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[bookmark: _GoBack]Abstract 
Pennisetum glaucum L. is a climate-resilient cereal crop widely cultivated in arid and semi-arid regions of Asia and Africa, particularly valued for its tolerance to drought, heat and low soil fertility. Despite its agronomic importance, limited progress has been made in characterizing its biochemical traits associated with physiological efficiency and stress resilience. The present investigation was undertaken to assess the biochemical diversity exist among 77 genetically diverse restorer lines of pearl millet for main antioxidant parameters, with the aim to identify superior restorer line (s) to utilize in breeding programmes to develop stress tolerance and nutritional enhancement. Restorer lines were sown during Kharif, 2023 at Experimental Farm, College of Agriculture, RVSKVV, Gwalior in a Randomized Complete Block Design (RCBD) with two replications. Biochemical parameters including chlorophyll a, chlorophyll b, total chlorophyll, carotenoids, protein and proline content were quantified from leaf tissues of field grown plants 45-days after sowing employing standard spectrophotometric methods. Significant variation was observed across all parameters. chlorophyll a ranged between 8.43 to 15.06 mg g⁻¹, chlorophyll b 10.23 to 21.72 mg g⁻¹, total chlorophyll from 9.17 to 34.97 mg g⁻¹, carotenoids 29.60 to 44.89 mg g⁻¹, protein 8.80 to 14.96 mg g⁻¹ and proline 0.08 to 0.27 µg g⁻¹ fresh weight. Restorer lines viz., R-20822, R-25511, R-23906 and R-24666 exhibited superior biochemical profiles, indicating their potential for enhanced photosynthetic efficiency and abiotic stress tolerance. These findings provided valuable insights into the biochemical variability of pearl millet and can aid targeted breeding strategies for developing nutritionally superior and climate-resilient cultivars.
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1. Introduction 
Pennisetum glaucum (L.) R. Br. is one of the most important cereal crops cultivated in arid and semi-arid regions of Asia and Africa (Reddy et al., 2021; Satyavathi et al., 2021). It serves as a vital staple food and fodder crop for millions of smallholder farmers, especially in drought-prone environments due to its exceptional tolerance to heat, drought, and poor soil fertility (Jukanti et al., 2016; Parihar et al., 2022; Parmar et al., 2022; Rajpoot et al., 2023a; Kheya et al., 2023; Patel et al., 2023a). In India, pearl millet ranks fourth among the major cereals after rice, wheat and maize in terms of area and production (AICRP, 2023), and plays a crucial role in ensuring food and nutritional security in marginal agro-ecological zones (Patel et al., 2023b; Rajpoot et al., 2023b; Agarwal, 2024; Gupta et al., 2024). Biochemically, pearl millet is recognized for its rich nutritional profile and health-promoting properties (Khandelwal et al., 2024; Rajpoot et al., 2024). It is a powerhouse of energy, protein, dietary fibre, and essential micronutrients such as iron, zinc, phosphorus, and B-complex vitamins (Choudhary et al., 2021a; Verma et al., 2021; Jacob et al., 2024; Biradar et al., 2024). Notably, it contains higher levels of iron (Fe) and zinc (Zn) compared to other major cereals like rice and wheat, making it a strategic crop for combating micronutrient deficiencies, particularly anemia and stunted growth in vulnerable populations (Choudhary et al., 2021b; Singhal et al., 2022; Naveen et al., 2024; Parihar et al., 2023; Choudhary et al., 2025). Furthermore, its high content of slowly digestible starch and low glycaemic index contribute to better glycaemic control, making it suitable for diabetic individuals (Makwana et al., 2022; Mondal et al., 2022; Ayushi & Johri, 2024). In addition to its macronutrients and minerals, pearl millet contains a range of bioactive compounds such as phenolic acids, flavonoids, phytates, and antioxidants that contribute to its functional properties and health benefits (Makwana et al., 2023). These biochemical factors not only enhance its nutritional quality but also play key roles in plant defence mechanisms, environmental stress responses, and seed viability (Mishra et al., 2021; Rajput et al., 2023; Asati et al., 2024; Sunil et al., 2024; Biradar et al., 2024; Mahalakshmi et al., 2024; Paliwal et al., 2024; Mishra et al., 2025). Due to its climate-resilient nature and adaptability to marginal environments, pearl millet has emerged as a key crop for sustaining agriculture under increasing climate variability (Shyam et al., 2019; Sharma et al., 2021; Choudhary et al., 2023; Ishaq et al., 2025). However, despite its agronomic potential, productivity remains suboptimal, largely due to environmental stresses, limited adoption of improved varieties, and poor physiological resilience in some genotypes. Therefore, improving stress tolerance and enhancing biochemical efficiency are essential goals for pearl millet improvement programmes.
Biochemical traits such as chlorophyll content, carotenoids, protein and proline play a pivotal role in plant metabolism, stress adaptation and overall physiological performance (Meena et al., 2019; Swapnil et al., 2021; Tiwari et al., 2023; Yadav et al., 2024a; Yadav et al., 2024b;). Chlorophylls and carotenoids are central to photosynthesis and photoprotection (Hashimoto et al., 2016; Sun et al., 2023), while protein content reflects metabolic activity and nutritional value (Layman, 2024). Proline accumulation, in particular, is a well-known indicator of stress tolerance, acting as an osmoprotectant and reactive oxygen species (ROS) scavenger during abiotic stress (Dutta et al., 2018; Raza et al., 2023). Understanding the variability in these biochemical parameters across genotypes provides valuable insights into their physiological efficiency and stress adaptive mechanisms. Despite their importance, limited studies have systematically characterized considering these traits in a large set of pearl millet genotypes. In this context, the present study was undertaken to estimate and analyse the biochemical diversity among 77 genetically diverse pearl millet restorer lines. The aim was to identify promising restorer line (s) with superior physiological traits that may serve as potential donors for improving stress tolerance and nutritional quality in pearl millet breeding programmes.
2. Material & Methods 
2.1 Experimental site 
The field experiment was conducted during Kharif, 2023 at the Experimental Farm, College of Agriculture, Rajmata Vijayaraje Scindia Krishi Vishwavidyalaya, Gwalior, Madhya Pradesh, India. The experimental site is situated in a hot and dry agro-climatic zone, characterized by extreme temperature fluctuations ranging from 4°C in the winter to approximately 48°C during peak summer. The region typically receives an annual rainfall between 750 and 800 mm, predominantly concentrated between late June and September. During the crop growth period (July to October 2023), a total of 907.7 mm of rainfall was recorded, although the distribution was sporadic and uneven. The average maximum and minimum temperatures during the season were 35.2°C and 24.5°C, respectively. The soil was alluvial in nature, with moderate fertility, good drainage, and a pH ranging between 6.8 to 7.5, providing suitable conditions for the successful cultivation of pearl millet.
2.2 Experimental details 
The study utilized a set of 77 restorer lines of pearl millet (Pennisetum glaucum), sourced from the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad (Table 1). The field experiment was conducted using a Randomized Complete Block Design (RCBD) with two replications to enhance statistical reliability and minimize experimental error. Each genotype was planted in a single 4.0-meter row, with spacing of 50 cm between rows and 10 cm between plants to ensure optimal plant stand and facilitate cultural practices. Uniform agronomic management was adopted across all plots, including standard land preparation involving ploughing, harrowing and levelling to achieve a fine tilth. Fertilizer application followed optimum recommendations, and supplemental irrigation was provided when required. Manual weeding was carried out periodically and appropriate plant protection measures were employed to mitigate pest and disease incidence.
Table 1 List of pearl millet restorer lines used in the investigation
	S. No.
	Restorer line
	S. No.
	Restorer line
	S. No.
	Restorer line
	S. No.
	Restorer line
	S. No.
	Restorer line
	S. No.
	Restorer line

	1
	R-20002
	14
	R-20206
	27
	R-20846
	40
	R-24657
	53
	R-25511
	66
	R-21283

	2
	R-20012
	15
	R-20208
	28
	R-20871
	41
	R-24658
	54
	R-25850
	67
	R-21355

	3
	R-20057
	16
	R-20212
	29
	R-23906
	42
	R-24659
	55
	R-25865
	68
	R-21370

	4
	R-20079
	17
	R-20218
	30
	R-23956
	43
	R-24661
	56
	R-25910
	69
	R-21930

	5
	R-20090
	18
	R-20443
	31
	R-23565
	44
	R-24662
	57
	R-26462
	70
	R-21970

	6
	R-20103
	19
	R-20444
	32
	R-24610
	45
	R-24663
	58
	R-26482
	71
	R-22013

	7
	R-20105
	20
	R-20671
	33
	R-24650
	46
	R-24664
	59
	R-26492
	72
	R-22713

	8
	R-20108
	21
	R-20706
	34
	R-24651
	47
	R-24665
	60
	R-26607
	73
	R-22768

	9
	R-20111
	22
	R-20710
	35
	R-24652
	48
	R-24666
	61
	R-27738
	74
	R-22908

	10
	R-20113
	23
	R-20810
	36
	R-24653
	49
	R-24667
	62
	R-20876
	75
	R-22918

	11
	R-20115
	24
	R-20822
	37
	R-24654
	50
	R-25046
	63
	R-21111
	76
	R-22968

	12
	R-20204
	25
	R-20823
	38
	R-24655
	51
	R-25056
	64
	R-21121
	77
	R-23774

	13
	R-20205
	26
	R-20826
	39
	R-24656
	52
	R-25086
	65
	R-21136
	
	


2.3 Biochemical Parameters Estimation 
Biochemical analyses were carried out to estimate various antioxidant parameters, including chlorophylls (a, b and total), carotenoids, proline and protein contents. 
2.3.1 Chlorophyll & Carotenoids Contents
Chlorophyll a and b contents were determined following the method of Arnon (1949). For this, 100 mg fresh leaf tissue was homogenized in 10 ml of 80% acetone and centrifuged at 10,000 rpm for 15 minutes. The clear supernatant was collected, and absorbance was recorded at 663 nm and 645 nm employing a spectrophotometer. The chlorophyll content was calculated using the formulas: Chla = 12.7 × A₆₆₃ − 2.69 × A₆₄₅ and Chlb = 22.9 × A₆₄₅ − 4.68 × A₆₆₃. Total chlorophyll was also estimated similarly and measured twice, once at 35 days and again at 70 days after sowing using absorbance values at 643 nm, 663 nm and 470 nm. Whereas, carotenoid content was assessed using the same extraction procedure, with absorbance measured at 493 nm.
2.3.2 Protein content 
Protein content was estimated using the Lowry (1951) method. Reagent I was prepared by mixing 48 ml of 2% Na₂CO₃ in 0.1 N NaOH, 1.0 ml of 1% NaK tartrate, and 1.0 ml of 0.5% CuSO₄·5H₂O. While Reagent II was prepared by diluting 2 N Folin-Ciocalteu reagent in a 1:1 ratio with distilled water. A standard curve was generated using bovine serum albumin (BSA). For the assay, 1.0 ml of sample or standard was mixed with 4.5 ml of Reagent I, incubated for 10 minutes, followed by the addition of 0.5 ml of Reagent II. After a 30-minute incubation, absorbance was recorded at 660 nm, and protein content was calculated using the standard curve.
2.3.3 Proline content 
For proline estimation, 0.25 g of fresh leaf tissue was homogenized in 3 ml of 3% sulpho-salicylic acid. The homogenate was centrifuged at 10,000 rpm for 15 minutes, and 2.0 ml of the supernatant was mixed with 2.0 ml of acid ninhydrin (ninhydrin + glacial acetic acid). The mixture was heated at 100°C for 60 minutes in a water bath, then cooled to room temperature. Subsequently, 4.0 ml of toluene was added, and the upper pink-coloured toluene phase was measured at 520 nm. Free proline content in leaves was determined according to the method proposed by Bates et al.  (1973).
2.3.4 Statistical Analysis
Biochemical experiments were laid out in completely randomized design  (CRD) with two replications. The data were analysed as per method recommended by Snedecor and Cochran (1997).
3. Results & Discussion
Six biochemical parameters viz., chlorophyll a, chlorophyll b, total chlorophyll, carotenoids, protein and proline were estimated from leaf samples collected from77 pearl millet restorer lines. Analysis of variance designated presence of substantial variability across all parameters (Table 2).
3.1 Chlorophyll content
Chlorophyll a content ranged between 8.43 to 15.06 mgg⁻¹ fresh weight, with a mean of 11.59 mgg⁻¹. The highest chlorophyll a concentration was recorded in genotype R-20822 (15.06 mg g⁻¹), followed by R-25511 (15.01 mg g⁻¹) and R-24650 (15.00 mg g⁻¹), whereas the lowest was observed in genotypes R-20057 (8.43 mg g⁻¹) tracked by R-20444 (8.56 mg g⁻¹) and R-23956 (8.60 mg g⁻¹). While chlorophyll b content varied from 10.23 to 21.72 mg g⁻¹ fresh weight, with an average of 16.33 mg g⁻¹. Genotype R-21283 exhibited the highest chlorophyll b content (21.72 mg g⁻¹), followed by restorer lines R-24652 (20.38 mg g⁻¹) and R-20823 (17.73 mg g⁻¹). While the lowest values were investigated in genotype R-20113 (10.23 mg g⁻¹) tracked by R-20204 (10.63 mg g⁻¹), and R-21370 (10.98 mg g⁻¹). In respect to total chlorophyll content, it ranged from 9.17 to 34.97 mg g⁻¹ fresh weight, with an overall mean of 27.29 mg g⁻¹. The maximum was evident in restorer line R-20822 (34.97 mg g⁻¹) followed by R-24663 (34.41 mg g⁻¹), and R-25511 (33.72 mg g⁻¹), while the minimum was noted in genotypes R-24652 (9.17 mg g⁻¹), R-20823 (9.64 mg g⁻¹) and R-21283 (12.65 mg g⁻¹). Chlorophyll content, an important indicator of photosynthetic efficiency and plant health, showed significant variability (Wang et al., 2022; Pszczółkowski et al., 2023). Genotypes exhibiting higher chlorophyll a and total chlorophyll contents, suggests a greater potential for light absorption and biomass accumulation (Dhawi, 2024; Berhe et al., 2024). The observed range is consistent with earlier studies in pearl millet and other cereals, which reported similar variability under both optimal and stress conditions (Salih & Abdallah, 2020; Choudhary et al., 2021a; Bakheit et al., 2021; Yadav et al., 2023; Govindaraj et al., 2025). High chlorophyll content is generally associated with better photosynthetic capacity, which can directly influence plant growth and yield (Demmig-Adams et al., 2017; Khampa et al., 2024).
3.2 Carotenoid content
Carotenoid content arrayed between 29.60 to 44.89 mg g⁻¹ fresh weight, with a mean worth of 36.10 mg g⁻¹. The highest carotenoid levels were found in restorer line R-20105 (44.89 mg g⁻¹) tracked by R-20823 (44.09 mg g⁻¹) and R-22013 (43.78 mg g⁻¹), whereas R-24651 (29.60 mg g⁻¹) followed by R-20204 (29.75 mg g⁻¹) and R-20002 (29.98 mg g⁻¹) exhibited the lowest concentrations. Carotenoids, which play a dual role in light harvesting and photoprotection, also displayed considerable variation. Restorer lines R-20105, R-20823 and R-22013 displayed elevated carotenoid levels, suggesting enhanced stress tolerance mechanisms (Chakraborti et al., 2022; Singh et al., 2024). Carotenoids are known to scavenge reactive oxygen species (ROS), thereby protecting chlorophyll and cellular structures during abiotic stress. Their abundance in these genotypes could be leveraged in breeding programmes targeting drought or oxidative stress environments (Perez-Galvez et al., 2020; Mansoor et al., 2022; Wu et al., 2023). Similar investigations have also been reported by Sathya et al. (2014), Sowmiya et al. (2016), Naveen et al. (2016) and Jiji et al. (2018).
3.3 Protein content
Protein content showed a range between 8.80 to 14.96 mg g⁻¹ fresh weight, with a mean value of 11.46 mgg⁻¹. Genotypes R-23906 (14.96 mg g⁻¹) followed by R-20212 (14.74 mg g⁻¹) and R-20876 (14.12 mg g⁻¹) had the highest protein concentrations, while R-20111 (8.80 mg g⁻¹) tracked by R-20079 (8.92 mg g⁻¹) and R-21283 (9.13 mg g⁻¹) proved to be the lowest performer. These results are crucial for nutritional improvement, especially in regions where pearl millet serves as a staple food source (Krishnan & Meera, 2018; Rani & Sangwan, 2024). Similar investigations have also been conducted by Jandu & Kawatra (2019), Tomar et al. (2021), Sibanda et al. (2024) and Singh et al. (2024). Higher protein content could also reflect increased enzymatic activity and nitrogen assimilation efficiency, which are favourable traits under nutrient-limited conditions (Dey et al., 2019; Wan et al., 2023; Hegde et al., 2025). 
3.4 Proline content
Proline content, an indicator of abiotic stress response, arrayed between 0.08 to 0.27 µgg⁻¹ fresh weight, with a mean worth of 0.17 µg g⁻¹. The highest accumulation was observed in restorer lines R-24666 and R-20002 (both 0.27 µg g⁻¹), followed by R-25910 (0.26 µg g⁻¹), whereas the lowest values were evident in genotype R-20115 and R-21283 (0.08 µg g⁻¹) and R-20090 (0.09 µg g⁻¹). Similar studies have also been conducted by Suganthi et al. (2021), Kumar et al. (2023), Shukla et al. (2023) and Rashid et al. (2024). Proline accumulation, often used as a biochemical marker for osmotic stress, varied widely among genotypes. Proline acts as an osmoprotectant, stabilizing proteins and membranes under stress, and its accumulation is a key trait in stress-tolerant genotypes (Kaur & Asthir, 2015; Dutta et al., 2018; Shafi et al., 2019). The high proline content in these lines suggests their suitability for breeding under drought-prone or saline environments. Conversely, genotypes with lower proline content may be more susceptible to stress or may adopt alternative defence strategies (Mwadzingeni et al., 2016; Arteaga et al., 2020; Seleiman et al., 2021).
Table 2 Performance of pearl millet restorer lines for different biochemical parameters

	Restorer lines
	Chlorophylla
(mgg⁻¹)

	Chlorophyllb
(mgg⁻¹)

	Total chlorophyll
(mgg⁻¹)

	Carotenoid
(mgg⁻¹)
	Protein
(mgg⁻¹)
	Proline (µgg⁻¹)

	R-20002
	11.2
	16.74
	27.94
	29.98
	12.36
	0.27

	R-20012
	13.89
	12.5
	26.39
	38.27
	9.63
	0.15

	R-20057
	8.43
	14.52
	22.95
	30.24
	12.74
	0.2

	R-20079
	9.01
	22.42
	31.43
	38.24
	8.92
	0.21

	R-20090
	11.53
	17.89
	29.42
	34.29
	10.49
	0.09

	R-20103
	10.39
	16.95
	27.34
	41.93
	13.82
	0.15

	R-20105
	14.96
	13.09
	28.05
	44.89
	10.24
	0.17

	R-20108
	10.03
	22.09
	32.12
	30.51
	9.83
	0.1

	R-20111
	12.29
	11.34
	23.63
	39.85
	8.8
	0.19

	R-20113
	9.68
	10.23
	19.91
	38.81
	11.68
	0.16

	R-20115
	13.72
	15.94
	29.66
	31.86
	12.55
	0.08

	R-20204
	13.81
	10.63
	24.44
	29.75
	9.22
	0.2

	R-20205
	11.25
	20.18
	31.43
	41.24
	11.49
	0.11

	R-20206
	10.55
	19.55
	30.1
	33.26
	13.19
	0.11

	R-20208
	9.63
	21.66
	31.29
	31.76
	12.45
	0.18

	R-20212
	9.17
	13.28
	22.45
	33.67
	14.74
	0.24

	R-20218
	12.24
	18.46
	30.7
	40.25
	9.26
	0.12

	R-20443
	10.76
	21.54
	32.3
	35.1
	11.79
	0.09

	R-20444
	8.56
	15.82
	24.38
	42.05
	9.52
	0.18

	R-20671
	11.15
	20.53
	31.68
	32.07
	12.63
	0.2

	R-20706
	14.9
	16.84
	31.74
	30.68
	9.62
	0.12

	R-20710
	13.79
	16.68
	30.47
	43.56
	10.57
	0.23

	R-20810
	13.59
	17.2
	30.79
	31.94
	12.92
	0.1

	R-20822
	15.06
	19.91
	34.97
	32.47
	13.33
	0.25

	R-20823
	9.64
	17..73
	9.64
	44.09
	9.61
	0.22

	R-20826
	10.46
	17.93
	28.39
	34.88
	14.02
	0.14

	R-20846
	12.45
	12.21
	24.66
	35.74
	11.65
	0.21

	R-20871
	11.73
	21.02
	32.75
	42.57
	11.8
	0.19

	R-23906
	11.62
	18.59
	30.21
	33.55
	14.96
	0.24

	R-23956
	8.6
	11.75
	20.35
	34.97
	12.86
	0.11

	R-23565
	14.45
	11.78
	26.23
	39.7
	11.84
	0.22

	R-24610
	13.82
	19.41
	33.23
	37.05
	11.03
	0.19

	R-24650
	15
	13.67
	28.67
	35.32
	10.31
	0.21

	R-24651
	10.79
	20.06
	30.85
	29.6
	13.5
	0.25

	R-24652
	9.17
	20..38
	9.17
	32.38
	10.38
	0.23

	R-24653
	12.73
	19.64
	32.37
	36.21
	9.31
	0.18

	R-24654
	9.64
	11.43
	21.07
	31.45
	12.54
	0.1

	R-24655
	10.95
	15.39
	26.34
	32.28
	10.56
	0.25

	R-24656
	11.54
	21.11
	32.65
	33.26
	11.87
	0.15

	R-24657
	13.24
	18.36
	31.6
	32.19
	10.54
	0.13

	R-24658
	8.66
	12.49
	21.15
	37.49
	9.88
	0.26

	R-24659
	9.32
	14.9
	24.22
	33.12
	11.6
	0.24

	R-24661
	10.28
	18.03
	28.31
	34.91
	9.88
	0.26

	R-24662
	11.83
	14.69
	26.52
	43.36
	9.21
	0.17

	R-24663
	14.33
	20.08
	34.41
	41.2
	12.46
	0.09

	R-24664
	12.73
	19.07
	31.8
	38.8
	14.05
	0.22

	R-24665
	9.5
	11.57
	21.07
	30.03
	10.38
	0.11

	R-24666
	11.61
	19.86
	31.47
	36.28
	13.62
	0.27

	R-24667
	9.96
	14.51
	24.47
	39.83
	9.48
	0.16

	R-25046
	14.34
	12.89
	27.23
	35.73
	11.05
	0.2

	R-25056
	11.52
	20.13
	31.65
	35.72
	12.74
	0.09

	R-25086
	12.07
	15.97
	28.04
	39.19
	10.67
	0.16

	R-25511
	15.01
	18.71
	33.72
	31.77
	13.52
	0.26

	R-25850
	10.83
	18.05
	28.88
	38.61
	9.4
	0.17

	R-25865
	11.05
	12.16
	23.21
	40.51
	11.68
	0.12

	R-25910
	13.19
	13.37
	26.56
	37.93
	9.59
	0.26

	R-26462
	13.01
	15.33
	28.34
	34.21
	12.7
	0.14

	R-26482
	10.83
	18.92
	29.75
	32.55
	10.78
	0.12

	R-26492
	9.36
	14.33
	23.69
	40
	9.57
	0.19

	R-26607
	12.77
	11.66
	24.43
	34.56
	11.82
	0.15

	R-27738
	9.8
	14.32
	24.12
	36.46
	10.18
	0.24

	R-20876
	8.71
	15.14
	23.85
	36.44
	14.12
	0.23

	R-21111
	14.26
	16.11
	30.37
	30.68
	12.27
	0.14

	R-21121
	14.38
	13.76
	28.14
	31.01
	12.07
	0.25

	R-21136
	11.23
	17.81
	29.04
	36.71
	13.5
	0.18

	R-21283
	12.65
	21..72
	12.65
	33.65
	9.13
	0.08

	R-21355
	11.47
	12.4
	23.87
	42.78
	10.65
	0.13

	R-21370
	12.61
	10.98
	23.59
	37.52
	11.62
	0.21

	R-21930
	9.47
	18.7
	28.17
	39.13
	10.77
	0.13

	R-21970
	14.23
	12.04
	26.27
	33.82
	13.11
	0.17

	R-22013
	9.01
	16.77
	25.78
	43.78
	9.43
	0.22

	R-22713
	11.41
	21.48
	32.89
	36.42
	11.86
	0.1

	R-22768
	10.11
	13.47
	23.58
	35.11
	13.81
	0.13

	R-22908
	12.77
	17.01
	29.78
	37.23
	12.32
	0.15

	R-22918
	8.88
	11.44
	20.32
	37.77
	13.45
	0.16

	R-22968
	13.32
	19.96
	33.28
	32.87
	10.26
	0.23

	R-23774
	10.75
	22.65
	33.4
	40.96
	11.48
	0.14

	Mean
	11.59
	16.33
	27.29
	36.10
	11.46
	0.17

	Min
	8.43
	10.23
	9.17
	29.60
	8.80
	0.08

	Max
	15.06
	21.72
	34.97
	44.89
	14.96
	0.27

	C.V.
	3.51
	3.56
	3.71
	3.61
	3.59
	3.89

	S.E.
	0.23
	0.34
	0.59
	0.75
	0.24
	0.003

	CD0.05
	0.66
	0.95
	1.64
	2.1
	0.66
	0.01


Conclusion 
The present study revealed substantial genetic variability among 77 restorer lines of pearl millet for key biochemical traits, including chlorophyll a, chlorophyll b, total chlorophyll, carotenoids, protein and proline contents. This variability reflects the inherent physiological diversity of the genotypes and their differential capacity to withstand environmental stresses. Genotypes such as R-20822, R-25511, R-23906, and R-24666 consistently exhibited superior biochemical profiles, indicating greater photosynthetic efficiency, nutritional potential and stress resilience. Chlorophyll and carotenoid content serve as indicators of photosynthetic activity and oxidative stress protection, while proline accumulation is a reliable marker of osmotic stress tolerance. While protein content reflects overall metabolic activity and nutritional value. The identification of genotypes with high values for these traits provides promising candidates for use in breeding programmes aimed to improve yield stability, stress tolerance, and nutritional quality in pearl millet. Overall, the findings underscore the potential of integrating biochemical traits into selection criteria for the genetic enhancement of pearl millet. These genotypes may serve as valuable donors for developing climate-resilient and nutritionally enriched cultivars, thereby contributing to sustainable agriculture in marginal environments.
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