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Bioassay evaluation of mulberry (Morus indica L.) leaves subjected to various wastewater applications

ABSTRACT
Mulberry is the sole food plant for the feeding of silkworm Bombyx mori L. Bioassay studies on mulberry leaves was conducted at the Department of Sericulture, Forest College and Research Institute, Mettupalayam. Application of different wastewater had significantly influenced the biochemical parameters of mulberry. 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. In the present investigation, application of wastewater at 25 per cent concentration showed the maximum moisture retention capacity of 56.20 per cent in sewage wastewater, 67.87 per cent in paper mill wastewater and 69.16 per cent in reeling wastewater irrigated leaves respectively which recorded after 6 hours.
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INTRODUCTION 
Mulberry is playing important role in the sericulture industry as the sole food sources for silkworms to supporting global silk production. Mulberry leaves is acting as the exclusive diet for the domestic silkworm. A pot culture experiment was carried out in the Department of Sericulture, Forest College and Research Institute, Mettupalayam, Tamil Nadu during 2018 – 2019. It is located at longitude of 11.19′ N, latitude of 77.56′ E, annual rainfall of about 830 mm and temperature between 23.20°C to 32.20oC. Nutritive requirement of silkworm larvae vary with the maturity of leaves fed. Chawki silkworms required leaves of high moisture content and late age silkworms required mature leaves with less moisture content due to over mature leaves do not contain sufficient biochemical contents and it is not suitable to feed silkworms (Krishswami et al., 1971). (Sunderraj et al, 2002) reported that enrichment of mulberry leaves with protein supplements strongly improved the larval growth, development and cocoon production. According to Miyashitha (1986), several factors are responsible for successful cocoon crop production such as mulberry leaf (38.2 %), climate (37.0 %), rearing techniques (9.3 %), silkworm breed (4.2 %) and other factors (8.2 %).
[bookmark: _GoBack]Many scientists have observed that the growth and development of silkworm as well as the economic character of cocoons were highly influenced by the nutritional content of the mulberry leaf (Hajam et al., 2024; Krishnaswami et al., 1970). Leaf quality is an important quality parameter used for evaluation of varieties to selection of superior varieties for rearing performance (Bongale et al., 1991). The nutritional composition of mulberry leaves determine the growth and development of the larvae and cocoon production (Seidavi et al., 2005). Qader (1991) evaluated the leaf quality of mulberry grown under bush, low cut and tree systems of plantations. The leaves harvested from bush contained higher moisture i.e. 76.52 per cent and minerals 9.35 per cent. The seasonal effects on nutritive value of mulberry leaves under the tree system of plantations were found to be highly significant. The leaf maturity also had a significant effect on the nutritive value. The nutritive value of mulberry depends on various factors and one of them is the varietal component. In order to get a good quality cocoon crop, it is important to know the feeding behaviour of silkworms in response to different mulberry varieties through their consumption and utilization (Benchamin, 1994).

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 
Leaf moisture characteristics
Leaf Moisture content (%)
	 Moisture percentage in leaves was estimated through gravimetric method by taking the difference between fresh and dry weights (Horwitz, 1980) 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)
	The moisture content of Mulberry leaves was significantly influenced due to the application of sewage wastewater, paper mill wastewater and reeling wastewater. Among the treatments T1- 25 per cent concentration of wastewater recorded the highest moisture content of 69.35 per cent in sewage wastewater, 77.06 per cent in paper mill wastewater and 83.29 percent in reeling wastewater followed by T2 –50 per cent concentration of wastewater recorded the moisture content of 68.56 percent in sewage wastewater, 71.16 per cent in paper mill wastewater and 79.83 per cent in reeling wastewater. The lowest moisture content of 58.25 per cent was recorded in sewage wastewater, 58.30 per cent in paper mill wastewater and 62.49 percent in reeling wastewater under the treatment T5 – tap water application. While increasing the dilution the moisture content was increased and increase in concentration of wastewater application decreased the moisture content. The similar trend was recorded in all the wastewater application. Among different wastewater application reeling wastewater showed the highest moisture content in all treatments. Among the treatments reeling wastewater was highly significant compared to other wastewater treatments and all the treatments were significantly different from each other (Table 1).
Moisture retention capacity (%) of Mulberry (V1 variety)
	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**
	



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). In mulberry leaves, moisture content plays a vital role in improving nutrition levels which in turn improve the palatability and digestibility of leaves by silkworms as well as normal growth and development of silkworms and cocoons quality (Koul et al., 1996). The result are in confirmation with work of Paul et al. (1992) who opined that the water content in the Mulberry leaf influences the growth and development of silkworm. Moisture content in the leaves enhanced the feeding ability of the silkworm larvae ultimately increased the silkworm larval weight due to gustatory, olfactory and stimulatory effects. Sujathamma and Dandin (2000) evaluated 23 elite mulberry genotypes and observed wide range of variation in moisture content of fresh leaves which ranged from 64.4 to 76.94 per cent. The maximum value was found in Tr-10 followed by Tr-4 (75.99 %) and minimum moisture percentage was recorded in Sujanpur-5. The moisture retention ranged from 57.39 to 71.41 per cent in 23 elite genotypes. Higher moisture retention was found in Tr-10 (71.41 %) followed by Tr-4 (70.14 %) and the minimum was noticed in Sujanpur-5 (57.39 %). Thangamani and Vivekanandan (1984) noticed wide range of variation in eight varieties of mulberry for moisture content (63.67 to 70.60 %) and total sugars (8.64 to 15.58 %). It is a genetic character and influenced by available soil moisture and root proliferation nature of mulberry variety (Sahu et al., 1997). Availability of moisture content in leaves enhances feeding efficiency of silkworm larvae which in turn increases growth rate. Importance of dietary moisture content in relation to silkworm growth was emphasized that, decrease in leaf moisture content influenced different energetic parameters such as assimilation and conversion efficiency of food which decreases with decreasing dietary moisture content of leaf. It is a well-established fact that, moisture content of mulberry leaves decreased gradually with corresponding increase in leaf growth and varieties (Pathak et al., 1988).
In the present investigation, application of wastewater at 25 per cent concentration showed the maximum moisture retention capacity of 56.20 per cent in sewage wastewater, 67.87 per cent in paper mill wastewater and 69.16 per cent in reeling wastewater irrigated leaves respectively which recorded after 6 hours. Parpiev (1968) reported that moisture content of the Mulberry leaves had a direct effect on the acceptability and assimilability of nutrients by feeding the silkworm larvae (Bombyx mori, L.).
Tikader and Roy (2003) studied the experiment on 15 accessions for moisture per cent and recorded maximum values for Senmates (81.40 %) and lower in Kajli (56.83 %), moisture retention capacity was higher in Senmates (88.07 %) and lower in M. indica (35.21 %). Susheelamma and Dandin (2006) collected five mulberry varieties for moisture per cent and moisture retention capacity which ranged from 74.15 to 79.00 per cent, 61.60 to 66.15 per cent respectively. The improved cultivars like S-13, S-34 and V-1 exhibited higher moisture content and moisture retention capacity of leaf compare to commercial cultivars like Kanva-2 and S-36. Jalaja Kumar and Ram Rao (2008) studied leaf quality parameters in seven mulberry genotypes viz., V-1, V-2, V-4, K-2, S-13, S-36 and S-54 and reported higher leaf moisture content (LMC) and moisture retention capacity (MRC) in V-1 (75.93 and 82.17 %) followed by V-4 (75.67 and 81.64 %) and S36 (75.14 and 81.27 %), while these two traits were found to be lowest in K-2 (69.50 and 76.25 %). Leaves characterized by higher LMC and MRC were identified as superior quality leaves (Bongale & Chaluvachari, 1995).

Fig. 1: Effect of wastewater application on moisture content (%) and Moisture retention capacity (%) of Mulberry V1 Variety at the time of harvest

CONCLUSION
Experimental evaluation revealed that, V1 mulberry variety are nutritionally superior with respect to total sugars, total proteins, total chlorophyll contents, leaf moisture and moisture retention capacity. Application of different wastewater had influenced the biochemical parameters of mulberry. The present study, confined that the highest moisture content of 69.35 per cent, 77.06 per cent, 83.29 per cent was recorded in sewage wastewater, paper mill wastewater and in reeling wastewater irrigated leaves at lowest concentration respectively 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. In the present study, application of wastewater at 25 per cent concentration recorded the maximum moisture retention capacity of 56.20 per cent in sewage wastewater, 67.87 per cent in paper mill wastewater and 69.16 per cent in reeling wastewater irrigated leaves respectively which recorded after 6 hours.
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Moisture retention capacity Sewage waste water	T1 - 25% WW	T2 - 50% WW	T3 - 75% WW	T4 - 100% WW	T5 - Control	56.2	53.309999999999995	49.82	46.5	43.83	Moisture retention capacity Paper mill waste water	T1 - 25% WW	T2 - 50% WW	T3 - 75% WW	T4 - 100% WW	T5 - Control	67.86999999999999	60.32	56.77	49.94	45.89	Moisture retention capacity Reeling waste water	T1 - 25% WW	T2 - 50% WW	T3 - 75% WW	T4 - 100% WW	T5 - Control	69.16	68.56	57.790000000000013	53.53	48.25	Moisture content  Sewage waste water	T1 - 25% WW	T2 - 50% WW	T3 - 75% WW	T4 - 100% WW	T5 - Control	69.349999999999994	68.56	67.790000000000006	63.53	58.25	Moisture content  Paper mill waste water	T1 - 25% WW	T2 - 50% WW	T3 - 75% WW	T4 - 100% WW	T5 - Control	77.06	71.16	67.25	62.86	58.3	Moisture content  Reeling waste water	T1 - 25% WW	T2 - 50% WW	T3 - 75% WW	T4 - 100% WW	T5 - Control	83.29	79.83	73.069999999999993	67.260000000000005	62.49	Concentration of waste water (%)




