerns. Laboratory inves-
tigations carried out in vitro, in vivo and 
clinical levels have shown the hazardous 
nature with sufficient evidence of the geno-
toxicity and mutation caused by NMs3. 
Significant research progress has been 
made in the part of nanotoxicity caused by 
NMs. However, due to the complex physi-
cochemical properties and lack of standard 
analytical techniques, many aspects of the 
nanotoxicity that can be triggered by NMs 
are yet to be uncovered. From a societal 
point of view, it is pertinent to have general 
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