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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 of N-P₂O₅-K₂O, along with foliar application of micronutrients at 2 g/l. 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. 5,801/- ha-1compared to traditional farmer practices. Despite this improvement, the study identified a mean technological gap of 21.1 q/ha, an extension gap of 1.63 q/ha, and a technology index of 59.5%.	Comment by Ashish Lambat: Inconsistency in gap values: The abstract states “mean technological gap of 21.1 q/ha”, but Table 1 reports 15.9 q/ha. This is a critical discrepancy that must be corrected.
“Technology index of 59.5%” in abstract vs. 52.6% in Table 1 — another major inconsistency.
The phrase “reduced the cost of cultivation by Rs. 5,801/- ha⁻¹” contradicts Table 2, which shows higher cost in Demo (₹52,939) vs. Check (₹47,138).
→ This is a serious error: the paper claims cost reduction, but data show cost increase. However, net returns are higher due to greater gross returns. Clarify this: cost of cultivation increased, but net profitability improved.
Keywords:	Comment by Ashish Lambat: Missing
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 19.79 lakh 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. Further, mono cropping, low plant population, imbalanced application of fertilizers and delayed sowing due to late onset of rainfall, intermittent and terminal dry spells. Nearly 95% of Indian cotton farmers grow genetically modified Bt cotton, yet they are encountering stagnant yields. This is largely due to rising labour demands, labour costs and increased expenses for cotton picking and nutrient inputs. These challenges highlight the urgent need for sustainable practices. To maintain productivity, implementing high-density planting systems with narrow or ultra-narrow spacing, especially in rainfed areas and developing effective management strategies to enhance yields and improve input use efficiency have become essential (Madhavi et al., 2017). In cotton cultivation, improper nutrient management without any micronutrients application and organic matter addition. These poor soil fertility status and improper nutrient management result in lower seed cotton yields (Shalini et al., 2025). To achieve optimal yield, it's crucial to apply micronutrients along with primary nutrients. “Balanced fertilization is a crucial factor for boosting cotton yields”. To achieve the maximum yield potential of Bt cotton hybrids, it is essential to use proper agronomic practices, including optimal plant spacing and balanced fertilization, whether in irrigated or rainfed conditions. With the expansion of Bt cotton cultivation and the need for farmer-specific trials with different plant geometries, this study was designed to identify the best plant geometry and fertilizer levels. Therefore, the current research aims to determine the most effective plant spacing and fertilizer application for high-density planting systems (Mert et al., 2006).
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.
A crop's potential yield is determined by factors such as solar radiation, temperature, photoperiod, atmospheric carbon dioxide, and genetic potential, assuming no constraints from water, nutrients, pests, or diseases. In rainfed systems, where water supply is unpredictable, the water-limited potential yield becomes the critical benchmark for analyzing yield gaps. This potential is further influenced by seasonal variations, particularly in rainfall patterns (Singh et al., 2001).	Comment by Ashish Lambat: Overuse of direct quotations (e.g., “Balanced fertilization is a crucial factor…”) — better to paraphrase and cite.
Redundancy: Multiple sentences reiterate similar points about low productivity. Streamline.
Logical flow: The shift from global → national → state → district context is good, but the rationale for micronutrients specifically (vs. other factors like spacing or irrigation) could be sharper.
Objective statement is somewhat buried. End the intro with a clear hypothesis or research aim.
Although India has made significant strides in agricultural productivity since the mid-1960s, sustained efforts are crucial to meet the demands of a growing population. Demonstrating improved, recommended technologies through FLDs in farmers' fields remains one of the most effective extension approaches. This study aims to demonstrate the impact of foliar spraying of micronutrients for yield maximization in cotton by adopting such proven technologies.
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. 	Comment by Ashish Lambat: Missing key methodological details:
What cotton variety/hybrid was used? (Critical for reproducibility.)
What was the plant spacing/population in demo vs. farmer plots?
How was “potential yield” determined for technology gap calculations? (Not defined—this is a major omission.)
Were soil test results used to determine micronutrient need? If not, why use a blanket 2 g/L mix?
Statistical analysis: No mention of replication, variability, or statistical tests (e.g., t-test, ANOVA) to confirm significance of yield differences. Since it’s a demonstration (not a replicated trial), acknowledge limitations.
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
Results and Discussion:
 The experimental results pertaining to two consecutive years of kharif, 2023 and kharif, 2024 were pooled and presented here. 	Comment by Ashish Lambat: conomic contradiction: Table 2 shows cost of cultivation is higher in Demo (₹52,939) than Check (₹47,138), yet the text claims “reduced cost of cultivation by Rs. 5,801/ha”.
→ This is factually incorrect and must be corrected throughout (Abstract, Conclusion, Results).
What likely happened: maybe fertilizer cost was lower due to reduced NPK (120:60:60 vs. 180:70:70), but micronutrient and labor costs offset savings. But total cost is still higher.
Correct interpretation: “Although total cost of cultivation was slightly higher, net returns increased significantly due to greater yield.”
Yield units: Use consistent formatting (e.g., “15.6 q ha⁻¹”, not “15.6 q ha-1”).
Technology index: Abstract says 59.5%, Table says 52.6% (mean). Use table value.
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 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: A significant technology gap was observed across both years. The gap was lowest at 14.7 q/ha in kharif 2023 and highest at 17.1 q/ha in kharif, 2024, with a mean of 15.9 q/ha. 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.
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.
Technology Index: 
 The technology index, which reflects the feasibility of a technology in farmers' fields, was 52.6 % (Table 1), indicating high suitability for the Nalgonda district. 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 (1.91) than in farmers' practices (1.62). 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. 5801 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. 	Comment by Ashish Lambat: Repeats incorrect claim: “reduced the cost of cultivation by Rs. 5801 ha⁻¹”.
Should instead state: “increased net returns by ₹12,515 ha⁻¹ despite a marginal increase in input cost.”
Highlight policy implication: FLDs are effective for promoting micronutrient use in rainfed cotton
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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
	14.7
	1.60
	48.5

	2023-24
	11.5
	13.1
	12.7
	17.1
	1.66
	56.6

	Mean
	12.7
	14.4
	11.4
	15.9
	1.63
	52.6



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
	44901
	57729
	105214
	116893
	44901
	57729
	1.70
	2.01

	2023-24
	49376
	48149
	75759
	86733
	26383
	38585
	1.54
	1.81

	Mean
	47138
	52939
	90486
	101813
	35642
	48157
	1.62
	1.91







