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Leaf Colour Chart (LCC) A Reliable Tool for Nitrogen Management: A Comprehensive review


ABSTRACT
Effective nitrogen (N) management is fundamental for enhancing crop productivity while minimizing environmental degradation. The Leaf Color Chart (LCC) has emerged as a practical, low-cost, and non-destructive diagnostic tool for assessing crop nitrogen status and guiding site-specific nitrogen management (SSNM). Originally developed and widely adopted in rice systems, the utility of LCC has now extended to other cereals and millets, including sorghum, pearl millet, and finger millet. By visually comparing leaf greenness with standardized color panels, the LCC enables real-time adjustments of N fertilizer application, thereby improving nitrogen use efficiency (NUE), sustaining yields, and reducing losses through leaching and greenhouse gas emissions. Evidence from field studies and review analyses indicates that LCC-based strategies not only maintain or enhance yields across diverse cereal and millet production environments but also contribute significantly to lowering production costs and promoting climate-resilient agriculture. This review synthesizes the available literature on LCC calibration, crop-specific threshold values, and correlations with chlorophyll content and leaf nitrogen concentration. It also discusses practical applications across different crops and agro-ecological regions, highlighting the benefits of LCC over conventional blanket fertilizer recommendations. Furthermore, the review evaluates limitations such as subjectivity in visual scoring, varietal differences in leaf color, and the influence of environmental factors, while pointing to technological innovations and integration with digital tools to overcome these challenges. Overall, the synthesis demonstrates that LCC is a reliable, adaptable, and sustainable tool for precision nitrogen management not only in rice but also in millets and other cereals, offering valuable guidance for researchers, extension workers, and farmers aiming to optimize nutrient use efficiency and ensure environmental sustainability.
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1. INTRODUCTION
Nitrogen is a vital nutrient that significantly influences rice growth, development, and yield. However, improper nitrogen management can lead to yield losses, environmental pollution through nitrogen runoff or leaching, and increased production costs. Traditionally, nitrogen management in rice cultivation has been based on agronomic practices, such as farmers' experience, soil testing, and crop growth stage-based fertilizer application (Bhatt & Kunal, 2024). However, these methods often lack precision and fail to account for dynamic changes in crop nitrogen requirements throughout the growing season (Shekara et al., 2025). Consequently, there is a growing need for reliable and efficient tools to optimize nitrogen management in cereal and millet crops.  In recent years, the Leaf Color Chart (LCC) has emerged as a promising tool for nitrogen management in rice (Varinderpal-Singh et al., 2023). The LCC method relies on visual assessment of leaf color as an indicator of plant nitrogen status (Tang et al., 2025; Timilsina & Marahatta, 2025). By comparing the leaf color with a standardized color chart, farmers and agronomists can make informed decisions regarding nitrogen fertilizer application rates and timings. The LCC method offers several advantages, including simplicity, cost-effectiveness, non-destructive sampling, and real-time monitoring of crop nitrogen status (Ali & Salem, 2024; Fayaz et al., 2022).
This review aims to provide a comprehensive evaluation of the LCC tool for nitrogen management in crop cultivation. We will explore the scientific evidence supporting the use of LCC, including its calibration, threshold values for different growth stages, and its correlation with leaf nitrogen content. Additionally, we will examine the practical application of LCC in diverse rice-growing regions and its compatibility with different rice varieties. Moreover, we will discuss the advantages of LCC over conventional nitrogen management approaches, such as the potential for improved nitrogen use efficiency, enhanced yield, and reduced environmental impact. We will also address the challenges and limitations associated with LCC, including subjective interpretation and potential confounding factors influencing leaf color.

2. THE LEAF COLOR CHART (LCC) 
The Leaf Color Chart (LCC) is an inexpensive and user-friendly tool utilized for nitrogen management in rice cultivation. It consists of a 12-15-inch-long chart with several shades of green. The chart is made of durable, sunlight-resistant plastic and features multiple color lines arranged like leaf veins. The lightest shade is labeled -1, while the darkest green shade is labelled 8. Originally, the LCC had eight shades of unnamed green, but later versions developed by Furuya (1987) and the International Rice Research Institute (IRRI, 1996) featured seven or six shades of green. The LCC is calibrated with a chlorophyll meter and serves as a guide for nitrogen top dressing in rice crops (Wu et al., 2024). It comes with a construction sheet in the local language, explaining how farmers can determine the optimal time for nitrogen application. The LCC is a versatile tool that can be used regardless of the nitrogen source applied, including inorganic, organic, or biofertilizers. It enables the assessment of canopy greenness as well as the green color of individual leaves. By comparing leaf color with the LCC, critical color grades or LCC values can be determined to guide nitrogen application (Bhat et al., 2022).
According to the LCC, if a reading of 4 or above is obtained at panicle initiation, nitrogen application can be skipped. The critical leaf color reading for nitrogen top dressing varies, ranging from 3 for varieties with light green foliage (e.g., scented to aromatic rice varieties) to 4 for other varieties and hybrids. In the case of transplanted rice, the critical LCC grade is 4, while for direct wet-seeded rice, it is 3. Crops exhibiting leaf colors below the critical values indicate nitrogen deficiency and require immediate application of nitrogen fertilizer to prevent yield losses. It is worth noting that for locally important rice varieties and specific crop establishment methods, the critical LCC values may need to be redefined after conducting one or two test seasons. Overall, the Leaf Color Chart (LCC) serves as an invaluable tool in optimizing nitrogen use in rice cultivation. It provides a simple and effective means of assessing nitrogen status, guiding fertilizer application decisions, and ultimately contributing to improved crop productivity and sustainability.
3. Role of Leaf Color Chart (LCC) in Nitrogen Management of Millets
Efficient nitrogen (N) management is one of the most crucial aspects of crop production, as nitrogen is directly associated with chlorophyll synthesis, photosynthetic activity, and biomass accumulation (Govindasamy et al., 2023). In cereal and millet-based systems, imbalanced or blanket application of nitrogen fertilizers often leads to low nitrogen use efficiency (NUE), high production costs, and environmental pollution through leaching and gaseous losses (Karnot et al., 2024). To address these challenges, the Leaf Color Chart (LCC) has been widely promoted as a simple, farmer-friendly, and cost-effective tool for real-time monitoring of crop nitrogen status. Unlike laboratory-based analytical methods, the LCC allows farmers to make site-specific nitrogen management (SSNM) decisions at the field level, ensuring timely and need-based fertilizer application (Malhi et al., 2022).
3.1 Principle and Application of LCC
The LCC is a standardized chart consisting of green color strips that represent different shades corresponding to the relative chlorophyll content in leaves (Kulkarni & Das, 2023). The intensity of green color in a crop leaf is an indicator of its nitrogen status since chlorophyll molecules contain nitrogen at their core. By comparing the greenness of the top fully expanded leaf with the shades of the LCC, farmers can determine whether the crop requires additional nitrogen fertilizer. Typically, if the leaf color is lighter than the threshold value (commonly 4 or 5 in cereals), a top-dressing of nitrogen is recommended. This decision-making process reduces unnecessary nitrogen use, improves NUE, and prevents yield penalties associated with nitrogen deficiency.
3.2 LCC in Millets: Sorghum, Bajra, and Finger Millet
The use of LCC in sorghum millet, bajra (pearl millet), and finger millet has gained importance due to their predominance in rainfed and resource-poor farming systems. These crops are highly adaptive to marginal environments but are often cultivated with minimal fertilizer inputs, resulting in lower productivity. The image highlights the practical field application of LCC in these millet species.
· LCC in Sorghum Millet: Sorghum leaves exhibit distinct variation in greenness depending on nitrogen availability (Bollam et al., 2021). Using LCC in sorghum enables precise nitrogen application, thereby improving grain filling, panicle size, and stover yield, which are critical for both food and fodder purposes (Ostmeyer et al., 2022).
· LCC in Bajra Millet: Bajra is widely grown in semi-arid tropics and is often subjected to nutrient stress (Shashikala et al., 2023). Employing LCC ensures nitrogen supplementation at the right growth stages (tillering and panicle initiation), which enhances tiller survival, panicle emergence, and overall productivity (Al-Tawaha et al., 2020).
· LCC in Finger Millet: Finger millet is nutritionally rich but generally cultivated in low-input systems (Sneha et al., 2025). LCC-based nitrogen management in finger millet helps in balancing vegetative and reproductive growth, leading to improved seed setting and grain yield without over-fertilization.
3.3 Benefits and Sustainability Aspects
Adopting LCC-based nitrogen management in millet cultivation brings several agronomic and environmental benefits:
· Enhanced Nitrogen Use Efficiency (NUE): Ensures nitrogen is used by the plant when needed, minimizing wastage.
· Yield Stability: Maintains optimum chlorophyll content and photosynthetic efficiency, which directly supports yield stability.
· Cost-Effectiveness: Reduces excess fertilizer use, lowering input costs for smallholder farmers.
· Environmental Safety: Minimizes nitrate leaching and nitrous oxide emissions, thus supporting climate-smart agriculture.
· Suitability for Resource-Poor Farmers: As a low-cost tool, the LCC is particularly beneficial for smallholders in developing regions where soil testing and advanced diagnostic tools are not accessible.
The integration of the Leaf Color Chart (LCC) into millet-based farming systems is a promising strategy to bridge the gap between low-input traditional practices and modern precision nutrient management. Its application in sorghum, bajra, and finger millet not only improves productivity and profitability but also contributes to sustainable intensification of millet cultivation. As millets gain global recognition for their resilience and nutritional value, LCC-based nitrogen management can play a pivotal role in ensuring both food security and environmental sustainability. Application of Leaf Color Chart (LCC) in Millets for Nitrogen Management illustrated in Fig. 1.
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Fig. 1.  Application of Leaf Color Chart (LCC) in Millets for Nitrogen Management

4. CRITICAL COLOR GRADES OR LCC VALUES 
The determination of critical color grades or Leaf Color Chart (LCC) values is crucial for effective nitrogen management in rice cultivation. By utilizing the LCC tool, nitrogen application decisions can be made based on specific readings obtained. For instance, if a reading of 4 or above is obtained at panicle initiation, nitrogen application can be skipped. The critical LCC values for nitrogen top dressing vary depending on the characteristics of rice varieties. For varieties with light green foliage, such as scented to aromatic rice varieties, a leaf color reading of 3 is considered critical. For other varieties and hybrids, a reading of 4 is deemed critical. Similarly, in the case of transplanted rice, the critical LCC grade is 4, while for direct wet-seeded rice, it is 3. Crops displaying a leaf color below the critical values indicate nitrogen deficiency and require immediate nitrogen fertilizer application to prevent yield losses. However, it is important to note that critical LCC values can vary for locally important varieties and different crop establishment methods. Therefore, it may be necessary to redefine the critical LCC values after conducting one or two test seasons specific to the local context. By identifying and applying the critical LCC values, farmers and agronomists can effectively manage nitrogen fertilization, optimizing crop yield and reducing the risk of nitrogen deficiency. Continuous monitoring and adjustment of nitrogen application based on LCC readings can significantly contribute to improved nitrogen use efficiency and sustainable rice production.

5. GUIDELINES FOR USING LCC
When using the Leaf Color Chart (LCC) for assessing leaf nitrogen status and determining nitrogen top dressing in rice, it is important to follow the established guidelines:
· Leaf Selection: Choose the topmost fully expanded leaf for leaf color measurement, as it is highly correlated with the nitrogen status of rice plants. According to Tanno et al. (1982), the reading by the color scale of the canopy green is more closely correlated with the average chlorophyll content of the three topmost leaves than the reading on a single leaf.
· Measurement Technique: Hold the LCC vertically and place the middle part of the selected leaf approximately 1 cm in front of a color strip on the chart. Compare the leaf color with the shades on the chart to determine the corresponding score.
· Leaf Integrity: Ensure that the leaf is neither detached nor destroyed during the measurement process. The leaf should remain intact and undamaged.
· Sunlight and Angle: Shield the leaf with your body while taking the LCC reading, as the leaf color chart reading can be affected by the angle of the sun and sunlight intensity. This helps minimize any interference from external lighting conditions.
· Timing of Readings: Take readings between 8-10 am when there is less glare from the sun. Avoid taking readings very early in the morning when dew drops may make it difficult to obtain accurate readings.
· Consistency: Ensure that the same person takes the color measurements at the same time of the day consistently. This helps maintain consistency in the readings and reduces variability.
· Sampling Size: Take readings for ten leaves at random from each plot. Calculate the average score and compare it to determine the need for nitrogen top dressing.
Frequency of Readings: Take LCC readings once a week, starting from 14 days after transplanting for transplanted rice or 21 days after seeding for wet-seeded rice (Fig. 2). Continue taking readings once every 7-10 days until the first flowering stage. These guidelines, based on scientific research, will help ensure standardized and accurate measurements using the LCC, facilitating effective nitrogen management in rice crops (Tanno et al., 1982).
[image: https://precisiondev.org/wp-content/uploads/2023/11/LCC-header-.jpg]
Fig. 2. A standardized leaf color chart for assessing leaf N status.

6. LCC-Based Nitrogen Management in Millets and Cereals
The application of the Leaf Color Chart (LCC) as a diagnostic tool for nitrogen management has been extensively studied across cereals and millet-based systems. Research evidence indicates that LCC provides a reliable, low-cost, and farmer-friendly approach for optimizing nitrogen application by linking leaf greenness with chlorophyll and nitrogen content. Crop-specific calibration of LCCs has been successfully carried out in sorghum, pearl millet, and finger millet, enabling site-specific nitrogen management under rainfed and low-input production conditions. Studies in sorghum confirmed a positive correlation between LCC scores and grain yield, while calibration trials in finger millet established threshold values for real-time fertilizer application. Similarly, pearl millet was included in institutional calibration programs, highlighting the importance of LCC adoption in resource-poor farming systems. Beyond millets, several reviews and on-farm trials in rice, wheat, and maize have provided strong evidence for LCC in improving nitrogen use efficiency (NUE), reducing fertilizer input without compromising yield, and supporting climate-smart agriculture. A synthesis of key findings from both research and review studies on LCC application in millets and related cereals is presented in Table 1, which highlights the scope, threshold values, yield responses, and sustainability benefits reported across different crop systems.







Table 1: Research Evidence on the Use of Leaf Colour Chart (LCC) for Nitrogen Management in Millets and Related Cereal Systems
	Crop/System
	Study type & context
	LCC threshold/approach reported
	Main findings (yield/NUE/management)
	Notes for practice

	Millets (general)
	Review of nutrient management in millets (ICAR)
	Recommends SPAD/LCC for real-time N scheduling within SSNM
	LCC/SPAD support precision N, integrated with soil–plant analysis and decision tools to raise productivity and recovery efficiency in millets.
	Use LCC alongside SSNM targets (≥80% of Ymax) and recovery efficiency metrics.

	Finger millet
	SPAD–LCC calibration/field evaluation
	SPAD values used to develop finger-millet LCC ranges
	Establishes greenness–N relationship enabling crop-specific LCC thresholds in finger millet.
	Useful where crop-specific LCC is available; reduces subjectivity vs generic charts.

	Sorghum
	Dissertation with LCC analysis
	Positive relation between LCC score and grain yield
	Higher LCC scores aligned with higher sorghum yield, supporting LCC as an indicator for top-dress timing.
	Apply N when leaf shade falls below calibrated threshold for the variety/stage.

	Pearl millet (and other millets)
	Manufacturer–institute calibration summary (IRRI/ICAR partners incl. IIMR)
	Crop-specific LCCs available (Sorghum, Pearl millet, Finger millet)
	Field-calibrated LCCs produced for multiple millet crops to guide need-based N.
	Confirms availability and institutional calibration of millet LCC tools.

	Cereals (South Asia: rice, wheat, maize)
	Review article
	Three LCC modes: real-time adjustable dose/time; fixed time adjustable dose; fixed dose adjustable time
	LCC improves NUE vs blanket recommendations across cereals; operational frameworks adaptable to farmers’ capacity.
	Adopt mode suited to extension capacity; supports scaling to millets.

	Rice (benchmark for LCC)
	CGIAR on-farm trials
	Typical threshold 4–5 (top, fully expanded leaf)
	LCC improved timing/rate of N use under farmer conditions, sustaining yield with less N.
	Protocol transferable to millet stages (e.g., tillering/panicle initiation) after calibration.

	Rice (benchmark for LCC)
	Agronomy Journal + multi-crop literature
	Need-based N via LCC/SPAD
	Reduced N by ~12.5–25% without yield loss; enhances NUE—evidence base for LCC approach.
	Provides quantitative expectation for similar SSNM in millets after calibration.

	Cross-cereal synthesis
	Review (T&F / MDPI Agronomy)
	LCC: low-cost, portable, user-friendly; 6–8 shade panels
	Summarizes mechanisms, device design, and field results; highlights gains in NUE and sustainability.
	Good for methods/background and discussion on limitations (subjectivity, light).



7. MERITS OF USING LCC
The Leaf Color Chart (LCC) offers several advantages and merits over alternative methods for assessing leaf nitrogen status and determining the timing of nitrogen top dressing in rice cultivation:
· Simplicity and Ease of Use: The LCC is designed to be user-friendly, allowing farmers to easily assess the leaf nitrogen status and make informed decisions regarding nitrogen application. It involves a simple process of matching the color scores of the leaf with the standard chart, requiring minimal technical skill or expertise.

· Cost-Effectiveness: Compared to other tools like the SPAD meter, the LCC is relatively inexpensive. This affordability makes it accessible to a wider range of farmers, including those with limited financial resources.

· Eliminates Laboratory Analysis: With the LCC, there is no need to collect leaf samples, process them, or send them to a laboratory for analysis. This eliminates the time and cost associated with laboratory procedures, providing real-time results and allowing for immediate decision-making.

· Minimal Technical Skill Required: Unlike the SPAD meter, which may require technical knowledge and expertise to operate accurately, the LCC is straightforward and does not demand specialized training. Farmers can easily adopt and utilize the tool without the need for extensive training or technical assistance.
Overall, the LCC's merits lie in its simplicity, cost-effectiveness, and user-friendly nature. It empowers farmers with a practical and efficient means of assessing leaf nitrogen status and determining the optimal timing for nitrogen top dressing in rice crops. By eliminating the need for laboratory analysis and technical expertise, the LCC facilitates widespread adoption and usage, ultimately contributing to improved nitrogen management and enhanced crop productivity.

8. DEMERITS OF USING LCC
The Leaf Color Chart (LCC) also has some limitations and demerits that should be considered:
· Limited Sensitivity: The LCC may not be able to indicate smaller differences in leaf greenness accurately. As the color shades of the LCC fall in between two shades, the mean of the two scores is often taken, which can result in less precision and accuracy. This limitation may affect the ability to detect subtle variations in leaf nitrogen status.

· Correlation and Calibration: The relative accuracy of the LCC in assessing leaf nitrogen status can only be determined when it is compared and correlated with readings from more precise instruments like chlorophyll meters. Additionally, calibration of the LCC with specific cultivar groups (such as semi-dwarf, local tall, or hybrid varieties) is necessary for accurate interpretation of results.

· Limited Application for Basal Nitrogen: The LCC is primarily used to fine-tune top-dressed nitrogen application. It is not suitable for determining basal nitrogen application. Other methods or considerations may be needed to determine the appropriate initial nitrogen application for rice crops.

· Dependency on Integrated Nutrient Management: The effectiveness of the LCC in assessing leaf nitrogen status depends on the integrated site-specific nutrient management strategy. For optimum response to nitrogen fertilizer, it is important that other essential nutrients like phosphorus (P), potassium (K), sulfur (S), and zinc (Zn) are not limiting. The LCC may not provide accurate results in cases where these nutrients are deficient or imbalanced.

· Influence of Other Deficiencies: LCC values can be affected by deficiencies of other nutrients, particularly phosphorus (P) or potassium (K), which may lead to darker leaf coloration and potentially result in erroneous LCC readings. This highlights the need for local calibration of the LCC and careful interpretation of results. In comparison, the SPAD meter is less affected by such deficiencies.

· Calibration for Variations: LCC values can be influenced by diurnal variations within a day, variations among different rice varieties, and seasonal changes. Therefore, regular calibration of the LCC specific to the local conditions, rice varieties, and growing seasons is necessary to ensure accurate and reliable results.
It is essential to be aware of these limitations and consider them while using the LCC as a tool for nitrogen management in rice cultivation. Proper calibration, correlation with more precise instruments, and integration with comprehensive nutrient management strategies can help mitigate these demerits and improve the accuracy and usefulness of the LCC.

9. FUTURE RESEARCH DIRECTIONS AND POTENTIAL ADVANCEMENTS IN LCC-BASED NITROGEN MANAGEMENT 
While the Leaf Colour Chart (LCC) has proven to be a valuable tool for nitrogen management in rice, there are several areas of future research that can further enhance its effectiveness and broaden its application. Some potential advancements and research directions for LCC-based nitrogen management are:
· Refining LCC Calibration: Continuous efforts should be made to refine and update the calibration of LCC scores with actual nitrogen content in rice plants. This can be achieved through extensive field trials and correlation studies between LCC readings and precise measurements of nitrogen content, such as chlorophyll meter readings or laboratory analysis.

· Integration with Precision Agriculture Technologies: Exploring the integration of LCC with precision agriculture technologies, such as remote sensing, unmanned aerial vehicles (UAVs), and satellite imagery, can enhance the spatial and temporal monitoring of rice crops. This integration can provide real-time information on nitrogen status, enabling site-specific nitrogen management and timely interventions.

· Development of Digital Tools and Mobile Applications: Creating digital tools and mobile applications that leverage LCC data can simplify data collection, analysis, and interpretation. These tools can automate LCC scoring, store historical data, provide real-time recommendations for nitrogen top dressing, and enable data sharing among farmers, extension workers, and researchers.

· Expansion to Other Crops and Agroecosystems: While LCC has primarily been used in rice cultivation, exploring its applicability in other crops and agroecosystems can be a promising research direction. Evaluating the feasibility, accuracy, and cost-effectiveness of LCC-based nitrogen management in different crops and farming systems will broaden its practical use.

· Integration with Nutrient Management Decision Support Systems (DSS): Integrating LCC data into existing nutrient management decision support systems can enhance their accuracy and precision. This integration can provide a holistic approach to nitrogen management by considering multiple factors, such as soil properties, climate conditions, crop growth stage, and LCC readings.

· Assessing Economic and Environmental Impacts: Conducting comprehensive economic and environmental assessments of LCC-based nitrogen management can provide insights into the cost-effectiveness, profitability, and sustainability aspects. Evaluating the impact on crop yield, nitrogen use efficiency, greenhouse gas emissions, and water quality can support evidence-based decision-making and policy development.
By focusing on these research directions, the potential advancements in LCC-based nitrogen management can lead to improved nitrogen use efficiency, reduced environmental impacts, and enhanced profitability for farmers.

10. CONCLUSION
The synthesis of available studies demonstrates that the Leaf Color Chart (LCC) is a reliable, low-cost, and farmer-friendly tool for real-time nitrogen management in millets, with strong evidence drawn from rice and other cereals. Field-calibrated, crop-specific LCCs are now available for sorghum, pearl millet, and finger millet, enabling precision nutrient management aligned with site-specific nutrient management (SSNM) frameworks. Studies confirm that higher LCC scores are positively associated with yield and nitrogen use efficiency (NUE), while timely N application guided by threshold values can reduce fertilizer use without yield penalty. Benchmark evidence from rice and wheat shows that LCC-based management typically saves 12–25% nitrogen, suggesting similar potential in millet systems after proper calibration. Despite some limitations such as subjectivity in color assessment and sensitivity to light conditions, integration of LCC with SPAD readings and digital decision tools can improve accuracy and scalability. Overall, LCC represents a practical and scalable approach for enhancing productivity, profitability, and sustainability in millet-based cropping systems, especially under resource-constrained smallholder conditions.
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