Seed Treatment With Entomopathogens In Paddy Storage 
ABSTRACT
Laboratory study was conducted in a completely randomised design with ten treatments at  Seed Research and Technology centre, PJTAU,Hyderabad to investigate the effect of entomopathogens on insect population, seed quality and storability of paddy seeds by treating with Beauveria bassiana, Metarhizium anisopliae, diatomaceous earth and a chemical check Deltamethrin. The seeds were then stored in HDPE bags for twelve months from July 2024 to June 2025. A successful seed storage management strategy was Metarhizium anisopliae (CFU: 1.0×108) @ 20 g/kg seed + Diatomaceous earth @ 5g/kg seeds recording 64.67% germination, 8.33% moisture, 2.4% seed damage after one year and 100% mortality of Rhizopertha dominica.
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INTRODUCTION
“In India the total post harvest losses at different stages have added upto about 36% in rice. Storage loss due to insect pests alone is ranging from 4 to 6% for cereals. Apart from quantitative loss, they also deteriorate quality by contaminating the grains due to which stored products get bad odour, colour and taste” (Patil et al, 2019) 
“Seed treatment is one of the important management practices to protect the seed from insect pests during storage.  In view of the safety to human beings as well as protection against these insect pests, there is a need to evaluate entomopathogens. 

Inert dust, such as diatomaceous earth and kaolin were traditionally used as grain protectants. This is because, their formulations are nontoxic substances that can be mixed with seeds to control storage insect pests. Because inert dust does not decay or decompose, it offers long-term control of storage insect pests and is safe for humans and other mammals to consume” (Theertha et al., 2023).
“Entomopathogenic fungi are a promising alternative to synthetic insecticides for the control of stored product insect pests. Their advantages include the absence of hazardous residues in products, as well as being safe for people and harmless to non-target insects” (Sharma et al., 2023). “Entomopathogenic fungi are well known for their capacity to kill insects, but they can also serve other purposes including enhancing nutrient intake or encouraging plant development. The ability of the entomopathogenic fungi in this division to kill insects by creating secondary metabolites that are of interest to industry and agriculture has led to their application as biopesticides” (Gupta, 2010).
“An environmentally benign alternative to chemical inputs is seed treatment with biological control agents. On the other hand, research into seed treatments to establish fungal entomopathogens as endophytes is just starting, with promising experimental outcomes for controlling insect pests. To get around the issue of inert dust which required large application rates to provide effective control of storage insect pests, binary mixtures of inert dust and fungi may be applied” (Theertha et al,2023).
A laboratory study was conducted to evaluate the effect of entomopathogens and inert dust against major storage insect-pests damaging seeds and also to study the storability of treated seeds.
MATERIAL AND METHODS
One kilogram of newly collected certified seed, exhibiting zero percent insect pest infestation, a very high germination rate, and low moisture content (<10%), was utilized for each replication across all treatments, and was treated with the suitable dose of entomopathogens, then shaken by hand to ensure even distribution of the conidial powder throughout the seed mass. The inert dust was mixed with water to create a total volume of 5 ml for coating 1 kg of seed effectively.
After one day, samples of 100 g each, were taken from each container as a replication and placed in glass vials (8 cm height and 5 cm diameter). Ten 1-7 day old adults of Rhizopertha dominica were introduced into each glass vial, covered with muslin cloth to provide sufficient aeration. The experiment was carried out in a room of stable conditions of 25±2°C and 50±5% RH. Dead adults were counted after 3, 5 and 7 days of exposure. 
The seed samples were drawn once in three months up to one year of storage(July 2024 to June 2025)  and evaluated for the moisture content, germination(paper towel method), seed damage and expressed as percentage and  residual toxicity study  was also carried out in Completely Randomized Design with ten treatments and three replications at  Seed Research and Technology centre, PJTAU, Hyderabad. 
Table 1. Seed treatment products used in the study.
	T1 
	Beauveria bassiana commercial product (CFU: 1.0 X108) @ 10g /kg 

	T2 
	Beauveria bassiana commercial product @20g /kg seed

	T3 
	Metarhizium anisopliae commercial product (CFU: 1.0 X108) @10g /kg 

	T4 
	Metarhizium anisopliae commercial product(CFU: 1.0 X108)@20g /kg 

	T5 
	Beauveria bassiana commercial product (CFU: 1.0 X108) @ 10g /kg seed +Diatomaceous earth @ 5g /kg seed

	T6 
	Beauveria bassiana commercial product(CFU: 1.0 X108)@20g /kg seed +Diatomaceous earth @ 5g /kg seed

	T7 
	Metarhizium anisopliae commercial product (CFU: 1.0 X108)@10g /kg seed +Diatomaceous earth @ 5g /kg seed

	T8 
	Metarhizium anisopliae commercial product(CFU: 1.0 X108)@20g /kg seed +Diatomaceous earth @ 5g /kg seed

	T9 
	Deltamethrin@1ppm

	T10 
	Untreated control



RESULTS & DISCUSSION:
Germination per cent decreased with increase duration of storage. No significant difference was noticed among treatments after three months of storage germination ranged between 93-96%.After six months it dropped to 80-86%. Metarhizium anisopliae@20g/kg(T4) and Beauveria bassiana@20g/kg seed+Diatomaceous earth@ 5g/kg seed(T6) showed highest germination. T7,T8,T9 and T1 were found to be significantly on par with each other. After nine months of storage, germination ranged between 76-81%, highest was recorded in T6, T7,T8,T4,T5 and T1 were significantly on par with each other. Germination varied between 50 to 64% after one year of storage. Higher dosages of entomopathogens along with inert dust maintains germination rates compared to lesser levels. “The direct feeding of storage insect pests on storage materials and the natural aging of paddy seeds caused decrease in the germination rates. After twelve months of storage, seed germination drastically decreased. The primary cause of this was pathogen development and seed mortality caused by seed damage brought on by insect infestation on seeds” (Khan and Khan 2023). 
Moisture per cent decreased with increase in duration of storage. At three months it varied between 11.4 to 13.7 and no significant difference was noticed among the treatments. After six months it reduced to 9.8 to 11.1 and all treatments were significantly on par with each other except T1 and T3.At nine months it was similar 10.7 to 11.3 and no significant difference was noticed among the treatments. Moisture ranged between 7.8 to 8.7% after twelve months of storage. Moisture per cent was unaffected by the treatments 
Seed damage per cent increased with storage duration. Damage in combination treatments(T5 to T8) and insecticide check(T9) was nil at three months. Metarhizium anisopliae@20g/kg(T4) was significantly on par with these treatments. Highest damage of 0.57% was recorded in control. At six months, damage was 1.12% in untreated control was significantly different from treatments whereas nil in combination treatments. Beauveria bassiana @ 10g /kg seed +Diatomaceous earth @5g/kg seed (T5) and Deltamethrin@1ppm (T9) were significantly on par with each other. After nine months damage increased to 2% highest in control and significantly different from all treatments while nil in seeds treated with Beauveria bassiana@20g/kg seed+Diatomaceous earth @5g/kg seed (T6),Metarhizium anisopliae@10g/kg seed+Diatomaceous earth@5g/kg seed (T7) and Metarhizium anisopliae@20g/kg seed+Diatomaceous earth@ 5g/kg seed (T8). T4,T5 and T9 were significantly on par with each other. Seed damage observed after one year of storage was 2.4% in seeds treated with Metarhizium anisopliae@20g /kg seed +Diatomaceous earth @ 5g /kg seed(T8) compared to 9.2% in control (Table 1).
Immediately after seed treatment, mortality observed was 100% in T6 to T9 at three days after release of insects(R.dominica) while all insects were dead in all the treatments at five and seven days after release whereas mortality was only 30 to 46.6% in control. After three months of storage, residual toxicity at three days after release of insects shows that Beauveria bassiana @20g /kg seed +Diatomaceous earth @ 5g /kg seed(T6), Metarhizium anisopliae @10g/kg seed +Diatomaceous earth @ 5g /kg seed(T7) and Metarhizium anisopliae @20g /kg seed +Diatomaceous earth @ 5g /kg seed(T8) are effective giving 100% mortality. Similar trend was observed at six months of storage as 100% mortality observed in Beauveria bassiana @20g /kg seed +Diatomaceous earth @ 5g /kg seed(T6) and Metarhizium anisopliae @20g /kg seed +Diatomaceous earth @ 5g /kg seed(T8) at 3 days after release. Beauveria bassiana @ 10g/kg seed+Diatomaceous earth @5g/kg seed (T5) and Deltamethrin@1ppm (T9) were significantly on par with each other.31.6% mortality was noticed in control. At five days after release 100% mortality was recorded in treatments from T4 to T9 and 43% in control. At seven days after release 100% mortality was observed in all the treatments except control wherein 56.6% was noticed. At nine months after storage, highest mortality of 56.6% was noticed in seeds treated with Metarhizium anisopliae@20g /kg seed +Diatomaceous earth @ 5g /kg seed(T8) at three days after release of insects and 100% mortality at five days after release. At twelve months 23.3% mortality was observed in control at three days after release of insects while it varied between 43.3 to 56.67% in different treatments and at five days after release of insects 73 to 93% mortality was recorded in treatments(Table2).

[bookmark: _GoBack]“The neurotoxic mechanism of action, the antifeeding property of entomopathogens and the dehydrating property of inert dust contribute to the reduced quantity of insects in treated seeds. The persistence of entomopathogenic fungi for longer duration is due to the presence of an inert dust which leads to control of storage insect infestation. At the lowest fungal rates, the addition of DE did not increase the fungal efficacy and at highest fungal rates, an additive effect was more often recorded. The results revealed that insects’ mortality was dose and time dependent” (Khan and Khan 2023; Ozdemir et al., 2020). Riaz et al reported that “the increase concentration of conidial suspensions of M.anisopliae and prolonged exposure time was responsible for higher mortality of T.granarium”.  “Highest effect among all the EPFs applied on S.oryzae was M.anisopliae and B.bassiana”  (Ak,2019; Musso et al., 2021)
CONCLUSION
Therefore, from the study it is evident that seed treatment with Metarhizium anisopliae (CFU: 1.0×108) @ 20 g/kg seeds + Diatomaceous earth @ 5 g/kg seeds effectively maintained the seed quality and controlled the storage pest damage in paddy. The result is in concurrence with that of Theertha et al., 2023 in cowpea that kept seed quality above MSCS level up to nine months of storage. Entomopathogens may be very successful in biological control and may be alternatives for chemical pest management.

Table2.  Effect of entomopathogens on seed germination (%), seed moisture, seed damage (%) in paddy 
	
	Treatment Particulars
	Germination%
	Moisture%
	Seed damage%

	
	
	3 M 
	6M 
	9M
	12M
	3 M 
	6M 
	9M
	12M
	3 M 
	6M 
	9M
	12M

	T1 
	Beauveria bassiana commercial product (CFU: 1.0 X108) @ 10g /kg 
	95.00
(77.04)
	84.67
(66.93)
	78.67
( 62.47)
	64.33
(53.32)
	13.07
(21.18)
	9.83
(18.26)
	10.83
	8.73
(17.18)
	0.12
(1.98)
	0.27
(2.95)
	0.43
(3.77)
	6.3
(14.47)

	T2 
	Beauveria bassiana commercial product @20g /kg seed
	95.67
(77.97)
	81.67
(64.63)
	76.33
(60.87)
	62.33
(52.12)
	13.47
(21.5)
	11.17
(19.51)
	11.30
	8.00
(16.42)
	0.07
(1.2)
	0.21
(2.64)
	0.39
(3.58)
	5.1
(13.05)

	T3 
	Metarhizium anisopliae commercial product (CFU: 1.0 X108) @10g /kg 
	95.00 (77.22)
	81.33
(64.38)
	76.00
(60.65)
	57.67
(49.39)
	12.23
(20.46)
	10.20
(18.61)
	11.00
	7.80
(16.2)
	0.11
(1.92)
	0.17
(2.33)
	0.29
(3.1)
	5.2
(13.19)

	T4 
	Metarhizium anisopliae commercial product(CFU: 1.0 X108)@20g /kg 
	93.67 (75.43)
	86.33
(68.29)
	80.67
(63.91)
	54.33
(47.47)
	13.30
(21.34)
	10.93
(19.29)
	11.20
	8.23
(16.66)
	0.03
(0.54)
	0.13
(2.03)
	0.15 (2.19)
	4.7
(12.36)

	T5 
	Beauveria bassiana commercial product (CFU: 1.0 X108) @ 10g /kg seed +Diatomaceous earth @ 5g /kg seed
	94.00 (75.82)
	84.00
(66.4)
	78.67
( 62.47)
	54.67
(47.66)
	13.73
(21.74)
	10.88
(19.25)
	10.97
	8.40
(16.83)
	0.00
0
	0.07
(1.2)
	0.13
(2.09)
	4.4
(12.02)

	T6 
	Beauveria bassiana commercial product(CFU: 1.0 X108)@20g /kg seed +Diatomaceous earth @ 5g /kg seed
	94.67 (76.62)
	86.33
(68.29)
	81.33
(64.38)
	50.33
(45.17)
	13.70
(21.71)
	10.67
(19.05)
	11.10
	8.47
(16.9)
	0.00
	0.00
	0.00
	3.8
(11.16)

	T7 
	Metarhizium anisopliae commercial product (CFU: 1.0 X108)@10g /kg seed +Diatomaceous earth @ 5g /kg seed
	96.00 (78.49)
	85.33
(67.45)
	80.00
( 63.42)
	52.67
(46.51)
	12.90
(21.02)
	10.63
(19.02)
	10.92
	8.50
(16.94)
	0.00
	0.00
	0.00
	4.1
(11.66)

	T8 
	Metarhizium anisopliae commercial product(CFU: 1.0 X108)@20g /kg seed +Diatomaceous earth @ 5g /kg seed
	94.00 (75.79)
	85.67
(67.72)
	80.67
( 63.89)
	64.67
(53.52)
	13.37
(21.43)
	10.82
(19.19)
	11.10
	8.33
(16.77)
	0.00
	0.00
	0.00
	2.4
(8.96)

	T9 
	Deltamethrin@1ppm
	94.33 (76.21)
	85.00
(67.18)
	77.00
( 61.32)
	50.00
(44.98)
	13.73
(21.73)
	10.57
(18.96)
	10.80
	8.20
(16.63)
	0.00
	0.08
(1.31)
	0.14
(2.13)
	2.8
(9.66)

	T10 
	Untreated control
	96.33 (79.1)
	80.67
(63.89)
	76.33
(60.87)
	58.67
(49.97)
	11.43
(19.7)
	10.40
(18.8)
	10.70
	8.27
(16.7)
	0.57
(4.31)
	1.12
(6.06)
	2.01
(8.13)
	9.2
(17.67)

	
	CD (P=0.05) 
	NS
	1.58
	1.91
	2.92
	NS
	0.64
	NS
	NS
	0.77
	0.87
	0.25
	2.05


Figures in ( ) are arcsin transformed values
Table 3. Percent Mortality of  Rhyzopertha  released to 100 g treated seeds  at different storage interval      
	
	Treatments
	Immediately after ST
	3MAST
	6MAST
	9 MAST
	12 MAST

	
	
	3 DAR
	5 DAR
	7 DAR
	3 DAR
	5 DAR
	7 DAR
	3 DAR
	5 DAR
	7 DAR
	3 DAR
	5 DAR
	7 DAR
	3 DAR
	5 DAR
	7 DAR

	T1
	B. bassiana (CFU: 1.0 X108) @ 10g /kg 
	93.33
(77.69)
	100
(90)
	100
(90)
	63.33
(52.75)
	86.67
(68.82)
	96.67
(83.84)
	76.67
(61.19)
	93.33
(77.69)
	93.33
(77.69)
	50.00
(44.98)
	93.33
(77.69)
	100
(90)
	43.33
(41.14)
	73.33
(58.98)
	100
(90)

	T2
	B. bassiana  @20g /kg seed
	100
(90)
	100
(90)
	100
(90)
	73.33
(58.98)
	93.33
(77.69)
	100
(90)
	86.67
(68.82)
	96.67
(83.84)
	100
(90)
	50.00
(44.98)
	93.33
(77.69)
	100
(90)
	46.67
(43.06)
	76.67
(61.19)
	100
(90)

	T3
	M. anisopliae (CFU: 1.0 X108) @10g /kg 
	86.67
(68.82)
	100
(90)
	100
(90)
	66.67
(54.76)
	93.33
(77.69)
	100
(90)
	85.00
(67.37)
	93.33
(77.69)
	100
(90)
	43.33
(41.13)
	86.67
(72.27)
	100
(90)
	43.33
(41.14)
	73.33
(58.98)
	100
(90)

	T4
	Metarhizium anisopliae(CFU: 1.0 X108)@20g /kg 
	96.67
(83.84)
	100
(90)
	100
(90)
	83.33
(66.11)
	100
(90)
	100
(90)
	93.33
(77.69)
	100
(90)
	100
(90)
	40.00
(39.13)
	90.00
(74.98)
	100
(90)
	46.67
(43.06)
	80.00
(63.4)
	100
(90)

	T5
	B. bassiana (CFU: 1.0 X108) @ 10g /kg seed +Diatomaceous earth @ 5g /kg 
	98.33
(85.68)
	100
(90)
	100
(90)
	76.67
(61.19)
	100
(90)
	100
(90)
	96.67
(83.84)
	100
(90)
	100
(90)
	56.67
(48.82)
	100
(90)
	100
(90)
	46.67
(43.06)
	80.00
(63.4)
	100
(90)

	T6
	B. bassiana (CFU: 1.0 X108)@20g /kg  +Diatomaceous earth @ 5g /kg 
	100
(90)
	100
(90)
	100
(90)
	100
(90)
	100
(90)
	100
(90)
	100
(90)
	100
(90)
	100
(90)
	46.67
43.06)
	96.67
(83.84)
	100
(90)
	53.33
(46.9)
	86.67
(68.82)
	100
(90)

	T7
	M. anisopliae (CFU: 1.0 X108)@10g /kg  +Diatomaceous earth @ 5g /kg 
	100
(90)
	100
(90)
	100
(90)
	100
(90)
	100
(90)
	100
(90)
	96.67
(83.84)
	100
(90)
	100
(90)
	53.33
(46.9)
	93.33
(77.69)
	100
(90)
	50.00
(44.98)
	83.33
(66.11)
	100
(90)

	T8
	M. anisopliae(CFU: 1.0 X108)@20g /kg +Diatomaceous earth @ 5g /kg 
	100
(90)
	100
(90)
	100
(90)
	100
(90)
	100
(90)

	100
(90)
	100
(90)
	100
(90)
	100
(90)
	56.67
(48.82)
	100
(90)
	100
(90)
	56.67
(48.82)
	93.33
(77.69)
	100
(90)

	T9
	Deltamethrin@1ppm
	100
(90)
	100
(90)
	100
(90)
	86.67 (68.82)
	100
(90)
	100
(90)
	96.67
(83.84)
	100
(90)
	100
(90)
	46.67
(43.06)
	93.33
(77.69)
	100
(90)
	53.33
(46.9)
	86.67
(68.82)
	100
(90)

	T10
	Untreated control
	30.00
(33.14)
	36.67
(37.24)
	46.67
(43.06)
	23.33
(28.76)
	36.67
(37.12)
	53.33
(46.9)
	31.67
(34.21)
	43.33
(41.13)
	56.67
(48.82)
	33.33
(35.2)
	66.67
(54.76)
	100
(90)
	23.33
(28.76)
	70.00
(56.76)
	96.67
(83.84)

	 
	CD (P=0.05)
	9.62
	0.92
	1.8
	5.74
	9.32
	6.05
	12.26
	10.17
	6.05
	7.27
	17.16
	
	5.5
	8.11
	NS


Figures in ( ) are arcsin transformed values
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