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SCREENING OF DIFFERENT VARIETIES OF WHEAT AGAINST RICE WEEVIL, Sitophilus oryzae L. AND IT’S ECO-FRIENDLY MANAGEMENT.


Abstract
At the Department of Entomology, Chandra Shekhar Azad University of Agricultural and Technology (CSAUA&T), Kanpur, an experiment was conducted in the lab to examine the varietal screening, and eco-friendly management of wheat against the rice weevil, Sitophilus oryzae L. The remaining wheat types were discovered to be susceptible to Sitophilus oryzae L., and their hardness was associated negatively with pest infection. The wheat cultivars HD-2733 and K-1502 were discovered to be only marginally resistant to Sitophilus oryzae L., with higher hardness, lower moisture, fewer eggs, progeny, and population with a longer developmental period, as well as reduced grain weight loss and damaged grain. The fecundity and progeny were positive relation with percent weight loss and damaged grain. The results on management of Sitophilus oryzae L. through plant products showed that the Castor leaf, Dhatura leaf and Neem seed kernel powder were found most effective against S. oryzae.
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Introduction
The majority of Indians depend on wheat as their main source of food, and it provides between one-third and fifty percent of their daily caloric intake. Wheat is the second most significant cereal crop in the world in terms of production after maize. China, India, the United States, Australia, Russia, Pakistan, and Ukraine are the main producers of wheat. India comes in second with 108.75 mt. of production behind China as the top producer of wheat. It is grown in India on an area of 31.76 million hectares, with a productivity rate of 3424 kg/ha (All India coordinate research project on Wheat and Barley progress report, 2020-21). The major wheat-producing states are Uttar Pradesh, Punjab, Madhya Pradesh, Haryana, Rajasthan, and West Bengal.  No matter where you live in the world, wheat will probably be close by since it is the most consumed grain in the world. One of the main obstacles in developing nations is post-harvest losses during storage, particularly for small farmers that employ conventional storage structures [7]. In general, resistance to insect pest attack is being investigated as an alternative to synthetic insecticides [4]. The major methods for controlling this pest are fumigation and the use of pesticides. Due to the accompanying environmental risks and food residues, the widespread use of the same has raised concerns throughout the world [8]. Weevil infestations commonly cause 12–20% weight loss in grains, although under ideal circumstances they can reach up to 80% [9]. Rice weevil, S. oryzae, which feed on grain before harvest, is the most significant and harmful of these insect pests. Everyone is aware that both adults and grubs are significant pests of grains and products that are kept in storage, including rice, wheat, maize, sorghum, barley, lentil, biscuits, dried potatoes, cornflower, beans, pulses, pumpkin seeds, tamarind seeds, and millets [2]. Grain held at 25–30 °C and low relative humidity experiences the worst damage from S. oryzae [3].
Materials and Methods
Rearing of Insect
The adults of S. oryzae were initially gathered from infested stock of local market and brought to the laboratory of the department of entomology, Chandra Shekhar Azad University of Agriculture &Technology, Kanpur for mass culture rearing. The adults were then placed in two glass jars with a capacity of 100gm each and filled with 50gm of wheat grains. The freshly emerged individuals who had been alive for 1-2 days after 10 days were chosen as the study's parental population.

Test varieties
Raj-3777, K-1502, Mandakini, K-1501, Triveni, K-402(Mahi), Prasant, HD-2733, UP-2338, PBW-343, NW-2036, KD-9851, K-407, Halna, K-1402, Atal, K-9006, Sangam, K-9107 and Indra 20 wheat genotypes/varieties obtained from the local market and Department of Genetics and Plant breeding, Chandra Sekhar Azad University of agriculture Kanpur.
Disinfestations and standardization of moisture
The chosen wheat varieties were de-infested by baking them at 55 °C for four hours, which killed the larval stages of insects without compromising the viability of the seeds. To bring the moisture % to close to equilibrium, the genotypes were kept in desiccators containing KOH solution (51g of KOH per 100 ml of water) for 21 days. This seed material that had already been conditioned was screened.
Screening of test genotypes
For each treatment being studied, three replications were kept. 100 g of seeds were placed in a tiny plastic jar for each replication, and the container's top was sealed with a muslin cloth. 100 g of each test variety's seeds were infested with 5 pairs of newly emerged weevils from each jar. They were incubated at a temperature and relative humidity of 26±2 ⁰C and 70±5 percent, respectively. The weevils were allowed to oviposit in the grains for two weeks and removed. The performance of various wheat genotypes will be assessed based on the following parameters.
Determination of moisture content and hardness of wheat grains
To maintain the seed free from covert infestation, samples of each wheat type were thoroughly cleaned and sterilised in an oven at 50°C for 12 hours. After two weeks, each variety's moisture content was measured using an OSAW moisture metre in the Seed Science laboratory, and its hardness was assessed using a grain hardness tester in the Biochemistry laboratory at the C. S. Azad University of Agriculture and Technology, Kanpur. % and kg per grain are used to indicate the measured moisture and hardness, respectively.
Fecundity
For the purpose of calculating fecundity, 50g stained grains of each variety were used in three replications with five pairs of males and females put into specimen tubes. The acid fuchsin colouring reagent approach was used to detect the egg-laying plugs using a hand lens. The total number of eggs laid per tube was observed, and each tube's record of the total amount of eggs that one female has ever produced were recorded.

Incubation period
Rice weevil eggs were collected and kept with wheat grains of several genotypes in a glass vial for incubation. Twenty grains were dissected each day from the day of oviposition until the day the eggs hatched in order to calculate the incubation time.
Larval period
A specimen tube measuring 7.5 cm × 2.5 cm and filled with 5-gram of wheat grains was used to allow the rice weevil larvae to feed after hatching. The phases of the larvae were seen by dissecting five grains per day. The pupal stage of grains was included in the dissection process. The larval period was defined as the interval between egg hatching and pupation.
Mean development period
Weevils that emerged from each replication of the treatment had their mean development period determined as advised by [6].

Where,
A = Number of adults emerged on the nth day,
B = ‘n’ days required for their emergence,
C = Total number of adults who occurred during the experimental period,
D = Mean developmental period (days)
Weight loss
After the experiment, the weight was recorded. Stages and Fras were taken out before the insects were entirely weighed. By deducting the final weight from the starting weight, weight loss was calculated and expressed as a percentage.

Per cent seed damage
The number of damaged seeds by the weevil in each replication of the treatments was counted at the end of the experiment and converted into percent damaged seeds. [1]


Protectants used
To evaluate the efficacy of different plant leaves powder as seed protectants against rice weevil, S. oryzae eight treatments were used in a laboratory trial that used a completely randomized design (CRD), including control and replicated at the Department of Entomology, Chandra Sekhar Azad University of agriculture and technology.
Result and Discussion
Moisture in Grains-
The moisture level of various wheat varieties revealed that PBW-343, NW-2036, Sangam, KD-9851 Prasant, and Indra, which have respective moisture contents of 12.95, 12.90, 12.90, 11.50, 11.40, and 11.40 percent, are the most vulnerable to the S. oryzae. The intermediate moisture percentages of Triveni, K-402, K-1501, Mandakini, Atal, UP-2338, and K-9006—11.3, 11, 10, 92, 10.5, 10, 5, and 10.3—respectively—indicate susceptible performance of wheat cultivars against S. oryzae. The varieties Halna, K-9107, K-1502, K-307, and HD-2733, which have lower moisture contents of 10, 10.1, 10, 10, and 9.5, respectively, are somewhat resistant to S. oryzae. Using 20 wheat genotypes, it was possible to study the biology of S. oryzae as well as the physical characteristics of wheat grains. Our findings confirm those of [10], who found a positive correlation between moisture and insect infestation of stored pests.
Hardness of grains-
The breaking strength of wheat grain in each variety shown in the table, HD-2733, K-1502, K-9006, Atal, K-307, Halna, K-9107, UP-2338, and K-402, is shown as 23.00, 22.95, 22.00, 21.70, 21.10, 20.70, 20.30, 20.00, and 17.50 kg/grain, respectively. These are wheat varieties with higher breaking strength hardness values. S. oryzae was only moderately resistant to it. The intermediate hardness of the following wheat varieties—Mandakini, KD-9851, Indra, NW-2036, K-402, K-1402, and Raj-3777—is indicative of their susceptibility: 17.00, 16.70, 16.50, 15.50, and 14.50 kg/grain, respectively. Less difficult are PBW-343, Saugam, K-1501, and K-1402, which have respective hardness ratings of 11.50, 11.30, 11.30, and 11.00. Our results confirm those of [10], who found a positive correlation between moisture and stored grain insect infestation.






Fig 1 : Moisture and Hardness percent of different wheat varieties.

Fecundity-
According to the data in the table, varieties HD-2733 and K-1502 were found to be significantly better than the other varieties and to lay the fewest eggs (124.77 and 127.52), followed by Halana K-1501, K-307, Atal, and KD-9851, which were found to be moderately resistant and had lower fecundity, measuring 129.44, 129.75, 130.39, 137.86, and 140.34 eggs/female Sitophilus oryzae L. resistance was moderate for these cultivars. 185.48, 190.74, 197.68, 201.87, 234.56, and 240.55 eggs/female, respectively, were the medium fecundity values for the varieties K-9607, K-9533, UP-2338, Mandakini, Sangam, and K-402. Less susceptibility was displayed by these types. As a result of their high fecundity—253.41, 253.46, 254.55, 260.25, 334.74 and 347.49 eggs/female, respectively—varieties Prasant, Indra, Raj-3777 Triveni, NW-2036 and PBW-343 shown high susceptibility. These results are being supported by [5]. who reported that four wheat varieties (HD-2733, K-1502, K-1501, K-307) were evaluated for resistance against S. oryzae.
Incubation Period:
The information presented in the table revealed that the variety HD-2733 required the longest incubation period (9.0 days), followed by K-1402, K-307  Atal, Halana, UP-2338, Mandakini, Sangam, and K-402 (Mahi), K-9533, with incubation periods of 8.97, 8.76, 8.6, 8.55, 8.38, 8.3, 8.25, 8.12, and 8.06 days, respectively, and were all found to be moderate resistant against Sitophilus oryzae L.
It was discovered that the wheat varieties KD-9851, Prasant, RAJ-3777, Triveni, and K-9107, which have medium incubation times of 8.0, 7.95, 7.95, 7.90, and 7.89 days, respectively, were less susceptible. The varieties Indra, K-1501, K-1502, NW-2036, and PBW-343, with incubation periods of 7.65, 7.31, 7.20, 6.5, and 6.33 days, respectively, were discovered to be the most sensitive to Sitophilus oryzae L.
Larval Period
The variety PBW-343 had the shortest larval period (19.9 days), and it was followed by the varieties K-1402, K-9107, K-9533, Indra, RAJ-3777, NW-2036, Triveni, and Prasant, whose respective larval periods were 20.00, 20.00, 20.55, 21.60, 21.85, 22.00, 22.45, 22.70, and 23.25 days. These results indicated that the most susceptible wheat varieties.  The intermediate larval period in the wheat varieties K-402, K-1502, KD-9851, Sungam, and K-1501, respectively, revealed 23.25, 24.15, 25.04, 26.30, and 28.00 days, indicating the pest's less preferred varieties. Maximum larval period (31.20 days) was found in variety HD-2733, which was comparable to Mandakini, K-307, UP-2338, Atal, and Halna (whose respective larval periods were 29.10, 29.50, 29.80, 29.90, and 30.10) and thus indicated less preference for the infestation of the varieties. Our results are supported by [10]. They claimed that when it comes to the physical characteristics of wheat grain, moisture has a negative correlation whereas hardness has a positive correlation during the larval stage.
Pupal Period
The HD-2733 and K-1401 varieties, which had the longest pupal periods (9.10 and 9.00 days, respectively), outperformed the other varieties significantly. Mandakini, K-307, Halna, UP-2338, Atal, RAJ-3777, Triveni, and K-1501, which had pupal periods of 8.20, 8.15, 8.10, 7.89, 7.85, 7.70, 7.50, and 6.77 days, respectively, and showed only moderate resistance to S. oryzae. Less sensitive varieties were NW-2036, Sungam, K-1502, KD-9851, Prasant, K-402, and K-9107, which were 6.50, 6.40, 6.17, 5.90, 5.35, and 5.10 days, respectively. The most susceptible varieties to S. oryzae were K-1402, Indra, and PBW-343, with 4.97, 4.89, and 4.73, respectively. My findings are corroborated by [5], who stated that the four wheat types (HD-2733, K-1502, K-1501, and K-307) had their resistance to S. oryzae tested.





Fig 2 : Fecundity, Incubation, Larval and Pupal mean period of Sitophilus oryzae L. in different wheat varieties.
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F1-Progeny
The varieties HD-2733 and K-9533 produced the fewest adults,  32.15 and 33.06, respectively. While, K-9107, K-307, Halna, K-1402 and Atal had 41.07, 42.35, 45.03, and 48.03 adults, respectively. These varieties were moderately resistant. At the same time, K-1502, K-1501, UP-2338, and Mandakini, or 60.65, 65.55, 75.16, and 82.20 adults, respectively, were sensitive to intermediate emergence. The wheat varieties KD-9851, NW-2036, Sungam, RAJ-3777, K-402, Prasant, Indra, Triveni, and PBW-343 had increased emergence, with adult averages of 91.15, 102.80, 105.10, 105.15, 106.00, 106.10, 110.60, and 123.00, respectively, and were categorised as highly sensitive varieties [12]. 20 wheat genotypes were used to examine the relationship between the physical properties of wheat grains and the biology of Sitophilus oryzae L. While there was a positive link between moisture content and fecundity, F1 progeny, and susceptibility index, there was a substantial negative correlation between the hardness of the wheat cultivars.
Developmental Period
Sitophilus oryzae L. has a longer developmental period, measured in HD-2733, K-1502, and KD-9851, respectively, at 61.10, 60.80, and 59.16 days, which indicated moderate resistance of wheat varieties. Varieties K-307, Halna, K-1501, UP-2338, K-1402, Mandakini, K-9533, K-9107, Atal, and Indra showed, respectively, intermediate developmental periods of 58.73, 58.00, 56.46, 55.80, 55.46, 55.33, 54.20, 52.86, 46.05, and 42.70 days. These varieties were also susceptible. Wheat types K-402, Prasant, Triveni, RAJ-3777, Sungam, NW-2036, and PBW-343 had shorter developmental periods,  42.5, 40.50, 40.30, 40.30, 31.43, 30.40, and 30.4 days, respectively. These wheat varieties have been proven to be the most vulnerable. These findings are consistent with the findings of [12], which examined the resistance of six wheat cultivars to Sitophilus oryzae L. PBW-343, Raj-3765, K-9107, K-307, UP-2338, and Mandakini. The percentage of damaged grains, average breaking strength (hardness), moisture content, and weight loss were all recorded. Due to more eggs laid by each female, adult emergence, and weight loss, the cultivars PBW-343 and NW-2036 were discovered to be the most susceptible.
Adult emergence
Different wheat cultivars had emergence rates of adults that ranged from 66.20 to 78.83 percent. The varieties PBW-343 (78.83%) and NW-2036 (followed by Prasant, Indra, Triveni, KD-9851, RAJ-3777, K-1501, Sungam, K-1502, Mandakini, Atal, K-9533, and UP-2338) have produced the most beetles, with respective percentages of 78.63, 77.28, 76.5, 76.06, 75.83, 74.61,  73.86, 73.71, 72.11, 72.03, 71.45, 69.98 and 69.91 percent, respectively. The adult emergence rates for the varieties K-402, K-1402, Halna, and K-9107 were moderate, at 68.54, 68.50, 68.25, and 68.20 percent, respectively. A minimal percentage of mature beetles were found in the HD-2733, K-307, 66.43, and 66.20 types. Our results are supported by [11], also worked on the adult emergence of weevil attacking Barley varieties and discovered a maximum population on the most susceptible variety, which is roughly consistent with the current findings.











Fig 3 : F1 progeny, Developmental period and adult emergence of Sitophilus oryzae L. in different wheat varieties.

Damaged grain
When exposed to Sitophilus oryzae L. the cultivars HD-2733, K-9533, and Halna suffered damage of 1.5, 1.55, and 1.75 percent, respectively. However, these varieties were determined to be fairly resistant. The damaged intermediate grain contained susceptible wheat varieties of 1.9, 2.05, 2.10, 3.10, 3.30, 3.55, 3.80, and 3.90, i.e., K-307, Atal, K-1402, K-1502, KD-9851, K-1501, Prasant, and UP-2338. The most vulnerable wheat varieties to S. oryzae were found to be Mandakini, K-402, Sungam, Indra, k-9107, RAJ-3777, Triveni, NW-2036, and PBW-343, with higher infested grain damage rates of 4.00, 4.00, 4.10, 4.15, 4.25, 4.30, 4.50, and 5.47 percent, respectively. Our findings are corroborated by [12], who noted that hardness had a significant detrimental impact on grain damage. The cultivars with high moisture content never the less shown a favourable correlation with grain damage.
Weight loss
The moderate resistance of HD-2733, K-9533, Halna, K-307, Atal, and K-1402 was demonstrated by smaller weight losses of 3.75, 3.90, 4.25, 4.35, 4.50, and 4.65 percent, respectively. Weevil loss was also discovered to be a problem for K-1402, UP-2338, Mandakini, K-1501, KD-9851, K-1502 Sungam, and Indra, with weevil loss rates of 4.50, 5.65, 5.70, 6.10, 6.24, 6.50, 6.80, and 7.35 percent, respectively. The most sensitive strains against Sitophilus oryzae L. were K-402, RAJ-3777 NW-2036, Prasant, Triveni, K-9107, and PBW343, which had higher weight losses of 7.45, 7.45, 7.50, 7.55, 8.15, 9.55, and 9.70%, respectively. Our findings are corroborated by [12]. They also claimed that weight loss owing to infection was negatively correlated with grain hardness, but favourably correlated with grain moisture content..
Fig 4 : Percentage of damaged grains and weight loss caused by Sitophilus oryzae L. in different wheat varieties.

Management of Sitophilus oryzae L.infesting wheat varieties.
Incubation Period
Castor leaf powder (9 days) had the longest incubation period, followed by Dhatura leaf powder (8.5), Neem seed kernel extract (8.25), Tulsi leaf powder (8.25), Custard seed powder (8.25), Sweet flag leaf (8.25), Mentha leaf (8.25), and control (8.5), which were all 8.75, 8.50, 8.25, 8.25, 7.75, 7.25, and 7 days, respectively. Our findings are also validated by [5], who claimed that Castor leaf powder provided the best defence against pests found in storage.
Larval Period
Dhatura leaf powder outperformed all other treatments in terms of extending the pest's larval stage, which is 30.25 days. Grass treated with castor leaf powder had a significantly longer larval period (28.25 days), followed by grains treated with Neem seed kernel extract and custard seed powder (27.75 and 26.50 days, respectively). In terms of lengthening the larval period Ttulsi leaf powder and Menta, Tulsi leaf powder were shown to be comparable. Sweet flag leaf powder was shown to be least effective but superior to the untreated check, lasting 30 days, while the corresponding exposure times were 24.25 and 23.75 days (20 days). [10] further stated that the roots of Cyperus esculentus, Ipomea carnea, Ocimum basilicum, Azadirachta indica seeds, and Azadirachta indica leaves were all harvested and dried in the shade. In the grains treated with A. indica seed powder, the rice weevil's hatchability was greatly reduced (37.10%). In variably treated grain samples, the percentage of damaged grains by the rice weevil ranged from 1.4 to 8.9%; this percentage was lowest in Neem seed kernel powder at 10 g/kg seed and highest in E. globules, compared to 44.44 percent in control.
Adult emergence
In the grains treated with Dhatura leaf powder, the bare minimum amount of adults that emerged (4%) was seen. The adult emergence of pests is reduced in grain treated with Castor leaf powder, Custard leaf powder, Tulsi, and Neem seed kernel extract by providing, respectively, 5.75, 6.15, 7.5, and 7.85% adult emergence. Sweet flag leaf and leaf powder were found to be the least effective treatments, with 9.5 and 9.75 percent adult emergence, respectively.) Our findings are confirmed by [5] who claimed that Castor leaf powder provided the best defence against pests found in storage.
Fig 5 : Effect of some plant protectants on the biology of Sitophilus oryzae L.in wheat grain.







Weight loss:
The powders of Castor leaf, Dhatura leaf, Neem seed kernel, and Custard Apple seed at 20g/kg seed are effective against Sitophilus oryze L. by providing weight losses of 5, 5.75, 8.25, and 8.75 percent. Tulsi leaf, Sweet flag leaf, and Mentha leaf powders were shown to be the least effective in helping people lose weight, with respective results of 12.25, 12.25, and 13.75 percent compared to 16.75 percent for the untreated control. Our finding is corroborated by [5], who claimed that treated grain containing Custard Apple seed powder successfully prevents weight loss.
Damage grains:
In comparison to other treatments, the castor leaf, Dhatura leaf, Neem seed, and Custard apple seed powders showed statistically greater efficacy by causing, respectively, 4.10, 4.75, 6.75, and 7.5% less damage. When compared to the control, the effects of the powders of Tulsi, sweet flag, and Mentha leaves were less potent, causing grain damage of 11.75, 11.75, 12, and 15.25 percent, respectively. Our finding is corroborated by [5], who claimed that Castor leaf powder provided the best defence against pests found in storage.
Fig 6 : Effect of some plant protectant on Sitophilus oryzae L.in wheat grain against damage and weight loss.

Conclusion:-
This pest is most injurious for cereals, but current research is most useful for farmers and extension worker of the state for reducing rice weevil, Sitophilus oryzae L. change in stored conditions and developed resistance genotype. It is also applicable for understanding the eco-friendly management of rice weevil.
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