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Effect of plant-derived smoke on germination percent of treated wheat grain after hours exposer period used against Rice weevil, (Sitophilus oryzae L.) 



                                                                          ABSTRACT
Rice weevil (Sitophilus oryzae) is one of the significant pests & has caused serious damage in wheat storage. The use of synthetic pesticides to control them has had negative effect on environment, human & animals. The study was conducted to evaluate the efficacy of plant-derived smoke in reducing grain damage, weight loss, and improving germination percentage of stored wheat grains infested by rice weevil (Sitophilus oryzae L.). Laboratory experiments were performed at SHUATS, Prayagraj during 2024–2025 using various botanical treatments including Neem, Eucalyptus, Curry leaves, Bay leaves, Orange peel, Clove & Camphor, and a chemical control (Coragen 10 mg), under airtight storage for six months. Results revealed that smoke treatment from Clove & Camphor (T6) significantly minimized grain damage and weight loss, followed by Neem (T1) and Eucalyptus (T2) smoke treatments. The untreated control (T0) showed the highest levels of grain damage and weight loss. Additionally, germination percentage of wheat seeds was not adversely affected by any of the smoke treatments; rather, a notable enhancement was observed in treatments T6 and T1. These findings suggest that plant-derived smoke, particularly from Clove & Camphor, offers a promising eco-friendly strategy for managing S. oryzae, preserving seed quality, and reducing post-harvest losses during storage. The order of effectiveness of botanicals is ranked as Clove & Camphor>Neem leaves>Eucalyptus>Bay leaves>Orange peel>Curry leaves respectively. Finally, these findings demonstrated that certain plant smokes possess strong insecticidal properties against rice weevils, indicating their potential as effective and eco-friendly alternatives to synthetic fumigants for stored wheat grain protection.	Comment by Ausama Abdulwahab: Use and not symbols.
Keywords – Efficacy, rice weevil, botanicals, smoking, stored grain pest management, coragen, germination, grain damage, weight loss, storage.	Comment by Ausama Abdulwahab: No need	Comment by Ausama Abdulwahab: No need	Comment by Ausama Abdulwahab: Should be shortened.




1. INTRODUCTION	Comment by Ausama Abdulwahab: Where is the aim of the study?
Wheat (Triticum aestivum L.) is the second most important cereal crop of India next to rice. Wheat is the major source of protein in human foods, having higher protein content than maize, rice and other major cereal grains. Stored products of agricultural origin are attacked by more than 600 species of beetle pests, 70 species of moths, and about 355 species of mites causing quantitative and qualitative losses. In India the damage of stored grains by insect pests was estimated as 6.5 per cent of the total storage. Wheat is infested by various insect pests during storage condition. The most economically important insect pests of stored wheat are rice weevil (Sitophilus oryzae). Rice weevil, Sitophilus oryzae L. (Curculionidae: Coleoptera) is a major pest of cereals like wheat, rice, sorghum, barley and maize both in field and storage condition. The white apodous grub and the reddish-brown adults are internal feeders and cause serious quantitative and qualitative losses to cereal grains. The toxicity of different plant leaves smoke against stored grain pests has been evaluated. The control of rice weevil and other pests of stored products by the use of leaves smoke is the most widely adopted method, while chemical insecticides have serious drawbacks, such as the environmental pollution, insect’s resistance, high mammalian toxicity and increasing cost of application. This leads to search for more safe and less expensive alternative of chemicals such as plant extracts as alternatives to synthetic insecticides. Not only might certain secondary metabolites of the plant origin be chemicals. Over 2000 species of plants are known to possess some insecticidal activities.

MATERIALS AND METHODS 
The present investigation was carried out at Research laboratory in the Department of Entomology, Sam Higginbottom University of Agriculture, Technology and Science, Prayagraj, U.P., India. 
Insect culture, Sitophilus oryzae L.
Adults of test insects Sitophilus oryzae were collected locally from naturally infested stored wheat grains. Plastic containers of 1.00 kg capacity were used for the rearing of test insects (Rice weevil). Opening of the container was covered with muslin cloth in order to facilitate the aeration. Healthy grains (disinfected) of Wheat were used for the purpose of rearing test insects. About 500 grams of grains were kept in container and about 100 adults of Sitophilus oryzae were released in container and then the opening was tightly covered with muslin cloth and the cloth was fixed on the lid with rubber band. After that the containers were kept at 32±2 C and 70±5 percent relative humidity for the emergence of adults of Rice weevils. after 45 days newly emerged (F1) 2-3 days old adults were collected and used to infest the experimental wheat samples.	Comment by Ausama Abdulwahab: The scientific name of the plants tested must be written, including the genus and species.
Collection of plants leaves: 
The fresh leaves of plants i.e. Neem, eucalyptus, curry, bay leaves, orange peel and clove & camphor were collected from the SHUATS campus, the 250 gm of all leaves were dried naturally at room temperature (32-35°c), to avoid sun light for induce damage of active compound by Uv-ray.	Comment by Ausama Abdulwahab: The scientific name of the plants tested must be written, including the genus and species.
Treatments: 
The experiments were conducted on susceptible wheat variety SHUATS–W10 under laboratory conditions. The treatments were consist of dried neem leaves, eucalyptus, curry leaves, orange peel, bay leaves, clove & camphor along with chemical, Coragen (100 mg/kg wheat grains) and control (untreated) seeds.
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       Plate 1. Treatments used in the management of Rice weevil in stored wheat grains
Parameters Measured  
 Grain damage and weight loss percent
 Wheat Seed Germination percent

Methodology: 	Comment by Ausama Abdulwahab: Superfluous.
The experiments were conducted by taking storage receptacles such as plastic containers. The treated wheat grains (100g) were kept in the receptacles in three replications, separately at ambient temperature. 
Wheat grains damage under different exposure time interval:

The wheat seeds were kept in conical flasks treated with various smokes separately for different exposure time periods under airtight conditions. Then the disinfected smoke treated wheat grains were transferred in an air tight 1kg plastic containers, separately and was stored for 6 months under air- tight conditions. After the storage of treated wheat for 6 months grain damage test was done separately for all treated wheats commodities as mentioned above. The damage grain seed was carried out measured. Then, grain percentage weight loss and seed germination percentage was calculated and seedling root and shoot length were also measured.

                                                                   Number of seed damage
                                    Seed damage = ----------------------------------------
                                                                 Number of seed for observation                                                                 
Grain weight Loss: 
After six months of insect confinement the total weight of grains was taken from each treatment including control. The difference in the initial and final weight was recorded as loss in grain weight. The per cent weight loss was calculated by following formula.
                               
                                                                Weight loss / reduced
                                Weight loss (%) = ------------------------------ × 100
                                                                      Initial weight 

Germination of Wheat seeds under different exposure time interval:	Comment by Ausama Abdulwahab: Make this section shorter.
The wheat seeds were kept in conical flasks treated with various smokes separately for different exposure time periods under airtight conditions. Then the disinfected smoke treated wheat grains were transferred in an air tight 1kg plastic containers, separately and was stored for 6 months under air- tight conditions. After the storage of treated wheat for 6 months Germination Assay test was done separately for all treated wheats commodities as mentioned above. The seed germination test was carried out by employing rolled paper towel test according to Inter National rules of Seed Testing. 100 seeds of all treated wheat commodities were taken and placed on a wet paper towel and then again the seeds were covered with wet paper towel and then towel was rolled and kept in tray in slanting position for 5-6 days. The moisture content was being maintained by spraying water regularly on the rolled paper towel. The same process was carried out for all treated wheat commodities, separately. The germinated seeds were then counted after 5-6 days and length of roots and shoots were measured. Then, seed germination percentage was calculated and seedling root and shoot length were also measured.

                                                              Number of germinated seeds
                          Seed germination % = ------------------------------------ × 100
                                                                   Total number of seeds

Statistical Analysis: 
The data recorded during the course of investigation were subjected to statistical analysis by using analysis of variance technique (ANOVA) for Complete Randomized Design. The data were transformed necessarily as and when required. Standard error of mean in each case and the critical difference only for significant cases were computed at 5% level of probability.
RESULTS AND DISCUSSION
The study evaluated the efficacy of different plant derived smokes and a chemical treatment, Rynaxypyr, (Coragen 10mg) against rice weevils (Sitophilus oryzae) in treated wheat grains, kept in plastic containers over a three-month period of storage from November to January which shows in (Table 1) and a six-month storage period from February - April (Table 2). The experiment was included conducted to assess the mean number of damaged grains and the percentage weight loss after treatment, which was calculated on the basis of 6 months storage period after the smoke treatment. 	Comment by Ausama Abdulwahab: Avoid repeating English names.	Comment by Ausama Abdulwahab: Abbreviation should be taken into account when repeating scientific names.
 Grain damage 
To find out the efficacy of different plants leaves smoke and Coragen 10mg the grain damage due to F1 progeny of S. oryzae is shown in Table 1 and Table 2 minimum grain damage was found in (T6) Clove & Camphor, after one month of treatments (Fig. 1). A significantly minimum grain damage was recorded in (2.00) followed by (T1) Neem leaves smoke (2.33), (T7) Coragen 10mg (2.67), (T2) Eucalyptus leaves (3.33), (T5) Bay leaves (3.67), (T4) Orange peel (4.67) and (T3) Curry leaves (5.00) in comparison to (T0) untreated control (26.33). After 60 days of treatments, least damaged grains were found (T7) Coragen (4.33), treated wheat grains with significant less grain damage was recorded in (T6) Clove & Camphor (12.67), (T1) Neem leaves (13.33), (T2) Eucalyptus leaves (14.33), (T5) Bay leaves (15.67), (T4) Orange peel (17.00) and (T3) Curry leaves (19.33) obtained. The data recorded on grain damage after 90 days of treatment showed significant minimum grain damage in (T7) Coragen 10mg (6.33) followed by (T1) Neem leaves (13.33), (T6) Clove & Camphor (14.67), (T2) Eucalyptus leaves (15.67), (T5) Bay leaves (16.00), (T4) Orange peel (17.67) and (T3) Curry leaves (20.67) and in comparisons to (T0) Untreated grains (37.33). 
The data regarding the grain damage after 180 days of treatments clearly showed the efficacy of Different plant derived smoke with significantly very less grain damage in (T7) Coragen (13.67), followed by (T1) Neem leaves (19.33), (T6) Clove & Camphor (21.67), (T2) Eucalyptus leaves (24.67) whereas among other smokes significantly minimum grain damage was recorded in (T5) Bay leaves (26.00), (T4) Orange peel (28.33), (T3) Curry leaves (31.33) in comparison to (T0) Untreated grains (58.33).
Weight loss
The data obtained on weight loss due to F1 adult generation is presented in Table 1 and Table 2 The data clearly showed that treated grains after one month of treatments with very less weight loss observed in (T6) Clove & camphor (1.33%), (T1) Neem leaves (1.67%), (T7) Coragen 10mg (2.00%), (T2) Eucalyptus leaves (2.67%), (T5) Bay leaves (5.00%), (T4) Orange peel (5.33%), (T3) Curry leaves (5.67%) and with maximum grain weight loss in (T0) Untreated grains (12.00%).Again weight loss was found in treated wheat grains after 60 days of treatments whereas significantly very less weight loss was recorded in (T7) Coragen (3.33%), (T6) Clove & Camphor (3.67 %), (T1) Neem leaves (4.33%), (T5) Bay leaves (6.33%), (T2) Eucalyptus leaves (7.00%), (T4) Orange peel (7.33 %) and (T3) Curry leaves (7.67%) in comparison to (T0) Untreated grains (28.00%). 	Comment by Ausama Abdulwahab: and
A significantly negligible weight loss of grains was observed in (T7) Coragen (4.67%), (T1) Neem leaves (5.00%), (T6) Clove & Camphor (5.33%), (T2) Eucalyptus (7.67%), (T5) Bay leaves (8.33%), (T4) Orange peel (9.67%) and (T3) Curry leaves (10.33%) after 90 days of treatments showed the efficacy of these inert materials against S. oryzae with maximum weight loss in Untreated grains (36.33%). Among the eco-friendly plant derives (T6) Clove & camphor and (T1) Neem leaves smoke were found highly effective against S. oryzae with significantly minimum weight loss of (1.33%) and (1.67%) whereas other smokes also gave good impact with the weight loss ranged from (2.67 %) in (T2) Eucalyptus leaves smoke, (T4) Orange peel smoke (5.33%) and (T3) Curry leaves smoke (5.67) percent with weight loss in (T7) Coragen 10 mg (2.00%) and (T0) Untreated grains (90.67%).
Table 1: Number of grain damage and percent weight loss of wheat grains treated with different plant derived smoke stored for three months during November to January.

             


	
S. No.
	
Treatments

	       Mean number of damaged seed grains
	   % Weight loss after treatment in     three months

	
	
	1stmonth
(November)
	  2ndmonth          (December)
	   3rdmonth
  (January)
	  1st month
(November)
	2ndmonth
(December)
	3rd month
(January)

	1.
	Untreated
	26.33
	35.67
	37.33
	12.00
	28.00
	36.33

	2.
	Neem leaves
	2.33
	13.33
	13.33
	1.67
	4.33
	5.00

	3.
	Eucalyptus leaves
	3.33
	14.33
	15.67
	2.67
	7.00
	7.67

	4.
	Curry leaves
	5.00
	19.33
	20.67
	5.67
	7.67
	10.33

	5.
	Orange peel
	4.67
	17.00
	17.67
	5.33
	7.33
	9.67

	6.
	Bay leaves
	3.67
	15.67
	16.00
	5.00
	6.33
	8.33

	7.
	Clove & Camphor
	2.00
	12.67
	14.67
	1.33
	3.67
	5.33

	8.
	Rynaxypyr (Coragen 10mg)
	2.67
	4.33
	6.33
	2.00
	3.33
	4.67

	
	           
	NS
	NS
	NS
	NS
	NS
	NS

	
	   CD (5%)
	1.36
	1.41
	1.76
	0.99
	1.06
	1.11



	
S. No.
	
Treatments

	    Mean number of damage seed grains
	  % Weight loss after treatment in six months

	
	
	 4th months
(February)
	5th months 
(March)
	   6th months
      (April)
	 4th months
  (February)
	5th months 
   (March)
	 6th months
     (April)

	1.
	Untreated
	39.67
	45.67
	58.33
	41.33
	68.00
	90.67

	2.
	Neem leaves
	14.00
	16.67
	19.33
	6.33
	9.00
	13.67

	3.
	Eucalyptus leaves
	16.33
	19.00
	24.67
	10.33
	13.67
	19.67

	4.
	Curry leaves
	24.67
	27.33
	31.33
	12.33
	17.00
	22.33

	5.
	Orange peel
	18.33
	21.33
	28.33
	11.33
	15.67
	20.67

	6.
	Bay leaves
	16.67
	20.67
	26.00
	11.00
	10.33
	20.33

	7.
	Clove & Camphor
	16.00
	18.33
	21.67
	7.00
	9.67
	15.33

	8.
	Rynaxypyr, Coragen (10mg)
	7.67
	9.33
	13.67
	5.67
	8.00
	12.33

	
	            
	NS
	NS
	NS
	NS
	NS
	NS

	
	 CD (5%)
	1.61
	1.65
	3.08
	0.86
	0.70
	0.99


Table 2: Number of grain damage and percent weight loss of wheat grains treated with different plant derived smoke stored for three months during February to April.
 


The study evaluated the efficacy of different plant derived smokes and a chemical treatment, Rynaxypyr, (Coragen 10mg) against rice weevils (Sitophilus oryzae) in treated wheat grains, kept in plastic containers over a three-month period of storage from November to January which shows in (Table 2) and a six-month storage period from February - April (Table 2). The experiment was included conducted to assess the mean number of damaged grains and the percentage weight loss after treatment, which was calculated on the basis of 6 months storage period after the smoke treatment. 
 Grain damage
To find out the efficacy of different plants leaves smoke and Coragen 10mg the grain damage due to F1 progeny of S. oryzae is shown in Table 2 and minimum grain damage was found in (T6) Clove & Camphor, after one month of treatments (Fig. 2). A significantly minimum grain damage was recorded in (2.00) followed by (T1) Neem leaves smoke (2.33), (T7) Coragen 10mg (2.67), (T2) Eucalyptus leaves (3.33), (T5) Bay leaves (3.67), (T4) Orange peel (4.67) and (T3) Curry leaves (5.00) in comparison to (T0) untreated control (26.33). After 60 days of treatments, least damaged grains were found (T7) Coragen (4.33), treated wheat grains with significant less grain damage was recorded in (T6) Clove & Camphor (12.67), (T1) Neem leaves (13.33), (T2) Eucalyptus leaves (14.33), (T5) Bay leaves (15.67), (T4) Orange peel (17.00) and (T3) Curry leaves (19.33) obtained. The data recorded on grain damage after 90 days of treatment showed significant minimum grain damage in (T7) Coragen 10mg (6.33) followed by (T1) Neem leaves (13.33), (T6) Clove & Camphor (14.67), (T2) Eucalyptus leaves (15.67), (T5) Bay leaves (16.00), (T4) Orange peel (17.67) and (T3) Curry leaves (20.67) and in comparisons to (T0) Untreated grains (37.33).
The data regarding the grain damage after 180 days of treatments clearly showed the efficacy of Different plant derived smoke with significantly very less grain damage in (T7) Coragen (13.67), followed by (T1) Neem leaves (19.33), (T6) Clove & Camphor (21.67), (T2) Eucalyptus leaves (24.67) whereas among other smokes significantly minimum grain damage was recorded in (T5) Bay leaves (26.00), (T4) Orange peel (28.33), (T3) Curry leaves (31.33) in comparison to (T0) Untreated grains (58.33).
Weight loss
The data obtained on weight loss due to F1 adult generation is presented in Table 1 and Table 2 The data clearly showed that treated grains after one month of treatments with very less weight loss observed in (T6) Clove & camphor (1.33%), (T1) Neem leaves (1.67%), (T7) Coragen 10mg (2.00%), (T2) Eucalyptus leaves (2.67%), (T5) Bay leaves (5.00%), (T4) Orange peel (5.33%), (T3) Curry leaves (5.67%) and with maximum grain weight loss in (T0) Untreated grains (12.00%).Again weight loss was found in treated wheat grains after 60 days of treatments whereas significantly very less weight loss was recorded in (T7) Coragen (3.33%), (T6) Clove & Camphor (3.67 %), (T1) Neem leaves (4.33%), (T5) Bay leaves (6.33%), (T2) Eucalyptus leaves (7.00%), (T4) Orange peel (7.33 %) and (T3) Curry leaves (7.67%) in comparison to (T0) Untreated grains (28.00%).
A significantly negligible weight loss of grains was observed in (T7) Coragen (4.67%), (T1) Neem leaves (5.00%), (T6) Clove & Camphor (5.33%), (T2) Eucalyptus (7.67%), (T5) Bay leaves (8.33%), (T4) Orange peel (9.67%) and (T3) Curry leaves (10.33%) after 90 days of treatments showed the efficacy of these inert materials against S. oryzae with maximum weight loss in Untreated grains (36.33%). Among the eco-friendly plant derives (T6) Clove & camphor and (T1) Neem leaves smoke were found highly effective against S. oryzae with significantly minimum weight loss of (1.33%) and (1.67%) whereas other smokes also gave good impact with the weight loss ranged from (2.67 %) in (T2) Eucalyptus leaves smoke, (T4) Orange peel smoke (5.33%) and (T3) Curry leaves smoke (5.67) percent with weight loss in (T7) Coragen 10 mg (2.00%) and (T0) [image: ]Untreated grains (90.67%).


















Fig 1. Number of grain damage of wheat grains treated with different plant derived smoke stored in plastic containers for six months during November to April in 2024-25









































Fig 2 Number of grain damage of wheat grains treated with different plant derived smoke stored in plastic containers for six months during November to April in 2024-25





















Fig 3. Germination % , Root & Shoot length	Comment by Ausama Abdulwahab: bad legend.






Table 3: Effect of smoke on seed germination, root and shoot length under airtight conditions after six months of storage.



	
Tr. No.
	
     Treatments
	
     Germination (%)                
	
     Root length (cm)              
	
     Shoot length (cm)

	 T0
	Untreated
	 55.66
	1.48
	1.98

	T1
	Neem leaves
	98.00
	2.09
	2.52

	T2
	Eucalyptus leaves
	92.00
	2.03
	2.28

	T3
	Curry leaves
	95.00
	1.98
	1.99

	T4
	Orange peel
	91.00
	1.58
	2.01

	T5
	Bay leaves
	96.00
	2.34
	2.48

	T6
	Clove & Camphor
	98.66
	2.08
	2.68

	T7
	Coragen (10mg)
	96.67
	1.89
	2.87


Effect of smoke on percent seed germination at different exposer of time intervals, after six months treatments from (November – April).
          The effect of different plant derived smoke on germination of wheat seeds grain under different exposure time intervals i.e., 24, 48, 72 and 96 hours was observed under airtight conditions. The data is given in table- 3 showed the effect of different plants leaves smoke on percent germination of wheat seeds grains at different exposure of time showed no adverse effect .Where highest 98.66 percent seed germination  of wheat seeds treated with (T6 )  clove and camphor was recorded after six months of smoke exposure followed by (T1) Neem leaves smoke (98.00), (T2) Eucalyptus leaves smoke (97.00), (T7) Coragen10mg smoke (96.67), (T5) Bay leaves smoke (96.00), (T3) Curry leaves smoke (95.00),  (T4) Orange peel (91.00), and (T0) Untreated (Control) 55.66 percent. 
Effect of smoke on root length (cm) at different exposer of time intervals
          The data in table no.3 and fig.3 showed the best root development (length) response of different plant derived smoke as compared to untreated seeds, the (T5) Bay leaves smoke treatment find maximum root length was observed at different exposer of time intervals with highest root length of (2.34cm) and was followed by (T1) Neem leaves smoke (2.09cm), (T6) Clove & Camphor (2.08cm), (T2) Eucalyptus leaves smoke (2.03cm), (T3) Curry leaves smoke (1.98cm), (T7) Coragen 10mg (1.89cm), (T4) Orange peel smoke (1.58cm) and (T0) Untreated (1.48cm) length.

Effect of smoke on shoot length (cm) at different exposure of time intervals
         The data in table no.3 and fig.3 showed the best shoot development response of different plant derived smoke as compared to untreated seeds, the (T7) Coragen 10mg smoke treatment find maximum shoot length was observed at different exposer of time intervals with highest shoot length of (2.87cm) and was followed by (T6) Clove & Camphor smoke (2.68cm), (T1) Neem leaves smoke (2.52cm), (T5) Bay leaves smoke (2.48cm), (T2) Eucalyptus leaves smoke (2.28cm), (T4) Orange peel (2.01cm), (T3) Curry leaves smoke (1.99cm) and (T0) Untreated (1.98cm) length.

DISCUSSION
The present study was conducted to evaluate the efficacy of various plant-derived smokes as eco-friendly alternatives to synthetic insecticides in managing rice weevil (Sitophilus oryzae) infestations in stored wheat grains. The findings clearly demonstrate the potential of plant smokes-particularly Clove & Camphor and Neem leaves-in reducing grain damage and weight loss, while simultaneously preserving seed germination and vigor over a storage period of six months.
Grain Damage and Weight Loss:
Among the treatments, Clove & Camphor (T6) smoke proved to be the most effective botanical method for suppressing rice weevil infestation, significantly reducing grain damage and weight loss throughout the study period. Neem leaves (T1) also showed strong insecticidal properties, aligning with previous reports (Jilani & Saxena, 1990; Adedire & Lajide, 2001) that highlighted the bioactive compounds in neem responsible for insect repellent and toxic effects. In contrast, Curry leaves and Orange peel exhibited relatively lower efficacy, indicating that the insecticidal activity of plant smoke is strongly influenced by the phytochemical composition of the source material. The synthetic insecticide Coragen (T7), which contains Rynaxypyr, also demonstrated high efficacy in controlling S. oryzae and served as a positive control. However, its use raises concerns about pesticide residues, environmental toxicity, and resistance development (Arthur, 1996; Isman, 2006). In contrast, botanical smokes provided similar levels of protection without adverse side effects, promoting their use as safer alternatives in sustainable grain storage systems.
Germination Percentage and Seedling Vigor:
A crucial aspect of any stored grain protection method is its effect on seed viability. In this study, none of the plant-derived smoke treatments had a negative impact on seed germination. Rather, a significant enhancement was recorded in T6 (Clove & Camphor) and T1 (Neem leaves), suggesting not only protection from weevil damage but also potential preservation or stimulation of seed viability. This outcome may be due to the antimicrobial or antifungal effects of certain volatile phytochemicals, which may prevent seed deterioration during storage (Tripathi & Dubey, 2004). Interestingly, although Coragen-treated grains (T7) maintained high germination percentages, the root and shoot growth were slightly inferior compared to some botanical treatments, indicating that synthetic fumigants may exert subtle phytotoxic effects during storage (Shaaya et al., 1997).
Comparative Efficacy:
                 The rank order of effectiveness observed in this study was:
Clove & Camphor > Neem > Eucalyptus > Bay leaves > Orange peel > Curry leaves,
with the untreated control consistently recording the highest grain damage, weight loss, and lowest seed germination. These results align with earlier studies by Ogunwolu et al. (1998) and Tapondjou et al. (2002), which also reported the effectiveness of botanical derivatives-particularly essential oils and smokes-in stored grain pest management.
Implications for Eco-Friendly Storage Practices:
This study provides strong evidence supporting the integration of plant-derived smoke in stored grain pest management, especially for smallholder farmers and rural communities that often rely on traditional methods. Using locally available plants such as neem, eucalyptus, and clove offers a cost-effective and sustainable approach. Furthermore, as global pressure increases to reduce chemical pesticide reliance, the validation of botanical smokes presents an attractive avenue for eco-compatible storage strategies. While this laboratory study produced promising results under controlled conditions, field-scale validation is essential to ensure consistency under variable environmental conditions. Additionally, future studies should focus on isolating and characterizing the bioactive compounds in smoke, understanding their exact mode of action, and assessing their long-term safety on human health and non-target organisms.
CONCLUSION
The present investigation highlights the potential of plant-derived smoke as a sustainable and eco-friendly strategy for the management of rice weevil (Sitophilus oryzae) in stored wheat grains. Among the botanicals tested, Clove & Camphor (T6) and Neem leaves (T1) smoke treatments were found to be the most effective in significantly reducing grain damage and weight loss during the six-month storage period. These treatments performed comparably to the chemical insecticide Coragen (T7), but without the associated environmental and health concerns. Furthermore, the study demonstrated that smoke exposure from botanical sources did not negatively affect seed germination. On the contrary, treatments such as Clove & Camphor and Neem leaves showed enhanced germination percentages and seedling vigor (root and shoot length), suggesting their dual benefit in pest control and seed preservation. The least effectiveness was observed in Curry leaves and Orange peel smoke, indicating variation in insecticidal properties among different plant species. The order of efficacy observed was:
Clove & Camphor > Neem leaves > Eucalyptus > Bay leaves > Orange peel > Curry leaves, with untreated grains suffering the highest damage and lowest germination rates. These findings underscore the viability of integrating plant-derived smoke treatments into grain storage practices, especially for resource-limited settings. The approach aligns with the growing need for chemical-free, low-cost, and environmentally responsible pest management solutions. However, future field-scale studies and toxicological assessments are warranted to validate and optimize these methods for broader agricultural applications.
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       1st month	Untreated	Neem leaves	Eucalyptus leaves	Curry leaves	Orange peel	Bay leaves	Clove 	&	 Camphor	Rynaxypyr (Coragen 10mg)	T0	T1	T2	T3	T4	T5	T6	T7	12	1.67	2.67	5.67	5.33	5	1.33	2	  2nd months 	Untreated	Neem leaves	Eucalyptus leaves	Curry leaves	Orange peel	Bay leaves	Clove 	&	 Camphor	Rynaxypyr (Coragen 10mg)	T0	T1	T2	T3	T4	T5	T6	T7	28	4.33	7	7.67	7.33	6.33	3.67	3.33	    3rd months	Untreated	Neem leaves	Eucalyptus leaves	Curry leaves	Orange peel	Bay leaves	Clove 	&	 Camphor	Rynaxypyr (Coragen 10mg)	T0	T1	T2	T3	T4	T5	T6	T7	36.33	5	7.67	10.33	9.67	8.33	5.33	4.67	      4th months	Untreated	Neem leaves	Eucalyptus leaves	Curry leaves	Orange peel	Bay leaves	Clove 	&	 Camphor	Rynaxypyr (Coragen 10mg)	T0	T1	T2	T3	T4	T5	T6	T7	41.33	6.33	10.33	12.33	11.33	11	7	5.67	5th months 	Untreated	Neem leaves	Eucalyptus leaves	Curry leaves	Orange peel	Bay leaves	Clove 	&	 Camphor	Rynaxypyr (Coragen 10mg)	T0	T1	T2	T3	T4	T5	T6	T7	68	9	13.67	17	15.67	10.33	9.67	8	   6th months	Untreated	Neem leaves	Eucalyptus leaves	Curry leaves	Orange peel	Bay leaves	Clove 	&	 Camphor	Rynaxypyr (Coragen 10mg)	T0	T1	T2	T3	T4	T5	T6	T7	90.67	13.67	19.670000000000002	22.33	20.67	20.329999999999998	15.33	12.33	storage period of treated wheat


weight loss %




Germination % , Root & Shoot length 

Germination % 	Untreated	Neem leaves	Eucalyptus leaves	Curry leaves	Orange peel	Bay leaves	Clove 	&	 Camphor	Coragen (10mg)	 T0	T1	T2	T3	T4	T5	T6	T7	55.66	98	92	95	91	96	98.66	96.67	Root length(cm)	Untreated	Neem leaves	Eucalyptus leaves	Curry leaves	Orange peel	Bay leaves	Clove 	&	 Camphor	Coragen (10mg)	 T0	T1	T2	T3	T4	T5	T6	T7	1.48	2.09	2.0299999999999998	1.98	1.58	2.34	2.08	1.89	Shoot length (cm)	Untreated	Neem leaves	Eucalyptus leaves	Curry leaves	Orange peel	Bay leaves	Clove 	&	 Camphor	Coragen (10mg)	 T0	T1	T2	T3	T4	T5	T6	T7	1.98	2.52	2.2799999999999998	1.99	2.0099999999999998	2.48	2.68	2.87	
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    Original Research Article     Effect of  plant - derived smoke  on  germination percent of treated wheat  grain after hours exposer period  used  against Rice weevil, ( Sitophilus  oryzae  L . )                                                                                      ABSTRACT   Rice weevil ( Sitophilus oryzae ) is one of the significant pests  &   has caused serious damage in  wheat storage. The use of synthetic pesticides to control them has had negative effect on  environment, human & animals.  The study was conducted   to evaluate the efficacy of plant - derived smoke in reducing grain damage, weight loss, and improving germination percentage  of stored wheat grains infested by rice weevil ( Sitophilus oryzae   L.). Laboratory experiments  were performed at SHUATS, Prayagraj during 2024 – 2025 using various botanical treatments  including Neem, Eucalyptus, Curr y leaves, Bay leaves, Orange peel, Clove & Camphor, and a  chemical control (Coragen 10 mg), under airtight storage for six months.  Results   revealed that  smoke treatment from Clove & Camphor (T6) significantly minimized grain damage and  weight loss, followed by Neem (T1) and Eucalyptus (T2) smoke treatments. The untreated  control (T0) showed the highest levels of grain damage and weight loss.   Additionally,  germination percentage of wheat seeds was not adversely affected by any of the smoke  treatments; rather , a notable enhancement was observed in treatments T6 and T1. These  findings suggest that plant - derived smoke, particularly from Clove & Camphor, offers a  promising eco - friendly strategy for managing  S. oryzae , preserving seed quality, and reducing  post - harvest losses during storage.   The order of effectiveness of botanicals is ranked as Clove  & Camphor>Neem leaves>Eucalyptus>Bay leaves>Orange peel>Curry leaves respectively.  Finally, these findings demonstrated that certain plant smokes possess strong insect icidal  properties against rice weevils, indicating their potential as effective and eco - friendly  alternatives to synthetic fumigants for stored wheat grain protection.   Keywords  –   Efficacy ,   rice weevil,  botanicals , smoking,  stored grain pest  management ,  coragen,  germination,  grain damage,  weight loss,  storage .      

