


[bookmark: _Hlk212804347]SCREENING OF TOMATO (Solanum lycopersicum), BRINJAL (Solanum melongena) AND CHILLI (Capsicum annuum) GENOTYPES FOR PHOTOSYNTHETIC EFFICIENCY AND PRODUCTIVITY USING NON-DESTRUCTIVE PHYSIOLOGICAL TOOLS
[bookmark: _GoBack]ABSTRACT
The present study evaluated the physiological performance of different genotypes in three crops such as tomato, brinjal and chilli with the aim of screening crop genotypes for improved physiological efficiency and productivity by using portable equipment for photosynthesis and chlorophyll measurement. Photosynthetic rate was measured using a portable photosynthetic system (PPS meter with an Infrared Gas Analyzer, IRGA), photosynthetic efficiency was measured using the Fv/Fm ratio with a fluorometer and chlorophyll content was approximated with the CCM chlorophyll content meter. Tomato had higher overall physiological efficiency for the three parameters. The study shows the potential of the integration of IRGA-based photosynthetic systems, chlorophyll fluorescence (Fv/Fm) and CCM meters to screen crop genotypes for improved physiological efficiency and productivity.
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1.INTRODUCTION
Photosynthesis is the main physiological process responsible for plant growth, development and productivity. It is the primary mechanism by which plants trap light energy and convert it into chemical energy, which ultimately leads to crop yield and global food security [1,2]. With its importance, accurate measurement of photosynthetic characteristics is critical in crop physiology and breeding programs [3]. Traditional methods for measuring photosynthetic traits are time-consuming, destructive and labor-intensive, which limit their applicability for large-scale genotypic screening [4].
The invention of portable photosynthetic systems (PPS meters), chlorophyll fluorescence methods and chlorophyll content meters has revolutionized crop physiology by enabling rapid, accurate and non-destructive field measurements [5].
Portable photosynthetic systems, combined with Infrared Gas Analyzers (IRGA), provide direct information on carbon assimilation parameters such as net photosynthetic rate, stomatal conductance, transpiration rate and leaf temperature [6,7]. These measurements give real-time indications of carbon assimilation efficiency, which are directly linked to plant growth performance under both normal and stressed conditions [8].
Chlorophyll fluorescence methods, particularly the maximum quantum yield of Photosystem II (Fv/Fm), are excellent indicators of photosynthetic efficiency and plant stress responses [9]. The Fv/Fm ratio reflects the functional integrity of the photosynthetic apparatus and thus serves as a powerful screening tool for identifying tolerant and sensitive genotypes [10]. Similarly, measurement of chlorophyll content using CCM meters provides an estimate of the pigment pool, which correlates with photosynthetic capacity, leaf nitrogen status and plant vigor [11,12].
By integrating these physiological tools, researchers can build a comprehensive profile of a genotype’s performance in light capture, carbon assimilation and energy conversion. This approach facilitates the identification of high-performing genotypes with enhanced physiological efficiency, thereby accelerating breeding programs aimed at improving productivity and stress tolerance [13,14]. The current study explored tomato, brinjal and chilli genotypes using PPS (IRGA-based gas exchange system), chlorophyll fluorescence (Fv/Fm) and CCM chlorophyll content meters to identify high-performing genotypes for yield potential and stress tolerance.



2.MATERIALS AND METHODS
2.1. Chlorophyll content index
Chlorophyll content index is a relative measure of leaf chlorophyll content that was recorded from the third leaves of the plants using a portable chlorophyll content meter (CCM 200 plus – Opti-sciences) on the 14th day post-salinization [11]. The meter uses precision LED technology to detect energy absorbed in the red band, while infrared band absorbance is applied to measure and adjust for leaf thickness, providing a relative measure of chlorophyll content [12].
2.2. Chlorophyll fluorescence (Fv/Fm)
Measurements of chlorophyll fluorescence were taken using a fluorometer (OSP1, Opti-Sciences, USA) following the procedure of Lu and Zhang (1999) [15]. Measurements were carried out between 9:00 and 12:00 hours on intact leaves that had been dark adapted for 30 minutes [9]. The Fo (minimum fluorescence) was measured when all PSII reaction centres were open, using modulated light of very low intensity (< 0.1 μmol m⁻² s⁻¹) [16]. To determine the maximal fluorescence (Fm), a saturating pulse of 8000 μmol m⁻² s⁻¹ for 0.8 s was applied to dark-adapted leaves so that all PSII centres were closed [17]. From these parameters, the maximal photochemical efficiency of PSII (Fv/Fm = (Fm–Fo)/Fm) was calculated as described by van Kooten and Snell (1990) [18].
2.3. Gaseous exchange parameters
Photosynthesis, stomatal conductance, transpiration rate and leaf temperature were measured on the top fully expanded leaves after 18 days of stress using a portable photosynthesis system (LCpro-SD, ADC Bioscientific Ltd, UK) [7]. Measurements were conducted on leaves enclosed in a 6 cm² chamber at a constant flow rate of 500 ml min⁻¹ and CO₂ concentration of 380 µmol mol⁻¹ under photosynthetically active radiation (PAR) of 1000 µmol m⁻² s⁻¹ [6]. Observations were taken between 10:00 am and 12:00 pm [8].
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3. RESULTS
3.1.  Portable Photosynthetic Meter
The study revealed variation in photosynthetic traits among the crops and genotypes (Table 1). In tomato, Shivam recorded the highest photosynthetic rate of 18.71 µmol CO₂ m⁻² s⁻¹ and transpiration rate of 8.86 mmol H₂O m⁻² s⁻¹, with stomatal conductance of 0.82 and leaf temperature of 31.33°C, indicating high productivity but greater water loss. In contrast, COTH-1 showed a lower photosynthetic rate of 12.90 µmol CO₂ m⁻² s⁻¹, transpiration rate of 8.53 mmol H₂O m⁻² s⁻¹, stomatal conductance of 0.80, and temperature of 31.03°C, suggesting moderate performance. In brinjal, VRM-1 exhibited a photosynthetic rate of 13.51 µmol CO₂ m⁻² s⁻¹, low stomatal conductance (0.43), transpiration (4.86 mmol H₂O m⁻² s⁻¹), and higher temperature (32.60°C), while Thar Rachit showed similar trends with photosynthesis of 12.34 µmol CO₂ m⁻² s⁻¹, conductance 0.41, transpiration 4.55 mmol H₂O m⁻² s⁻¹, and temperature 31.86°C, reflecting a water-conserving strategy. In chilli, Arka Swetha maintained a photosynthetic rate of 16.23 µmol CO₂ m⁻² s⁻¹, stomatal conductance of 0.20, transpiration of 8.79 mmol H₂O m⁻² s⁻¹, and temperature of 32.40°C, while Arka Meghna recorded 15.85 µmol CO₂ m⁻² s⁻¹, conductance 0.20, transpiration 8.71 mmol H₂O m⁻² s⁻¹, and temperature 32.30°C, indicating better water-use efficiency. Overall, tomato (Shivam) showed high productivity but high-water demand, brinjal conserved water with reduced photosynthesis, and chilli combined efficient photosynthesis with moderate water use.

TABLE 1- Observations taken using Portable Photosynthetic Meter
	
S No.
	
CROPS
	
GENOTYPES
	
PHOTOSYNTHETIC
RATE
(µmol CO2 m-2 s-1)
	
STOMATAL CONDUCTANCE
(µmol CO2 m-2 s-1)
	
TRANSPIRATION RATE
(m mol H2O m-2 s-1)

	
TEMPERATURE
(°C)

	
1.
	
TOMATO
	Shivam
	8.20
	0.74
	8.60
	31.33

	
	
	COTH-1
	8.00
	0.65
	8.39
	31.03

	
2.
	
BRINJAL
	VRM-1
	3.76
	0.43
	4.58
	32.60

	
	
	Thar Rachit
	3.54
	0.35
	4.18
	31.86

	
3.
	
CHILLI
	Arka Swetha
	8.30
	0.19
	8.67
	32.4

	
	
	Arka Meghna
	8.30
	0.19
	8.51
	32.3



3.2. Fv/Fm Ratio
Fv/Fm, a parameter of the maximum photosystem II quantum efficiency, also varied between genotypes (Fig.1.). Shivam possessed the highest mean Fv/Fm value of 0.810 preceded by COTH-1 (0.777) in tomato. In brinjal, VRM-1 contained the highest value (0.790) a little higher than that of Thar Rachit (0.783). In chilli, Arka Swetha yielded the maximum Fv/Fm (0.719), while Arka Meghna was less efficient (0.704).
Among the three crops, Shivam (tomato, 0.810) recorded the highest value of Fv/Fm, indicating greater photochemical efficiency of PSII. Brinjal genotypes recorded comparatively greater values (0.790–0.783), while chilli genotypes recorded comparatively low efficiency (0.719–0.704).


Fig.1. Observations taken using chlorophyll fluorometer
3.3. Chlorophyll Content Meter (CCM)
Chlorophyll density, as measured by the chlorophyll content meter, varied significantly between genotypes within each crop (Fig.2.). Shivam tomato genotype had the highest value of mean CCM (38.07), and then came COTH-1 (37.42). Highest mean value was accumulated by VRM-1 (44.50) in brinjal followed closely by Thar Rachit (44.41). Highest CCM (46.73) was recorded in chilli by Arka Swetha, while Arka Meghna had less mean (39.76).
Comparing the three crops on the basis of mean CCM values, chilli (46.73 in best genotype) had higher chlorophyll content, which was followed by brinjal (44.50) and tomato (38.07). Higher chlorophyll content in chilli can be attributed on the basis of its morphological parameters of the leaf and intrinsic varietal photosynthetic efficiency, which are the parameters responsible for higher pigment accumulation.
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Fig.2.Observations taken using Chlorophyll Content Meter
4.DISCUSSION:
4.1. Overall Performance
Integration of both CCM and Fv/Fm data showed that chilli possessed the maximum chlorophyll content but lower PSII efficiency compared to tomato and brinjal [11,13]. Tomato genotype Shivam exhibited high Fv/Fm, indicating greater photosynthetic efficiency, while brinjal genotype VRM-1 showed a good balance between high CCM and comparatively high Fv/Fm [18].
From a physiological perspective, optimal genotype performance by crop was: tomato – Shivam (maximum CCM & Fv/Fm), brinjal – VRM-1 (highest CCM & Fv/Fm), and chilli – Arka Swetha (highest CCM & Fv/Fm). Although chilli possessed the highest pigment pool for light capture, tomato was more efficient in utilizing absorbed light energy, and brinjal showed intermediate performance [9,10,11].
The results emphasize the physiological performance of tomato, brinjal and chilli genotypes for stress tolerance. Tomato variety ‘Shivam’ had higher net photosynthetic rates and positive stomatal conductance, indicating greater effectiveness in carbon assimilation [7]. This is consistent with earlier reports of tomato’s photosynthetic superiority under optimal growth conditions [19]. Higher photosynthetic capacity is directly linked to enhanced biomass accumulation and yield potential [2,13]. Brinjal and chilli genotypes, however, exhibited relatively moderate rates of carbon assimilation, which may be due to species-specific differences in leaf anatomy, mesophyll conductance and stomatal regulation [8,20].
Chlorophyll fluorescence analysis also supported the superior physiological efficiency in tomato. The Fv/Fm value, a measure of maximum quantum efficiency of PSII, was highest in tomato genotype Shivam (0.810), suggesting a highly efficient photosynthetic apparatus [9]. Brinjal genotypes (e.g., VRM-1) also showed relatively high values, while chilli genotypes, especially Arka Meghna, recorded lower photochemical efficiency, indicating possible stress susceptibility [15,16].
Chlorophyll content, as measured by CCM, showed chilli genotypes (Arka Swetha) with maximum values, followed by brinjal and tomato. Although a high pigment pool enhances light capture, this did not translate into improved photosynthetic efficiency in chilli [11]. This highlights the physiological principle that higher chlorophyll content alone does not guarantee superior photosynthesis, as effective utilization of absorbed energy (through Fv/Fm and gas exchange traits) determines overall efficiency [12,21]. Tomato, despite its relatively lower chlorophyll content, performed better in PSII efficiency and carbon fixation, reflecting a more optimized balance between pigment accumulation and energy use [13].
The integrated evaluation of gas exchange, chlorophyll fluorescence and chlorophyll content confirmed tomato genotypes (especially Shivam) as physiologically superior, while brinjal genotypes (VRM-1) showed balanced performance, and chilli genotypes, despite high pigment levels, were less efficient. This demonstrates the importance of integrated screening strategies rather than relying on single parameters [5,14].
4.2. Implications for Crop Improvement
From a crop improvement perspective, tomato genotype Shivam is a strong candidate for breeding programs aimed at enhancing photosynthetic efficiency and yield [19]. Brinjal genotypes with balanced chlorophyll and Fv/Fm values may serve as stable donors of physiological resilience [20]. Chilli genotypes, despite high pigment content, require strategies to improve energy use efficiency and stress tolerance before their full potential can be realized [21].
The results underscore the value of current physiological technologies (IRGA-based systems, chlorophyll fluorescence, CCM meters) for genotypic screening [5,7]. Multi-parameter assessment provides complementary insights into carbon assimilation, energy conversion and pigment status, ensuring precise identification of elite genotypes under climate variability [13,22]. Future research should evaluate these genotypes under diverse stress conditions (drought, salinity, high temperature) to confirm resilience and reinforce breeding pipelines for climate-resilient, high-yielding crop varieties [23].
5. CONCLUSION
The present investigation demonstrated the usefulness of integrating non-destructive physiological tools—portable photosynthetic systems, chlorophyll fluorescence techniques and chlorophyll content meters—for screening tomato, brinjal and chilli genotypes based on their photosynthetic efficiency and productivity. The combined analysis of gas exchange traits, Fv/Fm values and chlorophyll content revealed distinct physiological behaviour across the three crops. Tomato genotype Shivam consistently showed higher PSII efficiency and superior carbon assimilation capacity, confirming its potential as a physiologically efficient and high-yielding type. In brinjal, VRM-1 exhibited a balanced profile with comparatively high chlorophyll content and favourable fluorescence characteristics, suggesting stable performance under varying conditions. Although chilli genotypes, particularly Arka Swetha, displayed the highest chlorophyll content, this trait did not fully translate into greater photosynthetic efficiency, indicating a need to improve energy utilization mechanisms in this crop.
Overall, the study highlights that relying on a single physiological trait may not provide an accurate representation of genotypic performance. Instead, a multi-parameter approach offers a clearer and more reliable assessment of photosynthetic behaviour and stress responsiveness. The findings emphasize the importance of integrating IRGA-based gas exchange, chlorophyll fluorescence and CCM measurements in routine physiological screening and crop improvement programs. These tools enable rapid, precise and non-destructive evaluation, supporting the identification of genotypes with enhanced photosynthetic efficiency, better resilience and greater yield potential. Future studies should extend this integrated approach to diverse environmental conditions and larger genotype panels to strengthen breeding pipelines aimed at developing climate-resilient, high-performing varieties.
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Shivam	COTH-1	VRM-1	Thar Rachit	Arka Swetha	Arka Meghna	38.07	37.42	44.5	44.41	46.73	39.76	


MEAN	
Shivam	COTH-1	VRM-1	Thar Rachit	Arka Swetha	Arka Meghna	0.81	0.77700000000000002	0.79	0.78300000000000003	0.71899999999999997	0.70399999999999996	





