



Physiological evaluation of mulberry (Morus indica l.) Leaves subjected to various wastewater applications

ABSTRACT
Mulberry constitutes the exclusive host plant for the silkworm, Bombyx mori L. Investigations on the physiological attributes of mulberry leaves were undertaken at the Forest College and Research Institute, within the Department of Sericulture. The application of various types of wastewater exerted a statistically significant influence on the physiological characteristics of mulberry foliage. The experiment was conducted under nursery conditions following a Completely Randomised Design (CRD) with four replications. The findings indicated that, at the lowest concentration of wastewater, the highest moisture content was observed in leaves irrigated with sewage wastewater (69.35%), paper mill wastewater (77.06%), and reeling wastewater (83.29%). In contrast, the control treatment recorded the lowest moisture content, with values of 58.25%, 58.30%, and 62.49% for sewage, paper mill, and reeling wastewater treatments, respectively. Furthermore, the application of wastewater at a 25% concentration resulted in the highest moisture retention capacity after six hours, measuring 56.20% in sewage wastewater, 67.87% in paper mill wastewater, and 69.16% in reeling wastewater-treated leaves. Overall, the study demonstrates that lower concentrations of wastewater significantly enhance key leaf quality parameters in mulberry.KEY WORDS: Mulberry, Wastewater, Leaf quality assessment, Moisture content, Moisture retention capacity
INTRODUCTION 
Mulberry plays a pivotal role in the sericulture industry as the sole food source for silkworms (Bombyx mori), thereby sustaining global silk production. Mulberry leaves serve as the exclusive diet for domesticated silkworms, and their nutritional quality significantly influences larval development. The dietary requirements of silkworm larvae vary with leaf maturity: early instar (chawki) silkworms require tender leaves with high moisture content, whereas late instar larvae prefer mature leaves with comparatively lower moisture content due to physiological changes associated with leaf ageing.
A pot culture experiment was carried out at the Department of Sericulture, Forest College and Research Institute, during the period 2018–2019. The experimental site is geographically situated at 11.19° N latitude and 77.56° E longitude, receiving an average annual rainfall of approximately 830 mm. The prevailing temperature at the location ranges between 23.20°C and 32.20°C.
In many developing countries, increasing freshwater scarcity has led to the widespread use of wastewater in agricultural practices. In water-deficient regions, wastewater is frequently utilised as an alternative irrigation source due to its low cost and availability. This practice has gained considerable attention globally, particularly in arid and semi-arid regions where conventional water resources are limited or declining. Farmers are increasingly adopting alternative water sources such as wastewater, seawater, rainwater, stormwater, and harvested condensate. Wastewater is particularly valuable as it contains substantial quantities of macro- and micronutrients, thereby enhancing plant growth and productivity (Younas and Younas, 2022).
Domestic and treated wastewater contains essential nutrients, including phosphorus, nitrogen, potassium, and sulfur. Among these, nitrogen and phosphorus are present in forms that are readily assimilated by plants, making wastewater a widely used irrigation resource (Duncan, 2009; Sengupta et al., 2015; Poustie et al., 2020). The nutrient richness of reclaimed wastewater can reduce dependence on chemical fertilisers, enhance crop productivity, improve soil fertility, and lower overall production costs (Chen et al., 2013; Jeong et al., 2016). However, wastewater reuse also raises concerns regarding potential impacts on public health and environmental safety (Dang et al., 2019; Narain et al., 2020).
Experimental evidence indicates that irrigation with treated wastewater can improve soil fertility and modify soil chemical properties. Secondary treated wastewater, in particular, has been shown to enhance key soil fertility parameters (Mohammad and Mazahreh, 2003). In sericulture systems, several studies have demonstrated that the growth, development, and economic characteristics of silkworm cocoons are strongly influenced by the nutritional composition of mulberry leaves (Hajam et al., 2024).

MATERIAL AND METHODS
MATERIALS
The experimental materials for the current study is V1 (Victory-1) Mulberry variety and three types of wastewater samples. 
Experimental details 
The studies were carried out in the nursery in a Completely Randomized Design (CRD) with four replications.
	Variety: V1
	Wastewater: -	SWW - Sewage wastewater
			PMWW - Paper mill wastewater
			RWW - Reeling wastewater
			Control – bore well water 
	Treatment: - T1 - 25 per cent Wastewater 
			T2 - 50 per cent Wastewater 
			T3 - 75 per cent Wastewater 
			T4 - 100 per cent Wastewater 
			T5 - Control / Tap water 
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          				  Fig 1. Experimental plot layout


Leaf moisture characteristics
Leaf Moisture content (%)
	 Moisture percentage in leaves was estimated through gravimetric method by taking the difference between fresh and dry weights expressed in percentage.
Moisture percentage=
Moisture retention capacity (%)
Moisture retention capacity of the leaves was calculated using fresh weight, leaf weight after 6 hours of time interval and dry weight of the leaves expressed in percentage.
Leaf moisture = x 100

RESULTS
Leaf moisture characteristics
Moisture content (%) of Mulberry (V1 variety) leaves
	The moisture content of mulberry leaves was significantly affected by the application of sewage wastewater, paper mill wastewater, and reeling wastewater. Among the treatments, T1 (25% wastewater concentration) recorded the highest moisture content, with values of 69.35% in sewage wastewater, 77.06% in paper mill wastewater, and 83.29% in reeling wastewater, followed by T2 (50% wastewater concentration), which showed moisture contents of 68.56%, 71.16%, and 79.83%, respectively. The lowest moisture content was observed under T5 (tap water application), recording 58.25% for sewage wastewater, 58.30% for paper mill wastewater, and 62.49% for reeling wastewater. A consistent trend was observed across all wastewater types, wherein increasing dilution resulted in higher leaf moisture content, while higher concentrations of wastewater led to a reduction in moisture content. Among the different wastewater sources, reeling wastewater consistently produced the highest leaf moisture content across all treatment levels and was found to be statistically more significant than the other wastewater treatments. All treatments exhibited significant differences from one another (Table 1).

Moisture retention capacity (%) of Mulberry (V1 variety) leaves 
	Among the treatments, T1 – 25 per cent concentration of wastewater recorded the highest moisture retention capacity of 56.20 per cent in sewage wastewater, 67.87 percent in paper mill wastewater and 69.16 percent in reeling wastewater followed by treatment T2 -50 per cent concentration of wastewater recorded in the moisture retention capacity of 53.31 per cent in sewage wastewater, 60.32 percent in paper mill wastewater and 68.56 percent in reeling wastewater. The lowest moisture retention capacity of 43.83 per cent was recorded in sewage wastewater, 45.89 percent in paper mill wastewater and 48.25 percent in reeling wastewater under the treatment T5 – tap water application. While increasing the dilution moisture retention capacity was increased in V1 Mulberry leaf after 6 hours and the increasing concentration of wastewater application decreased the moisture retention capacity, the similar trend was noticed in all the wastewater application. Among the wastewater application, reeling wastewater showed the highest moisture retention capacity in all treatments. Among the treatments reeling wastewater was highly significant compared to other wastewater treatments and all treatments were significantly different from each other (Table 1).

	Table 1: Effect of wastewater application on Moisture content (%) and Moisture retention capacity (%) of Mulberry V1 variety at the time of harvest

	Treatments
	Moisture content 
	Moisture retention capacity (6hr)

	
	SWW
	PMWW
	RWW
	Mean
	SWW
	PMWW
	RWW
	Mean

	T1 - 25% WW
	69.35a
	77.06a
	83.29a
	76.57
	56.20a
	67.87a
	69.16a
	64.41

	T2 - 50% WW
	68.56a
	71.16b
	79.83a
	73.18
	53.31b
	60.32b
	68.56a
	60.73

	T3 - 75% WW
	67.79a
	67.25c
	73.07b
	69.37
	49.82c
	56.77c
	57.79b
	54.79

	T4 - 100% WW
	63.53b
	62.86d
	67.26c
	64.55
	46.50d
	49.94d
	53.53c
	49.99

	T5 – Control
	58.25c
	58.30e
	62.49d
	59.68
	43.83e
	45.89e
	48.25d
	45.99

	Mean
	65.50
	67.33
	73.19
	
	49.93
	56.16
	59.46
	

	SE(d)
	1.65
	1.01
	1.69
	
	0.75
	0.70
	1.27
	

	CD(0.05)
	3.52**
	2.17**
	3.60**
	
	1.59**
	1.50**
	2.72**
	


(WW – Wastewater, SWW - Sewage wastewater, PMWW - Paper mill wastewater, RWW – Reeling waste water)
 *Significant with each other, 
 **Highly significant each other
 Each value is the mean of four replications.
	 Mean followed by same alphabets are on par with each other.
DISCUSSION
Physiological parameters 
Moisture content plays an important role in improving the nutritional status of Mulberry leaves, which in turn increase the acceptance of leaves by the silkworm. The present study, confined that the highest moisture content of 69.35 per cent was recorded in sewage wastewater, 77.06 per cent in paper mill wastewater and 83.29 per cent in reeling wastewater irrigated leaves at lowest concentration and the lowest moisture content of 58.25 per cent was noticed in sewage wastewater, 58.30 per cent in paper mill wastewater and 62.49 per cent in reeling wastewater under control (Fig.1). The present findings are in agreement with the observations of Paul et al. (1992), who reported that leaf water content significantly influences the growth and development of silkworms. Increased moisture content in mulberry leaves enhances larval feeding efficiency, thereby improving larval weight through gustatory, olfactory, and stimulatory responses. Leaf moisture is a genetically governed trait and is also influenced by soil moisture availability and the root proliferation characteristics of different mulberry varieties (Sahu et al., 1997).
Similarly, Jyoti Biradar and T. K. Narayanswamy (2020), in their evaluation of thirty-seven mulberry genotypes, reported considerable variability in leaf moisture percentage and relative water content (RWC). The highest RWC was recorded in MI 516 (98.7%) and ME-0142 (98.1%), compared with other genotypes. High RWC is associated with improved cell wall integrity and reduced susceptibility to mechanical damage. In terms of fresh leaf moisture content, ME-143 and MI-494 exhibited the highest values (77.28%), which were significantly greater than those recorded in other genotypes, including the V1 variety.
Furthermore, higher moisture content in mulberry leaves has been associated with improved digestibility in silkworms. NM Praveen Kumar Gowda (2025) reported that specific treatments resulted in maximum leaf moisture content (80.02%), which enhanced leaf succulence—an important factor for effective silkworm feeding. The same study also recorded the highest total moisture retention capacity (92.20%), indicating superior water-holding ability of the leaves.

In the present investigation, irrigation with wastewater at 25% concentration resulted in the highest moisture retention capacity (MRC), recording 56.20% in sewage wastewater, 67.87% in paper mill wastewater, and 69.16% in reeling wastewater-treated leaves after 6 hours.
Comparable trends have been reported in earlier studies. Tikader and Roy (2003), while evaluating 15 mulberry accessions, observed considerable variation in moisture content, with the highest value recorded in Senmates (81.40%) and the lowest in Kajli (56.83%). Moisture retention capacity was also highest in Senmates (88.07%) and lowest in M. indica (35.21%).
Similarly, Jalaja Kumar and Ram Rao (2008), in their assessment of seven mulberry genotypes (V-1, V-2, V-4, K-2, S-13, S-36 and S-54), reported that V-1 exhibited the highest leaf moisture content (75.93%) and moisture retention capacity (82.17%), followed closely by V-4 (75.67% LMC; 81.64% MRC) and S-36 (75.14% LMC; 81.27% MRC).
Further studies have demonstrated the nutritional superiority of certain mulberry genotypes. Murthy et al. (2013) reported that variety S1708 exhibited enhanced levels of total proteins, total sugars, amino acids, proline, chlorophyll content, leaf moisture, and moisture retention capacity. Among triploid varieties, Tr8, Tr12, and Tr20 also showed comparatively higher phytochemical constituents.
S. K. Khade (2016) investigated changes in moisture content during leaf senescence in mulberry cultivars M5 (K2), V1, and S36, and reported that young leaves contained the highest moisture content across all cultivars. Moisture content declined progressively with leaf maturation and senescence, with mature and senescent leaves showing lower values. The reduction was particularly pronounced in cultivar V1. This decline in moisture status in senescent leaves may adversely affect silkworm health, growth, and cocoon yield.
Magadum and Singh (2021) evaluated 18 mulberry germplasm accessions for moisture content, moisture loss, and moisture retention capacity. Their findings indicated that genotype S-1635, followed by V-1 and C-4, exhibited comparatively higher leaf moisture content, reduced moisture loss, and enhanced moisture retention capacity relative to other accessions. These observations are consistent with earlier studies reported by Jalaja Kumar and Ram Rao (2008), Ahalya et al. (2020), and Sushmitha et al. (2024).


Fig. 2: Bar graph showing the Effect of wastewater application on moisture content (%) and Moisture retention capacity (%) of Mulberry V1 Variety at the time of harvest
CONCLUSION
Elevated leaf moisture content and enhanced moisture retention capacity in mulberry foliage positively influence the growth and development of silkworms, particularly Bombyx mori. Experimental evaluations have indicated that the mulberry variety V1 is nutritionally superior with respect to total sugars, total proteins, chlorophyll content, leaf moisture, and moisture retention capacity. The application of different wastewater sources significantly affected the physiological parameters of mulberry leaves. In the present study, the highest leaf moisture content was recorded under low-concentration wastewater irrigation (25%), with values of 69.35% in sewage wastewater, 77.06% in paper mill wastewater, and 83.29% in reeling wastewater-treated leaves. In contrast, the lowest moisture content was observed under the control treatment (tap water), with values of 58.25% in sewage wastewater, 58.30% in paper mill wastewater, and 62.49% in reeling wastewater treatments. Similarly, the application of wastewater at 25% concentration resulted in the highest moisture retention capacity after 6 hours, recording 56.20% in sewage wastewater, 67.87% in paper mill wastewater, and 69.16% in reeling wastewater-treated leaves. Higher leaf moisture content is known to enhance silkworm ingestion and digestibility, as moisture acts as both an olfactory and gustatory stimulant. Accordingly, it may be inferred that treated wastewater can be utilised as an alternative irrigation source under conditions of water scarcity, without compromising leaf quality for sericulture purposes.
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