



Impact of Frontline Demonstrations on Cotton Yield through Micronutrient Application in Nalgonda District, Telangana, India
Abstract

Cotton is a vital cash crop in India, contributing significantly to the agricultural economy. However, its productivity is often limited by the non-adoption of recommended fertilizer practices, particularly the application of micronutrients. To address this problem, Krishi Vigyan Kendra (KVK), Kampasagar, conducted Frontline Demonstrations (FLDs) over two consecutive years (Kharif 2023 and 2024) in the Nalgonda District of Telangana to evaluate the impact of micronutrients on cotton yield.The demonstrations were carried out in the adopted villages of Yerracheruvuthanda, Nellikal, and Guntipally. In the FLD plots, a balanced nutrient management approach was implemented, incorporating both major and micronutrients. Farmers applied the recommended fertilizer dose of 120:60:60 kg ha-1 of N-P₂O₅-K₂O, along with foliar application of micronutrients at 2 g L-1. The results indicated that the application of balanced NPK along with micronutrients recorded a 11.4% higher yield and reduced the cost of cultivation by Rs. 1,188/- ha-1 compared to traditional farmer practices. Despite this improvement, the study identified a mean technological gap of 9.45 q ha-1, an extension gap of 1.63 q ha-1, and a technology index of 39.7 %.
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Introduction: “Cotton (Gossypium hirsutum L.) is a major cash crop and fiber source with global significance, grown in more than seventy countries. Known as ‘White Gold’ or the ‘King of Fibers’, it is a vital economic resource, contributing to employment and foreign exchange earnings. According to the United States Department of Agriculture (USDA), globally, cotton area and production are projected as 35.5 million hectares and 115.7 million bales during 2022-23” (Hemalatha et al., 2024). “India has the largest area under cotton cultivation with 13.0 million hectares with the production and productivity of 34.3 million bales and 447 kg ha-1, respectively during 2022-23. In Telangana, the area of cotton during 2023-24 was 19.79lakh hectares with the production and productivity of 57.45 lakh bales and 495 kg ha-1, respectively (Cotton Statistics, 2024). The average lower productivity of cotton in India in general or Telangana state in particular can be primarily attributed to the fact that a majority of the cotton-growing zones are reliant on rainfed conditions. Most of the research findings revealed that heavy soils are more suitable for cotton cultivation” (Kavya et al., 2022). However, “in the state of Telangana, most of the farmers are cultivating cotton as a rainfed crop on light textured soils characterized by shallow depth, poor fertility, vulnerable to water and soil erosion, producing notably low yields” (Hemalatha et al., 2024) . 
Reduced cotton productivity is primarily caused by poor soil fertility and inappropriate nutrient management. Deficiencies in both macro and micronutrients lead to physiological disorders such as boll shedding and leaf reddening, ultimately diminishing yields (Shivamurthy and Biradar, 2014).

Foliar fertilization offers a viable solution to boost productivity under low soil fertility conditions (Rajendran et al., 2010). This technique involves applying water-soluble fertilizer nutrients directly to above-ground plant parts. The nutrients are then absorbed through the leaf cuticle or stomata and transported to plant cells for metabolic use. External nutrient supplementation becomes essential to maximize yield per unit area when soil fertility is compromised. Indian soils, for instance, are frequently deficient in micronutrients like zinc (49%), boron (37%), and manganese (4%) (Singh, 2009).

Cotton flowering is a continuous process, but not all flowers are retained until harvest. Nutritional stress, boll worm attacks, and climatic stressors such as hot, dry spells under rainfed conditions can cause 40-50% of the blooms and bolls to shed. Supplying the correct micronutrients is therefore critical to increase flower production and improve their retention for boll development and final yield (Radhika et al., 2013).

Foliar feeding of micronutrients is an effective method to deliver these essential nutrients, particularly under dry conditions, and serves as a crucial supplement to standard soil fertilizer practices (Senthil Kumar et al., 2025). 
Krishi Vigyan Kendra (KVK) is an innovative, science-based institution established to bridge the gap between agricultural research and practical application at the farm level. Its primary objective is to accelerate the transfer of technology from research institutions to farmers, thereby sustainably increasing agricultural productivity and income (Das, 2007). Functioning as grassroots organizations, KVKs are tasked with assessing, refining, and demonstrating proven technologies under the diverse micro-farming conditions specific to each district.

A key methodology employed by KVKs is the Frontline Demonstration (FLD), a systematic educational initiative conducted in farmers' fields to showcase the value and effectiveness of new practices. Despite significant advancements in agricultural research, many farmers in India continue to rely predominantly on traditional knowledge. This often leads to unscientific practices in agronomy, nutrient management, and pest control, which subsequently limits the potential yield of new crop varieties.

In light of this background, an experiment was conducted through Front Line Demonstrations to evaluate the effect of foliar-applied micronutrients on cotton yield in the rainfed conditions of the Nalgonda district, Telangana.

Materials and Methods:

The study was conducted within the operational area of the Krishi Vigyan Kendra (KVK) in Kampasagar, Nalgonda district, Telangana. The region receives an average annual precipitation of 680 mm, predominantly between June and September. 
A total of seven frontline demonstrations (FLDs) on cotton were carried out during the kharif seasons of 2023 and 2024 across three villages: Yerracheruvuthanda and Nellikal in Thirumalagiri Sagar Mandal, and Guntipally in Nidmanooru Mandal. Each demonstration covered an area  0.4 hectares. The soils in the study area were classified as shallow.

The demonstration involved two distinct nutrient management practices:

· Recommended Practice: Application of 120:60:60 kg N-P₂O₅-K₂O ha⁻¹, supplemented with foliar spraying of micronutrients (Zn, Cu, Mn, B) at a concentration of 2 g L⁻¹.

· Existing Farmer Practice: Application of 180:70:70 kg N-P₂O₅-K₂O ha⁻¹, without any micronutrient supplementation.

In the recommended practice, nitrogen was applied through urea, phosphorus through diammonium phosphate (DAP), and potassium through muriate of potash (MOP). The full dose of phosphorus was applied basally at sowing. Nitrogen and potassium were split into four equal doses and applied at 20, 40, 60, and 80 days after sowing (DAS). The micronutrient mixture was sprayed twice at 60 and 75 DAS. In contrast, the existing farmer practices were characterized by this higher, imbalanced nutrient application, a complete lack of micronutrients, and the absence of other improved agronomic techniques.

Data Analysis 

All the participating farmers were trained on nutrient management aspects of cotton. Calculated recommended dose of fertilizer, soil sample collection, and recommended agronomic practices. 
The primary data was collected from the selected farmers with the help of interview schedule and interpreted and presented regarding percentage increased yield. The observations of yield and economic performance of front line demonstration, the data on output were collected from FLDs as well as local check plots from all selected farmers and finally the lint yield, cost of cultivation, yield, net returns of different farmers were analyzed by the formula.

Gap Analysis Technology gap, extension gap, and technology index were calculated using the following formulas (Samui et al., 2000; Sagar and Chandra, 2004). 

Technology gap= Potential yield - Demonstration yield 

Extension gap= Demonstration yield – Farmer’s yield

Technology index = Potential yield – Demonstration yield/Potential yield X100

Farmers used BT II cotton of private companies with the spacing of 90 x 45 cm. The spacing and variety is same for demonstration and farmers practice. 
To express the technology gap and technology gap potential yield of Nalgonda dist under water limiting area was considered as 23.82 q ha-1 as described by Nagender et al., 2025.

Results and Discussion:
The experimental results pertaining to two consecutive years of kharif, 2023 and kharif, 2024 were pooled and presented here. 
Yield: The data on lint yield from Frontline Demonstrations (FLDs) conducted during the 2023 and 2024 kharif seasons are presented in Table 1. The demonstration plots recorded higher yields of 15.6 and 13.1 q ha⁻¹ compared to 14.0 and 11.5 q ha⁻¹ in the farmers' practice plots for 2023 and 2024, respectively. These findings indicate that balanced fertilization, including micronutrient application, significantly enhances cotton productivity, and farmers are encouraged to avoid imbalanced nutrient use. The superior performance of the demonstrated technology underscores its effectiveness under the local agro-ecological conditions. “The  supply  of  all  essential  nutrients  in  adequate amount  might  have  helped  for  the  improvement in photosynthesis and translocation of photosynthates    from    source    to    sink. The balanced   use   of   macro   and   micronutrients resulted in  a  significant  increase  in  yield” (Yogesh et al., 2022 and Ahmad et al., 2009). The results align with the work of Ravindra and Mandar (2025) on cotton FLDs. Furthermore, observing this yield potential has motivated farmers to adopt the demonstrated practices. Application of micronutrients like Fe, Zn, Mo, B and Mn contributed notable yield increase in cotton was also demonstrated by Kamalanathan et al., 2005.
Technology Gap: Technology gap shows the gap in the demonstration yield over potential yield.  A significant technology gap was observed across both the years. The gap was lowest at 8.22 q ha-1 in kharif 2023 and highest at 10.7 q ha-1 in kharif, 2024, with a mean of 9.45 q ha-1. These variations are attributed to differing feasibilities of the recommended technologies, influenced by factors such as soil fertility and erratic rainfall. The consistent gap between potential and demonstration yields underscores the need for location-specific recommendations to minimize it. This finding is supported by Prajapati et al. (2022), Ajrawat et al. (2013), Singh et al. (2014), Romade et al. (2018) and Shah et al. (2019).
Extension Gap: The extension gap was the difference between FLD and farmers’ practice yields and was 1.60 q ha⁻¹ in kharif 2023 and 1.66 q ha⁻¹ in kharif 2024. This gap underscores the need to educate farmers on adopting improved practices, particularly micronutrient management, to optimize yields through various extension services i.e, front line demonstrations for adoption of improved nutrient management practices to revert the trend of more extension gap. Prajapati et al., 2022, Padmaiah et al. 2012 and Meena and Dudi, 2018 has also opined that “depending on identification and use of farming situation, specific interventions may have greater implications in enhancing system productivity”. 
Technology Index: 
The technology index shows the feasibility of the demonstrated technology at the farmer’s field in cotton under rainfed condition. The technology index of 34.5 % and 44.8 % was recorded during the season kharif, 2022-23 and kharif, 2023-24, respectively. On an average technology index was observed 39.7 per cent during the two years of FLD programme, which shows the efficacy of good performance of present technical interventions in Nalgonda district. This will accelerate the adoption of demonstrated technical intervention to increase the yield performance of cotton. Similar results were also recorded by Shukla et al. (2020) and Shalini et al. (2016) in tomato. These findings are consistent with those of Ravindra and Mandar (2025).
Economics: Economic analysis revealed that improved cotton cultivation technology generated higher profitability (Table 2). The average net return was Rs. 48,157 ha⁻¹ in demonstration fields, compared to Rs. 35,642 ha⁻¹ with farmers' practices. Similarly, the mean benefit-cost (B:C) ratio was higher in demonstrations (1.89) than in farmers' practices (1.62). Balance application of nutrients along with micronutrients application reduced the cost of cultivation compared to imbalanced application also reported by Shivamurthy and Biradar, 2014. External application of micronutrients realized the higher gross returns was also reported by Sankaranarayanan et al., 2010. These results underscore the substantial potential of improved technology to enhance farmer incomes and livelihoods in the Nalgonda district. Balanced application of major nutrients along with micronutrient application.
Conclusion: The results indicated that balanced application of nutrients along with foliar application of micronutrients increased the yield by 11.4 % and reduced the cost of cultivation by Rs. 1188 ha-1 and net returns was increased by Rs. 12515 ha-1 over farmers practice. From the research it is to be concluded that, balanced fertilization along with foliar application of micronutrients gives quick benefits to farmers. Foliar application is effective particularly in dry areas where the cotton is grown under rainfed condition. 
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Table 1: Cotton productivity, Technology gap, Extension gap and Technology index under Front Line Demonstration

	Year
	Yield
q ha-1
	% yield
increase
 over FP
	Technology gap (q ha-1)
	Extension gap

(q ha-1)
	Technology index (%) 

	
	Check
	Demo
	
	
	
	

	2022-23
	14.0
	15.6
	10.2
	8.22
	1.60
	34.5

	2023-24
	11.5
	13.1
	12.7
	10.7
	1.66
	44.8

	Mean
	12.7
	14.4
	11.4
	9.45
	1.63
	39.7


Table 2: Economics of cotton under nutrient management practices 

	Year
	Cost of
Cultivation

(Rs. ha-1)
	Gross
Returns

(Rs. ha-1)
	Net
Returns

(Rs. ha-1)
	BC  Ratio

	
	Check
	Demo
	Check
	Demo
	Check
	Demo
	Check
	Demo

	2022-23
	60313
	59164
	105214
	116893
	44901
	57729
	1.70
	2.01

	2023-24
	49376
	48149
	75759
	86733
	26383
	38585
	1.54
	1.81

	Mean
	54845
	53657
	90486
	101813
	35642
	48157
	1.62
	1.89



