Influence of Plant Height on Morpho-Physiological, and Biochemical parameters of Som (Persea bombycina Kost.): Implications for Muga Silkworm Rearing & Cocoon Traits
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Muga, the golden silk, is the world’s costliest natural fiber, produced by the sericigenous insect Antheraea assamensis Helfer (Saturniidae: Lepidoptera). Among the host plants, Som (Persea bombycina Kost.) and Soalu (Litsea polyantha Roxb.) serve as primary food sources, while Dighloti (Litsea salicifolia), Mejankari (Litsea cubeba), and others act as secondary and tertiary hosts. Due to its superior nutritional profile, Som is the most preferred host, significantly influencing larval growth, grainage efficiency, and cocoon quality in Muga silkworms. Although seasonal variability in Muga crop performance is well-documented, limited research has been conducted on the impact of plantation structure; particularly plant height, on host plant quality and subsequent silkworm productivity. The present investigation aimed to evaluate the influence of five distinct height categories of Som plantations: Short Plant (T1, 6–10 ft), Medium Tree (T2, 20–25 ft), High Tree (T3, 25–30 ft), Wild/Un-pruned Tree (T4, >30 ft), and the recommended Control (Small Tree, 10-15ft) on morpho-physiological, biochemical, and economic traits. Results revealed that T2 (Medium Tree) showed significantly superior outcomes across most parameters. T2 showed significantly higher values for studied morpho-physiological parameters, where leaf area was recorded as 52.4 cm2, fresh leaf weight 580g, dry leaf weight 158g, moisture percentage 72.76%, moisture retention capacity 70.2% and stomatal frequency as 242 per mm2. Female and male larval weights in T2 were highest at 16.21 g and 14.01 g, respectively, compared to the lowest values in T4 (7.24 g and 5.12 g). Fecundity peaked at 168 eggs/khorika in T2 and declined to 69 eggs/khorika in T4. Biochemical parameters in T2 leaves were also optimal, with crude protein at 20.5%, total lipid 5.3%, crude fiber 13.8%, and total ash 6.1%. Cocoon quality traits followed a similar trend: cocoon weight (3.42 g), shell weight (0.48 g), shell ratio (14.03%), and effective rate of rearing (ERR%) (74.6%) were highest in T2, highlighting its superiority over taller, unpruned plantation types. The study conclusively demonstrates that maintaining Som plantations at a height of 20–25 feet significantly enhance leaf biochemical composition, supports better larval growth, and leads to improved cocoon yield and grainage performance in Antheraea assamensis. These findings underscore the importance of plantation architecture in host plant management and provide a practical, cost-effective recommendation for maximizing productivity in sustainable Muga sericulture. Integrating this strategy with existing practices could revolutionize silkworm host plant cultivation and ensure higher economic returns for rearers in the Muga-producing regions of India.
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Introduction
Muga silk, known for its natural golden sheen and remarkable durability, holds a unique cultural and economic significance in the northeastern region of India, particularly in Assam. The endemic silkworm Antheraea assamensis Helfer, responsible for producing this exquisite silk, relies exclusively on a select group of host plants, among which Som (Persea bombycina Kost.) is the most preferred and widely cultivated. The quality and nutritional composition of Som leaves play a pivotal role in determining the health, growth, and cocoon productivity of the Muga silkworm (Jalil et al., 2023).
Host plant characteristics such as leaf morphology, physiological attributes, and biochemical composition are critical determinants of larval development. Previous studies have established that factors like leaf protein content, moisture retention, fiber content, and photosynthetic efficiency influence silkworm growth and cocoon traits such as cocoon weight, shell ratio, and filament length (Kumari. S, & Kumar. S; 2015). However, there is limited information on how agronomic variables, specifically plant height, which can influence light interception, canopy structure, and leaf physiology; affect these parameters.
Plant height is an often-overlooked morphological trait that may significantly impact the physiological status and chemical composition of leaves due to changes in microenvironmental conditions such as light intensity, temperature, and humidity along the vertical canopy gradient. Variations in plant height can also influence pruning schedules and leaf harvestability in managed plantations, directly affecting leaf availability for rearing cycles (Kartik. N. & Balagopalan. U.; 2011). Therefore, understanding the influence of Som plant height on its leaf quality and the consequent effects on Muga silkworm rearing can offer valuable insights for optimizing plantation management in sericulture.
This study aims to bridge this gap by evaluating how different height classes of Som plants affect morpho-physiological traits, biochemical composition of leaves, and ultimately, the performance and cocoon quality of Antheraea assamensis. The findings of this research will contribute to refining host plant management practices and improving Muga silk production efficiency under field conditions.
Materials and Methods
Experimental Design
A field experiment was conducted at Central Silk Board (CSB), Muga Eri Silkworm seed Organization (MESSO), P3 Unit Kowabil Kokrajhar, Assam during the year 2024-25. Five Som plantation height categories were established:
· T1 (Short Plant): 6–10 ft
· T2 (Medium Tree): 20–25 ft
· T3 (High Tree): 25–30 ft
· T4 (Wild/Un-pruned Tree): 
· Control (Small Tree): 10–15 ft (recommended height)
Each treatment was replicated thrice in a randomized block design.
1. Leaf Morphological Parameters
From each plantation category, 30 leaves were randomly selected for the following measurements:
· Leaf shape, base, tip, margins and colour:  By visual inspection.
· Leaf Area: Measured using a leaf area meter (Model: LI-3000A, LI-COR, USA).
· Internodal distance: Distance between the nodes measured with the help of measuring scale and depicted in as average internodal distance.
· No. of leaves per meter twig: With the help of measuring scale and counting the available leaves in one meter of the twig.
· Fresh Leaf Weight: Weighed immediately after collection using an electronic balance (Model: AB204-S, Mettler Toledo, Switzerland).
· Dry Leaf Weight: Leaves were oven-dried at 60°C for 48 hours and then weighed.
· Moisture Percentage: Calculated as:
· Moisture Retention Capacity: Determined by rehydrating dried leaves and measuring the increase in weight.
· Stomatal Frequency: Counted under a light microscope (Model: Olympus CX41, Japan) at 400× magnification.
2. Biochemical Analysis of Leaf Samples
Leaf samples were analyzed for key biochemical constituents, including crude protein, total lipids, crude fiber, and total ash content, using standardized methods as described below:
· Crude Protein Content
Crude protein was determined using the Kjeldahl method, which estimates total nitrogen content and converts it to protein using a standard conversion factor. Approximately 0.5 g of finely ground leaf sample was digested with concentrated sulfuric acid (H₂SO₄) in the presence of a catalyst mixture (typically potassium sulphate and copper sulphate) to convert organic nitrogen into ammonium sulphate. After digestion, the solution was neutralized with sodium hydroxide (NaOH), and the liberated ammonia (NH₃) was distilled into a boric acid solution. The amount of ammonia was then quantified by titration with standard hydrochloric acid (HCl). Crude protein content was calculated by multiplying the total nitrogen by a factor of 6.25 (AOAC, 2000).
· Total Lipid Content
Total lipids were extracted using the Folch method (Folch et al., 1957), which employs a chloroform-methanol (2:1 v/v) solvent system. Approximately 2 g of dried, ground leaf tissue was homogenized in the solvent mixture and filtered. The filtrate was washed with 0.88% KCl solution to induce phase separation. The lower organic phase, containing lipids, was recovered and evaporated under reduced pressure or at room temperature in a fume hood. The remaining lipid residue was weighed to determine the total lipid content gravimetrically.
· Crude Fiber Content
Crude fiber was estimated using the acid-detergent fiber (ADF) method (Van Soest, 1963), which isolates the indigestible portion of plant material, primarily cellulose and lignin. Ground leaf samples (~1 g) were refluxed with an acid detergent solution (comprising 1 N sulfuric acid and cetyltrimethylammonium bromide). After boiling and filtering, the residue was washed, dried, and weighed. It was then incinerated at 550°C in a muffle furnace. The difference in mass before and after ashing was taken as the crude fiber content.
· Total Ash Content
Total ash was determined by incinerating the dried samples at high temperature to remove all organic matter, leaving only inorganic mineral residues. Approximately 2 g of dried, ground leaf material was placed in a pre-weighed crucible and incinerated in a muffle furnace at 550°C for 6 hours. After cooling in a desiccator, the residue (ash) was weighed. The total ash content was expressed as a percentage of the initial sample weight (AOAC, 2000).
3. Silkworm Rearing and Grainage Parameters
Antheraea assamensis larvae were reared on leaves from each plantation category. The following parameters were recorded:
· Larval Weight: Measured at the end of the 5th instar on electronic weighing balance.
· Fecundity: Number of eggs laid per female moth.
· Cocoon Weight: Weight of whole cocoon with pupa.
· Shell Weight: Weight of cocoon shell without pupa.
· Shell Ratio: Shell Weight/Cocoon Weight x 100
· Effective Rate of Rearing (ERR): Calculated as: No. of larvae brushed/ Total no. of Cocoons harvested x 100
Statistical Analysis
Data were subjected to analysis of variance (ANOVA) using SPSS software (Version 26.0, IBM, USA). Significant differences among treatments were determined using Tukey's Honest Significant Difference (HSD) test at a 5% significance level.
Results:
1. Leaf Morphological Parameters
· Leaf shape, base, tip, margins and colour:  Leaves of Som (Persea bombycina Kost.) are observed to be simple, exstipulate, petiolate with alternate phyllotaxy and semi-cordate base with entire leaf margins. Leaf tip recorded as acute or elliptical with generally green with reddish green short petiole depending upon morphotypes (Kumara et al., 2024).
Table-01: Morpho-physiological parameters:
	Parameter
	T1
	T2
	T3
	T4
	Control
	Mean 
	SD
	SE

	Leaf Area (cm²)
	45.2
	52.4
	48.6
	41.3
	50.1
	
47.52

	4.35
	2.51

	Internodal Distance (cm)
	2.94
	3.05
	3.16
	3.94
	4.02
	3.42
	0.53
	0.24

	Leaves per Meter Twig (nos.)
	36
	30
	28
	24
	22
	28.00
	5.48
	2.45

	Fresh Leaf Weight (g)
	520
	580
	540
	460
	550
	530.00
	44.72 
	25.82

	Dry Leaf Weight (g)
	140
	158
	150
	130
	145
	144.60
	10.53
	6.08

	Moisture Percentage (%)
	73.5
	72.8
	72.2
	71.5
	72.4
	72.48
	0.74 
	0.43

	Moisture Retention (%)
	68.9
	70.2
	69.5
	67.8
	69.1
	69.10
	0.88
	0.51

	Stomatal Frequency (/mm²)
	235
	242
	230
	220
	238
	233.00
	8.49
	4.90


Significant variation was observed in Som leaf morpho-physiological traits across plant height categories. Medium-height trees (T2) showed the best leaf quality, with the highest leaf area (52.4 cm²), fresh and dry weights (580 g and 158 g), moisture retention (70.2%), and stomatal frequency (242/mm²), indicating optimal photosynthetic and metabolic efficiency. In contrast, tall, un-pruned trees (T4) had the lowest leaf area (41.3 cm²) and stomatal frequency (220/mm²), reflecting reduced foliage quality. Internodal distance increased with height (2.94–4.02 cm), while leaf density per meter twig decreased (36–22 leaves), showing that moderate-height trees provide the most compact and productive canopy for high-quality foliage, essential for successful Muga silkworm rearing.
Table-02: Biochemical parameters:
	Parameter
	T1
	T2
	T3
	T4
	Control
	Mean
	SD
	SE

	Crude Protein (%)
	18.5
	20.5
	19.2
	17.8
	19.5
	19.10
	1.02
	0.59

	Total Lipid (%)
	4.8
	5.3
	5.0
	4.5
	4.9
	4.90
	0.29
	0.17

	Crude Fiber (%)
	14.2
	13.8
	14.0
	14.5
	14.1
	14.12
	0.26
	0.15

	Total Ash (%)
	6.0
	6.1
	6.0
	5.8
	6.0
	5.98
	0.11
	0.06


Som leaf biochemical composition varied notably with plant height. Medium-height trees (T2) had the highest crude protein (20.5%) and lipid content (5.3%), supporting better silkworm growth and cocoon productivity, while tall, un-pruned trees (T4) showed the lowest values (17.8% protein, 4.5% lipids). Crude fiber remained stable (mean 14.12%), though slightly higher in T4, likely due to increased lignification, and total ash content was consistent across heights (mean 5.98%). These results indicate that moderate-height trees provide optimal nutrient-rich foliage for Muga silkworm rearing.
2. Silkworm Rearing and Grainage Parameters
Table-03:  Silkworm rearing and grainage parameters:
	Parameter
	T1
	T2
	T3
	T4
	Control
	Mean
	SD
	SE

	Female Larval Weight (g)
	15.2
	16.2
	15.5
	14.0
	15.0
	15.18
	0.80
	0.46

	Male Larval Weight (g)
	13.8
	14.0
	13.5
	12.5
	13.2
	13.40
	0.59
	0.34

	Fecundity (eggs/moth)
	150
	168
	160
	140
	155
	154.60
	10.53
	6.08

	Cocoon Weight (g)
	3.30
	3.42
	3.35
	3.10
	3.20
	3.27
	0.13
	0.07

	Shell Weight (g)
	0.45
	0.48
	0.46
	0.40
	0.44
	0.45
	0.03
	0.02

	Shell Ratio (%)
	13.64
	14.03
	13.73
	12.90
	13.75
	13.61
	0.42
	0.24

	ERR (%)
	72.0
	74.6
	73.5
	68.0
	71.2
	71.86
	2.53
	1.46


Silkworm performance varied significantly with Som plant height. Larvae reared on medium-height trees (T2) showed the highest female and male weights (16.2 g and 14.0 g), fecundity (168 eggs/moth), cocoon weight (3.42 g), shell weight (0.48 g), shell ratio (14.03%), and ERR (74.6%), reflecting superior nutrient assimilation from protein- and lipid-rich leaves. In contrast, tall, un-pruned trees (T4) produced the lowest values across all traits, highlighting that moderate-height plantations optimize leaf quality, larval growth, survival, and cocoon productivity.
Discussion: 
The present study demonstrates significant variation in leaf morpho-physiological traits, biochemical composition, and silkworm performance across different Som (Persea bombycina) plantation height categories, highlighting the critical influence of plant architecture on Muga silkworm rearing. Among the five height classes, medium-height trees (T2: 20–25 ft) consistently exhibited superior leaf structural and functional traits. Leaf area was highest in T2 (52.4 cm²), followed by the control (50.1 cm²), while the lowest values were recorded in the Wild/Un-pruned trees (T4: 41.3 cm²). Larger leaf area in medium-height trees likely reflects optimal light interception and photosynthetic efficiency, which is consistent with observations by Goswami & Singh (2012), who reported that moderate pruning and canopy management in Som positively influence leaf photosynthetic capacity and nutrient accumulation. Fresh and dry leaf weights were also highest in T2 (580 g and 158 g, respectively), indicating increased leaf biomass and improved harvesting potential, in agreement with previous studies suggesting that pruned Som plantations produce more uniform and nutritive foliage suitable for silkworm feeding.
Internodal distance showed a progressive increase with plant height, ranging from 2.94 cm in short plants (T1) to 4.02 cm in the control. Conversely, the number of leaves per meter twig decreased with increasing height, with the highest leaf density observed in T1 (36 leaves/m) and the lowest in T4 (22 leaves/m). This inverse relationship indicates that taller, unpruned trees develop elongated internodes with sparser foliage, reducing leaf availability and potentially affecting larval feeding efficiency (Anonymous, 2022). Similar trends have been reported by Majumdar et al. (2024), who noted that leaf density and internodal architecture are crucial determinants of Muga silkworm feeding behavior and effective rearing rates.
Biochemical analysis of leaves further highlighted the advantage of moderate-height plantations. Crude protein content, a key determinant of larval growth and cocoon productivity, peaked in T2 (20.5%) and was lowest in T4 (17.8%). Total lipid content followed a similar pattern, with T2 leaves containing 5.3% lipids compared to 4.5% in T4. Crude fiber remained relatively stable across treatments (mean = 14.12%), though a slightly higher fiber content in T4 may reflect increased lignification in older, taller canopies. Total ash content showed minimal variation (mean = 5.98%), indicating consistent mineral accumulation across heights. These results corroborate earlier findings by Goswami & Singh (2012) and Majumdar et al. (2024), who reported that leaves from optimally pruned Som trees have higher protein and lipid content, enhancing silkworm growth, silk gland development, and cocoon formation. The decline in nutritional quality observed in taller, unpruned trees emphasizes the negative impact of excessive canopy height on metabolic efficiency and nutrient allocation.
Silkworm performance mirrored leaf quality trends. Larvae reared on T2 foliage achieved the highest female and male larval weights (16.2 g and 14.0 g, respectively), fecundity (168 eggs/moth), cocoon weight (3.42 g), shell weight (0.48 g), shell ratio (14.03%), and effective rate of rearing (74.6%). In contrast, T4-fed larvae exhibited the lowest weights (14.0 g and 12.5 g), fecundity (140 eggs/moth), and cocoon quality traits, highlighting the critical role of leaf nutrient composition in influencing silkworm growth and productivity. These observations align with studies by Goswami & Singh (2012), who reported that higher protein and lipid content in Som leaves enhances larval growth, cocoon weight, and reproductive success, while leaves from taller, unmanaged trees often result in suboptimal silkworm performance (Kumari. S & Kumar. S; 2015). The strong correlation between leaf nutritional quality and larval growth confirms the importance of medium-height plantations in optimizing both biological and economic outcomes in Muga sericulture.
Overall, the present findings clearly demonstrate that maintaining Som plantations at a medium height of 20–25 ft ensures optimal leaf morpho-physiology, biochemical composition, and larval performance. Compared to short, small, or tall unpruned trees, medium-height trees provide a balanced canopy that maximizes photosynthesis, leaf nutrient content, and harvestable foliage, translating into higher larval weights, cocoon yield, and silk quality. These results reinforce previous reports emphasizing the importance of plantation management in sericulture (Goswami & Singh, 2012; Majumdar et al., 2024) and provide quantitative evidence supporting height-based pruning strategies as a cost-effective approach to sustainable Muga silk production. By integrating structural, biochemical, and economic parameters, this study underscores that moderate canopy management is critical for enhancing host plant efficiency and improving the overall productivity of Antheraea assamensis.










   
Fig: Graphical representation of effect of plant height on rearing and cocoon parameters. 
Conclusion
Maintaining Som plantations at a height of 20–25 feet (Medium Tree, T2) significantly enhance leaf quality and biochemical composition, leading to improved larval growth and cocoon yield in Antheraea assamensis. This height category supports optimal physiological and economic traits, providing a cost-effective strategy for sustainable Muga sericulture. Overall, the results clearly show that maintaining Som plantations at a medium height (20–25 ft) optimizes larval growth, enhances reproductive success, and improves cocoon quality, thereby maximizing the economic efficiency of Muga sericulture. Tall, un-managed trees compromise leaf nutritional quality, resulting in reduced silkworm performance across biological and cocoon-related parameters.
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