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The Soil Health Card (SHC) scheme, launched by the Government of India in 2015, aims to promote balanced fertilization and improve soil health through site-specific nutrient management recommendations. This study was conducted in Karimnagar district of Telangana State to assess the extent of adoption of soil health card based recommendations and soil sampling procedures among farmers. An ex post facto research design was used for the study. A sample of 120 farmers was selected through proportionate random sampling technique from 24 villages. The findings revealed that majority of the farmers (55.8%) had medium level of adoption of SHC recommendations, while 25.8% exhibited low adoption and 18.4% showed high adoption. Among the various practices, zigzag pattern for soil sample collection (MS=2.53) ranked first, followed by collection of samples in non-chemical bags (MS=2.41) and basal application of phosphatic fertilizers (MS=2.34). The study identified significant positive relationships between adoption and education (r=0.452**), training undergone (r=0.497**), extension contact (r=0.534**), scientific orientation (r=0.468**) and innovativeness (r=0.443**). The major constraints included lack of pre-seasonal training, difficulty in understanding SHC recommendations and apprehensions regarding reduced yields. The study recommends strengthening extension activities, conducting regular training programmes and simplifying SHC information to enhance adoption among farming communities. These findings highlight the need for policy-driven capacity building and farmer-centric extension strategies to ensure effective utilization of Soil Health Cards and sustainable soil management.
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Introduction
Soil health is fundamental to sustainable agriculture and food security. In India, indiscriminate use of chemical fertilizers, particularly nitrogenous fertilizers, has led to soil degradation, nutrient imbalances and declining agricultural productivity (Chand and Pavithra, 2015). The imbalanced use of NPK fertilizers has resulted in depletion of secondary and micronutrients in soils, adversely affecting crop yields and farmer incomes (Bora, 2022).
To address these challenges, the Government of India launched the Soil Health Card (SHC) scheme on February 19, 2015 with the objective of providing farmers with soil test-based recommendations for judicious fertilizer application. The scheme aims to assess soil health in terms of 12 parameters including macro-nutrients (N, P, K), secondary nutrients (S), micronutrients (Zn, Fe, Cu, Mn, B) and physical parameters (pH, EC, OC). Based on soil analysis, the SHC provides crop-wise recommendations for nutrients and fertilizers required for individual farms to enhance productivity through balanced input use (Reddy, 2017; Singh et al., 2023).
Despite the scheme's wide coverage, with over 150 million cards distributed to farmers across India, studies indicate significant gaps between awareness and actual adoption of SHC recommendations. Awareness of the SHC scheme among farmers was reported to be 82%, but only 66% could understand the recommendations and merely 48% followed the recommended fertilizer application rates (Reddy, 2019). Factors such as literacy barriers, complexity of recommendations, limited technical support and lack of faith in soil test results have been identified as major impediments (Ohlan et al., 2025; Patel et al., 2021; Kumar, 2025).
Proper soil sampling procedures are crucial for obtaining accurate soil test results. Standard practices recommend collecting soil samples from 0-30 cm depth for agricultural crops, following a zigzag pattern across the field, and using the quartering method for composite sample preparation (Myers, 2023; Extension Purdue, 2020). However, many farmers lack adequate knowledge about correct sampling techniques, leading to unreliable soil test results and consequently reduced confidence in SHC recommendations.
Precision agriculture has become a rapidly expanding, collaborative research domain, and they highlight opportunities for further work in developing countries to translate these technologies into farmer‑level adoption for improved productivity and resource‑use efficiency (Kabir et al., 2025)
Organic farming strongly focuses on soil health, farmers do not widely or consistently use soil test–based recommendations or systematic soil sampling, especially in developing countries where testing services are costly, scarce or weakly linked with extension. Many organic farmers instead depend on experience and visible soil indicators, while in high‑income regions certification systems encourage more regular soil testing, but adoption still depends on farm size, lab access and transaction costs (Mahedi et al., 2025)
Khatun et al., (2025) show that global research on climate‑smart agriculture adoption in drought‑prone areas mainly examines packages like drought‑tolerant varieties, conservation tillage, efficient irrigation and agroforestry, while soil testing, soil health card–type recommendations and systematic soil sampling are only implicitly included within broader CSA nutrient‑management components, not analysed as stand‑alone adoption outcomes.
Pervez et al., (2025) show that global agricultural extension research recognizes the importance of soil diagnostics and site‑specific nutrient management, the specific adoption of tools such as SHC recommendations and standardized soil sampling protocols remains under‑represented as a focused research topic in mainstream agricultural extension bibliometric patterns, and tends to be addressed in more specialised soil or nutrient‑management studies instead.
The Soil Health Card (SHC) scheme has been widely implemented across Telangana State with the objective of promoting balanced fertilization and sustainable soil health management. Although substantial progress has been made in terms of soil sample collection and distribution of Soil Health Cards, limited empirical evidence is available regarding the actual utilization and adoption of SHC-based recommendations at the farmer level. Most studies emphasize coverage and distribution statistics rather than examining the behavioural dimensions of adoption, compliance with scientific soil sampling procedures, and the socio-economic, communication and psychological factors influencing adoption behaviour.
Further, there is a paucity of location-specific studies in the erstwhile Karimnagar district that systematically analyze the extent of adoption and the constraints faced by farmers in implementing SHC recommendations under field conditions. Without such micro-level understanding, it becomes difficult to design need-based extension strategies and policy interventions. Hence, the present investigation was undertaken to bridge this research gap.
The present study was undertaken with the following specific objectives:
1. To study the profile characteristics of farmers in the study area.
2. To assess the extent of adoption of Soil Health Card-based recommendations and soil sampling procedures by the farmers.
Materials and Methods
The present study was conducted in erstwhile Karimnagar district of Telangana State during 2023-24. Erstwhile Karimnagar district was purposively selected due to its significant agricultural activity and active implementation of the Soil Health Card scheme through Krishi Vignana Kendras and associated extension agencies.
A multi-stage random sampling technique was employed for the selection of respondents. In the first stage, six mandals were randomly selected from erstwhile Karimnagar district. In the second stage, four villages were randomly chosen from each selected mandal, resulting in a total of 24 villages. In the final stage, from each village, 05 farmers who had received Soil Health Cards were randomly selected, making a total sample size of 120 respondents.
Primary data was collected through personal interviews using a pre-tested structured interview schedule. The schedule consisted of questions related to socio-economic characteristics, adoption of soil sampling procedures, implementation of SHC recommendations and constraints faced by farmers. 
Variables Studied
Independent variables included age, education, farm size, farming experience, training undergone, extension contact, scientific orientation, economic motivation, achievement motivation and innovativeness. The dependent variable was the extent of adoption of SHC-based recommendations and soil sampling procedures. These variables were selected based on previous adoption studies (Ravikishore et al., 2021; Ankhila et al., 2023).
Measurement of Adoption
Adoption was measured using a three-point continuum scale: adopted (score 3), partially adopted (score 2) and not adopted (score 1). Twenty key practices related to soil sampling procedures and SHC recommendations were identified based on literature review, expert consultation and official SHC guidelines. Mean scores were calculated for each practice using the formula: MS = (f1×3 + f2×2 + f3×1) / N, where f1, f2, and f3 represent frequencies of adopted, partially adopted and not adopted categories respectively and N is the total number of respondents. Overall adoption was categorized into low, medium and high based on cumulative frequency distribution (Subhash et al., 2019).
Statistical Analysis
The data was tabulated and analyzed using frequency, percentage, mean scores, ranking and Pearson's product-moment correlation coefficient to determine relationships between independent variables and adoption levels. 
Results and Discussion
Profile Characteristics of Respondents
The distribution of respondents based on their personal, socio-economic and psychological attributes is presented in Table 1. Majority of the farmers (51.67%) belonged to middle age group (35-50 years), followed by old age (25.00%) and young age (23.33%). This indicates that farming is predominantly practiced by middle-aged farmers who possess considerable farming experience and are in their economically productive phase. Similar findings were reported by Ohlan et al. (2025) in their study on SHC adoption in Haryana.
Regarding education, most respondents had completed high school (35.00%) or intermediate education (26.67%), while only 1.67% was illiterate. This relatively higher literacy level is favorable for understanding and adopting technical recommendations from Soil Health Cards. Education has been consistently identified as a significant factor influencing technology adoption (Patel et al., 2021).
In terms of farm size, the majority were small (36.67%) and semi-medium (26.67%) farmers, reflecting the typical landholding pattern in Telangana. Most farmers had medium farming experience (46.66%), medium level of training (48.34%) and medium extension contact (52.50%), suggesting moderate exposure to agricultural extension services and training programs. The psychological variables showed that most farmers had medium levels of scientific orientation (45.00%), economic motivation (43.33%), achievement motivation (44.17%) and innovativeness (48.33%).

Table 1: Distribution of respondents based on their personal, socio-economic and psychological attributes of the farmers under the study
n=120
	S. No.
	Variable
	Category
	Respondents

	
	
	
	Frequency
	Percentage (%)

	1
	Age 

	
	
	Young age (up to 35 years)                                       
	28
	23.33

	
	
	Middle age (35 to 50 years) 
	62
	51.67

	
	
	Old age    (above 55 years) 
	30
	25.00

	2
	Education 

	
	
	Illiterate	
	02
	01.67

	
	
	Primary school 
	24
	20.00

	
	
	High school 
	42
	35.00

	
	
	Intermediate                                         
	32
	26.67

	
	
	Under graduation 
	16
	13.33

	
	
	Post graduation and above 
	04
	03.33

	3
	Farm size 

	
	
	Marginal (0.1- 1.0 ha)                       
	24
	20.00

	
	
	Small (1.1-2.0 ha)                                              
	44
	36.67

	
	
	Semi- medium (2.1-4.0 ha) 
	32
	26.67

	
	
	Medium (4.1-10.00 ha)  
	18
	15.00

	
	
	Large (above 10.00 ha)


	02
	01.66

	4.
	Farming Experience 

	
	
	Low farming experience 
	28
	23.34

	
	
	Medium farming experience 
	56
	46.66

	
	
	High farming experience 
	36
	30.00

	5.
	Training undergone

	
	
	Low
	33
	27.50

	
	
	Medium
	58
	48.34

	
	
	High
	29
	24.16

	6.
	Extension Contact

	
	
	Low
	25
	20.83

	
	
	Medium
	63
	52.50

	
	
	High
	32
	26.67

	7.
	Scientific Orientation

	
	
	Low
	38
	31.67

	
	
	Medium
	54
	45.00

	
	
	High
	28
	23.33

	8.
	Economic Motivation

	
	
	Low
	32
	26.67

	
	
	Medium
	52
	43.33

	
	
	High
	36
	30.00

	9.
	Achievement Motivation

	
	
	Low
	30
	25.00

	
	
	Medium
	53
	44.17

	
	
	High
	37
	30.83


	10.
	Innovativeness

	
	
	Low
	34
	28.33

	
	
	Medium
	58
	48.33

	
	
	High
	28
	23.34



Extent of Adoption of Soil Sampling Procedures and SHC Recommendations
Table 2 presents the distribution of respondents according to their extent of adoption of soil sampling procedures and soil health card based recommendations. The analysis reveals varying levels of adoption across different practices.
Among soil sampling procedures, the zigzag pattern for collecting soil samples ranked first with a mean score of 2.53, indicating high adoption. This finding is consistent with standard soil sampling guidelines which recommend zigzag patterns for representative sampling (Extension MSU, 2023; Myers, 2023). Collection of soil samples in non-chemical and non-fertilizer bags ranked second (MS=2.41), demonstrating farmers' awareness about preventing contamination. Phosphatic fertilizers application at basal stage ranked third (MS=2.34), reflecting good understanding of phosphorus management practices.
Collection of soil samples from 0-30 cm depth ranked fifth (MS=2.18), showing moderate adoption of recommended sampling depth for agricultural crops. Soil sampling after harvesting Rabi crop (MS=2.23) and testing once in every 2-3 years (MS=2.17) showed moderate adoption, aligning with the SHC scheme's recommendation of testing every three years.
Application of recommended dose of fertilizers as per soil health card (MS=2.30) ranked fourth, indicating reasonably good adoption of nutrient management recommendations. This is encouraging as it suggests farmers are utilizing SHC information for fertilizer decisions. Growing and incorporation of green manure crops (MS=2.03) and recommended organic manures (MS=2.23) showed moderate adoption, highlighting the need for promoting organic matter management.
The practices with lower adoption included browsing SHC website for soil health information (MS=1.53), which ranked last. This indicates limited use of digital resources, possibly due to poor internet connectivity in rural areas or lack of digital literacy.
Application of 30% excess nutrient in low status soils (MS=1.73) and application of PSB in high P soils (MS=1.88) also showed low adoption, suggesting complexity in understanding these recommendations. These findings corroborate with Kumar's (2025) study which identified difficulty in understanding SHC recommendations as a major impediment.
Table 2: Distribution of respondents according to their extent of adoption of soil   
                sampling Procedures and soil health card based recommendations
n=120
	Sl. No.
	Particulars
	Responses
	Mean Score
	
Rank

	
	
	Adopted
	Partially
Adopted
	Not adopted
	
	

	1.
	Soil samples are collected from 0 to 30 cm depth in agricultural crops 
	52
	38
	30
	2.18
	VII

	2.
	Zigzag pattern was followed while collecting soil sample from a field
	78
	28
	14
	2.53
	I

	3.
	Quarttering method is followed during soil sample collection 
	41
	36
	43
	1.98
	XIV

	4.
	The soil samples were collected in non-chemical & non fertilizer bags
	69
	31
	20
	2.41
	II

	5.
	Soil samples were collected after harvesting the Rabi crop
	57
	33
	30
	2.23
	V

	6.
	Soil samples were tested once in every 2-3 years 
	49
	42
	29
	2.17
	VIII

	7.
	Separate soil samples were collected from a filed based on its colour
	46
	39
	35
	2.09
	XIII

	8.
	Application of PSB in high P soils
	34
	37
	49
	1.88
	XVII

	9.
	Phosphatic fertilizers were applied only in basal
	63
	35
	22
	2.34
	III

	10.
	Growing and incorporation of green manure crops for improving soil fertility 
	40
	44
	36
	2.03
	IX

	11.
	Application of Recommended dose of fertilizers as given in soil health card
	55
	46
	19
	2.30
	IV

	12.
	Application of Gypsum in black alkali soils 
	38
	41
	41
	1.98
	XV

	13.
	Application of Lime in Acid soils
	29
	33
	58
	1.76
	XVIII

	14.
	Application of ZnSo4 @20kg/acre for Zn deficient soils
	47
	40
	33
	2.12
	X

	15.
	Application of 30% excess nutrient in case of low status shown in SHC
	26
	35
	59
	1.73
	XIX

	16.
	Recommended organic manures as per SHC results
	51
	45
	24
	2.23
	VI

	17.
	Zinc was sprayed separately without mixing of any chemical
	44
	39
	37
	2.06
	XII

	18.
	Application of recommended dose of micro nutrients as per soil health cards 
	42
	47
	31
	2.09
	XI

	19.
	Application of recommended dose of secondary  nutrients as per soil health cards
	36
	43
	41
	1.96
	XVI

	20.
	Browsing SHC website for soil health information
	18
	27
	75
	1.53
	XX


Overall Adoption of SHC Recommendations
Table 3 presents the overall practical adoption of soil health card based recommendations among respondents. The findings reveal that majority of farmers (55.8%) exhibited medium level of adoption, while 25.8% showed low adoption and 18.4% demonstrated high adoption.
The predominance of medium adoption suggests that while farmers are aware of and implementing some SHC recommendations, there is substantial scope for improvement. The considerable proportion of low adopters (25.8%) indicates the need for intensive extension interventions and capacity building programs. These findings are in agreement with Ravikishore et al. (2021) who reported similar adoption patterns in Anantapuram district.
Table 3: Distribution of respondents according to their overall practical adoption of soil health card based recommendations
                                                                                                                                    n=120
	S. No.
	Category
	Score Range
	Frequency (n)
	Percentage (%)

	01.
	Low Adoption
	20 – 33
	31
	25.8%

	02.
	Medium Adoption
	34 – 47
	67
	55.8%

	03.
	High Adoption
	48 – 60
	22
	18.4%

	
	
	Total:
	120
	100%


Relationship between Profile Characteristics and Adoption
Table 4 presents the relationship between profile characteristics of farmers and extent of adoption of SHC recommendations. The correlation analysis reveals several significant associations.
Education showed highly significant positive correlation (r=0.452**) with adoption, indicating that farmers with higher education levels were better able to understand and implement SHC recommendations. This emphasizes the importance of literacy and education in technology adoption (Ankhila et al., 2023).
Training undergone (r=0.497**) and extension contact (r=0.534**) exhibited highly significant positive correlations, suggesting that farmers who attended more training programs and had better contact with extension personnel showed higher adoption. This underscores the critical role of extension education in disseminating soil health management practices (Sahay et al., 2019).
Scientific orientation (r=0.468**) and innovativeness (r=0.443**) showed highly significant positive correlations, indicating that farmers with scientific temperament and willingness to try new practices were more likely to adopt SHC recommendations. These findings align with diffusion of innovations theory (Rogers, 2003).
Farm size (r=0.228*), economic motivation (r=0.312*), and achievement motivation (r=0.286*) showed significant positive correlations, while age showed significant negative correlation (r=-0.196*), suggesting younger farmers were more receptive to new practices. Farming experience showed non-significant correlation, indicating that experience alone does not guarantee adoption without proper training and extension support.
Table 4: Relationship between Profile Characteristics of Farmers and Extent of Adoption of SHC Recommendations
                                                                                                                                     n=120
	S. No.
	Profile Variable
	Correlation Coefficient (r)
	Significance

	1
	Age
	-0.196
	*

	2
	Education
	0.452
	**

	3
	Farm Size
	0.228
	*

	4
	Farming Experience
	0.081
	NS

	5
	Training Undergone
	0.497
	**

	6
	Extension Contact
	0.534
	**

	7
	Scientific Orientation
	0.468
	**

	8
	Economic Motivation
	0.312
	*

	9
	Achievement Motivation
	0.286
	*

	10
	Innovativeness
	0.443
	**


* Significant at 5% level; ** Significant at 1% level; NS - Non-significant
Conclusion
The study reveals that majority of farmers (55.8%) in Karimnagar district exhibited medium level of adoption of soil health card based recommendations, with considerable scope for improvement. Among soil sampling procedures, zigzag pattern for sample collection showed highest adoption, while digital access to SHC information remained the lowest. Education, training, extension contact, scientific orientation, and innovativeness emerged as significant positive factors influencing adoption, highlighting the crucial role of extension education and capacity building.
The findings suggest that strengthening extension activities through regular training programs, field demonstrations, and simplified communication materials can significantly enhance adoption. Mobile soil testing vans, timely distribution of soil health cards, and improved availability of recommended inputs are necessary for effective implementation. Digital literacy programs and simplified SHC formats, as suggested by recent intervention studies, can address comprehension barriers. The study recommends a multi-pronged approach combining enhanced extension services, farmer-friendly communication and assured input availability to realize the full potential of the Soil Health Card scheme in improving soil health and agricultural productivity.
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