


AWARENESS AND ADOPTION PATTERNS OF BIOSTIMULANTS AMONG FARMERS IN ANANTAPUR DISTRICT: A STUDY OF NARPALA MANDAL


Abstract: Biostimulants have emerged as an important innovation in modern agriculture due to their ability to enhance plant growth, improve nutrient use efficiency, and increase tolerance to abiotic stress, thereby promoting sustainable crop production. The present study titled “Awareness and Adoption Patterns of Biostimulants among Farmers in Anantapur District: A Study of Narpala Mandal” aims to examine the socio-economic profile of farmers, assess their awareness levels, analyse adoption patterns, and identify the factors influencing the adoption of biostimulants. A descriptive research design was adopted, and primary data were collected from 200 farmers cultivating banana, citrus (mosambi), chilli, and tomato through personal interviews using a semi-structured schedule under purposive sampling. The collected data were analysed using percentage analysis, weighted average mean and Garrett ranking technique. The study revealed that a substantial proportion of respondents belonged to the middle-aged category, possessed primary-level education, and lived in small families, while most farmers reported higher annual income levels and practicsed irrigated farming. A majority of the respondents were aware of biostimulants, with agricultural input dealers serving as the primary source of information. Farmers generally perceived biostimulants as beneficial for enhancing crop growth and environmentally sustainable, although the overall level of awareness remained moderate. The findings further indicated a moderate level of adoption, with farmers showing greater preference for regular use, crop-specific application, and repeated application during the cropping season. Garrett ranking analysis identified product availability as the most influential factor affecting adoption, followed by product quality and brand reputation. The study highlights that improving farmer awareness, strengthening extension support, and ensuring better accessibility of biostimulants could significantly enhance their adoption and contribute towards sustainable agricultural development.
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1. INTRODUCTION
Agriculture plays a vital role in the Indian economy by generating employment for over half of the country’s workforce and accounting for 18.3 per cent of the national Gross Value Added (Mistri & Dudhagara, 2025). Biostimulants include a wide range of naturally derived or synthetic materials as well as beneficial microorganisms that are applied to crops, seeds, or soil to improve plant performance, enhancing internal plant processes and leading to better nutrient absorption, improved stress tolerance, and higher crop quality (Aambaliya et al., 2024; Chauhan et al., 2024). Biostimulants also help improve root development, strengthen crop resilience, and promote eco-friendly cropping systems by reducing reliance on chemical inputs (Sahoo & Dudhagara, 2023; Desai et al., 2025). These characteristics make biostimulants important tools for modern agriculture, especially in the face of soil degradation, climate change, and increasing demand for residue-free produce (Jardin, 2015).	Comment by prashanthi reddy: Reference missing	Comment by prashanthi reddy: Check with reference for year
Biostimulants can be grouped into several major categories based on their origin and function. The primary categories include humic substances, seaweed-based extracts, protein hydrolysates and amino acids, microbial biostimulants, and inorganic compounds such as silicon (Mahera & Dudhagara, 2020; Paghdar et al., 2024). These categories collectively play a significant role in improving crop productivity and sustainability in modern agriculture (Jardin, 2015; Yakhin et al., 2017). Humic and fulvic substances are among the most widely studied and utilised biostimulants that enhance soil fertility and plant growth. (Abou-Hussein et al., 2025). Humic acids act as effective biostimulants by enhancing root growth, nutrient uptake, and plant metabolism, thereby improving crop tolerance to environmental stress conditions (Canellas et al., 2015).
Seaweed extract, particularly Ascophyllum nodosum, has been reported to significantly enhance crop productivity and physiological performance. Seaweed extract enhances plant metabolism by increasing sugar content, amino acids, and nitrogen assimilation, thereby supporting better growth and yield formation (Staykov et al.,2025). Amino acid-based biostimulants, especially protein hydrolysates, are significant non-microbial biostimulants that enhance plant growth and productivity. They are especially effective under environmental stress conditions, where they improve plant tolerance by enhancing physiological and metabolic processes. They are considered environmentally friendly inputs for sustainable agriculture (Tarafdar, 2022; Patel & Dudhagara, 2025). Microbial biostimulants help horticultural crops grow better, produce more, and last longer. These include arbuscular mycorrhizal fungi (AMF) and plant growth-promoting bacteria (PGPB). They make nutrients more available and easier to absorb and are regarded as environmentally friendly instruments for sustainable horticulture (Shahrajabian et al., 2023).
Biostimulants can be applied in different ways, such as foliar spraying, soil drenching, and fertigation, depending on the product type and crop requirements. The effectiveness of these products largely depends on factors such as dosage, timing, and application frequency. Since crop type, environmental conditions, and product composition vary, there is no single standard application method (Andreotti et al., 2022). Biostimulants are integral to modern agriculture, as they enhance crop productivity, quality, and sustainability (Bodapati & Dudhagara, 2023). They help plants grow and develop by increasing nutrient-use efficiency and stimulating physiological processes. Their use is particularly significant in sustainable agriculture because they decrease reliance on chemical fertilisers and help minimise environmental pollution (Drobek et al., 2019). Biostimulants are expected to grow in importance in agriculture, especially for addressing food security and environmental issues. Advances in biotechnology and omics research should make them more effective and useful in modern agriculture (Valavanidis, 2024). The biostimulants market in India is growing quickly as farmers and agribusinesses look for ways to boost productivity, improve soil health, and reduce use of chemical fertilisers. The Indian biostimulants market was worth about USD 266.58 million in 2023 and is expected to grow to around USD 734.13 million by 2030 at a CAGR of about 15.57% during 2024–2030 (Fortune Business Insights, 2026).
India's biostimulants market is expected to grow rapidly as farmers seek higher yields and more sustainable methods. In 2024, the market was worth USD 355.53 million and is expected to reach USD 410.78 million in 2025. By 2032, it could grow to USD 1,135.96 million, with an average annual growth rate of 15.64% (Fortune Business Insights, 2026). The present study was undertaken to examine various aspects related to the use of biostimulants among farmers. Specifically, it aimed to analyse the socio-economic profile of farmers, including factors such as age, education, income, and landholding. The study also focused on assessing the level of awareness among farmers regarding biostimulants and their benefits. Furthermore, it sought to examine the adoption pattern of biostimulants, including usage practices and application methods. In addition, the study aimed to identify the key factors influencing farmers’ adoption of biostimulants, such as availability, product quality, and other related aspects.
2. METHODOLOGY
2.1 Coverage of the Study
A research on Awareness and Adoption of Biostimulants among Farmers in Narpala Mandal of Anantapur District was conducted. There are total 31 mandals in Anantapur district, among which Narpala Mandal was purposively selected. Total 10 villages from the Narpala mandal was selected namely B. Pappuru, Bandlapalle, Bondalawada, Chamaluru, Duggumarri, Durgam, Gugudu, Haveli Sodanapalle, Narpala, and Siddaracherla. The total sample size was 200, comprising 50 respondents each for citrus (mosambi), banana, chilli, and tomato. Primary data were collected through structured questionnaire designs according to the research objectives via personal interviews. Secondary data were collected from different journals, research papers, and websites.	Comment by prashanthi reddy: Is it questionnaire or interview schedule? CRoos check with the abstract and mention correctly.
2.2 Analytical Tools
Descriptive statistics like frequencies and percentage analysis were used to study the socio-economic profile. Tabular and frequency analysis were used to assess awareness levels. The weighted average mean (WAM) method was used for the adoption pattern analysis using the formula:
Weighted Average Mean (X̅) = (F₁X₁ + F₂X₂ + F₃X₃ + F₄X₄ + F₅X₅) / Xt
Where, F = Weight given to each response
X = Number of responses
Xt = Total number of responses
Henry Garrett Ranking Method was used to identify key factors influencing adoption, using the formula: Percent Position = 100(Rij – 0.5) ÷ Nj, 
Where Rij = Rank given for the ith variable by jth respondent
Nj = Number of variables ranked by jth respondent.
3. RESULTS AND DISCUSSION
3.1 Socio-Economic Profile of Farmers
Table 1 Socio-Economic Profile of Farmers
	Sr. No.
	Particular
	Respondents
	Percentage

	1
	Age
	
	

	
	Young (upto 35 years)
	45
	22.50

	
	Middle (36–50 years)
	81
	40.50

	
	Old (51 and above)
	74
	37.00

	
	Total
	200
	100.00

	2
	Gender Distribution
	
	

	
	Male
	200
	100.00

	
	Female
	0
	00.00

	
	Total
	200
	100.00

	3
	Family Size
	
	

	
	Small (Up to 4 member)
	107
	53.50

	
	Medium (5 to 8 Member)
	74
	37.00

	
	Big ( Above 8 Member )
	19
	9.50

	
	Total
	200
	100.00

	4
	Education 
	
	

	
	Illiterate
	20
	10.00

	
	Can read and write
	30
	15.00

	
	Primary
	78
	39.00

	
	Secondary
	56
	28.00

	
	Higher Secondary
	8
	4.00

	
	Graduation & above
	8
	4.00

	
	Total
	200
	100.00

	5
	Annual Income 
	
	

	
	Below 1 Lakhs
	4
	2.00

	
	1.0 - 2.5 Lakhs
	13
	6.50

	
	2.5 – 5.0 Lakhs
	53
	26.50

	
	Above 5 Lakhs
	130
	65.00

	
	Total
	200
	100.00

	6
	Source of Income
	
	

	
	Agriculture
	116
	58.00

	
	Agriculture + Animal Husbandry
	54
	27.00

	
	Agriculture and Other Sources
	30
	15.00

	
	Total
	200
	100.00

	7
	Land-holding
	
	

	
	Marginal (up to 1 ha)
	26
	13.00

	
	Small (1.01 to 2 ha)
	49
	24.50

	
	Semi-medium (2.01 to 4 ha)
	45
	22.50

	
	Medium (4.01 to 10 ha)
	70
	35.00

	
	Large (Above 10 ha)
	10
	5.00

	
	Total
	200
	100.00

	8
	Land Farming
	
	

	
	Rainfed
	50
	25.00

	
	Irrigated
	150
	75.00

	
	Total
	200
	100.00



The socio-economic profile data of farmers revealed that a majority of respondents belonged to the middle age group by 40.50%, followed by the old age group with 37.00% and young farmers covers 22.50%, indicating that middle-aged farmers were more actively involved in farming activities and decision-making related to biostimulant adoption. The study showed complete male dominance in farming, which may reflect traditional gender roles in agricultural decision-making. Regarding family size, most farmers belonged to small families with 53.50%, followed by medium-sized families by 37.00%, while only 9.50% belonged to large families, suggesting manageable household responsibilities.	Comment by prashanthi reddy: % in running text should be written as ‘per cent’. When in () it can be written as ‘%’.
In terms of education, the majority of respondents had completed primary education covers 39.00%, followed by secondary education by 28.00%, while 15.00% could only read and write, 10.00% were illiterate, and only 4.00% each had higher secondary and graduation-level education. This indicates a moderate level of literacy among farmers, which may influence awareness and adoption of new agricultural technologies. With respect to annual income, most farmers earned above ₹5 lakhs covers 65.00%, followed by those earning ₹2.5 - 5 lakhs by 26.50%, indicating relatively better financial stability to invest in agricultural inputs such as biostimulants.	Comment by prashanthi reddy: It is advised not to use the word ‘majority’ everywhere (for 40%, 53% and even for 39%). Try to incorporate words like two-fifths, half etc. for better understanding of which is majority.
Agriculture was identified as the primary source of income for most respondents by 58.00%, whereas 27.00% combined agriculture with animal husbandry and 15.00% relied on agriculture along with other sources, showing some level of income diversification. In terms of landholding, the majority of farmers possessed medium-sized landholdings by 35.00%, followed by small holdings with 24.50% and semi-medium holdings with 22.50%, while marginal by 13.00% and large farmers by 5.00% formed a smaller proportion. This suggests that farmers with moderate land resources were more prominent in the study area. Regarding the type of farming practiced, most respondents relied on irrigated farming with 75.00%, whereas 25.00% depended on rainfed agriculture, indicating better irrigation facilities that may encourage the adoption of improved agricultural practices like biostimulants.
3.2 Awareness Level Regarding Biostimulants
Table 2 Awareness Level Regarding Biostimulants
	Sr. No.
	Particular
	Respondents
	Percentage

	1
	Awareness 
	
	

	
	Yes
	150
	75.00

	
	No
	50
	25.00

	
	Total
	200
	100.00

	2
	Source of awareness
	
	

	
	Agricultural Input Retailor
	58
	38.66

	
	Extension Personnel
	22
	14.66

	
	Fellow Farmer
	26
	17.33

	
	Field Demonstration
	20
	13.33

	
	Mass Media / Social Media 
	24
	16.02

	
	Total
	150
	100.00

	3
	Type of biostimulants known
	
	

	
	Humic acid and Fulvic acid
	46
	30.66

	
	Humic acid and Seaweed extract
	32
	21.33

	
	Humic acid, Fulvic acid, Seaweed extract
	26
	17.33

	
	Humic acid, Fulvic acid, Seaweed extract, Amino acid
	16
	10.66

	
	Humic acid, Fulvic acid, Seaweed extract, Amino acid, Microbial
	12
	8.00

	
	Fulvic acid, Seaweed extract
	8
	5.33

	
	Amino acid and Microbial 
	10
	6.69

	                                    
	Total
	150
	100.00


	4
	Awareness on improve crop growth
	
	

	
	Yes
	132
	88.00

	
	No
	18
	12.00

	
	Total
	150
	100.00

	5
	Awareness on Eco-friendly  Nature
	
	

	
	Yes
	110
	73.33

	
	No
	40
	26.67

	
	Total
	150
	100.00

	6
	Level of awareness 
	
	

	
	Very high
	10
	6.66

	
	High
	37
	24.66

	
	Moderate
	91
	60.66

	
	Low
	12
	8.02

	
	Total
	150
	100.00


The data on farmers’ awareness regarding biostimulants revealed that a majority of respondents with 75.00% were aware of biostimulants, while 25.00% were not aware of them. This indicates that biostimulants have gained considerable recognition among farmers in the study area, although a notable proportion still lacks awareness. Regarding the sources of awareness, agricultural input retailers covers 38.66% emerginged as the primary source of information, followed by fellow farmers (by 17.33%), extension personnel by (14.66%), and field demonstrations (by13.33%). Mass media and social media such as television, radio, YouTube, etc.  contributed to 16.02% of farmers source of information which played a comparatively smaller role. This suggests that farmers rely more on interpersonal and market-based sources than formal communication channels for information on biostimulants.
In terms of knowledge about different types of biostimulants, the majority of farmers were familiar with humic acid and fulvic acid by 30.66%, followed by humic acid and seaweed extract by 21.33%, and a combination of humic acid, fulvic acid, and seaweed extract by 17.33%. Fewer farmers were aware of advanced combinations involving amino acids and microbial biostimulants, indicating limited knowledge of diverse biostimulant products available in the market.
Further, majority of farmers with 88.00% were aware that biostimulants help improve crop growth, while only 12.00% lacked such awareness. Similarly, 73.33% of farmers recognized the eco-friendly nature of biostimulants, whereas 26.67% were unaware of their environmental benefits. Regarding the overall level of awareness, most farmers had a moderate level of awareness by 60.66%, followed by a high level by 24.66%, while only a small proportion had very high awareness by 6.66% and low awareness by 8.02%.  These findings indicate that although awareness of biostimulants is fairly widespread, there is still a need for stronger extension efforts and awareness programs to improve farmers’ knowledge about different types and benefits of biostimulants.


3.3 To examine the adoption pattern of biostimulants
Table 3 Adoption pattern of biostimulants 
	Rank
	Statements
	WAM score

	1
	I have been using it for the past few years
	4.36

	2
	I use different types of biostimulants based on crop requirements
	4.26

	3
	I use biostimulants more than once in a crop season
	4.10

	4
	I prefer the foliar application of biostimulants over other methods
	4.03

	5
	I apply biostimulants at the critical stage of crop requirement
	3.70

	6
	I have been consistently using a biostimulant for the past few seasons
	3.59

	7
	Follow recommended dosage while applying  biostimulants
	3.56

	8
	I apply biostimulants in most of the crop grown on my farm
	3.30


Table 3 shows adoption pattern of biostimulants among farmers was analysed using the weighted average mean technique, which indicated a moderate level of adoption. The highest-ranked statement was “I have been using it for the past few years” with 4.36 score, showing continued usage and trust among farmers. This was followed by “I use different types of biostimulants based on crop requirements” with 4.26 score and “I use biostimulants more than once in a crop season” with 4.10 score, indicating crop-specific and repeated usage practices. Farmers also preferred foliar application with 4.03 score and applying biostimulants at critical crop stages with 3.70 score. Lower scores were observed for consistent usage over seasons with 3.59 score, following recommended dosage with 3.56 score, and applying biostimulants to most crops grown on the farm with 3.30 score. Overall, the findings indicate that farmers adopt biostimulants selectively, with greater preference for continued use and crop-specific applications.
3.4 Key Factors Influencing Farmers' Adoption of Biostimulants
Table 4 Factors Influencing Farmers' Adoption of Biostimulants 
	Rank
	Statements
	WAM score

	1
	Availability of biostimulants
	73.65

	2
	Quality of  the product
	59.89

	3
	Brand reputation
	54.29

	4
	Price affordability
	50.27

	5
	Recommendation by Retailers
	43.71

	6
	Extension support and guidance by Company Personnel
	35.64

	8
	Ease of application
	21.33


Table 4 shows the Garrett ranking analysis identified availability as the most important factor with WAM 73.65 score, indicating that farmers prefer products that are easily accessible. Product quality with 59.89 score and brand reputation with 54.29 score were the next most important factors, highlighting the value placed on effective and trusted products. Price affordability with 50.27 score had moderate influence, while retailer recommendations with 43.71score played a supporting role. Extension support and company guidance with 35.64 score had a comparatively lower impact, and ease of application with 21.33 score was the least important factor. Overall, accessibility, quality, and brand trust are the key determinants of biostimulant adoption.
4. CONCLUSION
The study conducted in Narpala Mandal, Anantapur district, Andhra Pradesh, provides comprehensive insights into the awareness, adoption, and key influencing factors of biostimulant use among 200 farmers. A significant large amount of farmers is aware of biostimulants, primarily through agricultural input retailers and fellow farmers. Farmers are most familiar with commonly used products such as humic acid, fulvic acid, and seaweed extracts, while awareness of advanced biostimulants remains limited. The analysis reveals moderate and practice-oriented adoption, with continued usage and crop-specific usage scored highest, while consistent scientific application practices remain relatively low. Garrett ranking identified availability as the most critical adoption factor, followed by quality, brand reputation, and price affordability. The study highlights the need for stronger extension services, improved farmer training, field demonstrations, and affordable pricing strategies to bridge the gap between awareness and scientific adoption of biostimulants. Enhancing accessibility, promoting eco-friendly inputs, and technical guidance will be crucial in realizing the full potential of biostimulants for sustainable agriculture and improved crop productivity in the region.
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