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                                                                ABSTRACT
             In the present study effects of different factors such as temperature, humidity, moisture content of substrate, larval density, salinity of substrate on duration of different life stages of Hermetia illucens have been analysed and their effects are also discussed. Hermetia illucens, commonly known as Black soldier fly can be considered as one of the important species in the field of bioconversion. As an efficient way of disposing waste and conversion into a protein rich and fat rich biomass this larva become suitable as feed for various livestock species particularly fish, poultry, pig, goat etc. The study was carried out from November 2022 to May 2023 in the  laboratory of Pandit Deendayal Upadhyaya Adarsha Mahavidyalaya, Dalgaon, Darrang. The study revealed some variation in the length of life-cycle of the larva which was found to be dependent on different seasonal and environmental factors as mentioned above. The main advantage of this fly culture is that the larva feeds on waste materials which are of plant and animal origin, food waste, slaughterhouse waste, sludge etc. The black soldier larva is rich in nutrients, averaging 42.1-43.2%crude protein, 33% protein and also micronutrients. Therefore it may better can be a alternative to commercially available feed for the livestock and also for recycling. This fly culture or the whole practice may will be evolved as an alternate pathway for the animal husbandry.
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                           INTRODUCTION
           One of the most innovative technologies for waste management is the bioconversion by use of insects (Cickova et al., 2015). Many insects naturally feed on organic wastes, converting it into their own biomass and thus reducing the amount of waste material. Hermetia illucens better known as black soldier fly is one of the most important species proposed as a converter of organic waste. Pre-pupal black soldier flies comprise of 42% protein and 35% fat, including essential amino and fatty acids. It is a large wasp like fly distributed throughout tropical and temperate regions. The present study explores its biology as it is not known so far.
Rearing  Hermetia illucens has been proposed Since the 1990s as an efficient way to dispose of organic wastes, by converting them into a protein  rich and fat rich biomass suitable for various purposes, including animal feeding for all livestock species, biodiesel and chitin production.
[bookmark: bb92][bookmark: bb84][bookmark: bb75][bookmark: bb69][bookmark: bb23][bookmark: bb32]           BSF larvae encourage a high rate of waste biomass conversion. For example, it has been reported that the initial capacity of kitchen and municipal waste has been reduced by 50%–80%, and the biomass yield of BSF is higher (approximately 15% as compared to the larval weight). The Larvae of BSF are also quite effective in handling wastes contaminated by heavy metals or pesticides. BSF larvae greedily prey on organic waste, like rotting plants or animal organs, animal or human manure, food waste, slaughterhouse waste, distiller grains, sludge, etc. (Singh and Kumari, 2019). According to reports, the phosphorus and nitrogen contents of waste are significantly reduced to 85% and 75%, respectively. Due to releasing carbon dioxide (CO2) into the atmosphere, this technology has some global warming potential. However, the former has been concealed due to its many advantages and ability to promote carbon sequestration. Compared to other traditional composting methods, the global warming potential of BSF technology is minimal (Salomone et al., 2017). Black soldier larvae have high proteins, lipids, polysaccharides, calcium, etc. (Popa and Green, 2012). In the larval stage, the black soldier fly can reduce fecal waste by 50% (Nguyen et al., 2015). BSF larvae, after waste treatment, are rich in nutrients, averaging 42.1–43.2% crude protein, 33% fat, and micronutrients. Therefore, they are promoted as a suitable substitute for fish or soybean meals in poultry, pig, and fish feed and provide income-generating opportunities (Chia et al., 2018b). Diptera can feed voraciously on various waste streams and convert organic composites into larval biomass, which can be used as animal feed. This capacity can be harnessed in the circular economy for recycling organic food waste and mitigating the adverse effects caused by its release into the environment (Dzepe et al., 2021).
The main objectives of present study are ------
1. To study effects of different physical and environmental factors on the life-cycle of Black Soldier fly. 
2. To record the time period for development of each stage to the next.
3. To measure average length, average weight and average width of egg, larva, pupa and adult stage.
MATERIALS AND METHODS: 
          The insect species i.e. Black soldier fly (Hermetia illucens) is a fly (Diptera) of the Stratiomyidae family. The study was conducted under laboratory condition in the departmental laboratory of Pandit Deendayal Upadhyaya Adarsha Mahavidyalaya, Dalgaon,Darrang,Assam from November,2022 up to May,2023. After laying by adult female, eggs were processed for hatching. Then mixture of organic waste and rice bane was supplied as food to the pre-larvae. After 4 to 5 days of pre-larvae, small amount of food (20% body weight of larvae) was supplied. The food was given once daily and the process continues. Then the larvae were left in the rearing cage. When the larvae attained the stage of 5th instar larva or pre-pupa then intake of food by the larvae become low. After attaining the pupa stage they completely stops intake of food. We left in this stage of pupa till adult emergence for mass culture. When fly emerges from pupa then we spraying water mixed with water inside the net. The adult fly died after laying eggs.
          The length, breath and weight of different developmental stages were measured by using measuring scale and electronic balance respectively. The color variation was also recorded through regular observation.
RESULT AND DISCUSSION:
           Present study reveals variation of two developmental stages of life cycle. One cycle covered a period of 68 days but another cycle covered 180 days. In the first cycle, duration of egg stage was recorded 4days.The larval stage covered a total of 21 days. Pre-pupa and Pupa stage covered a total of 16 days and 9 days respectively. Up to 68 days the cycle completed. Likewise, the maximum length attained during egg stage was 0.9±0.1mm, in larval stage was 15.9  0.97 mm , in pre-pupal stage found as 17.300.28mm,in pupal stage found as 18.0  0.16mm and in adult stage found as 17.030.17mm. The maximum weight gained during egg stage was 0.000027±0.9gm, in larval stage was 0.120.01gm,in pre-pupal stage found as 0.130.02gm ,in pupal stage found as 0.130.01gm and in adult stage found as 0.130.02gm.The measurements of breadth was also found varied from egg stage to adult stages. In egg stage the value of breadth was recorded  0.2 ±0.1mm.In larval stage the maximum value was recorded as3.07   0.05mm.In prepupa and pupal stage the maximum value of breadth recorded was 3.550.49mm and 4.500.28mm.The value of breadth was found upto adult stage was 4.80±  0.18mm. Table 1 shows duration, measurement of weight, length and breadth of different life stages of Black soldier larva.
Table:-1: Different stages of life cycle of Black Soldier Fly Larva (Fast growth)
	Stages
	Duration

	Length(mm)
(Mean ± SD)
	Breath(mm)
(Mean ± SD)
	Weight(gm)
(Mean ±SD)
	Color
	Characteristic behavior
(Movement)
	Temp(0C)

	Egg stage
	0 to 4days
	0.9± 0.1
	0.2 ±0.1
	0.000027±0.9
	beige

	No 

	29 1.14

	Larva stage
	1st instar 
	4 to 24 days
	8.4  0.71
	0.95 0.07
	0.04±0.02
	Beige
	Slow
	30.5 0.71

	
	2nd instar
	
	11.4  0.71
	1.65    0.49
	0.090.01
	Creamy white
	      Slow
	29 1.14

	
	3rd instar 
	
	13.35   0.92
	2.75   0.35
	0.100.01
	Creamy white
	Fast 
	27.5 0.71

	
	4th instar 
	
	15.9  0.97
	3.07   0.05
	0.120.01
	
	Fast
	29.50.71

	Pre pupa stage
	5th instar 
	25 to 40 days
	16.440.06
	3.550.49
	0.120.03
	Light Brown
	Fast
	28.50 ±2.12

	
	6th instar
	
	17.300.28
	4.500.28
	0.130.02
	Brown
	Fast
	25.50 ± 0.71

	Pupa stage

	44 to52 days
	18.0  0.16
	4.700.16
	0.130.01
	Black
	No 
	23.80 ± 1.92

	Adult stage

	56 to 68 days
	17.030.17
	4.80±  0.18
	0.130.02
	Black
	Flying mood
	23.75 ± 2.06



	Table:-2: Different stages of life cycle of Black Soldier Fly Larva (Slow growth)


	Stages
	Duration

	Length(mm)
(Mean ± SD)
	Breath(mm)
(Mean ± SD)
	Weight(gm)
(Mean ±SD)
	Color
	Characteristic behavior
	Temperature

	Egg stage
	0 to 4days
	0.9  0.1
	0.2  0.1
	27.06  1.0
	beige

	No movement

	28.00  1.43

	Larva stage

	1st instar
	4 to 120 days
	5.93  0.96
	1.15  0.46
	0.13  0.08
	Beige
	Slow movement
	29.00  1.63

	
	2nd instar
	
	9.20  1.15
	1.91  0.91
	0.46  1.16
	Light Brown

	Movement
	24.86 1.95

	
	3rd instar
	
	13.41 1.61
	2.56  0.22
	0.59 0.41
	Light Brown

	Movement
	24.00  1.51

	
	4th instar
	
	14.26 1.20
	3.06 1.16
	0.51  0.43
	Brown
	Fast Movement
	27.00  2.56

	Pre pupa stage
	5th instar 
	120 to 140 Days
	16.37  0.15
	3.67  0.15
	0.12  0.01
	Dark Brown
	Fast movement
	31.67  1.15

	
	6th instar 
	
	17.03  1.15
	4.30  0.20
	0.13  0.01
	Dark Brown
	Fast movement
	24.0  1.0

	Pupa stage
	
	152 to 168 days
	17.78  0.25
	4.93  0.15
	0.13  0.01
	Black
	No Movement
	31.20  3.83

	Adult stage
	
	172 to 182 days
	16.43 0.10
	4.80  0.18
	0.12  0.10
	Black
	Fast Movement
	29.25  3.25


      In our present study it is seen that, gravid female laid eggs in a single clutch of 320 to 850 on the small wood stick on egg laying substrate. The eggs were oval elongated with a length of approximately 0.9mm, beige or creamy white and later turned to black, with an egg period of 4 days. Larvae started feeding on vegetable and gut immediately after hatching. Larvae were pale white and beige in color with a small black head with mouth parts. The growth of larvae occurred covering two different time periods, i.e. some larvae were found grow faster and other larvae grow slow. The fast growth larval period ranged from 4 to 24 days. These observations were found similar to Nguyen et al., (2013). But the duration of slow growth larva was found ranged from 4 to 120 days. The fast growth pre pupa period was 9 days but slow growth pre pupa period was found 28 days on vegetables and guts, respectively. Then the full growth larvae stopped feeding and migrates to a dry site and become black. The fast growth pupal period lasted for 12 days but slow growth pupal period lasted for 16 days. 
           Freshly emerged adults were brownish with three yellowish spots on the forewing and hind wings which are brownish; two spots on the fore wings sub equal and differentiated with the last abdominal segment; female have a retroactive tubular oviduct whereas males had an adages and a pair of hooks which enable to  grasp the female genital organ during copulation. The male female ratio was 1:1.The total lifecycle of male and female were 47- 106 and 57-120 days, respectively. These results are in similar with the findings of Tomberlin (2001), Tomberlin et al. (2009) and Tomberlin et al. (2002)
            One cycle of Black soldier fly completed within 68 days and other cycle completed within 182 days. Likewise a major difference has been observed in duration of egg stage, larval stage, pre-pupa stage, pupa stage as well as adult stage. Although the same amount of food in regular and in a common interval was supplied to the larval stages but respond was varied. The different factors that may regulate the length of development time from one stage to the next stage. The factors are relative humidity, larval density, temperature, moisture content of substrate, salinity of substrate etc.
    
[bookmark: bb72][bookmark: bb97][bookmark: bb45][bookmark: bb90]             Temperature is an important factor that affects different stages of lifecycle. BSF is a eurythermic species that can tolerate a wide temperature range (15–47 °C), but at the same time, it is tremendously sensitive (Park, 2016). Relative humidity and temperature significantly affect the development, mating, and oviposition of species (Tomberlin et al., 2009). Several authors carried out related studies and concluded that most (approximately up to 99.6%) oviposition occurs in a temperature range of 27.5 to 37.5 °C and relative humidity of 60% (Holmes, 2010). During our study period temperature ranges from 230C to 310C for both the fast and slow growth cycle of black soldier larva which is same for both the cycle hence it clearly reveals that the temperature range is within the suitable range. Other studies by many authors have shown that maintaining a relative humidity of around 60% and a temperature of 27 °C at the site are perfect conditions for egg-laying and mating (Holmes, 2010).At the same time it is quite doubtful in describing the proper reason for such significant difference of larval, pupal and adult development time between these fast and slow growth cycle.
              Humidity is one of the important factors which regulate the length of development period and also the survival rate of the entire population. In the first lifecycle we have seen that larval stage was started in 02.11.22 and completed in 09.01.23.In that particular time period the relative humidity was recorded 25% to 40%. So it is quite far from the optimal range. This may be one cause of increase of their life cycle up to 68 days from the normal cycle of 45 days. But in the second lifecycle, relative humidity ranges from 10% to 50% .It can be assumed that such divergence may be one factor for this.
[bookmark: bb111]       Sunlight plays a significant role in growth, development, reproduction and survival of Black soldier fly in natural conditions. Sunlight with an intensity of 110μmol m2 s−1 is required for almost 85% of mating events (Park, 2016). The mating and oviposition of the species are positively correlated with quartz iodide lamps (135μmol m2 s−1) as sources of artificial light (Zhang et al., 2010). Insects cannot see the light beyond 700 nm, so the wavelength range between 450 and 700 nm is best suited for adult breeding events (Zhang et al., 2010).In our study we kept all the larva together in some plastic buckets, but interestingly some numbers remain left from developing in proper time period. Since our experiment was an indoor setup therefore sunlight might be a regulatory factor for this divergence.
[bookmark: bb21][bookmark: bb30]           Moisture content   is another factor that influence the growth and survival of Black soldier fly. Moisture contents of the waste significantly influence the survival and growth of BSFL (Cheng et al., 2017). Excessive moisture content obstructs the decomposition rate and is agglomerated, and thick materials can accompany the subsequent residue, making further processing difficult (Diener et al., 2011b).Although an estimated amount of moisture content was not recorded but there was a minimum chance of excessive microbial growth for higher moisture content as the food was supplied in a very scientific way.
            Besides these, larval density also plays a role in regulating the life cycle.A higher or uncontrolled growth of larvae leads to food scarcity and there will be an intense intra specific competition among them which may hamper survival rate of the entire population.
CONCLUSION
          Study of different factors effecting on the life cycle of Black Soldier Fly Larvae promising to be a very important as study of its life cycle and culture is the most innovative technologies for waste management and also used in the process of bioconversion. This insect naturally feed on organic wastes and can convert it into their own biomass and thus reducing the amount of waste material. There will be more concern and necessity of future research in the field of culture and life cycle of this fly which may bring some new strategies in the development of aqua culture.
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