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Morphological Characteristics, Biomass Yield and Nutritional Composition of Bajra Napier Hybrid Grass (CoBN-5) under High-Altitude Conditions in the Nilgiris, Tamil Nadu, India

ABSTRACT 
	Bajra Napier Hybrid grass (CoBN-5) is a commonly used fodder crop that is highly valued for producing huge quantities of yield and being nutritious. This study was carried out at Sheep Breeding Research Station (SBRS), located in Sandynallah, The Nilgiris, Tamil Nadu, India, which is at an elevation of 2200 meters above mean sea level. The main goal of the study was to assess the plant's physical features, how much biomass it produces, and its chemical composition under typical conditions of a temperate high-altitude area. For this, 45 samples were collected, each between aged 75 - 85 days old, from different fields to ensure that the samples were representative of the whole area. The Morphological Characteristics measured included slightly lower were, how long and wide their leaves were, and how many tillers grew from each group of plants. The amount of biomass was estimated using a standard quadrat sampling method, in which the experimental area was divided into equal sections. The chemical composition was analyzed using standard procedures outlined by the AOAC in 2019. The results showed that as average plant height was 306.67 ± 10.17 cm, the stem diameter was 2.33 ± 0.17 cm, the leaves were 102.67 ± 3.28 cm long and 5.3 ± 0.21 cm wide, and each group of plants had between 25 to 40 shoots. The annual biomass yield was 128 t acre⁻¹ year⁻¹”, with 5 harvests throughout the year. This is little lower than what is typically achieved in tropical lowland areas due to the plants going into a dormant state during the months of December to February, which is when frost occurs. The chemical composition of the plant, when measured based on dry matter, was 10.58 ± 0.07% crude protein, 5.46 ± 0.13% ether extracts, 28.37 ± 0.43% crude fiber, 17.20 ± 0.26% total ash, and 38.39 ± 0.57% nitrogen-free extract. These findings show that CoBN-5 is a good source of essential nutrients and promising crops for yield making it suitable for small-scale dairy farms in hilly and cold-prone regions. It offers balanced nutrition and is economically viable for such environments.


Keywords: Bajra Napier Hybrid Grass, CoBN-5, Biomass yield, Chemical composition, High-altitude fodder.

1. INTRODUCTION
Livestock farming plays an important role in the livelihood of rural farmers in India, helping to ensure food supply, create jobs, and generate income (Birthal et al., 2024).
 In Tamil Nadu, small-scale dairy farming, known as mini dairies, which involve keeping 8 to 10 animals, is gaining popularity because it is easy to manage and profitable (Thakur et al., 2025). However, the cost of feeding animals makes up a large part of the overall cost in dairy farming, (Meena et al., 2025). So, it is important to choose high-yielding and nutritious fodder Bajra Napier Hybrid grass, specifically the CoBN-5 variety, was developed by combining two types of grass—Pennisetum glaucum (Bajra) and Pennisetum purpureum (Napier grass)—to create a type of grass that can withstand drought, produce high biomass, and offer superior nutritive value (Varshini and Jayanthi, 2022). Previous studies showed that improved Napier hybrids can increase milk production because they offer better digestibility and higher protein content compared to traditional grasses (Mynavathi et al., 2022). In the hilly regions of Tamil Nadu, especially in the Nilgiris, livestock farming often faces challenges such as limited land, tough weather conditions, and changes in pasture growth throughout the year. The Sheep Breeding Research Station in Sandynallah, located at an altitude of about 2200 meters above sea level, provides a suitable environment for testing fodder crops under cooler conditions. This study aimed to measure the growth, biomass production, and nutritional content of CoBN-5 in this hilly region, offering valuable information about its ability to provide fodder all year round.
2. material and methods 
2.1 Study Location and Sampling 


The experiment was conducted at the Sheep Breeding Research Station (SBRS) in Sandynallah, Nilgiris district, Tamil Nadu, India. This area is approximately 2200 meters above sea level, with an average yearly temperature of 10 to 22 °C and an average rainfall of about 1500 mm. To ensure the sample represented the entire area, 45 samples of CoBN-5, aged 75 to 85 days, were taken from different fields. 

2.2 Study Design 



A one-acre plot of Bajra Napier Hybrid grass (CoBN-5) was established on loamy, well-drained soil. The plot was managed uniformly. As this trial aimed to assess crop performance under real farming conditions, a randomized block design was not used Similar agronomic practices for CoBN-5 have been reported by Varshini and Jayanthi (2022) and Aruna et al. (2024). The planting material was stem cuttings with three nodes. The plants were spaced 90 cm apart in one direction and 60 cm in the other. Fertilizer was applied at a rate of 15 tonnes of farmyard manure per acre at planting, and then 125 kg of nitrogen, 50 kg of phosphorus, and 50 kg of potassium per acre per year, in separate applications. Irrigation was provided during dry periods as needed, and manual weeding was done twice during each growth cycle.

2.3 Morphological Measurements

At each harvest, which occurred 5 times a year, morphological measurements were taken from 45 randomly selected plants within the experimental plot, following the methods described by Thampi & Thomas (2023). 
Plant Height (cm) Measured from the soil surface at the base of the plant to the tip of the longest leaf using a measuring tape. Leaf Length (cm) the start of the leaf blade to its tip, excluding the leaf sheath. Leaf Width (cm) at the widest part of the leaf blade using a Vernier caliper. Number of Tillers per Clumps with at least one fully expanded leaf was counted manually. Stem Diameter (cm) 10 cm above ground level, using a Vernier caliper, avoiding swollen nodes. Each parameter was recorded three times for each plant to ensure accuracy, and the average values were calculated for further analysis.
2.4 Biomass Yield Estimation 

The biomass yield was calculated using a standard quadrat sampling method (Manoj et al., 2021; AOAC, 2019).
During each harvest, a 1 m² quadrat was randomly placed at six representative points in the plot to cover the entire area evenly. All plants within each quadrat were cut at 10 cm above the ground level (Singh et al., 2021) to avoid damaging the plant crown, which is standard for harvesting fodder. The fresh weight of the harvested material from each quadrat was weighed immediately using a digital balance to get the fresh weight per square meter (in kilograms). The average fresh weight from the six quadrats was then converted to a per acre basis using this formula: 

Biomass yield (tonnes per hectares) = Fresh yield per square meter × 2.45 

Where: 

- 2.45 = Conversion factor from hectares

The annual biomass yield was calculated by summing the fresh material from all harvests during the growing season (5 cuttings per year).

2.5 Sample Preparation 

At each harvest, representative samples of the fresh biomass used for biomass yield estimation were collected. From each cutting, approximately 1 kg of fresh fodder was taken from multiple points to ensure the composite sample represented the whole plot. These samples were first air-dried, then oven-dried until they reached a constant weight, and finally ground to a fine powder using a 1 mm sieve for laboratory analysis (Van Soest et al., 1991). The collected samples were taken to the Animal Feed Analytical and Quality Assurance Laboratory, located at the Veterinary College and Research Institute in Namakkal, Tamil Nadu.

2.6 Laboratory Analysis 

Chemical composition was analyzed Animal Feed Analytical and Quality Assurance Laboratory, located at the Veterinary College and Research Institute in Namakkal, Tamil Nadu. Using standard methods from the AOAC (2019), which included determining Crude Protein (CP), Ether Extract (EE), Crude Fiber (CF), Total Ash (TA), and Nitrogen-Free Extract (NFE), all expressed on a dry matter basis, as followed by Mynavathi et al. (2022).
3. results and discussion

Morphological assessment showed an average plant height of 306.67 ± 10.17 cm, leaf length of 102.67 ± 3.28 cm, stem diameter of 2.33 ± 0.17 cm, and leaf width of 5.3 ± 0.21 cm (Table 1). The number of tillers per clump ranged between 25 and 40. These morphological Characteristics indicate a robust growth habit and align with findings Aruna et al. (2024), who reported similar height and leaf dimensions for CoBN hybrids cultivated under optimal fertilization and irrigation regimes. The high tiller density suggests improved ground cover and greater biomass accumulation potential Singh et al., (2021) and Rakshata P. V., (2023).
Table 1. Morphological characteristics of CoBN-5 at 75–85 days of growth

	Parameter
	Mean ± SE
	Range

	Plant height (cm)
	306.67 ± 10.17
	290–325

	Leaf length (cm)
	102.67 ± 3.28
	98–107

	Leaf width (cm)
	5.30 ± 0.21
	5.0–5.6

	Stem diameter (cm)
	2.33 ± 0.17
	2.1-2.5

	Tillers per clump (no.)
	32.50 ± 1.85
	25–40


*Each valve is a mean of 45 observations

The annual fodder yield recorded in the present study was 128 t acre⁻¹ year⁻¹” with 5 harvests possible in the high-altitude hilly environment of the Nilgiris (Table.2).   This yield is slightly lower than the 150–180 t acre⁻¹ year⁻¹ reported in lowland tropical regions (Varshini and Jayanthi, 2022; Prasanth et al., 2010), where 6–7 harvests is possible. The reduced harvest frequency in The Nilgiris district is primarily due to frost-induced dormancy during December to February, which temporarily halts growth. Similar seasonal growth slowdowns in Napier hybrids under cold stress have been documented by (Van Soest, 1994), who observed significant reductions in tillering and leaf expansion below 12°C.
Table 2. Fodder yield of CoBN-5 under SBRS, Sandynallah conditions

	Harvest frequency per year
	Annual yield (t/acre)

	1st Harvesting
	25.6 ton / acre

	2nd Harvesting
	27.2 ton / acre

	3rd Harvesting
	26.4 ton / acre

	4th Harvesting
	24.5 ton / acre

	5th Harvesting
	24.3 ton / acre

	Total (5 Harvesting)
	128 t acre⁻¹ year⁻¹”


*Each valve is a mean of 6 observations
The chemical composition of CoBN-5 recorded in the present study revealed a crude protein (CP) content of 10.58 ± 0.07%, ether extract (EE) of 5.46 ± 0.13%, crude fiber (CF) of 28.37 ± 0.43%, total ash (TA) of 17.20 ± 0.26%, and nitrogen-free extract (NFE) of 38.39 ± 0.57% on a dry matter basis (Table.3). These values are comparable to earlier reports for Bajra Napier hybrid grass grown under tropical and subtropical conditions (Mynavathi et al. (2022) and Aruna et al. (2024), which documented CP values ranging from 8.5–12% and CF values between 26–30%. The observed slightly higher EE in this study may be attributed to the lush vegetative growth stage at 75–85 days, which retains more soluble lipid fractions (Thampi & Thomas, 2023). 
Table 3. Chemical composition of CoBN-5 (on DM basis)

	Parameter
	Mean ± SE (%)

	Crude Protein
	10.58 ± 0.07

	Ether Extract
	5.46 ± 0.13

	Crude Fiber
	28.37 ± 0.43

	Total Ash
	17.20 ± 0.26

	Nitrogen-Free Extract
	38.39 ± 0.57


*Each valve is a mean of 6 observations
From a nutritional point of view, the CP content of 10.58% is adequate to meet the maintenance protein requirement of adult dairy cattle and supports moderate milk production when supplemented with energy-rich feeds (Nair, S. S et al., 2025). The relatively high NFE (38.39%) indicates good soluble carbohydrate reserves, which can enhance palatability and intake. The CF content (28.37%) falls within the optimal range for maintaining rumen function without overly diluting the diet’s energy density (Van Soest., 1994).

The results demonstrate that CoBN-5 is well-suited for smallholder dairy systems in high-altitude, frost-prone regions when managed for 5 harvests annually. Although cold stress restricts the number of annual harvests, the biomass yield remains economically feasible, and the nutritive value is comparable to that of crops grown under warmer climates. Future research could focus on integrating frost-tolerant forage species to bridge the winter fodder gap in such regions.
4. Conclusion
The present study demonstrates that Bajra Napier Hybrid grass (CoBN-5) performs well under the temperate high-altitude conditions of the Nilgiris, producing an average of 128 t acre⁻¹ year⁻¹” over 5 harvests. Despite the frost-induced growth dormancy that limits cutting frequency compared to tropical lowlands, the crop maintains high nutritive value, with crude protein content sufficient to meet maintenance requirements for adult dairy cattle and crude fiber levels that support optimal rumen function. The combination of robust morphological traits, high tiller density, and balanced nutrient composition makes CoBN-5 a promising fodder option for small-scale dairy farmers in hilly regions. Strategic integration with frost-tolerant forages could further enhance year-round fodder availability, reducing feed shortages during winter months and improving livestock productivity
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