


EFFECT OF TEMPERATURE ON THE STORAGE POTENTIAL OF DIFFERENT STAGES OF Coccinella septempunctata


ABSTRACT	Comment by user:  Rewrite the abstract as per the guidelines
Ladybird beetles, also known as coccinellid beetles, play a crucial role in natural pest control, particularly in crops like vegetables, fruits, and flowers. They consume pests, reducing reliance on chemical pesticides and aiding in organic farming. The life cycle of ladybird beetles is influenced by temperature. 
Aim: The study evaluated the impact of temperature on the survival and development of different stages of Coccinella septempunctata by storing the insects at four different temperatures. 	Comment by user: Italic- scientific name 
Study design:?
Methodology:?
Results: After 7 days, the highest egg survival rate was observed at 12 °C, followed by 10 °C and 8 °C. The lowest survial rate was at 6 °C. Larval survival was highest at 10 °C, followed by 12 °C, and the lowest larval survival was found at 6°C. Pupal survival was highest at 10 °C and 12 °C, with significantly lower rates at 6 °C and 8 °C. Male longevity was significantly higher at 6°C, while female longevity was also higher at 8°C. Adult survival was not significantly influenced by storage temperature, and fecundity was statistically significant affected by temperature. After 15 days, no survial of eggs was observed at any storage temperature. 
Conclusion: The study suggests that 3-6 °C is the optimal temperature for cold storage without reducing fitness.
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1. INTRODUCTION
The use of Ccoccinellids in biocontrol programs has proven to be beneficial, especially against sucking insect pests such as aphids, whiteflies, thrips, mites, scale insects, and mealybugs, which are key pests in agriculturally important crops. The use of Novius cardinalis (Mulsant) against Icerya purchasi Maskell was the first successful application of Ccoccinellids in a traditional biocontrol program (Causton, 2004; Alvarez et al. 2012). This success was further replicated in the control of Coccus viridis (Green) by Cryptolaemus montrouzieri Mulsant (Kairo et al., 2013); Tetranychus urticae by Stethorus punctillum (Rott and Ponsonby, 2010); wheat aphid complex by Coccinella septempunctata and Cheilomenes sexmaculata (Soni et al., 2013); Phenacoccus solenopsis by Hyperaspis maindroni, Cryptolaemus montrouzieri, Nephus regularis and Scymnus coccivora (Fand et al., 2010) to name a few. Under a biological control programme in agriculture, there is an increasing demand for the supply of suitable natural enemies, which necessitates large-scale production of such predatory insects. Since their natural food, the prey species, is not always available, it becomes necessary to develop alternative media on which the insects can be reared and multiplied. Cold storage is an effective strategy for biological control initiatives including insects. Leopold (1998) suggests that a consistent supply of insects for research can lead to increased flexibility and efficiency in mass production, as well as the capacity to synchronise developmental stages for release and extend consumer availability. Some parasitoids can be stored for long periods of time without losing fitness through diapause (Lo'pez and Botto 2005; Chen et al., 2008). Riddick and Wu (2010) investigated the long-term storage of the predatory mite Phytoseiulus persimilis Athias-Henriot using cryoprotectant and carbohydrate compounds. 	Comment by user: italics
2. MATERIALS AND METHODS
[bookmark: _Hlk90108703]	To determine the storage potential of the dominant predatory coccinellid species and the effect of cold storage on various stages of predatory test species, an experiment was conducted in Bio-agent laboratory, Department of Entomology RCA Udaipur. The different stages of coccinellids waswere collected from the laboratory culture maintained for the experiments. The different life stages eggs (20 eggs/glass vial), larvae (5 larvae/ Petri dish), pupae (5 pupae/ Petri dish), and adult(5 adults/jar) was were stored in a refrigerator at 6, 8, 10 and 12 °C-temperatures and 70 ± 5 percent relative?  centrelative humidity with darkness for 7, 15, 30, 45, and 60 days as 4 treatments with 5 replications for each developmental stage and observation period. Before the observations, all developmental stages was were transferred individually from a refrigerator to an air-conditioned insectary at 28 ±2 °C temperature and 70 ± 5.0 percent relative  centrelative humidity. The hatching percentage of eggs, percentage of surviving larvae, and adult emergence from stored pupae was were recorded. In respect of adults, survival percentage and longevity waswere recorded. For comparison control adult stage collected from laboratory culture will were also be reared and maintained in similar conditions. Further, the collected data was analyzed with the suitable statistical tools. Incomplete methodology, include the diet of the insect during storage. Mention the tool.	Comment by user: rewrite the sentence.
3. RESULTS AND DISCUSSION
The impact of temperature on the survival and development of different stages of Coccinella septempunctata was evaluated by storing the insects at four different temperatures viz., 6°C, 8°C, 10°C, and 12°C after 7, 15, 30 and 45 days of storage.
After 7days	Comment by user: It is better to tabulate your results and discuss your results.
Egg Survival: The highest egg survival rate was observed at 12°C (13.60 per cent), followed by 10°C (12.80 per cent) and 8°C (9.40 per cent). While lowest survial rate was observed at 6 °C (9.20 per cent). Larval Survival: Larval survival was highest at 10°C (5.00 per cent per cent), followed by 12°C (4.80 per cent).  The lowest larval survival was found at 6°C (3.20 per cent). Pupal Survival: Pupal survival was highest at 10°C (4.60 per cent) and 12°C (4.40% per cent), with significantly lower survival rates at 6°C (2.60 per cent) and 8°C (3.20 per cent). Male Longevity: Male longevity was significantly higher at 6°C (40.60 days) followed by 8°C (38.40 days) compared to 10°C (33.00 days) and 12°C (31.00 days).  Female Longevity: Female longevity was also significantly higher at 8°C (46.80 days) followed by 6°C (46.00 days) compared to 10°C (40.80 days) and 12°C (40.40 days). Adult Survival: No significant differences were observed in adult survival across the different temperature treatments. At all temperatures, adult survival was high at 5.00 per cent, showed showing that adult survival was not significantly influenced by the storage temperature within the temperature range studied. Fecundity: Fecundity was statistically significant significantly affected by temperature. The highest fecundity was recorded at 12°C (361.80 eggs), followed by 10°C (301.40 eggs). While the lower temperatures (8°C and 6°C) resulted in significantly lower fecundity, with 6°C having the lowest egg production (148.40 eggs). Discussion?
After 15 days
Egg Survival : Data presented in Table 1 shows no survial of eggs after 15 days of storage at any storage temperatures. Larval Survival: Larval survival was highest at 12°C (3.80 per cent), followed by 10°C (3.60 per cent). The lowest larval survival was recorded at 6°C (1.80 per cent) and 8°C (2.00 per cent), with no significant difference between these two temperatures.                  Pupal Survival: Pupal survival (Parameter 3) was highest at 6°C (39.00 per cent), followed by 8°C (37.40 per cent). Significantly lower values were recorded at 10°C (32.60 per cent) and 12°C (30.60 per cent). These findings are align with findings of Ruan et al. (2012) who studied the effect of cold storage (30, 60, 90, 120 and 150 days stored at −3, 0, 3 and 6°C) on survival, fecundity and predation in field-collected populations of Harmonia axyridis (Pallas). Similarly, Abdel-Baky et al. (2015) stored the eggs of the predator R. cardinalis stored for 5, 10, 15 and 20 days at 6, 10 and 14 °C; larval instars for 5, 10, 20 and 30 days at 10 and 14 °C; the pupae were stored for 5, 10, 20, 30 and 40 days at 6, 10 and 14 °C; while, adults were stored for 5, 10, 20 and 30 days at 6 and 10 °C. These findings are closely associated with Jethva et al. (2016) who found that in cold storage (6 to 7.5 °C under refrigerated conditions) eggs and larvae of lady bird beetle, C. septempunctata could not be stored up to one week. At same condition, pupae of this predator also could not be stored for more than 15 days. The adults of this beetle could be stored successfully up to 150 days with 60 per cent survival at 6 to 7.5 °C under refrigerated conditionconditions. These findings are closly closely align with Ruan et al. (2012) examined the impact of cold storage on the survival, fecundity, and predation of Harmonia axyridis populations. They found that prolonged storage at -3°C and 6°C reduced pre-oviposition duration and reproductive capacity, while those stored at 0°C had the shortest duration and largest reproductive capacity. The study suggests that 3-6°C is the optimal temperature for cold storage without reducing fitness.	Comment by user: Why bold.	Comment by user: How come 3-6°C optimal temperature in your study ?
CONCLUSION
The study found that the optimal temperature for cold storage of Coccinella septempunctata was 3-6°C without reducing fitness. The highest egg survival rate was observed at 12°C, followed by 10°C and 8°C. Larval survival was highest at 10°C, and pupal survival was highest at 10°C and 12°C. Male and female longevity were also significantly affected by temperature.	Comment by user: In your study the optimal temperature 3-6C how?
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Table 1: Effect of temperature on storage potential of different stages of C. septempunctata	Comment by user: Why is the table at the end of the reference?
	Treatments
 
	Mean

	
	After 7 days of storage 

	
	Egg
survival
	Larva
survival
	Pupa
survival
	Male
longevity
	Female
longevity
	Adult
survival
	Fecundity

	6℃
	9.20a
	3.20a
	2.60a
	40.60b
	46.00b
	5.00
	148.40a

	8℃
	9.40a
	3.40a
	3.20a
	38.40b
	46.80b
	5.00
	156.40a

	10℃
	12.80b
	5.00b
	4.60b
	33.00a
	40.80a
	5.00
	301.40b

	12℃
	13.60b
	4.80b
	4.40b
	31.00a
	40.40a
	5.00
	361.80c

	S. Em. ±
	0.8062
	0.3317
	0.2828
	0.9381
	1.1336
	-
	3.9090

	CD at 5%
	2.4171
	0.9943
	0.8480
	2.8124
	3.3985
	-
	11.7191

	
	After 15 days of storage 

	6℃
	-
	2.20a
	1.80a
	39.00b
	43.40b
	5.00
	143.80a

	8℃
	-
	2.40a
	2.00a
	37.40b
	43.60b
	5.00
	151.60a

	10℃
	-
	3.40ab
	3.60b
	32.60a
	38.60a
	5.00
	275.40b

	12℃
	-
	3.60b
	3.80b
	30.60a
	37.00a
	5.00
	296.60b

	S. Em. ±
	-
	0.3606
	0.3674
	0.8337
	0.7211
	-
	7.0004

	CD at 5%
	-
	1.0809
	1.1015
	2.4993
	2.1619
	-
	20.9871

	
	After 30 days of storage

	6℃
	-
	-
	0.00a
	22.20a
	39.60b
	4.00
	140.00a

	8℃
	-
	-
	0.60ab
	29.40b
	40.20b
	4.20
	145.00a

	10℃
	-
	-
	1.20b
	28.00b
	36.20a
	4.60
	204.40b

	12℃
	-
	-
	1.20b
	23.00a
	36.20a
	4.60
	207.20b

	S. Em. ±
	-
	-
	0.2449
	1.3229
	0.9849
	
	4.6690

	CD at 5%
	-
	-
	0.7344
	3.9660
	2.9527
	NS
	13.9978

	
	After 45 days of storage

	6℃
	-
	-
	-
	21.00a
	36.20ab
	1.00a
	49.00a

	8℃
	-
	-
	-
	27.60b
	37.80b
	1.20a
	46.40a

	10℃
	-
	-
	-
	25.60b
	32.80a
	2.20b
	69.40b

	12℃
	-
	-
	-
	24.80b
	33.80a
	2.40b
	69.00b

	S. Em. ±
	-
	-
	-
	1.2207
	1.2309
	0.2915
	2.7258

	CD at 5%
	-
	-
	-
	3.6595
	3.6901
	0.8741
	8.1720

	There was no survival of coccinellids after 45 days of storage


Means followed by the same small or capital letter in a column are not significantly deferent at the 5% level of probability



