Exploring agro-morphological and biochemical diversity in proso millet (Panicum miliaceum L.) germplasm in mid hills of Uttarakhand



Abstract
The present study was undertaken to evaluate the genetic variability and identify promising germplasm of proso millet (Panicum miliaceum L.) for agro-morphological traits, disease resistance and biochemical characteristics under mid-hill conditions of Uttarakhand. A total of 22 germplasm lines, including one local check (PRC-1), were evaluated using a Randomized Block Design with three replications. Observations were recorded for important quantitative traits such as productive tillers, days to 50% flowering, panicle length, plant height, number of leaves per plant, days to maturity, grain yield and 1000-seed weight. Qualitative characters including leaf colour, leaf type and panicle type were also documented. The germplasm lines were screened against major diseases, leaf blast and leaf blight, under natural field conditions. The results revealed considerable variability among the 22 germplasm for most of the traits studied. Grain yield ranged from 128.77 to 342.30 kg ha⁻¹, with GP-14 recording the highest yield followed by GP-7, GP-16 and GP-8. The maximum 1000-seed weight was recorded in GP-8 (6.85 g). Disease screening indicated that GP-14 and GP-16 were highly resistant to leaf blast, while GP-7, GP-8 and GP-16 showed high resistance to leaf blight. Biochemical analysis also revealed variation in seed quality and nutritional traits, where GP-14 showed lower electrical conductivity indicating better seed vigour, URC-1-17 recorded higher dehydrogenase activity, GP-7 and GP-13 had higher crude fibre content, and URC-04 exhibited the highest ash content. Based on overall performance, GP-14, GP-16, GP-8, GP-7, URC-1-16 and URC-04 were identified as promising germplasm for future breeding programmes. These 06 identified germplasm may serve as valuable donor parents in breeding programmes aimed at developing high-yielding, early maturing and disease-resistant proso millet varieties suitable for rainfed and marginal environments.
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Introduction
Millets are among the earliest domesticated cereal crops and continue to play a crucial role in sustaining agriculture in arid and semi-arid regions of the world. The term “millet” refers to a group of small-seeded grasses cultivated primarily for food, feed, forage, and fuel (Kothari et al., 2005). Approximately twenty species of millets have been cultivated globally at different times in history, reflecting their long-standing importance in human civilization (Fuller, 2006). Among the cereal crops grown worldwide, millets rank as the sixth most important and provide food security to nearly one-third of the global population (Changmei and Dorothy, 2014). Millets possess a remarkable ability to adapt to diverse and harsh environmental conditions, making them an essential component of dryland and rainfed agricultural systems where other cereals often fail. These crops require comparatively low agricultural inputs and can thrive in marginal lands with poor soil fertility and limited moisture availability (Amadou et al., 2013). Millets are particularly suited to regions experiencing low (less than 500 mm) and erratic rainfall, such as parts of India and Sub-Saharan Africa. Approximately 74 percent of millet cultivation in Africa occurs in Sub-Saharan and West Africa, accounting for nearly 28 percent of global millet production (Changmei and Dorothy, 2014). Considering the increasing frequency of drought and water scarcity in agriculture, the cultivation of drought-tolerant crops such as millets has become an effective strategy to ensure sustainable food production (Seghatoleslami et al., 2008).
Globally, millet production is estimated at 89.17 million metric tonnes harvested from nearly 74 million hectares of cultivated land (Anonymous, 2022). In India, millets are grown on approximately 13.8 million hectares with a total production of around 17.3 million tonnes. However, the area under small millets remains comparatively limited, occupying about 0.444 million hectares with a production of 0.346 million tonnes and an average productivity of 789 kg ha⁻¹. In Uttarakhand, small millets are cultivated on nearly 0.049 million hectares with a production of about 0.071 million tonnes and a productivity of 1449 kg ha⁻¹ (Anonymous, 2021; Sangappa et al., 2023). Millets are generally classified into two groups: major millets and minor millets. Major millets include sorghum (Sorghum vulgare L.) and pearl millet (Pennisetum typhoides L.), whereas minor millets include foxtail millet (Setaria italica L.), finger millet (Eleusine coracana L.), barnyard millet (Echinochloa frumentacea L.), proso millet (Panicum miliaceum L.), kodo millet (Paspalum scrobiculatum L.), little millet (Panicum sumatrense L.) and browntop millet (Brachiaria ramosa L.). Among these, proso millet (Panicum miliaceum L.) is an important minor millet known for its adaptability and short growth duration.
Proso millet is cultivated in several parts of Asia and Europe and is known by different vernacular names in India, such as Cheena in Hindi, Baragu in Kannada, Variga in Telugu and Panivaragu in Tamil. Agronomically, proso millet is a short-duration annual crop that grows about 30–100 cm tall with limited tillering. The grains are small and round with white, yellow or red hulls. Due to its rapid maturity, the crop is able to escape drought conditions during critical growth stages (Baltensperger et al., 1995a). Under high temperature conditions exceeding 30°C, proso millet reduces vegetative growth and flowering, which helps it conserve moisture and survive under drought stress. The crop can also grow successfully in sandy loam soils that are slightly acidic, saline or low in fertility, highlighting its suitability for marginal lands (Changmei and Dorothy, 2014).
In addition to its agronomic advantages, proso millet is nutritionally rich and offers several health benefits. The grains are consumed in different forms such as cooked grain, flour and parched products. Proso millet contains relatively higher protein content compared to major cereals such as wheat (Triticum aestivum) and rice (Oryza sativa) (Rawat et al., 2021). It is also rich in essential minerals including iron, zinc, copper and manganese. The dietary fiber present in millet helps improve digestion and contributes to overall health (Gopalan et al., 1989).
Despite its adaptability and nutritional significance, the cultivation of proso millet has declined in several regions of India, including Uttarakhand. In many areas, the crop is grown mainly as a catch crop rather than as a primary cereal, resulting in limited attention towards its improvement and large-scale production. However, owing to its short growth period, low water requirements and tolerance to various abiotic stresses, proso millet has considerable potential to strengthen climate-resilient and sustainable cropping systems, particularly in the mid-hill regions of Uttarakhand. Therefore, it is essential to evaluate the available germplasm to identify genetically diverse and high-performing genotypes for crop improvement.”
Under the present scenario of climate variability and increasing biotic stresses, the development of improved varieties with stable resistance to endemic diseases and high yield potential has become a major priority. In this context, the present investigation was undertaken to evaluate 22 germplasm lines of proso millet for agro-morphological traits, genetic variability, and their potential use in future breeding programmes.

Material and Method
Experimental Site and Materials
The present investigation was conducted at the experimental field of the Plant Pathology Block (1700 m above msl), College of Hill Agriculture, Ranichauri, Tehri Garhwal, under Veer Chandra Singh Garhwali Uttarakhand University of Horticulture and Forestry during the cropping season from April 2025 to August 2025. The experimental material comprised 22 proso millet (Panicum miliaceum L.) germplasm, including PRC-1 used as a local check, which was earlier released from the Ranichauri Centre under the All India Coordinated Research Project (AICRP) on Small Millets, as depicted in Table 1. The seed material (proso millet germplasm) for the present study was obtained from the repository of small millet germplasm maintained in the Department of Plant Pathology under AICRP on Small Millets, Ranichauri Centre, Uttarakhand. The study involved a set of germplasm representing a broad range of genetic variability, which were evaluated for different morphological, yield, and disease-related traits. The experiment was conducted using a Randomized Block Design (RBD) with three replications. Each genotype was planted in plots comprising three rows, each of 3 m long, with a spacing of 22.5 cm between rows and 10 cm between plants within a row. Throughout the crop growth period, recommended agronomic practices, including timely weeding, irrigation, and plant protection measures, were followed to ensure proper crop establishment and healthy growth.
Observation was recorded from five randomly selected plants in each accession for fourteen characters viz., Number of productive tillers, panicle length (cm), plant height (cm), number of leaves per plant, except for colour of leaves, leaves type, days to maturity, 1000 seed weight (g), grain yield (kg/g) and days to 50% flowering. For biotic stress evaluation, proso millet germplasm were screened against major endemic diseases leaf blight and leaf blast. Disease severity was assessed using a 1–9 disease rating scale as described in the Proceedings of the Annual Group Meeting of AICRP on Small Millets 2017.
Statistical analysis
Statistical analysis of the recorded data revealed significant differences among proso millet genotypes for various traits. Hence, the data were subjected to analysis of variance (ANOVA) using OPSTAT statistical software to test the significance of differences among genotypes.
Result and Discussion
The basic statistical measures viz., maximum, minimum, mean, variance, standard deviation (SD) and coefficient of variation (CV).
Quantitative characters
The proso millet germplasm were evaluated for various quantitative traits such as number of productive tillers, days to 50% flowering, panicle length (cm), plant height (cm), number of leaves per plant, days to maturity, grain yield (kg/ha) and 1000 seed weight (g). The mean values for these traits are summarized in Table 2.
Productive tillers and days to 50% flowering
The number of productive tillers among the evaluated proso millet germplasm ranged from 1.33 to 2.13 with a mean value of 1.70, indicating moderate variability for this trait (Table 2). The highest number of productive tillers was recorded in GP-14 (2.13) followed by GP-7 and GP-8 (2.07 each), suggesting their potential for higher panicle production and improved grain yield. In contrast, the lowest values were observed in GP-1 and GP-19 (1.33 each), indicating comparatively lower yield potential. Since productive tillers directly influence panicle number and grain output, genotypes with higher tillering ability may be considered promising for yield improvement. Similarly, for days to 50% flowering, the germplasm ranged from 69.33 to 84.67 days, with a mean of 74.38 days, reflecting considerable variability (Table 2). The earliest flowering was observed in GP-16 (69.33 days), followed by GP-14 (70.33 days), whereas GP-20 (84.67 days) and KA-17 (84.00 days) were the latest. Early flowering genotypes may be advantageous for rainfed or short-season environments as they can escape terminal drought, while late flowering types may perform better under favourable conditions. Similar variability for tillering ability and flowering behaviour in proso millet germplasm has been reported by Nanekar et al. (2024), Jain (2006) and Vetriventhan et al. (2019).
Panicle length and plant height
Panicle length among the evaluated proso millet germplasm varied from 16.89 to 43.36 cm with a mean value of 33.33 cm, indicating substantial variability among the entries (Table 2). The longest panicles were recorded in GP-14 (43.36 cm) followed by GP-8 (41.38 cm) and GP-7 (41.11 cm), whereas the shortest panicles were observed in GP-13 (16.89 cm) and GP-19 (17.63 cm). Longer panicles generally indicate greater spikelet and grain-bearing capacity, which contributes positively to yield potential. Similarly, plant height showed wide variation among the germplasm, ranging from 79.54 to 178.89 cm with a mean of 148.26 cm (Table 2). The tallest plants were recorded in GP-11 (178.89 cm) followed by GP-18 (171.90 cm) and KA-17 (171.08 cm), while GP-19 (79.54 cm) exhibited the shortest plant height. Taller genotypes may contribute to higher biomass production, whereas shorter genotypes may be advantageous under high-density planting or lodging-prone environments. Similar variability for panicle length and plant height in proso millet germplasm has also been reported by Nanekar et al. (2024), Naik et al. (2020), Upadhyaya et al. (2011) and Elangovan et al. (2023).
Number of leaves per plant and days to maturity
The number of leaves per plant among the evaluated proso millet germplasm ranged from 7.87 to 13.67 with a mean value of 11.04, indicating moderate variability for this trait (Table 2). The highest number of leaves was recorded in GP-18 (13.67) followed by URC-1-16 (13.47) and GP-14 (13.13), while the lowest value was observed in GP-11 (7.87). A greater number of leaves increases the photosynthetic surface area, which contributes to enhanced biomass accumulation and yield potential. Similarly, days to maturity ranged from 120.00 to 131.33 days with an average of 124.53 days, indicating noticeable variation among the germplasm. The earliest maturity was observed in GP-14 (120.00 days), followed by URC-04 (120.67 days) and GP-16 (121.00 days), whereas GP-12 (131.33 days) and KA-17 (130.33 days) were the latest (Table 2). Early maturing genotypes are particularly advantageous under rainfed or short-season environments. Similar variability for leaf number and maturity duration in proso millet germplasm has also been reported by Watson (1958), Mishra et al. (2022) and Nanekar et al. (2024).
Grain yield (kg/ha) and 1000 seed weight
Grain yield among the evaluated proso millet germplasm ranged from 128.77 to 342.30 kg ha⁻¹, indicating considerable variability among the entries. The highest yield was recorded in GP-14 (342.30 kg ha⁻¹) followed by GP-7 (326.00 kg ha⁻¹) and GP-16 and GP-8 (304.81 kg ha⁻¹), whereas the lowest yield was observed in GP-19 (128.77 kg ha⁻¹) as shown in Table 2. Similarly, 1000 seed weight varied from 3.37 to 6.85 g with a mean of 5.11 g, with the highest value recorded in GP-8 (6.85 g) followed by GP-14 (5.74 g) and GP-16 (5.67 g), while the lowest was observed in GP-5 (3.37 g) as depicted in Table 2. Similar influence of genotypic variability on yield and seed weight in millets has been reported by Nehra et al. (2016), Bisht (2015), Suman et al. (2018) and Patel et al. (2018). In the present study, higher grain yield and seed weight in certain germplasm may be attributed to favourable agro-morphological traits such as longer panicles, higher number of productive tillers and efficient assimilate partitioning during grain development.
Qualitative traits
During the investigation, qualitative traits such as leaf colour, leaf type and panicle type were recorded to evaluate the morphological variation among the proso millet germplasm. These traits exhibited noticeable differences among the accessions and helped in distinguishing the germplasms based on their morphological characteristics. The observations recorded for these qualitative traits are presented in Table 3.
Leaf colour
Leaf colour was visually assessed among the evaluated proso millet germplasms and two distinct categories were observed: light green and dark green (Figure 1). Out of 21 germplasm along with one local check, the majority (81.81%) exhibited dark green leaves, while 18.18% showed light green foliage. Dark green leaves are generally associated with higher chlorophyll content, which enhances photosynthetic efficiency and contributes to better biomass production. In contrast, light green leaves may indicate relatively lower chlorophyll levels or possible nutrient limitations. Lichtenthaler and Wellburn (1983) reported similar variation in leaf colour among proso millet germplasm.
Leaf type
Variation in leaf morphology was observed among the evaluated germplasms, where two distinct leaf types, narrow and broad, were identified. Among the entries studied, 68.18% showed narrow leaves, whereas 31.81% possessed broad leaves. Narrow leaves are often considered advantageous under drought or high-temperature conditions as they help reduce transpiration losses. In contrast, broad leaves provide a larger photosynthetic surface area, which can enhance light interception and photosynthetic activity under favourable conditions. Similar diversity in leaf morphology among proso millet germplasm has earlier been reported by Li et al. (2014).
Panicle type
Panicle type also varied among the evaluated proso millet germplasms, with three distinct forms observed: open, semi-open and compact, as presented in Table 3 and Figure 2, Figure 3. Most of the germplasms (68.18%) possessed open panicles, followed by semi-open (18.18%) and compact panicles (13.63%). Rajput et al. (2024) reported similar observations regarding panicle type variation. Open panicles are generally beneficial under humid or rainfed conditions because they allow better air circulation, which can reduce the incidence of fungal diseases and support uniform grain development. Compact panicles, although potentially associated with higher grain density, may restrict airflow and increase disease susceptibility in moist environments. 
Disease screening
Disease screening was conducted towards 22 proso millet germplasm lines, including one local check (PRC-1), to evaluate their response against leaf blast and leaf blight diseases under natural field conditions. The results revealed considerable variation in disease reaction among the evaluated germplasms, indicating the presence of useful genetic diversity for resistance. Such information is valuable for identifying promising resistant sources for future breeding and crop improvement programs. The detailed results are presented in Table 4.
Leaf blast and Leaf blight
Among the 22 germplasms evaluated, GP-14 and GP-16 were found to be highly resistant (HR) to leaf blast with a disease score of 1(Table 4). Thirteen germplasm, namely GP-2, GP-3, GP-7, GP-8, GP-11, GP-12, GP-18, GP-20, URC-04, URC-1-15, URC-1-17, URC-1-18 and PRC-1, showed a resistant (R) reaction with scores of 2–3. The remaining seven germplasm (GP-1, GP-5, GP-13, KA-17, GP-19, URC-1-16 and GP-1-18) exhibited moderately resistant (MR) responses with scores ranging from 4–5. Leaf blast is a major disease in millet cultivation that affects leaves, stems and panicles, leading to reduced grain yield and premature drying of foliage (Subedi et al., 2022; Kumar & Srivastava, 2020; Joshi & Gohel, 2015). In the present study, varying levels of resistance were observed among the proso millet germplasm, indicating the presence of useful genetic variability for blast resistance. Similar observations were reported by Babu et al. (2013), who found a high proportion of resistant accessions in finger millet germplasm. With respect to leaf blight, three germplasm viz., GP-7, GP-8 and GP-16, were classified as highly resistant (HR) with a score of 1. Six lines (GP-12, GP-14, KA-17, GP-18, URC-1-15 and URC-1-17) showed a resistant (R) reaction with scores of 2–3. Eight germplasm (GP-2, GP-3, GP-5, GP-13, URC-04, URC-1-16, URC-1-18 and PRC-1) were moderately resistant (MR) with scores of 4–5, while GP-1, GP-11, GP-19, GP-20 and GP-1-18 were categorized as susceptible (S) with scores of 6–7. Leaf blight damages the photosynthetically active leaf area, reducing photosynthesis and ultimately affecting crop yield. The present study also revealed different levels of resistance among the evaluated germplasms, highlighting the existence of genetic diversity for leaf blight tolerance. Jain (2021) also evaluated finger millet germplasm against leaf blight disease and reported variation starting from highly susceptible to highly resistant response among the studied germplasm.
Seed Biochemical assessment
Biochemical tests including electrical conductivity, seed dehydrogenase activity, crude fibre, and ash content were conducted to assess seed vigour, viability, storability, and nutritional quality of proso millet germplasm.
Electrical conductivity (µS/cm) and Seed dehydrogenase activity (OD)
Electrical conductivity among the evaluated proso millet germplasm ranged from 0.11 to 0.24 µS/cm with a mean value of 0.18 µS/cm, indicating variation in seed membrane integrity among the accessions. The highest electrical conductivity was recorded in URC-1-17 (0.24 µS/cm) followed by GP-5 and GP-18 (0.22 µS/cm each), whereas the lowest value was observed in GP-14 (0.11 µS/cm) followed by GP-1-18 (0.13 µS/cm) and GP-7 (0.14 µS/cm) as shown in Table 5. Lower electrical conductivity generally reflects better membrane stability and reduced electrolyte leakage, which is associated with higher seed vigour and viability. In contrast, higher values may indicate membrane damage and reduced seed quality. Similar variability in electrical conductivity among proso millet germplasm has been reported by Jain (2006) and Chinnasamy et al. (2021). With respect to seed dehydrogenase activity among the germplasm ranged from 0.11 to 0.94 OD with an average value of 0.51 OD Table 5. The highest activity was observed in URC-1-17 (0.94 OD) followed by GP-14 and PRC-1 (0.90 OD each), while the lowest value was recorded in GP-13 (0.11 OD), followed by KA-17 (0.12 OD). Similar findings linking dehydrogenase activity with seed vigour were earlier reported by Rayeen (2024). Higher dehydrogenase activity indicates greater enzymatic activity and metabolic efficiency of seeds, which is often associated with improved seed vigour and germination potential. 
Crude fibre content (%) and Ash content (%)
Crude fibre content among the proso millet germplasm ranged from 2.13% to 2.98%, with a mean value of 2.60% as shown in Table 5. The highest fibre content was recorded in GP-7 and GP-13 (2.98%), followed by GP-1-18 (2.95%), whereas the lowest value was observed in GP-14 (2.13%). Fibre is an important nutritional component that supports digestive health and enhances the dietary quality of millet grains. Similar variation in crude fibre content among millet varieties was reported by Karkannavar et al. (2021) and Kumari et al. (2017). In the present study, ash content among the germplasm ranged from 1.06% to 1.97%, with a mean of 1.58%, reflecting differences in mineral composition among the accessions (Table 5). The highest ash content was recorded in URC-04 (1.97%), followed by GP-14 (1.95%), while the lowest value was observed in GP-19 (1.06%). Since ash content represents the total mineral content of grains, higher values may indicate better nutritional potential. Similar observations were reported by Karkannavar et al. (2021) and Sandhvi and Singh (2021).
Conclusion
The present study revealed significant variability among the evaluated proso millet (Panicum miliaceum L.) germplasm for agro-morphological, disease resistance and biochemical traits. Considerable variation was observed in characters such as productive tillers, panicle length, plant height, days to flowering, days to maturity, grain yield and 1000 seed weight, indicating the presence of useful genetic diversity for crop improvement. Among the proso millet germplasm studied, GP-14, GP-7, GP-8 and GP-16 showed superior performance for several yield-related traits. GP-14 recorded the highest grain yield with longer panicles and more productive tillers, while GP-16 exhibited early flowering and maturity. Disease screening identified GP-14 and GP-16 as highly resistant to leaf blast, whereas GP-7, GP-8 and GP-16 showed high resistance to leaf blight. Biochemical analysis also revealed variation in seed quality and nutritional traits. Lower electrical conductivity in GP-14 indicated better seed vigour, URC-1-17 showed higher dehydrogenase activity, GP-7 and GP-13 recorded higher crude fibre content and URC-04 exhibited the highest ash content. Overall, GP-14, GP-16, GP-7, GP-8 and URC-04 were identified as promising germplasm for future breeding programmes aimed at developing high-yielding, disease-resistant and nutritionally improved proso millet varieties suitable for rainfed conditions. 
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Table 1. List of proso millet germplasm along with the local variety used in the experiment.
	SI. No.
	Germplasm
	SI. No.
	Germplasm

	1.
	GP-1
	12.
	KA-17

	2.
	GP-2
	13.
	GP-18

	3.
	GP-3
	14.
	GP-19

	4.
	GP-5
	15.
	GP-20

	5.
	GP-7
	16.
	URC-04

	6.
	GP-8
	17.
	URC-1-15

	7.
	GP-11
	18.
	URC-1-16

	8.
	GP-12
	19.
	URC-1-17

	9.
	GP-13
	20.
	URC-1-18

	10.
	GP-14
	21.
	GP-1-18

	11.
	GP-16

	22.
	PRC-1 
(Local Check)









Table 2. Mean performance of 22 proso millet germplasm for quantitative characters.
	         Parameters

Germplasm
	No of productive tillers
	Days to 50% flowering
	Panicle length
(cm)
	Plant height
(cm)
	No of leaves per plant
	Days to maturity
	Grain yield (kg/ha)
	1000
Seed weight (g)

	GP-1
	1.33
	72.33
	29.21
	140.08
	11.67
	124.00
	136.92
	4.11

	GP-2
	1.53
	75.00 
	28.09
	136.71
	12.47
	124.33
	198.86
	4.91

	GP-3
	1.53
	82.00 
	30.16
	156.11
	12.67
	124.33
	236.35
	5.03

	GP-5
	1.40
	72.33
	27.48
	142.50
	8.73
	123.67
	130.40
	3.37

	GP-7
	2.07
	71.67
	41.11
	157.73
	10.60
	121.33
	326.00
	5.56

	GP-8
	2.07
	72.33
	41.38
	170.08
	11.93
	122.33
	304.81
	6.85

	GP-11
	1.60
	74.67
	33.85
	178.89
	7.87
	126.67 
	223.31
	5.00

	GP-12
	1.53
	71.00
	30.47
	137.19
	8.27
	131.33
	189.08
	4.85

	GP-13
	1.47
	72.00
	16.89
	161.78
	9.67
	122.33
	132.03
	4.91

	GP-14
	2.13
	70.33
	43.36
	151.37
	13.13
	120.00 
	342.30
	5.74

	GP-16
	1.93
	69.33 
	37.77
	159.38
	10.67
	121.00
	304.81
	5.67

	KA-17
	1.40
	84.00 
	28.34
	171.08
	12.53
	130.33 
	148.33
	4.96

	GP-18
	1.87
	71.00 
	37.81
	171.90
	13.67
	124.67
	283.62
	5.29

	GP-19
	1.33
	77.33 
	17.63
	79.54
	12.20
	127.67 
	128.77
	4.77

	GP-20
	1.93
	84.67 
	38.39
	168.88
	9.67
	129.67 
	249.39
	5.29

	URC-04
	1.93
	72.33
	40.19 
	160.91
	11.67
	120.67
	291.77
	5.57

	URC-1-15
	1.87
	74.33
	36.19
	131.71
	10.00
	125.33
	262.43
	4.94

	URC-1-16
	1.67
	80.00
	35.68
	121.30
	13.47
	125.00 
	264.06
	5.34

	URC-1-17
	1.87
	72.00
	37.33
	129.90
	9.67
	122.67
	283.62 
	5.29

	URC-1-18
	1.80
	72.67 
	35.64
	133.90
	10.93
	121.67
	252.65
	4.99

	GP-1-18
	1.47
	70.67 
	35.63
	139.80
	10.00
	 125.33 
	190.71
	5.01

	PRC-1
	1.87
	74.33
	30.79
	160.99
	11.47
	125.33
	208.64
	4.92

	Mean
	1.7091
	74.38
	33.336
	148.26
	11.04
	125
	231.31
	5.11

	C.D at 5%
	0.172
	1.581
	1.092
	1.739
	0.321
	1.057
	15.402
	0.038

	SE (m)
	0.06
	0.552
	0.381
	0.607
	0.112
	0.369
	5.375
	0.013

	SE (d)
	0.085
	0.781
	0.539
	0.859
	0.158
	0.522
	7.605
	0.019

	C.V. (%)
	6.088
	1.285
	1.981
	0.709
	1.756
	0.513
	4.027
	0.449



Table 3. Variation in qualitative traits of proso millet germplasm
	CHARACTER
	ENTRY
	NUMBER
	FREQUENCY
(%)

	1.
	Colour of leaves
	
	

	Dark green
	GP-1, GP-2, GP-3, GP-5, GP-8, GP-11, GP-12, GP-13, GP-14, GP-16, KA-17, GP-18, GP-20, URC-04, URC-1-15, URC-1-16, GP-1-18, PRC-1
	18
	81.81%

	Light green
	GP-7, GP-19, URC-1-17, URC-1-18
	4
	18.18

	2.
	Types of leaves
	
	

	Broad type
	GP-2, GP-12, GP-14, GP-16, KA-17, GP-20
	7
	31.81%

	Narrow type
	GP-1, GP-3, GP-5, GP-7, GP-8, GP-11, GP-13, GP-18, GP-19, URC-04, URC-1-15, URC-1-16, URC-1-17, URC-1-18, GP-1-18, PRC-1
	15
	68.18%


	3.
	Panicle type
	
	

	Open
	GP-1, GP-2, GP-3, GP-5, GP-12, GP-13, KA-17, GP-18, GP-19, URC-1-15, URC-1-16, URC-1-17, URC-1-18, GP-1-18, PRC-01
	15
	68.18%

	Semi-open
	GP-7, GP-11, GP-20, URC-04
	4
	18.18%

	Compact
	GP-8, GP-14, GP-16
	3
	13.63%









Table 4. Disease screening of proso millet germplasm for leaf blast and leaf blight.
	
GERMPLASM
	Leaf Blast Disease 
	Leaf Blight Disease

	
	Score (G)
	Response
	Score (G)
	Response

	GP-1
	5
	MR
	7
	S

	GP-2
	3
	R
	5
	MR

	GP-3
	2
	R
	4
	MR

	GP-5
	5
	MR
	4
	MR

	GP-7
	2
	R
	1
	HR

	GP-8
	2
	R
	1
	HR

	GP-11
	3
	R
	6
	S

	GP-12
	3
	R
	3
	R

	GP-13
	5
	MR
	5
	MR

	GP-14
	1
	HR
	1
	HR

	GP-16
	1
	HR
	2
	R

	KA-17
	4
	MR
	3
	R

	GP-18
	2
	R
	3
	R

	GP-19
	4
	MR
	6
	S

	GP-20
	2
	R
	6
	S

	URC-04
	2
	R
	5
	MR

	URC-1-15
	3
	R
	2
	R

	URC-1-16
	4
	MR
	4
	MR

	URC-1-17
	3
	R
	2
	R

	URC-1-18
	3
	R
	4
	MR

	GP-1-18
	5
	MR
	7
	S

	PRC-1
	2
	R
	4
	MR






            Table 5. Mean performance of 22 proso millet germplasms for biochemical traits

	         Parameters 


 
Germplasm 
	Electrical conductivity
(μS/cm)
	Seed hydrogenase (OD)
	Ash content (%)
	Crude fibre (%)

	GP-1
	0.18
	0.34
	1.20
	2.90

	GP-2
	0.15
	0.81
	1.26
	2.88

	GP-3
	0.19
	0.41
	1.51
	2.52

	GP-5
	0.22
	0.83
	1.15
	2.85

	GP-7
	0.14
	0.56
	1.89
	2.98 

	GP-8
	0.15
	0.45
	1.73
	2.39

	GP-11
	0.21
	0.43
	1.51
	2.76

	GP-12
	0.21
	0.31
	1.73
	2.28

	GP-13
	0.19
	0.11
	1.29
	2.98

	GP-14
	0.11
	0.90
	1.95
	2.13

	GP-16
	0.17
	0.21
	1.67
	2.54

	KA-17
	0.15
	0.12
	1.35
	2.52

	GP-18
	0.22
	0.52
	1.81
	2.57

	GP-19
	0.21
	0.18
	1.06
	2.17

	GP-20
	0.15
	0.72
	1.81
	2.17

	URC-04
	0.18
	0.31
	1.97
	2.90

	URC-1-15
	0.17
	0.17
	1.63
	2.73

	URC-1-16
	0.20
	0.42
	1.75
	2.57

	URC-1-17
	0.24
	0.94
	1.84
	2.23

	URC-1-18
	0.15
	0.81
	1.81
	2.44

	GP-1-18
	0.13
	0.74
	1.45
	2.95

	PRC-1
	0.20
	0.90
	1.41
	2.82

	Mean
	0.18
	0.51
	1.58
	2.60

	C.D. at 1%
	0.008
	0.011
	0.077
	0.083

	SE (m)
	0.003
	0.004
	0.027
	0.029

	SE (d)
	0.004
	0.005
	0.038
	0.041

	C.V. (%)
	2.78
	1.26
	2.959
	1.923










Light green leaves
Dark green leaves
         Figure 1. Variation based on leaf colour











Figure 2. Variation based on panicle type
Open type panicle 
Semi open type panicle 
Compact type panicle 

















       Figure 3. Variation in the panicles of proso millet germplasm
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