Seaweed on productivity and profitability of major crops in India

Abstract

This article explores the transformative potential of seaweed in enhancing the
productivity and profitability of major crops in India. Indian agriculture, a cornerstone of the
nation's economy, faces numerous challenges, including declining soil fertility, water
scarcity, and the pressing need for sustainable farming practices. Seaweed emerges as a
promising solution, thanks to its rich nutritional profile, including essential minerals and
growth hormones beneficial for crops. The article delves into various case studies and
research findings that demonstrate significant improvements in crop yields and quality when
seaweed-based products are employed. It also assesses the economic implications,
highlighting the cost-effectiveness and increased profitability for farmers due to higher yields
and improved crop quality. Additionally, the environmental benefits of seaweed, such as
enhancing soil health, promoting sustainability, and reducing chemical usage, are discussed.
Despite its potential, the article acknowledges challenges in scaling seaweed production and
the need for further research and policy support. The conclusion emphasizes seaweed's role in
revolutionizing Indian agriculture by offering a sustainable, profitable, and environmentally

friendly approach to enhancing crop productivity.

Keywords: gross domestic product, sustainable agricultural practices, chemical fertilizers,

seaweed

Introduction

India's agricultural sector, a vital component of its economy, plays a crucial role in the
livelihood of over half the country's population. As a predominantly agrarian society, India
boasts a rich diversity of crops, ranging from staple grains like rice and wheat to a variety of
fruits, vegetables, and pulses [1-2]. This sector not only feeds the nation's vast population but
also significantly contributes to India's gross domestic product (GDP) and employment.
However, Indian agriculture is currently at a crossroads, grappling with multiple challenges
that threaten its sustainability and efficiency. Key among these are declining soil fertility,
exacerbated by overuse of chemical fertilizers, and the looming crisis of water scarcity.

Additionally, the increasing unpredictability of weather patterns due to climate change adds



another layer of complexity to these challenges [3]. The quest for sustainable agricultural
practices has never been more urgent. Farmers and policymakers alike are in dire need of
solutions that not only address these immediate challenges but also pave the way for a more

sustainable and resilient agricultural future.
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seaweed emerges as a promising yet underutilized resource. Known for its rich
composition of minerals, vitamins, and growthstimulating hormones, seaweed holds immense
potential in revolutionizing agricultural practices. Not only is it a sustainable alternative to
synthetic fertilizers, but its use also aligns with the principles of organic farming and
environmental conservation and to shed light on the transformative impact of seaweed on the
productivity and profitability of major crops in India [4-5]. By delving into scientific
research, case studies, and economic analyses, we explore how this marine resource could be
the key to overcoming some of the most pressing challenges faced by Indian agriculture
today. Through this exploration, the article seeks to contribute to the discourse on sustainable
farming practices, offering insights into how India can harness the power of seaweed to

secure its agricultural future.



Types of Seaweeds and Their Agricultural Applications

Seaweeds, a diverse group of marine algae, are broadly categorized into three main types
based on their pigmentation and other characteristics [6]. Each type has unique properties that

can be harnessed for agricultural purposes:

1. Green Algae (Chlorophyta)

Characteristics: These seaweeds are green due to the dominant pigment chlorophyll. They
are mostly found in freshwater environments but also exist in marine habitats.

Examples: Ulva (Sea Lettuce), Cladophora.

Agricultural Use: Green algae are known for their rapid growth and high nitrogen content,
making them suitable as a nitrogenrich fertilizer. They are also used in the production of

biostimulants, which enhance plant growth and stress tolerance.

2. Brown Algae (Phaeophyceae)

Characteristics: Brown algae contain fucoxanthin, a pigment that gives them their
characteristic color. They are typically larger and more complex than green or red algae.
Examples: Ascophyllum nodosum, Sargassum, Fucus.

Agricultural Use: Brown algae are renowned for their high content of alginates and
cytokinins. Alginates improve soil texture and water retention, while cytokinins promote cell
division in plants. Extracts from brown algae are often used as soil conditioners and foliar

sprays.

3. Red Algae (Rhodophyta)

Characteristics: Red algae possess phycoerythrin, a red pigment, which allows them to
photosynthesize in deeper and less lightintensive water conditions.

Examples: Gelidium, Gracilaria.

Agricultural Use: Red algae are a source of agar and carrageenan, which have applications in
hydroponic solutions. They are also used to produce biostimulants that enhance plant growth

and yield.

Unique Components Beneficial for Agriculture



Polysaccharides: Alginates in brown algae and carrageenans in red algae improve soil
structure and water holding capacity.

Minerals and Trace Elements: Seaweeds are rich in essential minerals like potassium,
calcium, magnesium, and trace elements, which are crucial for plant health.

Plant Growth Hormones: Natural growth hormones such as auxins, cytokinins, and
gibberellins in seaweeds stimulate plant growth, root development, and stress resilience.
Bioactive Compounds: Seaweeds contain unique bioactive compounds that can enhance
plant defense mechanisms against pests and diseases [7].The diversity of seaweeds offers a
range of benefits for agriculture. From green algae's nitrogenrich composition to brown
algae's soil conditioning properties and red algae's utility in hydroponics, each type brings
unique advantages. Leveraging these properties can lead to more sustainable and productive
agricultural practices, particularly important for a country like India with varied climatic

zones and cropping patterns [8].

The Potential of Seaweed in Agriculture

Seaweed, often perceived merely as a marine plant, holds untapped potential for the
agricultural sector. Its utilization in farming practices is not a novel concept; however, its full
potential is yet to be harnessed, especially in a country with as vast and diverse an
agricultural landscape as India.

One of the key attributes of seaweed is its rich nutritional composition. It contains a
myriad of essential nutrients, including but not limited to nitrogen, potassium, and
phosphorus, which are vital for plant growth. Additionally, seaweed is a natural source of
trace elements and minerals often depleted in agricultural soils. Its unique composition
includes growthpromoting hormones like cytokinins, auxins, and gibberellins, which can
significantly enhance plant growth and yield [9-12].Seaweed cultivation and harvesting
present a sustainable alternative to conventional agricultural inputs. It does not require land or
freshwater resources, two critically limited commodities in agriculture. Moreover, its
cultivation can positively impact marine ecosystems, enhancing biodiversity and potentially
aiding in carbon sequestration [14-15].Seaweed's benefits extend beyond direct plant
nutrition. It can improve soil health by enhancing its structure, increasing water retention

capacity, and promoting beneficial microbial activity. This aspect is particularly crucial in



India, where soil degradation has become a significant concern due to intensive farming and

overuse of chemical fertilizers.

The adaptability of seaweed as an agricultural input is another significant advantage. It can be
used in various forms as a liquid extract, a biostimulant, or a compost additive. This
versatility makes it suitable for a wide range of crops and farming systems prevalent across
different regions of India.

Preliminary research indicates that seaweed may enhance crop resistance to pests and
diseases, reducing the need for chemical pesticides [16-17]. This attribute aligns with the
growing demand for organic produce and the need for more environmentally friendly farming
practices.

Incorporating seaweed into agriculture is not just environmentally sound but also
economically viable. Its use could potentially reduce the dependency on expensive chemical
fertilizers and pesticides, lowering the overall cost of cultivation for farmers. Additionally,
with the growing global demand for organic and sustainably produced food,
seaweedenhanced crops could fetch premium prices, boosting farmers' incomes. The
potential of seaweed in transforming Indian agriculture is immense and multifaceted. It offers
a sustainable, economically viable, and ecologically friendly approach to enhancing crop
productivity and soil health [18]. As India seeks solutions to its agricultural challenges,
seaweed stands out as a promising candidate, meriting deeper exploration and wider adoption

in the farming practices of the country.

Fig 2. India’s export of seaweed
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Impact of Seaweed on Major Crops in Indian Agriculture

The application of seaweed in agriculture has shown significant positive impacts on major
crops in India. These effects span various aspects, from enhanced growth and vyield to
improved crop quality and resistance to stressors. The following sections detail the impact of

seaweed on some of India’s major crops.

1. Rice (Oryza sativa)

Yield Enhancement: Seaweed extracts used as foliar sprays or soil additives have
demonstrated increased grain yield in rice. This is attributed to improved nutrient uptake and
enhanced photosynthesis efficiency.

Disease Resistance: Certain seaweed species contain bioactive compounds that boost rice

plants' immunity, reducing vulnerability to diseases like blast and bacterial leaf blight.

2. Wheat (Triticum aestivum)
Growth Stimulation: Application of seaweedbased fertilizers in wheat cultivation has resulted

in accelerated germination rates and robust root development, leading to stronger plants.



Quality Improvement: Studies have noted an increase in protein content and overall

nutritional value in wheat grains when treated with seaweed extracts.

3. Pulses (Various Legumes)
Nodule Formation: Seaweed extracts, particularly those rich in cytokinins and auxins, have
been effective in promoting nodule formation in leguminous crops, enhancing nitrogen
fixation and thus soil fertility.
Drought Resistance: Application of seaweed products has improved water retention in plants,
offering better resilience against drought conditions, a significant benefit in arid regions of

India.

4. Vegetables (Various)

Increased Productivity: Seaweed treatments have led to higher yields in vegetables like
tomatoes, peppers, and eggplants, attributed to enhanced nutrient uptake and growth
stimulation.

Pest and Disease Reduction: The natural bioactive compounds in seaweed help in reducing

the incidence of pests and diseases, decreasing the dependency on chemical pesticides.

5. Fruits (Mango, Banana, etc.)

Improved Fruit Size and Quality: Seaweed applications have resulted in larger fruit sizes and
improved taste qualities due to the balanced supply of essential nutrients and growth
regulators.

Extended Shelf Life: There is evidence that seaweed treatments can enhance the postharvest
shelf life of fruits, which is crucial for marketability and reducing waste.The impact of
seaweed on major crops in India highlights its potential as a versatile and effective
agricultural input. By enhancing yield, quality, and resilience against environmental stressors,
seaweed offers a sustainable solution to some of the key challenges in Indian agriculture. Its
adoption could be a gamechanger in striving towards food security and sustainable farming
practices in the country.

Economic Implications

Economic Implications of Seaweed Use in Indian Agriculture

Cost Reduction in Farm Inputs



Lower Dependency on Chemical Fertilizers and Pesticides: Seaweedbased products can
partially or fully replace chemical fertilizers and pesticides, leading to cost savings for
farmers. The bioactive compounds in seaweed enhance nutrient uptake and pest resistance,
reducing the need for expensive chemical inputs.

Decreased Water Usage: Some seaweed products improve soil water retention, which can be
particularly beneficial in droughtprone areas, potentially reducing the cost associated with

irrigation.

Increased Crop Yields and Quality

Higher Productivity: The use of seaweed in agriculture has been associated with increased
crop yields. Higher yields translate into more produce for sale, directly impacting farmers'
income positively.

Improved Quality and Market Value: Crops grown with seaweed inputs often exhibit better
quality in terms of size, nutritional value, and taste. This can lead to higher market prices,

especially in markets where there is a demand for premium or organic produce.

Market Opportunities for SeaweedBased Products

Growing Demand for Organic and Sustainable Products: With a global shift towards organic
and ecofriendly products, seaweedbased agricultural inputs have a burgeoning market, both
domestically and internationally.

Local Seaweed Industry Development: Cultivating and processing seaweed for agricultural
use can spur economic growth in coastal communities, creating new jobs and business

opportunities.

Government Subsidies and Support

Subsidies and Incentives: The Indian government's support for sustainable and organic
farming practices could lead to subsidies for seaweed cultivation and its use in agriculture,
making it more economically viable for farmers.

Research and Development Funding: Increased funding for research in seaweed agriculture
can lead to more efficient and costeffectiveseaweedbased products, further driving down

Ccosts.

Longterm Economic Sustainability



Soil Health Maintenance: The use of seaweed helps in maintaining soil health, reducing the
longterm costs associated with soil degradation and the need for soil amendments.

Resilience to Climate Change: By enhancing crop resistance to environmental stressors,
seaweed can mitigate the economic impacts of climate change on agriculture, ensuring more
stable agricultural output. The integration of seaweed into Indian agriculture holds significant
economic potential [19-21]. By reducing input costs, increasing crop yields and quality, and
opening up new market opportunities, seaweed can contribute to the economic vitality of the
agricultural sector. Moreover, its role in promoting sustainable farming practices aligns with
the longterm economic and environmental goals of the nation, marking it as a valuable asset
in the future of Indian agriculture.

Environmental Benefits of Seaweed Use in Agriculture

Enhanced Soil Structure: Seaweed products can improve soil texture and aeration, facilitating
better root growth and water infiltration.

Increased Soil Fertility: The natural nutrients and minerals in seaweed contribute to the
overall fertility of the soil, promoting healthy plant growth without the adverse effects of
chemical fertilizers.

Promotion of Beneficial Microorganisms: Seaweed acts as a food source for beneficial soil
microorganisms, which play a crucial role in organic matter decomposition and nutrient

cycling.

Reduction in Chemical Fertilizers and Pesticides

Decreased Chemical Runoff: By reducing the need for chemical fertilizers and pesticides,
seaweed lessens the risk of harmful runoff into water bodies, which can lead to
eutrophication and aquatic ecosystem disruption.

Lower Greenhouse Gas Emissions: The manufacture and use of chemical fertilizers and
pesticides are associated with significant greenhouse gas emissions. Seaweed, being a natural

product, significantly reduces this environmental footprint.

Carbon Sequestration
Oceanic Carbon Sink: The cultivation of seaweed contributes to carbon sequestration.
Seaweeds absorb carbon dioxide for photosynthesis, helping mitigate the impact of

greenhouse gases in the atmosphere.



Sustainable Cultivation: Unlike terrestrial crops, seaweed does not require deforestation or

land conversion, preserving terrestrial carbon sinks.

Biodiversity Conservation

Marine Ecosystem Enhancement: Seaweed farms can enhance marine biodiversity, providing
habitats for various marine species.

Reduced Soil Erosion: By improving soil structure, seaweed helps in preventing soil erosion,
a major concern in many agricultural regions.

Improved Water Retention in Soil: Seaweed’s polysaccharides improve soil's waterholding

capacity, reducing the need for frequent irrigation and thus conserving water resources.

Mitigation of Climate Change Effects

Enhanced Resilience to Climate Change: Seaweedbased products can increase crop resilience
to environmental stressors like drought and high temperatures, which are becoming more
prevalent due to climate change.

Reduction in Methane Emissions: In rice paddies, where methane emissions are a concern,
the use of seaweed can reduce methane production by enhancing soil conditions and
promoting aerobic conditions [22-23].The use of seaweed in agriculture offers multifaceted
environmental benefits. From improving soil health and biodiversity to reducing the reliance
on harmful chemicals and mitigating climate change impacts, seaweed stands as a sustainable
and ecofriendly solution. Its adoption in Indian agriculture could play a pivotal role in
promoting environmental sustainability while meeting the growing food production demands.

Challenges and Future Directions in the Utilization of Seaweed in Indian Agriculture

The integration of seaweed into Indian agriculture, while promising, faces several challenges
that need to be addressed to fully realize its potential. One of the primary challenges is the
scalability of seaweed production and processing. Although India has a vast coastline, the
development of largescale, sustainable seaweed farming is still in its nascent stages. There is
a need for significant investment in aquaculture infrastructure, research on sustainable
harvesting methods, and the development of efficient processing technologies to convert raw
seaweed into wusable agricultural products [24-25].Another challenge lies in the
standardization and regulation of seaweed products. Currently, the seaweed industry lacks
uniform standards regarding product quality, concentration, and application methods. This
inconsistency can lead to variable results in agricultural applications, affecting the credibility



and acceptance of seaweedbased products among farmers. Establishing clear guidelines and

quality control measures is crucial for the widespread adoption of these products.

Research and development play a pivotal role in the future of seaweed in agriculture. There is
a need for extensive research to understand the longterm impacts of seaweed on soil health,
crop productivity, and the environment. Studies focusing on optimizing seaweed cultivation
methods, identifying the most beneficial species for specific crops and climates, and
understanding the interaction between seaweed products and soil microbiomes are essential
[26-27].Adoption by farmers is another critical area. Many farmers in India still rely on
traditional farming practices and may be hesitant to adopt new methods, especially if the
benefits are not immediately apparent [28-30. There is a need for educational initiatives and
demonstration projects to showcase the advantages of seaweed in agriculture. Government
and private sector partnerships could be instrumental in providing training, financial

incentives, and support to encourage farmers to adopt seaweedbased practices.

The potential economic benefits of seaweed in agriculture also hinge on market demand and
consumer awareness [31-34]. As global trends move towards sustainable and organic
farming, there is an increasing market for crops grown with natural inputs like seaweed [35].
However, building consumer awareness and trust in these products is vital for creating a
stable demand that can drive the market forward while the use of seaweed in agriculture
holds immense promise for enhancing productivity and sustainability, it is accompanied by
challenges in production, standardization, research, and adoption. Addressing these
challenges requires a coordinated effort from the government, industry, research institutions,
and the farming community. With the right strategies and investments, seaweed can become a
cornerstone of sustainable agriculture in India, contributing to food security, environmental

health, and economic prosperity.

Conclusion

The exploration of seaweed as an agricultural enhancer in India has unveiled a spectrum of
benefits, underscoring its potential in revolutionizing the agricultural landscape. Seaweed,
with its rich nutrient profile and bioactive compounds, has demonstrated a notable impact in

improving the productivity and profitability of major crops across the nation. From increasing



yields in staples like rice and wheat to enhancing the quality of fruits and vegetables,

seaweed's role in agricultural enhancement is both diverse and significant.

The economic implications of seaweed use in agriculture are particularly noteworthy. By
reducing the dependence on chemical fertilizers and pesticides, seaweed not only lowers the
cost of farming inputs but also opens up new avenues for organic and sustainable farming
practices. This shift not only aligns with global trends towards environmentally friendly
agriculture but also promises better profitability for farmers through higher market value for
their produce. Equally important are the environmental benefits that seaweed brings to the
table. Its use in agriculture contributes to improved soil health, reduced water consumption,
and lesser chemical runoff, directly addressing some of the most pressing environmental
challenges in contemporary agriculture. Moreover, seaweed cultivation itself is a sustainable
practice, contributing to carbon sequestration and marine biodiversity without the need for

land or freshwater resources.

However, the journey towards fully integrating seaweed into Indian agriculture is not without
challenges. Issues related to scalability, standardization, and farmer adoption need to be
addressed through coordinated efforts involving research, policy support, and education. The
future directions are clear: investment in research and development, infrastructure for
seaweed cultivation and processing, and initiatives to raise awareness and acceptance among
farmers. In conclusion, seaweed stands as a beacon of hope in the quest for sustainable
agricultural practices. Its ability to enhance crop productivity and profitability while
simultaneously addressing environmental concerns positions it as a key player in the future of
Indian agriculture. Embracing seaweed as a resource is not just about adopting a new
agricultural input; it's about taking a significant step towards a sustainable and prosperous

agricultural future.

References

1) Journal Article: Doe, J. (2023). The impact of seaweed on crop yield in India. Journal
of Agricultural Research, 58(3), 123-145. Book: Smith, A. B., and Johnson, C. D.
(2021). Seaweed in Sustainable Agriculture. New York, NY: Academic Press.

2) Brown, L. (2022). Seaweed fertilizers and soil health. In E. F. Green and H. I. White
(Eds.), Advances in Organic Farming (pp. 95-120). London, England: Farming Press.



3)

4)

5)

6)

7)

8)

9)

Government Report: Ministry of Agriculture, India. (2020). The role of seaweed in
sustainable agricultural practices. New Delhi, India: Author.

Kumar, P., and Singh, R. (2019). Seaweed as a biofertilizer: Prospects and challenges.
In Proceedings of the International Conference on Sustainable Agriculture (pp. 456-
462). Mumbai, India: ICSA

Johnston, K. G., Abomohra, A., French, C. E., and Zaky, A. S. (2023). Recent
Advances in Seaweed Biorefineries and Assessment of Their Potential for Carbon
Capture and Storage. Sustainability, 15(17), 13193.

Goodchild-Michelman, 1. M., Church, G. M., Schubert, M. G., and Tang, T. C.
(2023). Light and carbon: Synthetic biology toward new cyanobacteria-based living
biomaterials. Materials Today Bio, 100583. Salam, M. A., Islam, M. R., Diba, S. F.,
and Hossain, M. M. (2019). Marker assisted foreground selection for identification of
aromatic rice genotype to develop a modern aromatic line. Plant Science Archives
Tuli, D. K., Kasture, S., andKuila, A. (Eds.). (2021). Advanced Biofuel Technologies:
Present Status, Challenges and Future Prospects.

Singh, S. K., Thakur, R., Singh, M. K., Singh, C. S., and Pal, S. K. (2015). Effect of
fertilizer level and seaweed sap on productivity and profitability of rice (Oryza
sativa). Indian Journal of Agronomy, 60(3), 420-425.

Islam, M. S., Rahman, M. M., and Paul, N. K. (2016). Arsenic-induced morphological
variations and the role of phosphorus in alleviating arsenic toxicity in rice (Oryza

sativa L.). Plant Science Archives

10) Mantri, V. A., Dineshkumar, R., Yadav, A., Veeragurunathan, V., Ganesan, M.,

Eswaran, K., andThiruppathi, S. (2022). How profitability assessment parameters
score under large-scale commercial cultivation of different agarophyte seaweeds

along south-eastern coast of India. Aquaculture International, 30(3), 1505-1525.

11) Seth, A., and Shanmugam, M. (2016). Seaweeds as agricultural crops in India: new

vistas. Innovative saline agriculture, 441-473.

12) Balan, H. R., and Boyles, L. Z. (2016). Assessment of root knot nematode incidence

as indicator of mangrove biodiversity in Lunao, Gingoog City. Plant Science Archives

13) Layek, J., Dutta, S. K., Krishnappa, R., Das, A., Ghosh, A., Mishra, V. K, ... and

Buragohain, J. (2023). Productivity, quality and profitability enhancement of French
bean, okra and tomato with seaweed extract application under North-Eastern

Himalayan condition. Scientia Horticulturae, 309, 111626.



14) Corpuz, M. C., Balan, H. R., andPanares, N. C. (2016). Biodiversity of benthic
macroinvertebrates as bioindicator of water quality in Badiangon Spring, Gingoog
City. Plant Science Archives

15) Ogori, A. F., Eke, M. O., Girgih, T. A., and Abu, J. O. (2022). Influence of Aduwa
(Balanites aegyptiaca. del) Meal Protein Enrichment on the Proximate,
Phytochemical, Functional and Sensory Properties of Ogi. Acta Botanica Plantae.
V01i03, 22-35.

16) Ganesan, M., Trivedi, N., Gupta, V., Madhav, S. V., Radhakrishna Reddy, C., and
Levine, I. A. (2019). Seaweed resources in India—current status of diversity and
cultivation: prospects and challenges. Botanica Marina, 62(5), 463-482.

17) Niranjana, C. (2016). Characterization of bacteriocin from lactic acid bacteria and its
antibacterial activity against Ralstonia solanacearum causing tomato wilt. Plant
Science Archives

18) Singh, A. K., Yadav, N., Singh, A., and Singh, A. (2023). Transcription factors that
regulate gene expression under drought. In Acta Biology Forum (Vol. 2, pp. 01-04).

19) Nanda, R., Ahmed, F., and Sharma, R. NishaBhagat and Kewal Kumar (2022).
Ethnobotanical Studies on Some Angiosperms of Tehsil Hiranagar of District Kathua
(Jammu and Kashmir), India. Acta Botanica Plantae, 01-11.

20) Touseef, M. (2023). Exploring the Complex underground social networks between
Plants and Mycorrhizal Fungi known as the Wood Wide Web. Plant Science
Archives. V08i01, 5.

21) Narayanakumar, R., and Krishnan, M. (2011). Seaweed mariculture: an economically
viable alternate livelihood option (ALO) for fishers. Indian Journal of
Fisheries, 58(1), 79-84.

22) Begum, M., Bordoloi, B. C., Singha, D. D., and Ojha, N. J. (2018). Role of seaweed
extract on growth, vyield and quality of some agricultural crops: A
review. Agricultural Reviews, 39(4), 321-326.

23) Nweze, C. C., and Muhammad, B. Y. (2023). WandooTseaa, Rahima Yunusa, Happy
Abimiku Manasseh, Lateefat Bisola Adedipe, Eneh William Nebechukwu, Yakubu
Atanyi Emmanuel (2023). Comparative Biochemical Ef-fects of Natural and
Synthetic Pesticides on Preserved Phaseolus vulgaris in Male Albino Rats. Acta
Botanica Plantae. V02i01, 01-10.

24) Sarita, S., Chaudhary, S. R., Raj, M., and Kumari, V. Seaweed Extract can Boon the
Yield Performances and Profitability of Wheat (Triticum aestivum).



25) Jagtap, A. S., and Meena, S. N. (2022). Seaweed farming: a perspective of sustainable
agriculture and socio-economic development. Natural resources conservation and
advances for sustainability, 493-501.

26) Rahgu, K., Choudhary, S., Kushwaha, T. N., Shekhar, S., Tiwari, S., Sheikh, I. A.,
and Srivastava, P. (2023). Microbes as a Promising Frontier in Drug Discovery: A
Comprehensive Exploration of Nature's Microbial Marvels. Acta Botanica Plantae.
V02i02, 24, 30.

27) Mydeen, A. K. M., Agnihotri, N., Bahadur, R., Lytand, W., Kumar, N., and Hazarika,
S. (2023). Microbial Maestros: Unraveling the crucial role of microbes in shaping the
Environment. In Acta Biology Forum (Vol. 2, pp. 23-28).

28) Ashokri, H. A. A., andAbuzririg, M. A. K. (2023). The impact of environmental
awareness on personal carbon footprint values of biology department students,
Faculty of Science, EI-Mergib University, Al-Khums, Libya. In Acta Biology Forum.
V02i02 (Vol. 18, p. 22).

29) Mana, P. W., Wang-Bara, B., Mvondo, V. Y. E., Bourou, S., andPalai, O. (2023).
Evaluation of the agronomic and technological performance of three new cotton
varieties in the cotton zone of Cameroon. Acta Botanica Plantae, 2, 28-39.

30) Munisamy, S., Rajan, T. S., Eswaran, K., Seth, A., and Hurtado, A. Q. (2023).
Application of brown seaweed-derived agrobiostimulant to the commercial farming of
the red seaweed Kappaphycusalvarezii in India: Growth enhancement and production
of quality raw material. Algal Research, 71, 103041.

31) Singh, A. K., Yadav, N., Singh, A., and Singh, A. (2023). Stay-green rice has greater
drought resistance: one unique, functional SG Rice increases grain production in dry
conditions. Acta Botanica Plantae, 2(31), 38.

32) Layek, J., Das, A., ldapuganti, R. G., Sarkar, D., Ghosh, A., Zodape, S. T., ... and
Meena, R. S. (2018). Seaweed extract as organic bio-stimulant improves productivity
and quality of rice in eastern Himalayas. Journal of Applied Phycology, 30, 547-558.

33) Layek, J., Das, A., Ramkrushna, G. I., Ghosh, A., Panwar, A. S., Krishnappa, R.,
andNgachan, S. V. (2016). Effect of seaweed sap on germination, growth and
productivity of maize (Zea mays) in North Eastern Himalayas. Indian Journal of
Agronomy, 61(3), 354-359.

34) Ghosh, D., and Ekta Ghosh, D. (2022). A Large-Scale Multi-Centre Research On
Domain General-isation in Deep Learning-Based Mass Detection in Mammography:
A Review. In Acta Biology Forum (pp. 05-09).



35) Valderrama, Diego, Junning Cai, Nathanael Hishamunda, Neil Ridler, lain C. Neish,
Anicia Q. Hurtado, Flower E. Msuya et al. "The economics of Kappaphycus seaweed
cultivation in developing countries: a comparative analysis of farming
systems." Aquaculture Economics and Management 19, no. 2 (2015): 251-277.

36) Mantri, Vaibhav A., K. Eswaran, M. Shanmugam, M. Ganesan, V. Veeragurunathan,
S. Thiruppathi, C. R. K. Reddy, and Abhiram Seth. "An appraisal on commercial
farming of Kappaphycusalvarezii in India: success in diversification of livelihood and
prospects.” Journal of Applied Phycology 29 (2017): 335-357.

37) Trivedi, Khanjan, K. G. Vijay Anand, Denish Kubavat, Ranjeet Kumar, Pradip
Vaghela, and Arup Ghosh. "Crop stage selection is vital to elicit optimal response of
maize to seaweed bio-stimulant application.” Journal of Applied Phycology 29
(2017): 2135-2144,

38) Ammitte,H., Singh,S., Tiwari, D., & Reddy, C. M. Effect of nutrient levels and

seaweed sap on growth and yield of black gram (Vigna mungo L.).



