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CHAPTER-I  

INTRODUCTION 
 

The discovery of silk or culturing of silkworms to produce silk, dates back to 

around 2700BC, although archeological records point to silk production as early as 

yangshao period (5000-3000 BC) (Barber, 1992). 

Geographically, Asia is the main producer of silk in the world producing over 90 

per cent of the total global output. India has the unique distinction of being the only 

country in the world producing all the four commercial silks namely mulberry, tasar, 

muga and eri and is the second largest producer and largest consumer of silk in the world. 

The major mulberry silk producing states in India are Karnataka, Andhra Pradesh, West 

Bengal, Tamil Nadu and Jammu & Kashmir which together accounts for 92 per cent of 

country's total mulberry raw silk production (Anonymous, 2018). Among the states, 

Karnataka produces more than 60 per cent of the country’s raw silk with an area of 88.9 

thousand hectares under mulberry cultivation producing 8240 MT of raw silk. 

The State of Jammu and Kashmir is well known for the production of quality 

mulberry silk because of its salubrious climate which is favourable for the bivoltine silk 

production. During the year, 2016-17, the state produced 973 MT of cocoon and 140 MT 

of raw silk (Anonymous, 2017).  

The sustainability of sericulture largely depends on the production of quality 

mulberry foliage, this is because, leaf quality influences not only the growth and 

development of silkworm but also the quality and quantity of silk produced 

(Krishnaswami, 1986).  Mulberry leaf is the sole source of food for silkworm (Bombyx 

mori L.) providing more than 70 per cent of the material to biosynthesize silk proteins, 

sericin and fibroin. However, the highly intensive mulberry cropping system results in 

depletion of nutrients in soil, and excess application of inorganic fertilizers and pesticides 

causes deleterious effect on soil health. Furthermore, it has been observed that soil 

chemical properties and micro-flora associated with mulberry are adversely affected with 

the indiscriminate application of chemical fertilizers (Siddaramappa, 2004).  
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In this context, it is highly imperative to supply major nutrients to mulberry 

through organic manures and biofertilizers. Organic manures are bulky in nature which 

encourages the proliferation of soil microflora and supplement the crop with small 

amounts of major nutrients like NPK and other minor nutrients required by the crop 

(Lakshmi et al.,1977). Introduction of crop benefiting microbial inoculants into soil plays 

a significant role in the mobilization of various nutrients needed by the crop. Organic 

manures such as vermicomposting is an eco-friendly technology and has a tremendous 

scope in the recycling of sericultural residue. Proper utilization of sericulture waste as 

raw material for vermicomposting serve as organic manure which can substantially bring 

down the expenditure on chemical fertilizers and helps in improvement of soil health and 

nutrient availability to mulberry plants leading to leaf quality improvement (Venugopal et 

al., 2010). Vermicomposts are rich in microbial populations and diversity, particularly 

fungi, bacteria and actinomycetes. Effect of organic manures especially poultry manure 

in combination with Azotobacter biofertilizer followed by reduced doses of inorganic 

fertilizers had a significant effect on growth and leaf quality of mulberry plants 

(Chakraborty and Kundu, 2015). Application of different organic manures and 

biofertilizers along with lower dose of fertilizers plays a significant role in enhancing the 

soil fertility in terms of macronutrients, secondary nutrients and microbial population 

(Shashidhar et al., 2018). 

Since mulberry is a non leguminous crop, as such free living and associative 

nitrogen fixing microorganisms play an important role in improving growth and yield. 

Studies conducted have shown that the rhizosphere environment of mulberry is more 

congenial to beneficial microflora. Agastian and Vivekanandan (1997) reported 

occurance of more nitrogen fixing bacteria (Azotobacter spp. and Azospirillum spp.) in 

mulberry rhizosphere.   

There are various factors that reflect upon the successful cocoon crop production 

in sericulture such as mulberry leaf (38.2%), climate (37.0%), silkworm breed (4.2%), 

rearing techniques (9.3%), silkworm seed (3.1%) and other factors (8.2%) (Miyashita, 

1986). Thus the mulberry leaf quality plays a predominant role in healthy growth of 

silkworms and the economic traits such as larval weight, cocoon weight and grainage 
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parameters which are influenced largely by the nutritional status of the leaves fed to 

silkworm. The balanced nutritional status of the leaves enables the worms to mature early 

due to the faster metabolic activity (Sudhakara et al., 2017). The young age silkworm 

larvae usually prefer moisture rich, succulent and nutritive leaves, preferably the top ones 

which enable the young larvae to increase the amount of ingestion and digestion capacity 

thereby ensuring higher productivity (Yokoyama, 1974). 

In light of above discussion, the present study was undertaken to estimate the 

impact of application FYM, vermicompost, silkworm rearing waste, neem cake alone and 

in combination with Azospirillum  on the production of quality mulberry foliage which in 

turn may exhibit significant bearing  on growth  and other cocoon traits of silkworm with 

the following objectives  

1. To study the effect of organic based nutrients on growth and yield of mulberry. 

2. To study the impact of organic based nutrients on rearing performance of 

silkworm. 
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 CHAPTER-II 

REVIEW OF LITERATURE 
 

The literature pertaining to studies on the organic based nutrient management in 

mulberry and its impact on silkworm in relation to growth and yield of mulberry and 

cocoon productivity has been reviewed in this chapter under the following headings. 

2.1  Effect of organic manures on growth and yield of mulberry 

Singhal et al. (2000) reported that the process of vermicomposting of sericultural 

waste was carried out by introducing a mixed culture of juvenile earthworms, Eisenia 

fetida, Eudrilus euginae and Perionyx excavatus @ 1.5 kg/MT of waste were introduced in 

each trench. The results revealed that vermicompost play a significant role in mulberry 

production and can also be used in other agricultural crops for enriching the soil with 

micronutrients. In mulberry, the application of vermicompost has significantly increased 

photosynthetic rate and leaf yield. 

Kolhar and Patil (2000) reported that replacement of inorganic fertilizers with 

earthworms @ 1,00,000/ha results in  improvement of the leaf yield of mulberry besides 

upholding of soil health, reduced cost of cultivation over the years and improvement in leaf 

quality of mulberry. 

Krishna and Bongale (2001) revealed that after Farmyard manure (FYM) 

application @ 40 MT/ha, without the supplementation of fertilizers sustainability of soil 

fertility and mulberry leaf yield obtained up to four harvests. To achieve better leaf yield 

and quality, FYM may have to be applied at shorter intervals at least two to three times per 

year for mulberry garden. 

Patil et al. (2002) observed that five tonnes of vermicompost + 150 and 200 kg N 

recorded higher leaf yield in paired row cultivation of V-1 mulberry as compared to 2.5 

tonnes of  vermicompost + 300 kg N. 

Setua et al. (2002)  conducted a field experiment and revealed that all the composts 

in combination with N, P and K  improved plant growth characters, leaf yield and quality 
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compared with any compost alone or only with N, P and K application. Out of the 4 types 

of composts, vermicompost in combination with 150, 50, 50 kg N, P and K/ha per year 

resulted in maximum plant height (92.76 cm), leaves per plant (243.84), leaf yield (16.26 

tonnes/ha per year) and K uptake by leaves (87.80 kg/ha per year). Branches per plant 

(13.63), leaf area (42.63 cm2), uptake of N (113.36 kg/ha/year) and P (19.72 kg/ha/year) by 

leaves were also significantly increased over the control. Vermicompost was found to be 

more efficient in the overall improvement in the qualitative and quantitative characters of 

mulberry compared to the other composts used. 

Reddy et al. (2003) conducted a study to determine and compare the effect of  

FYM and vermicompost on different qualitative and quantitative characters in mulberry. 

Improvement of leaf yield was minimum in K-2 (10.90MT/crop) and maximum in V-1 

(15.73MT/crop). The significant improvement in leaf yield in all varieties was observed in 

vermicompost plots over the FYM plots. S-13 and V-1 showed high response to  

vermicompost and FYM which clearly indicated the varietal efficiency to organic manures. 

Leaf moisture content, moisture retention capacity and chlorophyll content were found 

high in V-1 and low in K-2. Among the five varieties, S-30 and S-36 showed higher 

nitrogen and protein content. 

Sharma et al. (2005) reported that vermicompost enriched with useful / antagonistic 

microbes after mixing with neem oil cake (2:1) @ 3 kg in nursery bed was helpful in 

improving the sprouting and survival of cuttings by 46-49 per cent and the package was 

eco-friendly besides improving the soil health.  

Das et al. (2005) reported that vermicompost application of 10 metric tonnes                        

with 50 per cent reduction in the full dose of chemical fertilizers (150: 60 : 60 kg NPK / ha 

/ yr) resulted in leaf yield at par with application of 20 metric tonnes of FYM / ha / yr with 

full recommended dose of chemical fertilizers. Similarly, vermicompost application of 20 

metric tonnes with 50 per cent recommended dose of fertilizers improved the leaf yield and 

quality over the control receiving full dose of FYM and chemical fertilizers. 

Rao et al. (2005) conducted a study at farmer’s level in mulberry garden with 

vermicompost and FYM revealed the number of leaves / plant was increased from 7.8 to 
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8.3 due to vermicompost application as compared to FYM. Similarly, maximum leaf yield 

was observed in vermicompost applied plots. This clearly indicates that sustainable 

mulberry production is possible through the application of nutrient rich vermicompost. 

Sannappa et al. (2005) revealed that the application of FYM @ 20 MT/ha/yr + 

Azotobacter @ 20kg/ha/yr + NPK @ 300: 120: 120kg/ha/yr to mulberry resulted in higher 

cocoon yield (291.6g/200 larvae), shell ratio (19.96%), silk productivity (3.503 cg/day) and 

cocoon filament length (666.0 m). 

Baqual and Das (2006) indicated that application of recommended dose of NPK 

(300:120:120 kg ha-1year-1) and FYM (20 MT ha-1 year-1) to the mulberry plants resulted in 

higher mulberry leaf yield (30,716 kg ha-1year-1) followed by the treatment receiving 

225:90:90 kg of NPK along with FYM 40 MT ha-1 year-1 (27,932 kg of leaf ha-1  yr-1). 

They further, revealed that maximum nitrogen (484.12 kg /ha), phosphorus (59.83 kg /ha) 

and potassium (244.61 kg/ha) uptake has taken place through leaf due to mulberry 

coinoculation with Arbuscular mycorrhiza, nitrogen fixing bacteria, and phosphate 

solubilizing micro-organisms.  

Among nitrogen sources, the use of FYM, Glyricidia maculata and castor cake at 

75, 50 and 25 per cent levels. However, application of 50 % N through Glyricidia 

maculata + 50 % N through urea and  50 % N through castor cake + 50 % N through urea 

showed better performance with regard to pupal weight, pupal duration, moth emergence, 

fecundity and hatachability (Ravikumar et al., 2006). 

Ushakumari et al. (2006) reported that vermicompost is the product of the 

composting process with the action of earthworm and a non-toxic biodegradable waste. 

vermicompost is a potential source among the sources of available organic manures, due to 

the presence of readily available plant growth hormones, plant nutrients, antibiotics, 

vitamins, enzymes and a number of beneficial microorganisms viz., nitrogen fixing, 

phosphorus solubilising and cellulose decomposing organisms. Vermicompost is an 

alternating source of organic manure and a substitute for chemical fertilizers on different 

agicultural, horticultural and mulberry crops. It plays an important role in improving the 

soil health and fertility for sustainable agriculture. 
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Salazar (2007) reported the application of 150 kg N/ha per yr from two organic 

fertilizers viz., vermicompost and compost and chemical fertilizers (control) on mulberry 

fodder production and quality. Chemical fertilizer resulted in 23 per cent higher dry matter 

production. Chemical nitrogen significantly higher in crude protein content, while dry 

matter content was lower. The amount of N in the soil was also high in control treatment to 

yield fodder and crude protein levels similar to those of organic fertilizers.  

Shree et al. (2007) reported the effect of vermicompost on the growth and 

development of mulberry saplings in two popular indigenous varieties (M5 and DD) and 

concluded that the survival percentage, sprouting percentage, number of branches and 

leaves/sapling, root length (cm), fresh and dry weight of root (g) and root volume (ml), 

shoot length (cm) were found better in both the varieties when compared to the control 

(without the vermicompost). 

Chandrakumar et al. (2008) revealed that organic treatments viz., vermicompost + 

biofertilizer (Silica solubilizing bacteria, Azotobacter and Arbuscular), Mycorrhizal fungi 

+ neem cake showed significantly increased bacterial and fungal population in soil (94.33 

and 25.33 colonies/g/soil) compared to inorganic NPK applied plots and untreated control. 

Sharma et al. (2008) reported that compost prepared by seri residue (SR; silkworm 

litter + rearing waste) or vermicompost (VMC) enriched with useful/antagonistic microbes 

(Rock phosphate + Phosphate solubilizing bacteria + Trichoderma harzianum + 

Azotobacter + Trichoderma pseudokoningii) when mixed with neem oilcake (2:1) @ 2 

kg/m2 in nursery bed helpful in improving the sprouting and survival of cuttings up to 45.4 

per cent over the control. 

Sori et al. (2008) reported that application of the recommended dose of fertilizers + 

FYM resulted in maximum number of shoots per plant (28.00 and 27.45; 37.78 and 35.11), 

average shoot height (71.04 and 94.74; 65.84 and 89.48 cm), number of leaves per plant 

(361.38 and 380.47; 459.50 and 510.90) and fresh leaf yield per plant (403.60 and 538.13; 

718.74 and 867.57 g) and leaf area index (11.38 and 18.79) at 45 and 60 days after pruning 

in crop I and II, respectively. 
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Dandin et al. (2010) reported that neem cake application @ 2MT/ha/year in four 

split doses reduced the incidence of root –knot disease in mulberry plant. Application of 

200 kg FYM + 24 kg neem cake with one kg bionematicide (Verticillium 

chlamydosporium) is helpful in biological control of mulberry root-knot nematode and also 

increased the mulberry leaf yield. 

Mir et al. (2011) reported that rooting ability of temperate mulberry genotypes 

(Goshoerami, Ichinose and SKM-33) is increasing with the application of sand, clay and 

FYM  in the ratio of 6:3:1.  Goshoerami excelled in almost all the parameters under overall 

influence of growth regulators recording highest values of 100 per cent, 65 per cent, 7.800, 

13.887 cm, 2.139 g and 1.973 cm3 for sprouting, rooting, number of roots/sapling, length 

of longest root, root biomass and root volume, respectively. Ichinose recorded highest root 

shoot ratio of 0.642 while as SKM-33 recorded highest shoot biomass of 3.668 g. 

 Umesha and Sannappa (2014) conducted a study on the organic manures  

application through FYM and vermicompost (followed by FYM and sheep manure; FYM 

and compost) in equal proportion along with recommended doses of chemical and bio-

fertilizers to mulberry garden produced better quality of leaves i.e., by way of  

enhancement of bio-chemical and mineral nutrients. Thus, in the event of shortage /non-

availability of FYM, 50% recommended dose of FYM can be compensated through use of 

vermicompost/sheep manure/compost to be adequate the manurial requirement of 

mulberry. 

 Ram et al. (2017 a) reported that FYM application @ 10 mt. ha-1 + KH@25 kg ha-1 

+ NPK @ 150:50:50 kg ha-1 for inorganic and FYM @ 20 mt. ha-1 + KH @ 25 kg ha-1 for 

organic mulberry farming have significant effect on season and year wise growth attribute 

characters, leaf yield and nutritional quality of mulberry variety BC259. 

Mallappa et al. (2016) revealed the effect of integrated nutrient management on 

growth and yield of mulberry and found that application of FYM @ 20 t/ha + 50% 

inorganic N + Pongamia cake (25% N equivalent) + 75% P & 100% K inorganic + PSB + 

Pseudomonas florescence + Azospirillum significantly led to higher growth parameters 

(plant height, number of shoots, number of leaves, internodal length, leaf area, leaf area 



9 
 

index, total dry matter production and dry matter production of leaves, (145.7 cm, 39.1, 

652.7, 8.2 cm, 11439 cm2/plant, 1.412, 448.5 g/plant and 159.4 g/ plant, respectively) and 

leaf yield (13.42 t/ha) which was at par with FYM at 20 t/ha + 50% inorganic N + 

Pongamia cake (25% N equivalent) + Azospirillum + PSB +75% inorganic P & K + 

Pseudomonas florescence (13.23 t/ha) and FYM at 20 t/ha + 50% inorganic N + 100% 

inorganic P & K + Azospirillum+ Pongamia cake (25% N equivalent)  + PSB (13.07 t/ha) 

as compared to FYM @ 20 t/ha + recommended dose of NPK (control). 

Ahmed et al. (2017) reported that seri waste compost enhances the growth and 

yield performance of mulberry plant. The total branch number per plant was differed 

significantly (p>0.001) from various fertilizer treatments. Among   the   six   fertilizer 

treatments, the  maximum  branch  number  per  plant  was found 14.38 in Seri Waste 

Compost (SWC) + Recommended Basal Doses of Bangladesh Sericulture Research and 

Training Institute (BSRTI) BRBD treated  plot  followed  by  the  Cow Dung Compost 

(CDC+BRBD), Recommended Basal Doses of Bangladesh Sericulture Research and 

Training Institute (BSRTI) BRBD, Seri waste compost (SWC), Cow Dung Compost 

(CDC) and control treatments. The minimum total branch number per  plant  was  9.57  in 

control  treatment. The length of longest shoot was not statistically significant by the 

fertilizer treatments. But the highest length of longest shoot was obtained 139.38 cm for 

the Seri Waste Compost (SWC) + Recommended Basal Doses of Bangladesh Sericulture 

Research and Training Institute (BSRTI) BRBD  treatment followed by the other fertilizer 

treatments.  

2.1.1  Role of biofertilizers alone or in combination with organic manures on growth 

and yield of mulberry 

Anilkumar and John (2000) reported that in-situ cultivation and in-situ composting 

of cowpea and combined biofertilizers application resulted synergistic and significant 

interaction of in-situ generation and utilization of green manure along with combined 

application of microbial inoculants besides chemical fertilizers had contributed to higher 

productivity in mulberry. 
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Eranna and Govindan (2002) reported that composite application of microbial 

culture like N2 fixer, P mobilizers and P solubilizers can enhance the growth and yield of 

mulberry and synergistically interact with other beneficial soil microorganisms in the 

rhizosphere of mulberry plants and could reduce the incidence of plant pathogen. 

Sukumar et al. (2003) conducted a study on M5 variety to know the effect of 

combined inoculation of Azospirillum brasilense and P-solubilizing Bacillus megaterium 

on mulberry leaf yield and uptake of nutrients with graded levels of recommended N and P 

(75 and 100 %) significant increase in leaf yield was recorded with dual inoculation when 

compared to individual inoculation and uninoculated control plants.  

Baqual and Qayoom (2004) reported that the main groups of bio-inoculants used in 

mulberry production are nitrogen fixers (non-symbiotic groups), vesicular Arbuscular 

mycorrhizal fungi (VAM-F) and phosphate solubilizing bacteria and fungi (PSB-F). 

Nagarajaiah et al. (2004) revealed that, application of biophos + 100 per cent 

recommended dose of fertilizer (RDF) recorded higher yield of 6314.8 kg/ha /crop 

followed by application with Azospirillum (6218.6 kg ha-1 crop-1) and Azotobacter 

(5962.5 kg ha-1 crop-1) along with 100 per cent RDF.  Among the individual biofertilizers, 

biophos performed better in enhancing the mulberry leaf yield followed by Azospirillum 

and Azotobacter. 

Muthuraju et al. (2005) revealed that pressmud application enriched with 

Aspergillus awamori and Azotobacter species improved the fresh leaf yield of mulberry 

(6230 kg/ha/yr) over the control (pressmud alone) (6110 kg/ha/yr). Dual application of 

these two microorganisms also useful in increasing the nutrient uptake in mulberry plants. 

Seventy five per cent RDF in combination with biofertilizer performed better and equal to 

that of 100 per cent RDF in enhancing the leaf yield and quality in mulberry.   

Sreeramulu et al. (2005) reported that biofertilizers are the carrier based 

preparations containing sympathetic microbes like P- solubilizers or nitrogen fixer in 

enormous quantity in a feasible state useful for soil or seed application, which is helpful in 

recovering the growth of the plant and fertility of the soil.  
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Hemanthkumar et al. (2006) revealed that Azospirillum application @ 1.6 

kg/acre/crop with 75 % of recommended nitrogenous fertilizer significantly increased the 

leaf yield of mulberry. 

Hiremath et al. (2006) revealed that the larvae fed on leaves has taken from the 

treatment of bio-fertilizer 10 Kg each of Aspergillus awamori + Azospirillum brasilense + 

20per cent each recommended nitrogen through Vermicompost, green manure, castor cake, 

compost fertilizers resulted in higher soluble protein and total sugar content in local leaf of  

Mysore. 

Jayaraj et al. (2006) reported that Inoculation with Azospirillum increased the 

number, length and weight of roots, number of leaves, leaf weight besides bud 

development thus stimulated the mulberry growth. VAM and PSB makes availability of P 

to mulberry plants. Besides, VAM noticeably increases length of root and improves 

photosynthesis. 

Srikantaswamy and Mala (2006) revealed that mulberry plants treated with plant 

growth promoting rhizobacteria and found this Azotobacter chroococcum was more 

efficient in improving the yield of mulberry with a saving of 50 per cent N application.  

Ramarethinam and Chandra (2007) showed the impact of liquid and carrier based 

application of biofertilizer on the quality of mulberry leaves. Data reported  that 

application of Azotobacter (100 ml) + VAM (500 g) + Phosphobacter (100 ml)  

significantly  improved the nutritional factors such as total protein (31.6 x 10 g), total 

chlorophyll content (2.42 mg/g),  total carbohydrate (4.2 mg), reducing sugars (0.84), 

nitrogen (21.6%), phosphorous (48.68 %), potassium (75.6 %), magnesium (98.2 %),  

calcium (28.2 %), zinc (30.2), manganese (28.4 %), copper (12.8) and iron (18.6 %) over 

normal practice and control. 

Rao et al. (2007) revealed that chemical fertilizers are expensive so to reduce the 

application of these fertilizers alternative cheaper supplements are biofertilizers in 

cultivation of mulberry and thus it can save upto 50 per cent cost of chemical fertilizers in 

conditions of semi-arid environment. It resulted in improvement of the soil fertility and 

improved leaf quality, silkworm growth and cocoon characters. 
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Shashidhar et al. (2009) reported that mulberry raised with 100 per cent 

recommended N through 20 per cent each of compost + castorcake + Glyricidia maculata  

+ Urea and vermicompost + 10 kg each of Aspergillus awamori + Azospirillum brasilense 

+ Bio-fertilizer + remaining P, K through chemical fertilizers + Recommended FYM  

resulted in maximum leaf yield per plant and hectare (327.62 g /plant and 45.45 

tonnes/ha/yr). 

Kumar et al. (2012) conducted a survey on the knowledge of sericulturists on 

adoption of organic farming practices revealed that majority (44.16%) of the sericulturists 

had low knowledge about organic farming practices followed by medium (35.83%) and 

high (20%) knowledge, respectively. with respect to the recommended individual organic 

farming practices, they had correct knowledge about application of FYM (83.33%) and use 

of ankush (82.50%). None of the sericulturists (100%) had correct knowledge about use of 

Seri-VAM, Tank silt, Seri-nematoguard, Neem Cake + FYM + Marigold intercrop in 

mulberry and use of Nysolynx thymus to control uzi pest. only negligible percentage of 

sericulturists had correct knowledge about use of seri-bioguard(0.83%), Sunhemp as green 

manure (1.67%), Seri-comporich (2.50%), Seri-mildew guard (1.67%) and Azotobacter 

biofertilizer (2.50%).  

Singh et al. (2012) conducted a study on the effect of integrated nutrient 

management (INM) in mulberry plants. Leaf quality and suitability for silkworm rearing 

was assessed through bioassay. Maximum leaf yield of 7.71 mt/ha/yr with 20% increase  

over the existing recommended package was obtained under INM package i.e. 50% of 

recommended dose of nitrogen (150 kg ha-1yr-1), full doses of phosphate and potash (i.e. 

50 kg ha-1 yr-1) combined with biofertlizer (Azotobacter chroococcum) @ 10 kg/ ha/ yr 

and vermicompost @ 10 mt/ ha/1 yr. The results of bioassay also showed superiority of 

INM practiced over the recommended packages. INM increased productivity of mulberry 

leaf and 20% additional silkworm layings was possible to rear by the farmers, improve 

their economic condition and silk production as well. 

Sori and Bhaskar (2013) conducted an experiment to know the effect of integrated 

use of bio-inoculants (Aspergillus awamori at 25 kg/ha/year, Trichoderma harzianum at 20 

kg/ha/year and Azotobacter sp. at 20 kg/ha/year), farm yard manure (FYM) and inorganic 
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fertilizers (NPK) on fresh leaf yield and quality variables of M5 mulberry. The results 

revealed that combined use of treatment components shown a positive effect on fresh leaf 

yield and quality variables of mulberry plant.   

Sujathamma et al. (2014) conducted a study and confirms that by adopting INM i.e. 

following the organic farming in mulberry cultivation, by reducing the quantity of 

chemical fertilizers it is possible to produce quality mulberry leaf for silkworm rearing. 

This would further benefit the sericulture industry and particularly the small and marginal 

farmers who cannot afford to apply the recommended dose of chemical fertilizers in 

mulberry cultivation resulting in loss of cocoon crops.  

Chakraborty and Kundu (2015) reported that the effect of organic manures 

specially poultry manure in combination with Azotobactor bio fertilizers followed by 

reduced doses of inorganic fertilizers had a significant effect on growth and leaf quality of 

mulberry plants. 

Kapoor et al. (2015) reported that in recent years biofertilizers have gained 

importance as a major component of the biological nitrogen fixation. They offer an 

economically attractive and ecologically sound route of providing nutrients to the plants. 

Biofertilizers are low cost renewable source of nutrients that supplements the chemical 

fertilizer. Biofertilizers gained importance due to its low cost amongst small and marginal 

farmers.  

Ram et al. (2017 b) conducted a study on the integrated effect of treated pressmud 

and FYM on growth attribute characters, yield and quality of existing BC259 (Morus alba 

L.) mulberry variety. This experiment was also extended to check its adverse effect on 

bioassay of SK6×SK7 (Bombyx mori L.) silkworm. Based on data analyzed, it was found 

that, the integrated application of 02 mt treated press mud with 05 mt FYM (T3) performed 

better than application of 10 mt FYM alone (T1). The highest annual leaf yield among 

above experimental sites was ranged from 11.09 to 14.71 mt/ha after the application of T3 

treatment. The total leaf yield gain in T3 treatment was 15.28 to 19.26% higher than 

control.  
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Ram et al. (2018) observed that the effect of mixed cake on growth attributing 

characters and leaf yield of mulberry was significant in both autumn and spring season. 

The maximum height of shoot, number of leaves per shoot, and leaf yield was observed in 

T4 and T5 treatment over control. While observing the effect of season (S) Treatment (T), it 

was found that the higher leaf yield was recorded in spring than autumn. 

Thangamalar et al. (2018) reported that middle pruning along with integrated 

nutrient management practice of application of 50 per cent organic and 50 per cent 

recommended dose of inorganic fertilizers are shown optimum for mulberry higher growth 

and yield attributes, yield economics of mulberry and silkworm with enhanced net return 

and B: C ratio in both kharif and rabi under irrigated condition.  

2.1.2  Rearing performance of silkworm as influenced by organic manures alone or 

in combination applied to mulberry 

Mahmood et al. (2002) reported that silkworm larvae when fed on leaves from 

mulberry (Morus laevigata) tree given soil treatment with 2kg well rotten FYM along with 

0.2%N concentration consumed more food, gained significantly more weight and produced 

heavier cocoons, as compared to those fed on leaves from trees treated with 2kg FYM 

+0.1% N, 2kg FYM + 0.3%N, 2kg FYM + 0.4% N and 2kg FYM alone. 

Philomena et al. (2003) observed that, lower dose of inorganic fertilizer with higher 

dose of organic manure (i.e., 75:30:30 kg NPK + 35 MT compost/ha/yr) reported higher 

ERR by number and weight, pupation rate, single cocoon weight, egg recovery and 

fecundity. 

Ravikumar (2003) reported that silkworms fed with mulberry leaves raised by 

applying 50 per cent N through FYM + 50 per cent N through urea, 50 per cent N through 

green leaf manures + 50 per cent N through urea and 50 per cent N through castor cake + 

50 per cent N through urea recorded higher larval weight in all the instars, higher ERR and 

least disease incidence. However, feeding silkworms with leaf obtained by application of 

50 per cent N through FYM + 50 per cent N through urea recorded higher cocoon weight, 

shell weight and shell ratio in CSR2 X CSR4 silkworm breed . 
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Jaiswal et al. (2005) observed that silkworm hybrid reared on mulberry leaves 

treated with vermicompost application resulted in higher cocoon weight, shell weight and 

shell ratio in SH6 × NB4D2. 

Chinnaswamy et al. (2005) observed that multivoltine silkworm pure breed reared 

on organically raised (silkworm excreta, honge cake, FYM and sheep manure as a sole and 

in combinations) M5 mulberry leaves under rainfed condition and found Among the 

treatements, mean cocoon weight was highest with the cocoons obtained by the use of 

leaves raised with hongecake + silkworm excreta (8.21 g), shell weight (1.07 g) and shell 

ratio (14.55 %) were highest with leaves obtained from FYM + silkworm excreta over 

NPK alone.  

Setua et al.  (2005) revealed that Cocoon yield, shell weight, shell percentage and 

filament length were found higher in vermicompost applied treatments against those with 

farm yard manure.  

Sreenivas et al. (2005) observed the rearing performance of different breeds of 

silkworms fed with leaves of mulberry raised by application of vermicompost  revealed 

increase in cocoon yield and net returns substantially. Hence, sericulturists may be 

motivated to takeup vermicompost technology for sustainable sericulture and thereby 

improving their economic status.  

Gururaj et al. (2006) revealed the impact of vermicompost on mulberry leaf yield 

and cocoon yield in a period of one year for five crops. The analyzed data shown that the 

average cocoon yield was significantly increased from 51.0, 58.4 and 50.08 kg to 56.91, 

6.46 kg in irrigated M5 and V1 and 35.46 kg in rainfed M-5 respectively. 

Munireddy et al. (2006) revealed that when PM × CSR2 silkworms were fed on 

mulberry leaves obtained by the application of 280 kg and 150 kg N through inorganic 

fertilizers and 2.5 MT of Vermicompost resulted in higher cocoon yield of 16.46 and 16.47 

kg / 10,000 larvae. 

Pasha et al. (2006) observed that bivoltine breed NB4D2 reared on leaves of 

mulberry produced by the application of silkworm excreta, FYM and honge cake either 
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singly or in combinations resulted in higher mature larval weight, cocoon weight, shell 

weight, cocoon filament length, pupation rate, pupal weight, moth emergence, fecundity 

and silk productivity. 

Purohit et al. (2006) observed that the average annual leaf yield due to combined 

use of  FYM / Compost @ 10 MT/ha/yr, biofertilizers such as nitrofert (Azotobacter) @ 10 

kg/ha/yr in two equal split doses and phosphofert (VAM) @ 40 kg/ha once in four years 

were applied along with NPK @ 75:10:50 kg / ha / yr with N in two equal split doses and 

plant growth regulator (Morizyme-B) @ 0.01% was applied after 15 and 30 days of leaf 

plucking / pruning during autumn and spring crops the average cocoon yield was 34.29 kg 

/100 dfls recorded 10.2 per cent increase over control 31.12 kg /100 dfls.  

Raju et al. (2006) conducted a study on integrated technology package viz., 

application of green manuring, compost, biofertilizers, and implementation of improved 

rearing technologies and observed that, there is significant increase in biomass of leaf, 

cocoon crop survivability and pupation rate. 

Rao et al. (2006) observed that INM technologies like green manuring with 

daiancha, vermicomposting, biofertilizers (Azospirillum + PSB) and trap cropping 

improved the leaf yield of mulberry from 40 MT to 60 MT/ha/yr (50 %). Consumption of 

DFLs increased from 200 DFLs to 400 DFLs/ crop (100 %), average yield of cocoon 

increased to 75 kg/100 DFLs (from 45 kg, 66 % increase and a range of 68 to 84 kg). 

Reddy et al. (2006) reported that application of vermicompost (MT/acre), 

significantly increased the leaf yield (10-15%), cocoon yield (10-15%), DFLs brushing 

capacity (15-20%), and in terms of cocoon price (10-15%) also. 

Saha and Setua (2006) conducted a bioassay with multi x multi and multi x bi 

silkworm hybrids during two unfavourable and two favourable seasons in Berhampore, 

West Bengal. The results shown that the application of reduced doses of nitrogen and 

phosphorus in combination with various types of organic manures increased cocoon yield 

and other economic characters of rearing and reeling.  
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Thirunavukkarsu et al. (2006) conducted a study with Rhizobium application of 

phosphobacteria, Azospirillum, and FYM/compost to mulberry by adopting green manure 

cover cropping with dhaincha and found improvement of leaf yield ranged from 3.03 to 

15.1 per cent and cocoon yield / 100 dfls from 9.17 to 8.38 per cent. 

Kerenhap et al. (2007) revealed that mulberry variety treated with poultry manure 

showed significant difference for all the parameters studied. The larvae fed on poultry 

manure applied V1 mulberry leaves showed highest moulting percentage. This  

investigation also shown that the moulting in silkworm has an intimate relationship with 

nutritive value of the leaf.  

Rao et al. (2007) studied that silkworm growth and cocoon parameters were found 

improved in BBF and Vesicular Arbuscular Mycorhiza (VAM ) (50% cut in N and P) T4 

and were on par with control (only 100% NPK). 

Sudhakara et al. (2008) observed that the bivoltine silkworm breed CSR2 fed with 

leaves of mulberry grown by nitrogen application at recommended level through organic 

manures and inorganic fertilizers in different combinations with four feeding schedules and 

FS2 (chawki worms fed with S36 leaves + late age worm fed with M5 leaves) T11 

combination recorded significantly lower moulting duration (4.10 days) over mulberry 

grown with recommended FYM + NPK (4.30 days). 

Sori (2008) revealed the influence of bio-inoculants growth and yield and its 

subsequent effect on cocoon productivity of Bombyx mori L. (PM x CSR2). The mulberry 

leaves harvested and fed to 4th and 5th instar larvae showed maximum cocoon yield of 

640.88 and 691.11g / DFLs for I and II crop followed by T4 (638.32 and 684.91g) which 

were found to superior over other treatment combinations. 

Shashidhar (2009) observed that, the cocoons spun by PM x CSR2 fed on mulberry 

leaves grown by supplying with different types of organic manures exhibited remarkable 

influence on cocoon traits. Pooled data of three rearings reported that, the maximum single 

cocoon weight (1.90 g), shell weight (0.365 g) and pupal weight (1.53 g) were recorded 

when young age silkworm fed with S36 mulberry grown by 100 % Rec. N through 20% 

each of compost + castorcake + Glyricidia maculata + Vermicompost and Urea + 10 kg 
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each of Aspergillus awamori + Azospirillum brasilense biofertilizer remaining P, K 

through chemical fertilizers (T8).  

Amarnatha et al. (2011) reported that, the larval developmental durations of PM × 

CSR2 hybrid had shorter chawki, fifth instar larval, total larval durations and total 

moulting while maximum larval, cocoon, pupal and shell weight, shell ratio and silk 

productivity obtained from the parents (PM and CSR2) fed on  mulberry leaves obtained 

by the application of biofertilizers @ 10 kg/ha each of Aspergillus awamori + Azospirillum 

brasilense + 20 per cent recommended nitrogen each through castoroilcake, compost, green 

manure, vermicompost, and 20 per cent N with recommended dose of P and K through 

inorganic fertilizers and only chemical fertilizers to supply 300: 120: 120 NPK Kgs / ha / 

year (control) recorded maximum and minimum, respectively,  This might be due to the 

presence of required nutrients supplied through feeding of chawki worms with S36 leaf 

and late age worms with M5 leaf. 

Naika et al (2011) revealed that, significantly highest cocoon weight, shell weight 

and shell ratio were obtained with vermicompost (100 % N) + recommended P and K in 

respect of PM x CSR-2. Similarly, in case of PM x NB4D2, cocoon weight was more with 

vermicompost (100% N) + recommended P and K and shell weight and shell ratio were 

more with enriched vermicompost (100% N) + recommended P and K over rest of the 

treatments. 

Naika et al. (2012) conducted a study to know the efficacy of sources of organic 

manures (Vermicompost, coir pith compost, enriched vermicompost, farm yard manure - 

FYM, biodigested slurry and urban solid waste compost) on mulberry (V-1 variety) under 

irrigated condition to meet nitrogen requirement (100%) and its influence was studied on 

economic performance of PM x CSR-2 silkworm. The study revealed that the batch of 

silkworms fed on mulberry leaves raised by supplying 100% nitrogen (N) through 

vermicompost and recommended phosphorus (P) and potassium (K) through chemical 

fertilizers recorded significantly superior effective rate of rearing, cocoon yield, cocoon 

weight, shell weight, shell ratio, silk productivity, single cocoon filament length and 

fibroin contents with least larval duration, disease incidence (flacherie muscardine and 

grasserie), denier and sericin contents. Further, enriched vermicompost + recommended P 
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and K and recommended FYM and NPK found next best with respect to the economic 

traits of silkworm. However, these characters were inferior with the group of silkworms 

fed on mulberry grown by the application of coir pith compost and recommended P and K.  

Sori and Bhaskar (2012) conducted a study with an objective to determine the 

effect of three bio-inoculants application to M5 mulberry plant on silkworm (PM x CSR2) 

growth, development and coocoon traits. The result revealed that the larval growth 

variables and cocoon traits were significantly better when developing worms were fed on 

mulberry leaves raised by applying the recommended doses of nutrients. However, the 

recommended rate of chemical fertilizers application was found either the same or on par 

with 25 per cent reduced Nitrogen and Phosphorous application when supplemented with 

bio-inoculants (Aspergillus awamori, Trichodermaharzianum and Azotobacter sp).This 

indicate that 25 per cent reduction of NP application does not adversely affect larval 

growth and cocoon traits when supplemented with the above three microbes.  

Sujathamma et al. (2014) reported the beneficial effects of various organics such as 

green manures, vermicompost, bio-fertilizers and application of certified organic fertilizers 

need to be highlighted adequately for increasing the mulberry yield and consequent silk 

quality. Due to continuous application of chemical fertilizers which brings about the 

depletion of the soil fertility, sustainable yields of cocoons could not be achieved. As an 

alternative, application of organic manures which helps in the revival of soil health has to 

be tested for a sustainable increase of yield and quality of mulberry leaf in comparison 

with application of chemical fertilizers. In this study six treatments comprising of organic 

nitrogen, organic phosphorous, organic potassium were applied and the bio-efficacy of all 

these inputs on the quantitative and qualitative parameters of silkworm and cocoon were 

studied in comparison with chemical fertilizers. 

Chakraborty and Chakraborty (2016) observed that cocoons spun by NxYB races 

of silkworm showed promising results in larval growth and cocoon traits when developing 

worms were fed with mulberry leaves (S1635) raised by applying the organic manures and 

other biofertilizers. Pooled data of two silkworms rearing revealed that, average weight of 

10 mature larvae ranged from 31.7gm.to 38.1gm; single cocoon weight was with an 

average 1.3gm., single shell weight varied from 0.214gm to 0.220 gm., shell ratio percent  
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fluctuated from 16.2% to 16.6%; filament length ranged from 673.6m to 680.6 m were 

recorded when silkworm fed with S1635 mulberry leaves. The cocoons also exhibited 

reelability having the recovery of silk in the tune of 88.1% to 88.2 % and denier 2.5 gm. 

This indicates that application of organic manures along with biofertilizers and reduction 

of recommended chemical fertilizer doses does not adversely affect larval growth and 

cocoon traits. 

Sudhakara and Narayanaswamy (2017) observed the growth of mulberry with the 

nitrogen application at recommended level through organic manures and inorganic 

fertilizers in different combination with four feeding schedules, treatments and 

interactions. Among these chawki worms fed with S36 leaf + late age worm fed with M5 

leaf and  recommended dose of 20 tonnes compost + 300: 120: 120 kg of NPK / ha / year 

through fertilizer exhibited significantly higher mature larval weight (40.42 and 40.62 g/10 

larvae) and silk gland weights (0.777 and 0.788 g), effective rate of rearing (85.95 and 

94.16 %), while the lower disease incidence (14.17 and 14.17 %), moulting duration (4.98 

and 4.30 days) and larval duration (26.83 and 26.12 days) respectively.  

Sudhakara et al. (2017) conducted a study on the role of organic and inorganic 

fertilizers applied to mulberry on the cocoon parameters of silkworm and found that 

cocoon weight (1.40 g and 1.50 g), shell weight (0.299 g and 0.325 g), shell ratio (21.44 

and 21.70 %), cocoon yield (48.19 and 53.96 kg/ 100 DFLs) and silk productivity (4.46 

and 5.23 cg/day) were significantly maximum when chawki worms fed with S36 and late 

age worm with M5 leaves and worms fed with leaves raised through application of 

recommended 20 tones compost + 300: 120: 120 kg N, P and K/ha/year through fertilizer. 

Ram et al. (2018) observed the effect of mixed cake and FYM on season wise 

performance of silkworm rearing was non -significant in respect of weight and ERR of 

matured larvae, however, single cocoon, single shell and shell percent and cocoon yield 

were found significant. Further, it was found that the total cocoon yield in spring season 

was slightly higher than autumn. 

Sudhakara et al. (2018) carried out investigations on young-age worm rearing as 

influenced by the application of N through organic manures and inorganic fertilizers. 
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Significant differences were exerted with respect to feeding schedules (FS), treatments (T) 

and interactions (FS × T). Among these chawki worms fed with S36 leaf + late-age worms 

fed with M5 leaf and recommended 20 tonnes compost + 300: 120: 120 kg N, P and K / ha/ 

year through fertilizer yielded significantly higher first instar (0.0571 and 0.0615 g/10 

larvae), second instar (0.3126 and 0.3210 g/10 larvae), third instar (1.177 and 1.2167 g/10 

larvae) and fourth instar larval weights (5.103 and 5.502 g/10 larvae) respectively. Among 

interactions, both chawki + late-age worms fed with S36 leaf bio-fertilizers 10 kg each of 

Azospirillum + Aspergillus awamori/ha/yr + 20 % recommended N through each of 

compost, green manure, castor oil cake, vermicompost and fertilizer + remaining P, K 

through fertilizer recorded maximum towards first instar silkworm weight (0.0660 g/10 

larvae). However, chawki worms fed with S36 leaf + Late-age worms fed with M5 leaf 

with a combination of 20 tonnes compost + 300: 120: 120 kg N, P and K / ha / year 

through fertilizer contributed more towards second, third and fourth instar larval weights 

(0.3280, 1.2260 and 5.523 g/10 larvae respectively). 
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CHAPTER-III 

MATERIALS AND METHODS 

 

The present investigation entitled, “Organic based nutrient management in 

mulberry and its impact on silkworm” was carried out at the Experimental farm of the 

Division of Sericulture, Sher-e-Kashmir University of Agricultural Sciences and 

Technology of Jammu, Chatha, during 2018-19. Besides this, cocoon reeling parameters 

were conducted at Demonstration–Cum-Technical Service Centre, Central Silk Board, 

CSB Complex Miran Sahib, Jammu. The details of the experimental techniques, 

materials used and methods followed during the investigation are discussed under 

following headings. 

3.1  Experimental Site  

3.1.1  Location  

The Experimental Farm of the Division of Sericulture, is located at an altitude of 

about 332 m above mean sea level, lying between 32039’ N latitude and 74047’ E 

longitude. 

 3.1.2  Climate and weather conditions. 

Agro climatically, the location represents Zone V of Jammu and Kashmir, 

characterized by subtropical climate. The Jammu plains and low hills including 

experimental location normally experience hot dry summer, hot and humid rainy season 

and cold winter months. The maximum temperature goes up to 450C during summers 

(May to June) and minimum temperature falls to 40C during winters and fluctuates 

between 14-180 C. The mean annual rainfall is about 1000-1200 mm. The weather 

parameters recorded at meteorological observatory of SKUAST-Jammu, Chatha during 

crop growth period was depicted in fig 1.  

3.1.3  Soil  

The soil structure of the experimental farm is sandy clay loam with pH 7.12 
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3.2  Experimental Details  

The soil fertility of the experimental site was brought to homogeneous condition 

without applying any organic manures or fertilizers before raising mulberry crop for the 

present experiment. Experiment was carried out by applying organic manures alone and 

in combination with biofertilizer. No inorganic fertilizer was applied to soil before raising 

mulberry crop for the present experiment. To know the effect of different organic 

manures on growth, yield and quality of mulberry (var. China white, 2 years old 

plantation) in relation to rearing performances of silkworm, the following treatment 

combinations were used. 

T1 :  FYM @ 4kg /plant 

T2 :  Vermicompost @ 4kg /plant 

T3 :  Silkworm rearing waste @ 3kg /plant 

T4 :  Neem cake @ 2.5kg/plant 

T5 :  FYM @ 4kg /plant + Azospirillum (4.0g /plant) 

T6 :  Vermicompost @ 4kg /plant + Azospirillum (4.0g/plant) 

T7 :  Silkworm rearing waste @ 3kg /plant + Azospirillum (4.0g/plant) 

T8 :  Neem cake @ 2.5kg/plant + Azospirillum (4.0g /plant) 

T9 :  Control (No manure/fertilizer application) 

3.2.1  Experimental layout 

The treatments were applied in randomized block design (RBD) with three 

replications after pruning of mulberry plants in the last week of December, 2018. All 

cultural practices were carried out as per the package of practices for mulberry garden 

under pit system of cultivation (Dandin et al., 2010) as detailed below: 

  



 

Fig. 2:  Effect of organic manures alone and in combination with Azospirillum on moisture content and moisture retention per 

cent in mulberry leaves. 
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Layout of experimental field 

3.3  Mulberry Parameters  

Different mulberry parameters viz., plant girth, plant height, number of shoots per 

plant, shoot length, average longest shoot, internodal length, number of leaves per plant, 

fresh leaf yield, leaf area index, moisture content of leaf and moisture retention after 6 

hours were recorded 60 days after pruning . 

3.3.1  Plant girth:  

The plant girth (cm) was measured from individual plant with vernier caliper. The 

mean plant girth was calculated from each treatment.  

3.3.2  Plant height:  

Plant height (cm) was measured from the base of the plant to the tip of fully 

opened leaf. 
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3.3.3  Number of shoots per plant:  

The number of shoots per plant was recorded at an interval of 60th day after 

pruning and the mean numbers of shoots per plants were calculated as follows 

           Number of shoots/plant =
Total number of shoots

Number of plants
 

3.3.4  Shoot length: 

The length of the shoot (cm) was measured from the base to the tip of fully 

opened leaves of the main shoot. 

3.3.5  Average longest shoot:  

The length of individual shoot (cm) was measured. Among all the shoots longest 

shoot length was recorded from individual plant. The mean of longest shoot was 

calculated from treatments of replications.  

3.3.6  Inter nodal length:   

The internodal length (cm) was measured between the fourth and fifth leaf from 

the top of the plant. The mean internodal distance was calculated from treatments of 

replications. 

3.3.7  Number of leaves per plant:  

The number of fully opened leaves in each shoot was counted and calculated as 

follows:  

Number of Leaves = Average number of shoots per plant × Average number of leaves  

per shoot  

3.3.8  Fresh leaf yield (g/plant):  

Leaves from treatments of replications maintained exclusively for estimation were 

harvested and their weight was recorded and the mean yield per plant was worked out.  
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3.3.9  Leaf Area Index (LAI):   

Leaf Area Index was measured by the ratio of the leaf area of a plant to the 

ground area occupied by the plant (Sestak et al., 1971). In the present study leaf area was 

measured by leaf area meter.  

                               LAI =     
Leaf area per plant(cm2)

Land area occupied by plant(cm2)
              

3.3.10  Moisture content of leaf (%)  

Moisture percentage in leaf was estimated through gravimetric method by taking 

the difference between fresh and dry weights and expressed in percentage on fresh weight 

basis (A.O.A.C., 1970). 

Moisture percentage=
Weight of fresh leaves−Weight of dry leaves

Weight of fresh leaves
× 100 

3.3.11 Moisture retention capacity  

Leaf moisture retention capacity was calculated by using following formula and 

expressed in percentage (%). 

Fresh weight of leaves − weight of  leaves at 6 hours after harvest

 fresh weight of  leaves
× LMC 

Leaf moisture retention (%) = 100 - Leaf moisture loss 

3.4  Experimental Rearing Trial 

Seed of FC1×FC2 was procured from Regional Sericulture Research Station, 

Dehradun and released from cold storage, incubated and reared during Spring, 2019 in a 

Complete Random Block Design as per the standard rearing techniques of 

Krishanaswamy (1978).  
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The details of experiments are as under:  

Hybrid   :  FC1×FC2 

Replicates  : Three  

No. of treatments : 9 

Experimental design : CRD 

The numbers of larvae per rearing tray were 100 in such a way that each tray 

represents a single independent replicate in a completely randomized design. Each 

treatment was replicated 3 times. The rearing tray with 100 larvae fed with mulberry 

leaves grown without the application of manures/fertilizers served as control (standard).  

3.5  Silkworm Growth Parameters 

3.5.1  Larval characters 

Following observations were recorded for different parameters of larval stages 

3.5.2  I age larval duration 

It is the duration of larvae from the day of brushing to I moult and was recorded 

in days and hours for each replicate. 

3.5.3  II age larval duration 

It is the duration of larvae from I moult to initiation of II moult and was recorded 

in days and hours for each replicate. 

3.5.4  III age larval duration 

It is the duration of larvae from II moult to initiation of III moult and was 

recorded in days and hours for each replicate. 

3.5.5  IV age larval duration 

It is the duration of larvae from III moult to initiation of IV moult and was 

recorded in days and hours for each replicate. 
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3.5.6  V age larval duration 

It is the duration of larvae from IV moult upto pre-spinning and was recorded in 

days and hours for each replicate. 

3.5.7  Total larval life duration (Days and Hours) 

It was recorded as average larval life in days from brushing to pre-spinning stage 

including moulting duration for each replication. 

3.5.8  Weight of 10 mature larvae (g) 

Ten mature larvae were picked randomly from each replicate on 5th day of fifth 

instar and weighed using digital balance. The maximum larval weight was recorded in 

each replicate. 

3.5.9  Larval survival percentage 

The larval survival percentage represents the number of worms surviving during 

rearing up to pre spinning stage and was calculated by using the following formula:- 

Number of larvae surviving at pre − spinning stage

Total number of larvae retained after III moult
× 100 

3.6  Cocoon characters 

Following observations were made for different parameters at cocoon stage: 

3.6.1  Cocoon yield/10000 larvae: 

By weight (kg) 

This parameter was recorded as an average weight of cocoons harvested in kg 

converted for 10,000 larvae and was worked out by using the following formulae:- 

By weight =  
Cocoon yield in kg

Total number of larvae retained after III moult
×  10,000 
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By number: 

It was recorded as an average number of cocoons harvested and converted for 

10,000 larvae and was worked out by using the following formulae:- 

By number =  
Cocoon yield by number

Total number of larvae retained after III moult
×  10,000 

3.6.2  Single cocoon weight (g): 

Twenty five male and twenty five female cocoons were randomly selected and 

weighed on digital balance to determine the average cocoon weight by using the 

following formula: 

Weight of 25 male(g) + 25 female cocoon (g)

50
 

3.6.3  Single shell weight (g): 

Same twenty five male and twenty five female cocoon shells from each replicate 

were weighed on digital balance to determine average single shell weight. The formula 

applied was as under 

Weight of 25 male(g) + 25 female cocoon shells (g)

50
 

3.6.4  Shell ratio percentage 

It is the average ratio of  twenty five male and twenty five female cocoon shell to 

that of  average cocoon weight of same cocoons per replicate and was calculated by using 

the following formula:- 

Average weight (g)of 25cocoon shells of each sex

Average weight of same cocoons of each sex
 × 100 

3.7  Post Cocoon Characters  

The reeling parameters were conducted at Demonstration Cum Technical Service  

Centre of Central Silk Board, Miran Sahib, Jammu. 
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3.7.1  Total filament length: 

Filament length (m) indicates the total reelable length of silk filament obtained 

from a single cocoon in meters. It is the average length of the silk reeled from a single 

cocoon. 

TFL =  
Length of raw silk reeled (m) ×  Number of cocoons maintained per end 

Number of reeled cocoons ∗
 

*Number of reeled cocoons = Number of cocoons taken for testing – Number of 

new unreelable cocoons/Number of converted carry over cocoons 

3.7.2  Non breakable filament length (m): 

It is a length at which cocoon filament breaks and is replaced by another cocoon. 

It was recorded as per the following formula:- 

NBFL =
Length of silk filament reeled ×  No. of cocoons maintained per end

No of reeling ends ∗
 

*Indicates number of castings + Number of carry over cocoons – Number of 

converted carry over cocoon. 

3.7.4  Filament size (d): 

It was determined by using filament reeled from ten cocoons from each replicate 

and was calculated by using the following formula:- 

Weight (g)of raw silk reeled 

Length (m)of silk reeled ×  No. of cocoons maintained per end
 x 9000 (m) 

STATISTICAL ANALYSIS 

The data presented in the thesis for various parameters were tabulated and 

subjected to Analysis of variance techniques by using statistical package (SPSS 16.0). 

Effects of different treatments on mulberry, silkworm growth, cocoon and post cocoon 

parameters were analyzed using one way ANOVA. Differences between means were 

tested by using Tukey’s HSD (P <0.05) 
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CHAPTER-IV 

RESULTS 

 

The present study entitled, “Organic based nutrient management in mulberry and 

its impact on silkworm” was conducted during spring, 2019 at Division of Sericulture, 

SKUAST-Jammu in order to know the effect of organic based nutrients on growth and 

yield parameters of mulberry tree (var. China white), rearing performance of silkworm, 

Bombyx mori L. hybrid (FC1×FC2) and other important metric traits. The experimental 

results obtained from this investigation are presented here under:  

4.1  Effect of different organic based nutrients on growth and yield of mulberry 

4.1.1  Growth and yield parameters of mulberry 

The data presented in the table1 reveals that application of different organic 

manures alone and in combination with Azospirillum showed significant impact on plant 

girth (cm) (F = 144.715; df = 8; p < 0.001), maximum being with the application of 

vermicompost + Azospirillum (7.50 ± 0.13) followed by FYM + Azospirillum (T5) (7.20 ± 

0.06) and T8 (6.90 ±0.01) respectively over other treatments. While the lowest result was 

recorded in control (T9) (5.10 ± 0.06) which was at par with T3 (5.06 ± 0.07). 

Application of vermicompost + Azospirillum exhibited better result for plant 

height (F = 4.887; df = 8; p = 0.002), (284.67 ± 7.36) which was at par with T5 (279.33 ± 

5.53) and T8 (275.50 ± 10.15) whereas it was significantly less in control (T9) (227.50 ± 

7.50).  

Shoot length (F = 3.491; df = 8; p = 0.013), in respect of this parameter 

application of vermicompost + Azospirillum (T6) exhibited better results (146.63 ± 8.03) 

which was at par with T5 (143.90 ± 7.43) whereas it was significantly less in control (T9) 

(90.50 ± 11.02). However, non significant differences were observed between T8 (135.23 

± 8.77), T2 (132.93 ± 3.84), T7 (127.60 ± 6.34), T1 (121.93 ± 10.53), T4 (117.00 ± 13.82) 

and T3 (116.57 ± 8.71). 
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Longest shoot (F = 3.477; df = 8; p = 0.013), in respect of this parameter 

application of vermicompost + Azospirillum (T6) exhibited better results (158.27 ± 6.71) 

which was at par with T5 (157.37 ± 4.64) and T8 (155.93 ± 10.40) whereas it was 

significantly less in Control (T9) (114.67 ± 5.83). However, no significant difference was 

found in number of shoots per plant and internodal length in mulberry. 

The data presented in the table 2 reveals that application of different organic 

manures alone and in combination with biofertilizer (Azospirillum) to mulberry tree 

exhibited significant result in respect of number of leaves per plant (F = 2.825; df = 8; p = 

0.032), maximum being with the application of vermicompost + Azospirillum (T6) 

(1203.33 ± 60.92) followed by T5 (1164.67 ± 102.53) which was found statistically at par 

with T8 (1108.33 ± 62.69) whereas it was significantly less in control (T9) (742.00 ± 

40.22).  

Fresh leaf yield (F = 32.694; df = 8; p < 0.001), in respect of this parameter 

application of vermicompost + Azospirillum (T6) exhibited better results (3013.00 ± 

71.00) which was at par with T5 (2991.00 ± 67.10) whereas it was significantly less in 

Control (T9) (1997.00 ± 38.74). However, non significant differences were observed 

between T2 (2672.00 ± 62.02) and T7 (2645 ± 54.90). 

Leaf area index (F = 7.386; df = 8; p < 0.001), in respect of this parameter 

application of vermicompost + Azospirillum (T6) exhibited better results (1.54 ± 0.02) 

which was at par with T5 (1.51 ± 0.01) and T8 (1.50 ± 0.01) whereas it was significantly 

less in Control (T9) (1.31 ± 0.06). 

Moisture content of leaf (F = 3.073; df = 8; p = 0.023), is depicted in fig 2. In 

respect of this parameter application of vermicompost + Azospirillum (T6) exhibited 

better results (72.02 ± 1.05) which was at par with T5 (69.80 ± 1.16) whereas it was 

significantly less in Control (T9) (61.82 ± 1.17) which was at par with T4 (66.71 ± 2.58) 

and T3 (66.36 ± 2.03). However, non significant differences were observed between T8 

(68.36 ± 0.93), T2 (67.57 ± 0.28), T7 (67.40 ± 1.46) and T1 (67.00 ± 1.75). 
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Table 1: Effect of organic manures alone and in combination with Azospirillum on growth parameters of mulberry (var. 

 China white) 

Treatments Plant girth 

(cm) 

Plant height 

(cm) 

Number of 

shoots per 

plant 

Shoot height 

(cm) 

Longest shoot 

(cm) 

Internodal 

length 

(cm) 

T1: FYM @ 4kg /plant 6.10 ± 0.06 bc 258.00 ± 8.89 ab 12.67 ± 1.20 121.93 ± 10.53 ab 141.17 ± 7.30 ab 5.27 ± 0.19 

T2: Vermicompost @ 4kg /plant 6.40 ± 0.01 c 265.17 ± 4.57 ab 14.33 ± 1.20 132.93 ± 3.84 ab 149.43 ± 6.50 ab 5.20 ± 0.21 

T3: Silkworm rearing waste @ 3kg /plant 5.06 ± 0.07 a 251.33 ± 5.93 ab 12.00 ± 0.58 116.57 ± 8.71 ab 124.10 ± 14.34 ab 5.40 ± 0.06 

T4: Neem cake @ 2.5kg /plant 5.80 ± 0.10 b 253.83 ±10.46 ab 12.00 ± 0.58 117.00 ± 13.82 ab 139.60 ± 7.66 ab 5.37 ± 0.15 

T5: FYM @ 4kg /plant + Azospirillum (4.0g /plant) 7.20 ± 0.06 de 279.33 ±5.53 b 15.00 ± 1.00 143.90 ± 7.43 b 157.37 ± 4.64 b 5.07 ± 0.09 

T6: Vermicompost @ 4kg /plant + Azospirillum 

(4.0g /plant) 

7.50 ± 0.13 e 284.67 ± 7.36 b 15.33 ± 1.20 146.63 ± 8.03 b 158.27 ± 6.71 b 5.00 ± 0.40 

T7: Silkworm rearing waste @ 3kg /plant + 

Azospirillum (4.0g /plant) 

6.30 ± 0.05 c 264.17 ±7.97 ab 13.67 ± 1.45 127.60 ± 6.34 ab 142.57 ± 4.58 ab 5.23 ± 0.18 

T8: Neem cake @ 2.5kg /plant + Azospirillum (4.0g 

/plant) 

6.90 ± 0.01 d 275.50 ±10.15 b 14.67 ± 1.86 135.23 ± 8.77 ab 155.93 ± 10.40 b 5.17 ± 0.23 

T9: Control (No manure/fertilizer application) 5.10 ± 0.06 a 227.50 ±7.50 a 11.00 ± 1.15 90.50 ± 11.02 a 114.67 ± 5.83 a 5.43 ± 0.18 

Values are Means ± SE 

Means within a column followed by different letters are significantly different at P<0.05 
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Table 2: Effect of organic manures alone and in combination with Azospirillum on yield parameters of mulberry (var. China 

 white) 

Treatments Number of leaves 

per plant 

Fresh leaf  yield 

(g/plant) 

Leaf area 

index (LAI) 

Moisture 

content (%) 

Moisture 

retention (%) 

after 6 hours 

T1: FYM @ 4kg /plant 992.67 ± 1.35 ab 2585.00 ± 50.93 bc 1.47 ± 0.02 67.00 ± 1.75 ab 68.76 ± 0.01 d 

T2: Vermicompost @ 4kg /plant 1056.67 ± 91.60 ab 2672.00 ± 62.02 c 1.49 ± 0.01 67.57 ± 0.28 ab 69.41 ± 0.01 f 

T3: Silkworm rearing waste @ 3kg /plant 864.33 ± 73.27 ab 2317.00 ± 47.13 b 1.44 ± 0.01 66.36 ± 2.03 a 68.06 ± 0.01 b 

T4: Neem cake @ 2.5kg /plant 988.00 ± 75.62 ab 2571.00 ± 57.12 bc 1.46 ± 0.01 66.71 ± 2.58 a 68.45 ± 0.01 c 

T5: FYM @ 4kg /plant + Azospirillum (4.0g 

/plant) 

1164.67 ± 102.53 ab 2991.00 ± 67.10 d 1.51 ± 0.01 69.80 ± 1.16 b 72.17 ± 0.02 h 

T6: Vermicompost @ 4kg /plant + Azospirillum 

(4.0g /plant) 

1203.33 ± 60.92 b 3013.00 ± 71.00  d 1.54 ± 0.02 72.02 ± 1.05 b 74.43 ± 0.01 i 

T7: Silkworm rearing waste @ 3kg /plant + 

Azospirillum (4.0g /plant) 

1050.67 ± 96.72 ab 2645.00 ± 54.90  c 1.48 ± 0.01 67.40 ± 1.46 ab 69.19 ± 0.01 e 

T8: Neem cake @ 2.5kg /plant + Azospirillum 

(4.0g /plant) 

1108.33 ± 62.69 ab 2842.00 ± 50.06  cd 1.50 ± 0.01 68.36 ± 0.93 ab 70.30 ± 0.01 g 

T9: Control (No manure/fertilizer application) 742.00 ± 40.22 a 1997.00 ± 38.74 a 1.31 ± 0.06 61.82 ± 1.17 a 63.42 ± 0.02 a 

Values are Means ± SE 

Means within a column followed by different letters are significantly different at P<0.05 

 

 



 

Fig. 1: Meterological data during crop period 
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Moisture retention of leaf after 6 hours (F = 70063.530; df = 8; p < 0.001) fig 2. 

In respect of this parameter application of vermicompost + Azospirillum (T6) exhibited 

better results (74.43 ± 0.01) followed by T5 (72.17 ± 0.02) and T8 (70.30 ± 0.01) 

respectively over other treatments whereas it was significantly less in Control (T9) (63.42 

± 0.02). 

 4.2  Effect of different organic manures alone and in combination with 

Azospirillum on rearing performance of silkworm 

4.2.1  Larval growth parameters  

At larval stages, the observations were recorded on the duration of larval instars, 

moulting and total larval duration (D:H)  

The data presented in Table 3 reveals that I instar larval duration was 4:00±0.00 

(D:H). However, II instar larval duration was 3:00±0.00 (D:H) and there is no significant 

difference was found between the treatments in I and  II instar duration. 

III instar larval duration (D:H) (F = 19.551; df = 8; p < 0.001), in respect of this 

parameter application of vermicompost + Azospirillum (T6) resulted in significantly 

shorter larval duration (4:01 ± 0.01) followed by T5 (4:03 ± 0.01), T8 (4:03 ± 0.01) and T2 

(4:04 ± 0.01) while significantly higher larval duration was registered in Control (T9) 

(4:12 ± 0.01). However, non significant differences were observed between T1 (4:06 ± 

0.01) and T4 (4:07 ± 0.01). 

IV instar duration (D:H) (F = 36.705; df = 8; P < 0.001), in respect of this 

parameter application of vermicompost + Azospirillum (T6) resulted in significantly 

shorter larval duration (5:01 ± 0.00) followed by T5 (5:03 ± 0.01) and T8 (5:04 ± 0.00) 

respectively over other treatments while significantly higher larval duration was 

registered in control (T9) (5:13 ± 0.01). However, non significant differences were 

observed between T2 (5:05 ± 0.01) and T7 (5:06 ± 0.01). 
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Table 3: Effect of organic manures alone and in combination with Azospirillum on total larval duration (D:H)  

Treatments I age 

larval 

duration 

(D:H) 

I 

moult 

II age 

larval 

duration 

(D:H) 

II 

moult 

III age larval 

duration 

(D:H) 

III 

moult 

IV age larval 

duration 

(D:H) 

IV 

moult 

V age larval 

duration 

(D:H) 

Total larval 

duration 

(D:H) 

T1: FYM @ 4kg /plant 4:00 ±0.00 0.24 3:00±0.00 0.23 4:06±0.01 bc 0.24 5:07±0.01 cde 0.27 7:11±0.01 de 28:02±0.01 e 

T2: Vermicompost @ 4kg /plant 4:00±0.00 0.24 3:00±0.00 0.23 4:04±0.01 ab 0.24 5:05±0.01 bcd 0.26 7:08±0.01 bc 27:16±0.01 c 

T3: Silkworm rearing waste @ 

3kg /plant 

4:00±0.00 0.24 3:00±0.00 0.23 4:09±0.01 cd 0.24 5:10±0.01 ef 0.28 7:14±0.01 e 28:12±0.01 g 

T4: Neem cake @ 2.5kg /plant 4:00±0.00 0.24 3:00±0.00 0.23 4:07±0.01 bc 0.24 5:08±0.01 de 0.27 7:13±0.01 e 28:06±0.01 f 

T5: FYM @ 4kg /plant +  

Azospirillum (4.0g /plant) 

4:00±0.00 0.24 3:00±0.00 0.23 4:03±0.01 ab 0.24 5:03±0.01 ab 0.26 7:02±0.01 a 27:09±0.01 b 

T6: Vermicompost @ 4kg /plant 

+ Azospirillum (4.0g /plant) 

4:00±0.00 0.24 3:00±0.00 0.23 4:01±0.01 a 0.24 5:01±0.00 a 0.25 7:00±0.00 a 27:02±0.01 a 

T7: Silkworm rearing waste @ 

3kg /plant + Azospirillum (4.0g 

/plant) 

4:00±0.00 0.24 3:00±0.00 0.23 4:05±0.01 abc 0.24 5:06±0.01 bcd 0.27 7:08±0.01 cd 27:20±0.01 d 

T8: Neem cake @ 2.5kg /plant + 

Azospirillum (4.0g /plant) 

4:00±0.00 0.24 3:00±0.00 0.23 4:03±0.01 ab 0.24 5:04±0.00 abc 0.26 7:03±0.01 ab 27:11±0.01 b 

T9: Control (No 

manure/fertilizer application) 

4:00±0.00 0.24 3:00±0.00 0.24 4:12±0.01 d 0.24 5:13±0.01 f 0.30 7:19±0.01 f 29:02±0.01 h 

Values are Means ± SE 

Means within a column followed by different letters are significantly different at P<0.01 
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V instar duration (D:H) (F = 83.585; df = 8; P < 0.001) in respect of this 

parameter application of vermicompost + Azospirillum (T6) resulted in significantly 

shorter larval duration (7:00 ± 0.00) which was found statistically at par with T5 (7:02 ± 

0.01) followed by  T8 (7:03 ± 0.01) while significantly higher larval duration was 

recorded in Control (T9) (7:19 ± 0.01). However, non significant differences were 

observed between T3 (7:14 ± 0.01) and T4 (7:13 ± 0.01). 

Total larval duration (D:H) (F = 1183.000; df = 8; P < 0.001), in respect of this 

parameter application of vermicompost + Azospirillum (T6) resulted in significantly 

shorter larval duration (27:02 ± 0.01) followed by T5 (27:09 ± 0.01) which was found 

statistically at par with T8 (27:11 ± 0.01).While significantly higher total larval duration 

was observed in Control (T9) (29:02± 0.01). 

The data presented in the Table 4 revealed that when worms were fed with 

mulberry grown through application of different organic manures alone and in 

combination with biofertilizer (Azospirillum), resulted in significantly higher weight of 

10 mature larvae (F = 16.463; df = 8; P < 0.001) maximum being with the application of 

vermicompost + Azospirillum (T6) (46.69 ± 0.66) followed by T5 (44.22 ± 0.90) which 

was found statistically at par with T8 (44.03 ± 0.56) and T2 (43.13 ± 0.49) whereas, 

significantly lower results were observed in control (T9) (37.66 ± 0.33). However, non 

significant differences were observed between T7 (42.66 ± 0.33), T1 (42.32 ± 0.72), T4 

(42.00 ± 0.58) and T3 (41.98 ± 0.58). 

With respect to, larval survival per cent (F = 14.615; df = 8; P < 0.001), 

application of vermicompost + Azospirillum (T6) resulted in significantly higher larval 

survival per cent (97.05 ± 0.58) followed by T5 (96.27 ± 0.67) which was found 

statistically at par with T8 (95.74 ± 0.43), T2 (94.97 ± 1.06), T7 (94.23 ± 0.52) and  T1 

(93.77 ± 0.95) Whereas significantly lower larval survival per cent was registered in 

control (T9) (88.04 ± 0.58). However, non significant differences were observed between 

T4 (92.17 ± 0.89) and T3 (91.87 ± 0.58). 
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Table 4: Effect of different organic manures alone and in combination with Azospirillum on larval traits.  

Treatments Weight of 10 mature larvae 

(g) 

Larval Survival 

per cent 

T1: FYM @ 4kg /plant 42.32 ± 0.72 b 93.77 ± 0.95 bc 

T2: Vermicompost @ 4kg /plant 43.13 ± 0.49 bc 94.97 ± 1.06 bc 

T3: Silkworm rearing waste @ 3kg /plant 41.98 ± 0.58 b 91.87 ± 0.58 ab 

T4: Neem cake @ 2.5kg /plant 42.00 ± 0.58 b 92.17 ± 0.89 ab 

T5: FYM @ 4kg /plant + Azospirillum @ 4.0g /plant 44.22 ± 0.90 bc 96.27 ± 0.67 bc 

T6: Vermicompost @ 4kg /plant + Azospirillum (4.0g /plant) 46.69 ± 0.66 c 97.05 ± 0.58 c 

T7: Silkworm rearing waste @ 3kg /plant + Azospirillum (4.0g 

/plant) 

42.66 ± 0.33 b 94.23 ± 0.52 bc 

T8: Neem cake @ 2.5kg /plant + Azospirillum (4.0g /plant) 44.03 ± 0.56 bc 95.74 ± 0.43 bc 

T9: Control (No manure/fertilizer application) 37.66 ± 0.33 a 88.04 ± 0.58 a 

Values are Means ± SE 

Means within a column followed by different letters are significantly different at P<0.01 
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Table 5:  Effect of different organic manures alone and in combination with Azospirillum on cocoon traits  

Treatments Cocoon yield /10000 larvae Single 

Cocoon 

Weight 

(g) 

Single Shell 

Weight 

(g) 

Shell ratio 

% By wt. By No. 

T1: FYM @ 4kg /plant 13.22 ± 0.02 c 8483 ± 4.04 d 1.97 ± 0.01 bc 0.40 ± 0.01 bcd 20.31 ± 0.33 bc 

T2: Vermicompost @ 4kg /plant 13.88 ± 0.02 e 8649 ± 2.31 f 2.00 ± 0.01 cd 0.43 ± 0.01 cdef 21.38 ± 0.55 bc 

T3: Silkworm rearing waste @ 3kg /plant 13.01 ± 0.01 b 8219 ± 1.73 b 1.93 ± 0.01 b 0.37 ± 0.01 b 19.57 ± 0.72 ab 

T4: Neem cake @ 2.5kg /plant 13.09 ± 0.01 b 8376 ± 2.89 c 1.96 ± 0.01 bc 0.39 ± 0.01 bc 20.07 ± 0.80 abc 

T5: FYM @ 4kg /plant + Azospirillum (4.0g 

/plant) 

14.08 ± 0.02 f 8872.7 ± 4.1 h 2.03 ± 0.01 de 0.46 ± 0.01 ef 22.66 ± 0.26 c 

T6: Vermicompost @ 4kg /plant + 

Azospirillum (4.0g /plant) 

14.26 ± 0.01 g 8987 ± 5.51 i 2.06 ± 0.01 e 0.48 ± 0.00 f 23.10 ± 0.17 c 

T7: Silkworm rearing waste @ 3kg /plant + 

Azospirillum (4.0g /plant) 

13.41 ± 0.01 d 8592 ± 1.73 e 1.99 ± 0.01 cd 0.42 ± 0.01 bcde 20.98 ± 0.53 bc 

T8: Neem cake @ 2.5kg /plant + Azospirillum 

(4.0g /plant) 

14.01 ± 0.01 f 8763 ± 2.52 g 2.02 ± 0.01 de 0.45 ± 0.01 def 22.24 ± 0.57 bc 

T9: Control (No manure/fertilizer application) 12.03 ± 0.01 a 7847 ± 2.89 a 1.80 ± 0.01 a 0.31 ± 0.00 a 17.00 ± 0.13 a 

Values are Means ± SE 

Means within a column followed by different letters are significantly different at P<0.01
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4.2.2  Cocoon parameters 

The following observation on cocoon parameters were recorded when silkworm 

hybrid, (FC1×FC2) was fed with mulberry grown by the application of different organic 

manures alone and in combination with Azospirillum. 

The data regarding cocoon parameters presented in Table 5 revealed that cocoon 

yield by weight in kg (F = 2368.000; df = 8; P < 0.001) through  application of 

vermicompost + Azospirillum (T6) exhibited better results (14.26 ± 0.01)  followed by T5 

(14.08 ± 0.02) which was found statistically at par with T8 (14.01 ± 0.01). While 

significantly lower cocoon yield by weight was registered in control (T9) (12.03 ± 0.01). 

However, non significant differences were observed between T3 (13.01 ± 0.01) and T4 

(13.09 ± 0.01). 

Cocoon yield by number (F = 1136.000; df = 8; P < 0.001), in rex spect of this 

parameter application of vermicompost + Azospirillum (T6) exhibited better results (8987 

± 5.51) followed by T5 (8872 ± 4.1) and T8 (8763 ± 2.52). While significantly lower 

cocoon yield by number was registered in control (T9) (7847 ± 2.89).  

Single cocoon weight (F = 74.302; df = 8; P < 0.001), in respect of this parameter  

application of vermicompost + Azospirillum (T6) exhibited better results (2.06 ± 0.01) 

followed by T5 (2.03 ± 0.01) which was found statistically at par with T8 (2.02 ± 0.01). 

While significantly lowest single cocoon weight was registered in control (T9) (1.80 ± 

0.01). However, non significant differences were observed between T1 (1.97 ± 0.01) and 

T4 (1.96 ± 0.01). 

Single shell weight (F = 38.893; df = 8; P < 0.001), in respect of this parameter 

application of vermicompost + Azospirillum (T6) exhibited better results (0.48 ± 0.00) 

followed by T5 (0.46 ± 0.01) and T8 (0.45 ± 0.01) respectively over other treatments. 

While, significantly lower single shell weight was observed in control (T9) (0.31 ± 0.00).  

Shell ratio (F = 13.634; df = 8; P < 0.001) in respect of this parameter application 

of vermicompost + Azospirillum (T6) exhibited better results (23.10 ± 0.17) which was at 

par with T5 (22.66 ± 0.26) whereas it was significantly less in control (T9) (17.00 ± 0.13). 

However, non significant differences were observed between T8 (22.24 ± 0.57), T2 (21.38 

± 0.55), T7 (20.98 ± 0.53) and T1 (20.31 ± 0.33).  
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Table 6: Effect of different organic manures alone and in combination with Azospirillum on post cocoon traits   

Treatments Total filament length 

(m) 

Non breakable 

filament length 

(m) 

Filament size 

(d) 

T1: FYM @ 4kg /plant 1141.00 ± 3.21 c 1019.00 ± 2.08 c 2.86 ± 0.01 def 

T2: Vermicompost @ 4kg /plant 1165.00 ± 3.46 c 1058.00 ± 3.21 d 2.81 ± 0.01 cd 

T3: Silkworm rearing waste @ 3kg /plant 1018.00 ± 2.65 b 971.00 ± 1.73 b 2.90 ± 0.02 f 

T4: Neem cake @ 2.5kg /plant 1049.00 ± 7.55 b 1012.00 ± 3.61 c 2.89 ± 0.01 ef 

T5: FYM @ 4kg /plant +  Azospirillum (4.0g /plant) 1269.00 ± 8.19 e 1165.00 ± 3.61 f 2.73 ± 0.01 b 

T6: Vermicompost @ 4kg /plant + Azospirillum (4.0g 

/plant) 

1308.00 ± 9.07 e 1308.00 ± 4.73 g 2.50 ± 0.02 a 

T7: Silkworm rearing waste @ 3kg /plant + Azospirillum 

(4.0g /plant) 

1163.00 ± 4.73 c 1049.00 ± 2.89 d 2.83 ± 0.01 cde 

T8: Neem cake  @ 2.5kg /plant + Azospirillum (4.0 g 

/plant) 

1215.00 ± 10.07 d 1141.00 ± 5.13 e 2.79 ± 0.01 bc 

T9: Control (No manure/fertilizer application) 968.00 ± 5.03 a 806.00 ± 3.79 a 2.93 ±  0.01 f 

Values are Means ± SE 
Means within a column followed by different letters are significantly different at P<0.01
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4.2.3  Post Cocoon parameters 

Following observation were recorded for different parameters of post cocoon 

characters. 

The data presented in the table 6 revealed that worms were fed with  mulberry 

grown by the application of different organic manures alone and in combination with 

Azospirillum, exhibited significant results in respect of total filament length (m) (F = 

304.891; df = 8; p < 0.001) with  maximum being with the application of vermicompost + 

Azospirillum (T6) (1308.00 ± 9.07) which was at par with T5 (1269.00 ± 8.19) whereas it 

was significantly less in Control (T9) (968.00 ± 5.03). However, non significant 

differences were observed between T2 (1165.00 ± 3.46), T7 (1163.00 ± 4.73) and T1 

(1141.00 ± 3.21). 

Non-breakable filament length (m) (F = 1522.000; df = 8; p < 0.001), in respect of 

this parameter application of vermicompost + Azospirillum (T6) exhibited better results 

(1308.000 ± 4.73) followed by T5 (1165.00 ± 3.61) and T8 (1141.00 ± 5.13) respectively 

over other treatments. Whereas, significantly lower results was recorded in control (T9) 

(806.00 ± 3.79). However, non significant differences were observed between T2 

(1058.00 ± 3.21) and T7 (1049.00 ± 2.89). 

Filament size (d) (F = 133.762; df = 8; p < 0.001), in respect of this parameter 

application of vermicompost + Azospirillum (T6) resulted in significantly finer denier 

(2.50 ± 0.02) followed by T5 (2.73 ± 0.01) and T8 (2.79 ± 0.01) respectively over other 

treatments. However, coarser denier was observed in control (T9) (2.93 ± 0.01). 
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CHAPTER-V 

DISCUSSION 

 

The success of silkworm rearing largely depends on the availability of quality 

mulberry leaves which in turn improves the growth, development, health, feed 

consumption by silkworms resulting in better silk production (Sori and Bhaskar, 2012). 

As feeding of quality mulberry leaves is the most important pre-requisite for producing 

quality silk hence the mulberry cultivation with nutrient management is also important 

(Singh et al., 2012). Keeping in view the importance of organic manures and its impact 

on mulberry growth and yield parameters, growth and its metric traits of silkworm, the 

present study was carried out.  

5.1  Impact of organic manures alone and in combination with Azospirillum on 

mulberry growth and yield parameters 

  The results obtained during the current investigation revealed significant increase 

in mulberry growth and yield parameters viz.,plant girth (7.50±0.13) (cm), plant height 

(284.67±7.36) (cm), number of shoots per plant (15.33±1.20), shoot length (146.63±8.03) 

(cm), longest shoot (158.27±6.71) (cm), internodal distance (5.00±0.40) (cm), number of 

leaves per plant (1203.33±60.92), fresh leaf yield (3013.00±71.00) (g/plant), leaf area 

index (1.54±0.02) and moisture content (72.02±1.05) % and moisture retention per cent 

after 6 hours (74.43 ± 0.01) through the combined application of vermicompost @ 

4kg/plant + Azospirillum (4.0g /plant) (T6). This is due to the fact that combined 

application of organic manures and biofertilizers not only helps in sustaining the soil 

fertility but also improve the mulberry productivity, nutrient use efficiency, biodiversity 

and soil environment (Senapati et al., 2005 and Moradi et al., 2014). These results are in 

close conformity with the results obtained by Naika et al. (2012); Singh et al. (2012); 

Dhanalakshmi et al. (2014); Moradi et al. (2014); Umesha and Sannappa (2014); 

Sudhakara et al. (2017) in which they used vermicompost with 50 per cent of NPK and 

Azospirillum with 25 per cent of compost, green manure, castor oil cake and 

vermicompost. But there is slight variation in the results as obtained by Suvarna (2007), 

revealed that highest number of leaves per plant in case of Azospirillum application and 
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lowest in case of neem cake and vermicompost application in brinjal crop. The difference 

between the results can be attributed to the selection of different crops and dosage of 

manures applied under different agro-climatic conditions. 

The results of Baqual and Das (2006) in improving mulberry leaf quality and 

quantity by application of Azospirillum confirms the present findings and economic 

potentiality of using Azospirillum in combination with FYM in mulberry cultivation. 

Jayathilake et al. (2006) reported similar results in which Azospirillum in combination 

with FYM and Azotobacter in combination with FYM and chemical fertilizer was used 

and recorded 14.79 and 13.36 per cent more yield than control respectively and revealed 

its beneficial effect as earlier described by Shinde et al. (1992); Naika et al. (2012); 

Umesha and Sannappa (2014) and Mallappa et al. (2016). 

 Neem cake @ 2.5kg /plant + Azospirillum (4.0g /plant) (T8) showed results at par 

with T5 i.e.  FYM @ 4kg /plant + Azospirillum (4.0g /plant) and vermicompost @ 4kg 

/plant + Azospirillum (4.0g /plant) (T6) for various parameters except number of leaves 

per plant which were more in FYM @ 4kg /plant + Azospirillum (4.0g /plant) (T5) and 

vermicompost (4.0g /plant) + Azospirillum (4.0g /plant) (T6) (1164.67±102.53 and 

1203.33±60.92) as compared to neem cake @ 2.5kg /plant + Azospirillum (4.0g /plant) 

(T8) (1108.33 ± 62.69), thereby showing negative effect of neem cake on number of 

leaves per plant. The negative impact of neem cake on leaf yield was supported by the 

results achieved by Suvarna (2007) and Rizvi et al. (2015) who suggested the application 

of neem cake for improving soil health and reduction in nematode population causing 

root-knot disease. 

Application of vermicompost alone @ 4kg/plant (T2),  showed positive impact for 

all the studied parameters of mulberry except for less number of leaves per plant 

(1056.67 ± 91.60) in comparison to FYM @ 4kg/plant + Azospirillum (4.0g /plant) (T5), 

vermicompost @ 4kg/plant + Azospirillum (4.0g /plant) (T6) and neem cake @ 

2.5kg/plant + Azospirillum (T8) (1164.67±102.53, 1203.33±60.92 and 1108.33 ± 62.69, 

respectively). However, all other parameters showed values at par to other treatments. 

These findings suggest the economic viability of vermicompost and recommend its use in 

mulberry cultivation as it possesses significant positive impact on growth and yield 
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parameters of mulberry. These findings showed close conformity with the results 

obtained by Dhanalakshmi et al. (2014 ); Suvarna (2007); Singh et al.(2012); Moradi et 

al. (2014) and Umesha and Sannappa (2014) who recommended the use of vermicompost 

for better yield.  

The application of silkworm rearing waste @ 3kg/plant + Azospirillum (4.0g 

/plant) (T7) showed lesser values for all the studied parameters of mulberry in comparison 

to vermicopost @ 4kg/plant (T2), FYM @ 4kg/plant  + Azospirillum (4.0g /plant) (T5), 

vermicompost @ 4kg/plant + Azospirillum (4.0g /plant) (T6) and neem cake @ 

2.5kg/plant + Azospirillum (4.0g /plant) (T8). The findings of Chakraborty and Kundu 

(2015), who obtained similar results with application of silkworm rearing waste with 

Azotobacter support these observations.  

Organic manures viz., FYM @ 4.0kg/plant (T1), neem cake @ 2.5 kg/plant (T4) 

and silkworm rearing waste @ 3kg/plant (T3) respectively, also showed positive effect on 

various growth and yield parameters of mulberry in decreasing order of its impact, with 

slight variation to other treatments which showed higher values for different parameters 

and in comparison to control (T9) in which no additional inputs were given thus 

significant difference in values was recorded. The  results of Chowdhury et al. (2009); 

Kalaiyarasan et al. (2015); Ahmed et al. (2017); Mallappa et al. (2016); Shyla et 

al.(2016); Ram et al. (2017); Sudhakara et al. (2017); Ram et al. (2018); Shashidhar et 

al.(2018); Sudhakara et al. (2018) and Thangamalar et al.(2018), supported the current 

findings and suggested the use of organic based nutrients including FYM, neem cake, 

silkworm rearing waste and manures for improving the soil health and attaining better 

quality and quantity of mulberry leaf as well as silk. 

5.2  Impact of organic manures alone and in combination with Azospirillum on 

cocoon traits of silkworm  

The importance of mulberry in sericulture industry can be realized from the fact 

that mulberry leaves form the only food material required by silkworm Bombyx mori L. 

(Chanotra et al., 2019). Production of high quality silk therefore demands the overall 
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improvement of the host plant manifested in terms of qualitative and quantative leaf 

production.   

Silkworm larvae fed with mulberry leaves raised with the application of                

vermicompost @ 4 kg/plant + Azospirillum (4.0g /plant) (T6) showed higher values for 

cocoon yield per 10000 larvae by number and by weight (8987±5.51 and 14.26±0.01 kg 

respectively), single cocoon weight (2.06±0.01) (g), single shell weight (0.48±0.00) (g) 

and shell ratio per centage (23.10±0.17). Significant increase was also observed for the 

same treatments in case of post cocoon metric traits including total filament length 

(1308.00±9.07) (m), non-breakable filament length (1308.00±4.73) (m) and filament size 

(2.50 ± 0.02) (d). These results are in confirmation with the findings of Naika et al. 

(2011) and Venugopal et al. (2010) who recommended the application of vermicompost 

for better growth and yield in mulberry as well as in silkworm. Mahmood et al. (2002) 

reported the similar results when silkworm larvae were fed with mulberry leaves 

supplemented with FYM and different doses of NPK and Sori and Bhaskar (2012), 

reported increase in post cocoon characters by feeding the larvae on mulberry leaves 

grown in FYM treatment soil, suggesting the application of FYM in mulberry cultivation 

for obtaining higher yield and better post cocoon traits. 

 Application of FYM @ 4 kg/plant + Azospirillum (T5) and neem cake @ 2.5kg/plant 

+ Azospirillum (T8) resulted in significant increase in cocoon yield per 10000 larvae by 

number and by weight (8763±2.52 and 14.01±0.01kg respectively), single cocoon weight 

(2.02 ± 0.01) (g), single shell weight (0.45±0.01) (g) and shell ratio percentage 

(22.24±0.57) and in case of post cocoon parameters, total filament length 

(1215.00±10.07) (m), non breakable filament length (1141.00±5.13) (m)  and filament 

size (2.89±0.01) (d). Results of the present study are supported by the findings of Rizvi et 

al. (2015), who also suggested the application of neem cake improving soil health.  

Moreover, application of vermicompost @ 4 kg/plant (T2) and silkworm rearing 

waste @ 3 kg/plant + Azospirilum (4.0g /plant)  (T7) respectively revealed positive impact 

on all the traits under study and in both the cases the impact of treatments remained at 

par. Earlier similar results have been reported by Umesha and Sannappa (2014) and 
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Ahmed et al. (2017), who revealed the positive impact of silkworm rearing waste on 

mulberry leaves and other important cocoon characters.   

 Significant positive impact was recorded for various parameters in silkworm 

larvae and post cocoon parameters with respect to mulberry leaves treated with T1, T4, 

and T3 comprising of FYM @ 4.0kg/plant, Neem cake @ 2.5 kg/plant and silkworm 

rearing waste @ 3kg/plant respectively. Values for all the studied characteristics showed 

results at par  for T1, T4, and T3 except in case of cocoon yield per 10000 larvae by 

number which was recorded to be higher in T1 (8483±4.04) as compared to T4, and T3 

(8376±2.89 and 8219±1.73 respectively), along with single shell weight (g) which was 

also recorded to be higher in T1 (0.40±0.01) as compared to T4, and T3 (0.39±0.01 and 

0.37±0.01 respectively) and non breakable filament length (m) which was recorded to be 

lowest in Sericulture rearing waste (T3) (971.00 ±1.73) and found to be higher in  

compared to FYM @ 4.0kg/plant (T1) and Neem cake @ 2.5 kg/plant (T4 ) (1019.00±2.08  

and 1012.00±3.61 respectively). Similar results for post cocoon characters were earlier 

reported by Chakraborty and Kundu (2015) and Ram et al. (2017 a), who indicated the 

positive impact of FYM and silkworm rearing waste on quality and quantity of mulberry 

leaf and ultimately on commercial metric traits of silkworm also.  

Application of integrated organic manures including Azospirillum, FYM, 

silkworm rearing waste, vermicompost and neem cake to mulberry and in turn feeding 

the leaves to bivoltine silkworm breeds resulted in improved rearing and post cocoon 

parameters of silkworms. Silkworm larvae fed with mulberry leaves grown with different 

treatments of organic based nutrients showed positive and significant increase in various 

stages of larval growth and in yield as well as in other post cocoon traits in comparison to 

control (T9), in which no supplement application was given. The current investigation 

suggested the application of organic based nutrients mainly the vermicompost + 

Azospirillum (T6) for obtaining better rearing and yield performance. These observations 

obtained from the current study are in confirmation with that of Jagadeesh et al. (2005) 

and Sudhakara et al. (2017).  
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CHAPTER-VI 

SUMMARY AND CONCLUSION 

The present investigation entitled, “Organic based nutrient management in mulberry 

and its impact on silkworm” was carried out at Division of Sericulture, Sher-e-Kashmir 

University of Agricultural Sciences & Technology of Jammu, Chatha in order to know the 

impact of various organic based manures alone and in combination with Azospirillum on 

growth and yield of mulberry and performance of silkworm hybrid (FC1×FC2). The study 

revealed that application of FYM, vermicompost, silkworm rearing waste, neem cake alone 

and in combination with Azospirillum showed the positive impact on soil health in terms of 

activity of microbial population which was reflected in the improvement of growth and yield 

of mulberry leaves and in turn exhibiting significant impact on growth and larval characters 

as well as on other cocoon traits of silkworm.  

 The results obtained during the current investigation revealed significant increase in 

mulberry growth parameters with organic manures alone and in combination with bio-

fertilizer with respect to plant girth, plant height, number of shoots per plant, shoot length, 

longest shoot, inter-nodal distance, number of leaves per plant, leaf area, leaf area index, 

moisture content and moisture retention after 6 hours. 

 The observations recorded on larval traits revealed that silkworm hybrid (FC1×FC2) 

fed with mulberry leaves grown with the application of vermicompost @ 4kg/plant + 

Azospirillum (4.0g/plant) showed maximum V instar 10 larval weight  (46.69±0.66), larval 

survival per cent (97.05±0.58) and  total larval duration (27.02±0.01) followed by 

application of FYM + Azospirillum (T5) with respect to V instar 10 mature larval weight 

(44.22 ± 0.90), larval survival per cent (96.27±0.67) and  total larval duration (27.09±0.01) 

respectively. Minimum values were recorded in case of T9 i.e. control (No manure/fertilizer 

application) with respect to V instar larval weight (47.66±0.33), larval survival per cent 

(88.04±0.58) and total larval duration (29.02 ± 0.01). 

The combined application of vermicompost @ 4kg/plant + Azospirillum (4.0g/plant) 

revealed  positive impact on various metric traits and post cocoon parameters and maximum 
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values were recorded with respect to ERR (By wt. 14.26±0.01 kg; By No.8987±5.51), single 

cocoon weight (2.06±0.01g), single shell weight (0.48±0.00g), shell ratio per cent (23.10± 

0.17), total filament length (1308.00±9.07m), non breakable filament length (1308.00± 

4.73m), filament size (2.50±0.02d)  followed by T5  i.e., FYM + Azospirillum (2.73±0.01)  

with respect to ERR (By wt.14.08±0.02 ; By No. 8872.7±4.1), single cocoon weight (2.03± 

0.01g), single shell weight (0.46±0.01g), shell ratio (22.66±0.26), total filament length 

(1269.00±8.19m), non breakable filament length (1165.00±3.61m), filament size (2.73± 

0.01d) respectively.  

On the basis of current findings, it may been concluded that, the application of 

vermicompost @ 4kg /plant + Azospirillum (4.0g/plant) after pruning would be an advisable 

treatment so as to produce good quality mulberry leaves which in turn may improve soil 

health and cocoon crop as well with improved metric traits. This could be due to 

considerable research evidence that earthworms stimulate the microbial decomposition of 

organic matter significantly, thereby releasing the nutrients in available form to mulberry 

tree which has a direct effect on quality of mulberry leaves, which might have enhanced 

palatability and acceptability of leaves, increased feeding efficiency of silkworms and 

thereby resulting in good cocoon yield. Whereas, other organic manures like FYM, silkworm 

rearing waste and neem cake may require some more time to breakdown into simpler 

molecules and to release nutrients to the soil and making them available to mulberry tree for 

its utilization. Thus, application of vermicompost + Azospirillum  (T6) could form a suitable 

organic manure and biofertilizer combination for mulberry cultivation from overall 

sericultural point of view.  
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