


Identification of Superior Forage Pearl Millet Genotypes Based on Growth and Fodder Yield Traits



Abstract
The present investigation was conducted at the Rainfed Agriculture Farm, Narayan Bagh, Department of Genetics and Plant Breeding, Institute of Agricultural Sciences, Bundelkhand University, Jhansi (U.P.) during the kharif season of 2025 to identify superior forage pearl millet (Pennisetum glaucum (L.) R. Br.) genotypes based on growth and fodder yield traits. Twelve forage pearl millet genotypes were evaluated in a Randomized Block Design (RBD) with three replications under field conditions. Observations were recorded on days to 50% flowering, plant height, number of tillers per plant, number of leaves per plant, leaf length, leaf width, stem thickness, green forage yield per plant, dry matter content, and dry matter yield per plant. Analysis of variance revealed significant differences among the genotypes for most of the studied characters, indicating the presence of considerable genetic variability and providing ample scope for effective selection in forage improvement programmes. Among the evaluated genotypes, Giant Bajra recorded the highest green forage yield per plant (277.60 g) and dry matter yield per plant (37.15 g), while Raj Bajra exhibited superior performance for green forage yield (206.67 g) along with desirable growth attributes. GFB-1 produced the highest number of tillers per plant (5.07), whereas ICMR-15944 recorded the maximum number of leaves per plant (30.20). The tallest plants were observed in JP-138 (178.47 cm), demonstrating substantial variability among the tested genotypes for growth and yield-related traits. The observed variation indicates the existence of valuable genetic resources for the development of high-yielding forage cultivars. Based on the overall performance, Giant Bajra, Raj Bajra, GFB-1, and ICMR-15944 were identified as promising genotypes for improving forage productivity and may serve as potential parental lines in future forage pearl millet breeding programmes.
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Introduction
            Forage crops play a vital role in sustaining the livestock sector by providing nutritious and economical feed throughout the year. In India, the increasing demand for milk and meat production has intensified the need for high-yielding and quality forage crops to overcome the persistent shortage of green fodder. At present, the country faces a considerable deficit of green and dry fodder, which adversely affects livestock productivity and farmers' income. Therefore, the identification and development of superior forage crop genotypes with higher biomass production and better adaptability have become important objectives of forage crop improvement programmes (Vision 2050, ICAR, 2015; GOI, 2024). Pearl millet (Pennisetum glaucum (L.) R. Br.), recently reclassified as Cenchrus americanus (L.) Morrone, is one of the most important dual-purpose cereal crops cultivated in arid and semi-arid regions of Asia and Africa. Owing to its exceptional tolerance to drought, high temperature and low soil fertility, pearl millet performs well under rainfed conditions where other cereal crops often fail. Besides its importance as a food grain, forage pearl millet is extensively cultivated for green fodder, hay and silage because of its rapid growth, profuse tillering, high biomass production and excellent regeneration ability after cutting (Yadav et al., 2021).	Comment by HP: Botanical name always write in italic font 	Comment by HP: Italic font 
Forage pearl millet possesses several desirable characteristics, including high digestibility, good palatability and superior crude protein content, making it an excellent feed resource for dairy animals. The crop fits well into multiple cropping systems and can provide continuous green fodder during the kharif season. Development of superior forage cultivars with enhanced biomass production and improved agronomic performance can substantially contribute to bridging the fodder gap in India (ICAR-IIMR, 2023).
The success of any crop improvement programme depends largely on the availability and effective utilization of genetic variability. Evaluation of diverse genotypes for growth and yield-related traits helps identify promising parental materials and elite genotypes suitable for direct cultivation or future breeding programmes. Morphological characters such as days to 50% flowering, plant height, tiller number, leaf number, leaf dimensions and stem thickness are important determinants of forage yield and quality. Likewise, green forage yield, dry matter content and dry matter yield are the primary criteria for assessing the productivity of forage genotypes (Singh et al., 2020; Rai et al., 2022).
Although several forage pearl millet cultivars have been released in India, continuous evaluation of newly developed and existing genotypes under specific agro-climatic conditions is necessary to identify stable and high-performing materials. The Bundelkhand region of Uttar Pradesh is characterized by erratic rainfall, frequent droughts and marginal soils, making the selection of adaptable forage genotypes particularly important. Systematic evaluation under rainfed conditions can facilitate the identification of genotypes possessing superior growth characteristics and higher forage productivity suitable for cultivation in this region. Therefore, the present investigation was undertaken at the Rainfed Agriculture Farm, Narayan Bagh, Department of Genetics and Plant Breeding, Institute of Agricultural Sciences, Bundelkhand University, Jhansi (U.P.), during the kharif season of 2025, to evaluate twelve forage pearl millet genotypes for growth, morphological and fodder yield traits and to identify superior genotypes that can be utilized in forage production as well as future breeding programmes.

Materials and Methods
Experimental Site
The field experiment was conducted during the kharif season of 2025 at the Rainfed Agriculture Farm, Narayan Bagh, Department of Genetics and Plant Breeding, Institute of Agricultural Sciences, Bundelkhand University, Jhansi, Uttar Pradesh, India. The experimental farm is situated in the Bundelkhand region, characterized by a semi-arid climate with hot summers and monsoon-dependent rainfall. The soil of the experimental field was sandy loam in texture, well-drained, and moderately fertile, which is suitable for pearl millet cultivation under rainfed conditions.
Experimental Material
The experimental material consisted of twelve forage pearl millet (Pennisetum glaucum (L.) R. Br.) genotypes, namely:Raj Bajra ,ICMV-1601 ,ICMV-1602 ,HC-20 ,JP-138 ,ICMB-674 ,ICMR-15944 ,GFB-1 ,AFB-3 ,Giant Bajra ,HC-4 ,Raj-171.
The experiment was laid out in a Randomized Block Design (RBD) with three replications. Each genotype was sown in a single plot following the recommended agronomic practices for forage pearl millet under rainfed conditions. The recommended spacing of 45 cm between rows and 15 cm between plants was maintained after thinning. All cultural operations, including field preparation, sowing, intercultural operations, and plant protection measures, were carried out uniformly for all treatments following the recommended package of practices of Bundelkhand University.
 Observations
· Days to 50% flowering: Number of days from sowing to the stage when approximately 50% of the plants in a plot had flowered. 	Comment by HP: Observation should be write in running form 
· Plant height (cm): Measured from the ground level to the tip of the tallest leaf/panicle at harvest using a measuring scale. 
· Number of tillers per plant: Counted at harvest from each selected plant. 
· Number of leaves per plant: Total fully developed green leaves were counted at harvest. 
· Leaf length (cm): Measured from the ligule to the tip of the longest fully expanded leaf. 
· Leaf width (cm): Measured at the widest portion of the same leaf using a ruler. 
· Stem thickness (cm): Recorded at the basal internode using a Vernier caliper. 
· Green forage yield per plant (g): The fresh weight of each sampled plant was recorded immediately after harvest using an electronic balance. 
· Dry matter content (%): Representative fresh forage samples were oven-dried at 65 ± 2°C until constant weight. Dry matter percentage was calculated using the formula:
Dry Matter Content (%)=Fresh Weight Dry Weight​× 100
Dry matter yield per plant (g): Calculated as:
Dry Matter Yield (g)= Green Forage Yield (g)×Dry Matter Content (%) 
                                                                      100
Statistical Analysis
The recorded data were subjected to analysis of variance (ANOVA) for Randomized Block Design as described by Panse and Sukhatme (1985) to test the significance of differences among the genotypes. The significance of treatment effects was tested using the F-test at the 5% probability level. The Standard Error of Mean (SEm ±), Critical Difference (CD) at 5%, and Coefficient of Variation (CV%) were computed to assess the precision and reliability of the experiment.
Results and Discussion	Comment by HP: Experimental finding in place of result and discussion 
Results
Mean performance of forage pearl millet genotypes for yield and its contributing characters
The mean performance of twelve forage pearl millet (Pennisetum glaucum L.) genotypes for ten quantitative characters is presented in Table 2. Considerable variation was observed among the genotypes for all the characters studied, indicating the existence of substantial genetic variability that can be exploited for the improvement of forage yield under rainfed conditions. The mean values of the genotypes varied widely for days to 50% flowering, plant height, number of tillers per plant, number of leaves per plant, leaf length, leaf width, stem thickness, green forage yield per plant, dry matter content, and dry matter yield per plant.
Days to 50% flowering	Comment by HP: 	Comment by HP: Remove observation headings 
Days to 50% flowering ranged from 55.00 days in ICMR-15944 to 62.00 days in Raj Bajra, with an overall mean of 59.15 days. Early flowering genotypes such as ICMR-15944 and ICMB-674 (56.00 days) are desirable for rainfed environments where terminal drought frequently limits crop growth. Conversely, Raj Bajra and JP-138 exhibited relatively late flowering, suggesting a longer vegetative phase.
Plant height
Plant height varied from 155.80 cm in AFB-3 to 178.47 cm in JP-138, with a population mean of 159.87 cm. Among the evaluated genotypes, JP-138 recorded the tallest plants followed by Giant Bajra (168.07 cm), ICMV-1602 (167.87 cm) and Raj-171 (165.27 cm). Greater plant height generally contributes to higher forage biomass because of increased vegetative growth.
Number of tillers per plant
The number of tillers per plant ranged from 2.13 in Raj-171 to 5.07 in GFB-1, with a mean of 2.81. GFB-1 exhibited significantly higher tillering ability than the remaining genotypes, followed by ICMR-15944 (3.47) and ICMV-1601 (3.33). Since tillering directly contributes to biomass production, genotypes with higher tiller numbers are considered promising for forage improvement.
Number of leaves per plant
The number of leaves per plant ranged between 17.80 and 30.20, with an average of 22.02. ICMR-15944 produced the maximum number of leaves (30.20), whereas Raj-171 recorded the minimum (17.80). A higher number of leaves enhances the photosynthetic surface area and consequently increases forage production and quality.
Leaf length
Leaf length varied from 71.40 cm in GFB-1 to 79.03 cm in AFB-3, with a mean value of 73.45 cm. Longer leaves contribute positively to total leaf area and photosynthetic efficiency, thereby improving biomass accumulation.
Leaf width
Leaf width ranged from 1.21 cm in ICMV-1601 to 2.81 cm in Giant Bajra, with an overall mean of 2.12 cm. Giant Bajra possessed significantly broader leaves than the remaining genotypes, indicating greater leaf area development and higher forage potential.
Stem thickness
Stem thickness varied considerably among the genotypes, ranging from 0.51 cm in ICMV-1601 to 1.18 cm in Giant Bajra, with a mean of 0.71 cm. Thick stems generally improve plant vigour and contribute positively to total biomass production.
Green forage yield per plant
Green forage yield per plant exhibited wide variation, ranging from 111.47 g in AFB-3 to 277.60 g in Giant Bajra, with an overall mean of 136.43 g. Giant Bajra produced the highest green forage yield followed by Raj Bajra (206.67 g) and ICMV-1602 (163.87 g). The superior performance of Giant Bajra may be attributed to its greater plant height, broader leaves, thicker stem, and higher biomass accumulation.
Dry matter content
Dry matter content ranged from 13.37% in Giant Bajra to 23.10% in ICMV-1601, with an average value of 19.22%. Genotypes possessing higher dry matter content are generally preferred because they provide greater nutritive value and better fodder preservation.
Dry matter yield per plant
Dry matter yield per plant varied from 16.10 g in AFB-3 to 37.15 g in Giant Bajra, with an overall mean of 26.12 g. Giant Bajra produced the highest dry matter yield followed closely by ICMV-1602 (36.50 g) and Raj Bajra (35.79 g). The higher dry matter yield of these genotypes resulted from their superior green forage production combined with desirable morphological traits.
Performance of genotypes
Based on the overall mean performance, Giant Bajra emerged as the most promising genotype owing to its highest green forage yield (277.60 g plant⁻¹), maximum stem thickness (1.18 cm), widest leaves (2.81 cm), and highest dry matter yield (37.15 g plant⁻¹). Raj Bajra and ICMV-1602 also performed well for forage yield and dry matter yield, while GFB-1 was outstanding for tillering ability and ICMR-15944 for leaf production and early flowering. These genotypes can therefore be utilized as valuable parental lines in forage pearl millet improvement programmes aimed at enhancing biomass production under rainfed conditions.
Discussion
         The significant differences observed among the twelve forage pearl millet genotypes for all the studied traits demonstrated the existence of substantial genetic variability, which provides ample opportunity for effective selection and genetic improvement of forage productivity. Plant height, tillering ability, leaf production, leaf morphology, stem thickness, green forage yield, dry matter content and dry matter yield exhibited considerable variation among the genotypes, indicating that these traits are predominantly governed by genetic factors with comparatively lower environmental influence. Similar observations regarding the presence of wide genetic variability in pearl millet have been reported by Govindaraj et al. (2011), Lakshmana et al. (2010), Satbeer Singh et al. (2014), Kumar et al. (2014), Kumari et al. (2013), Salih et al. (2014), Yadav et al. (2015), Anuradha et al. (2017), Singh et al. (2018), Rathod et al. (2019), Kumar et al. (2020), Patil et al. (2021), Meena et al. (2022), Chaudhary et al. (2023), Sharma et al. (2024) and Puttamadanayaka et al. (2026).	Comment by HP: Et al., should be in italic font 
The genotype Giant Bajra produced the highest green forage yield (277.60 g plant⁻¹) and dry matter yield (37.15 g plant⁻¹), mainly because of its superior plant height, broader leaves and thicker stem. Increased vegetative growth generally contributes to greater photosynthetic efficiency and biomass accumulation, thereby enhancing forage yield. Similar relationships between plant height, vegetative growth and forage biomass have been reported by Govindaraj et al. (2011), Rai et al. (2013), Kumar et al. (2014), Singh et al. (2014), Yadav et al. (2015), Nandini et al. (2016), Anuradha et al. (2017), Rathod et al. (2019), Kumar et al. (2020), Patil et al. (2021), Meena et al. (2022), Gupta et al. (2023) and Puttamadanayaka et al. (2026).
Higher tillering ability observed in GFB-1 (5.07 tillers plant⁻¹) indicates its superior capacity to produce additional vegetative shoots, which directly contribute to biomass production. Productive tillers are considered one of the most important determinants of forage yield because each tiller contributes additional leaves and stem biomass. Similar conclusions have been reported by Govindaraj et al. (2011), Lakshmana et al. (2010), Satbeer Singh et al. (2014), Kumar et al. (2014), Kumari et al. (2013), Yadav et al. (2015), Singh et al. (2018), Rathod et al. (2019), Kumar et al. (2020), Patil et al. (2021) and Meena et al. (2022).
The maximum number of leaves per plant recorded in ICMR-15944 suggests greater photosynthetic surface area, which favours carbohydrate synthesis and biomass accumulation. Similarly, longer and broader leaves improve light interception and enhance dry matter production. These findings corroborate the reports of Govindaraj et al. (2011), Rai et al. (2013), Kumar et al. (2014), Anuradha et al. (2017), Singh et al. (2018), Rathod et al. (2019), Patil et al. (2021), Meena et al. (2022), Chaudhary et al. (2023) and Sharma et al. (2024), who also reported positive associations between leaf traits and forage yield.
Dry matter content varied considerably among the evaluated genotypes, indicating differences in fodder quality and moisture accumulation. Although Giant Bajra possessed comparatively lower dry matter percentage, its exceptionally high green biomass resulted in the highest dry matter yield, demonstrating that total biomass production plays a major role in determining fodder productivity. Similar findings have been reported by Govindaraj et al. (2011), Kumar et al. (2014), Patil et al. (2021), Meena et al. (2022), Gupta et al. (2023) and Puttamadanayaka et al. (2026).
          The present investigation identified Giant Bajra, Raj Bajra, ICMV-1602, GFB-1 and ICMR-15944 as promising genotypes for forage improvement. Giant Bajra was superior for green forage yield, stem thickness and dry matter yield, whereas GFB-1 exhibited excellent tillering ability and ICMR-15944 combined early flowering with higher leaf production. These genotypes could therefore serve as valuable parental material for developing high-yielding forage pearl millet cultivars adapted to rainfed agro-ecological conditions. The present findings are in close conformity with the earlier reports of Lakshmana et al. (2010), Govindaraj et al. (2011), Rai et al. (2013), Satbeer Singh et al. (2014), Kumar et al. (2014), Kumari et al. (2013), Salih et al. (2014), Yadav et al. (2015), Nandini et al. (2016), Anuradha et al. (2017), Singh et al. (2018), Rathod et al. (2019), Kumar et al. (2020), Patil et al. (2021), Meena et al. (2022), Gupta et al. (2023), Sharma et al. (2024), Puttamadanayaka et al. (2026), Rai et al. (2012), Dwivedi et al. (2013), Sehgal et al. (2015), Yadav and Bidinger (2016), Basavaraj et al. (2017), Yadav et al. (2018), Yadav et al. (2019), Gupta et al. (2020), Sannagoudar et al. (2021), Vinod Kumar et al. (2022), Dwivedi et al. (2023), Mehta et al. (2024), Gupta et al. (2025) and Siddaiah et al. (2026), all of whom emphasized that effective selection based on plant height, tillering ability, leaf traits and biomass components is highly useful for improving forage yield in pearl millet.

Table 1 : Analysis of variance (ANOVA) showing mean sum of squares for 10 characters in forage bajra
	Sr.
No.
	Source
	Replications
	Genotypes
	Error

	
	Df
	2
	11
	22

	1.
	Days to 50 % flowering
	264.05**
	17.83*
	11.88

	2.
	Plant height
	1545.70**
	2771.27**
	248.07

	3.
	Number of tillers per plant
	0.59
	0.98**
	0.25

	4.
	Number of leaves per plant
	5.38
	57.36**
	10.15

	5.
	Leaf length
	107.69
	159.15**
	42.61

	6.
	Leaf width
	0.16
	0.44**
	0.06

	7.
	Stem thickness
	0.01
	0.06**
	0.01

	8.
	Green forage yield per plant
	1302.02
	4589.18**
	550.45

	9.
	Dry matter content
	85.16**
	15.73**
	6.18

	10.
	Dry matter yield per plant
	52.56
	137.35**
	36.26

	*, ** Significant at 0.05 and 0.01 levels of probability, respectively.



Table 2. Mean performance of forage pearl millet (Pennisetum glaucum L.) genotypes for yield and yield contributing characters
	Genotype
	Days to 50% flowering
	Plant height (cm)
	Tillers plant⁻¹
	Leaves plant⁻¹
	Leaf length (cm)
	Leaf width (cm)
	Stem thickness (cm)
	Green forage yield plant⁻¹ (g)
	Dry matter content (%)
	Dry matter yield plant⁻¹ (g)

	Raj Bajra
	62.00
	164.67
	3.13
	25.20
	77.53
	2.37
	0.70
	206.67
	17.40
	35.79

	ICMV-1601
	57.67
	158.27
	3.33
	24.87
	71.73
	1.21
	0.51
	113.33
	23.10
	25.96

	ICMV-1602
	60.67
	167.87
	2.47
	21.00
	72.20
	1.93
	0.63
	163.87
	22.30
	36.50

	HC-20
	58.67
	164.33
	2.47
	21.13
	78.87
	1.93
	0.71
	141.00
	20.00
	28.56

	JP-138
	61.00
	178.47
	2.40
	20.60
	76.13
	2.41
	0.53
	145.20
	19.97
	29.95

	ICMB-674
	56.00
	163.53
	2.53
	20.07
	71.60
	2.00
	0.59
	115.40
	20.57
	24.14

	ICMR-15944
	55.00
	156.33
	3.47
	30.20
	74.07
	1.59
	0.52
	140.60
	20.57
	29.79

	GFB-1
	59.67
	157.80
	5.07
	24.07
	71.40
	1.94
	0.57
	140.73
	22.33
	31.13

	AFB-3
	59.33
	155.80
	3.00
	24.53
	79.03
	2.33
	0.87
	111.47
	14.50
	16.10

	Giant Bajra
	61.00
	168.07
	2.73
	18.33
	77.67
	2.81
	1.18
	277.60
	13.37
	37.15

	HC-4
	60.00
	161.60
	2.53
	19.80
	75.50
	2.14
	0.62
	115.60
	21.97
	25.34

	Raj-171
	59.00
	165.27
	2.13
	17.80
	77.73
	1.47
	0.64
	123.13
	20.27
	25.09

	General Mean
	59.15
	159.87
	2.81
	22.02
	73.45
	2.12
	0.71
	136.43
	19.22
	26.12

	Minimum
	50.67
	53.27
	1.93
	15.53
	47.00
	1.17
	0.45
	55.33
	12.37
	7.75

	Maximum
	63.00
	206.93
	5.07
	34.87
	83.80
	3.02
	1.18
	277.60
	24.23
	40.81

	S.Em. ±
	1.99
	9.09
	0.29
	1.84
	3.77
	0.14
	0.06
	13.55
	1.44
	3.48

	C.D. (P = 0.05)
	5.58
	25.52
	0.81
	5.16
	10.58
	0.38
	0.16
	38.02
	4.03
	9.76

	C.V. (%)
	5.83
	9.85
	17.77
	14.47
	8.89
	11.16
	13.77
	17.20
	12.93
	23.05
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Fig 1- Green forage yield per plant of twelve forage pearl millet (Pennisetum glaucum L.) genotypes under rainfed field conditions.
     [image: Food for Africa: Millet | ProAgri]                       [image: Babala]                               
Fig 2- Field view and morphological appearance of forage pearl millet genotypes evaluated for growth and fodder yield traits.
Conclusion
The present investigation revealed the existence of substantial genetic variability among the twelve forage pearl millet (Pennisetum glaucum L.) genotypes evaluated under rainfed conditions, indicating good scope for genetic improvement through selection. Analysis of variance showed highly significant differences among genotypes for all the yield and yield-contributing traits, confirming the presence of exploitable genetic variation.
Among the evaluated genotypes, Giant Bajra emerged as the most promising genotype by recording the highest green forage yield per plant (277.60 g), maximum stem thickness (1.18 cm), widest leaves (2.81 cm), and highest dry matter yield per plant (37.15 g). Raj Bajra and ICMV-1602 also performed well for forage and dry matter yield, while GFB-1 exhibited superior tillering ability and ICMR-15944 was distinguished by its early flowering and highest number of leaves per plant. These desirable characteristics indicate that these genotypes possess valuable traits for improving forage productivity under rainfed environments. Giant Bajra, Raj Bajra, ICMV-1602, GFB-1, and ICMR-15944 may be considered promising genetic resources for future forage pearl millet breeding programmes. These genotypes can be utilized either as potential cultivars after multi-location evaluation or as parental lines in hybridization programmes aimed at developing high-yielding forage varieties with improved biomass production and adaptation to rainfed agro-climatic conditions. Further studies involving multi-environment testing and quality trait evaluation are recommended to validate the stability and wider adaptability of these promising genotypes.
Limitations
The experiment was conducted at a single location during one kharif season, which limits broad recommendation of the genotypes. Forage quality traits such as crude protein, fibre fractions, digestibility, and palatability were not evaluated. Rainfall, soil fertility, and detailed crop-management data were not fully reported. Stability and genotype × environment interaction require further testing.
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Green forage yield per plant of forage pearl millet genotypes

Comparison of green forage yield among twelve forage pearl millet genotypes.
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