Impact of elicitors on herbage yield, biotic stress management and benefit cost ratio of sacred basil (Ocimum sanctum L.)


ABSTRACT
The experiment was conducted during 2021-22 & 2022-23 to study the influence of elicitors on herbage yield, biotic stress management and benefit cost ratio of sacred basil (Ocimum sanctum L.). The results revealed that the treatment T5 (V1E5) - CIM- Ayu + Salicylic acid @ 0.5 mM recorded significantly less number of days taken for initiation of flowering (43.67, 38.33 and 41.00), days taken for 50% flowering (65.00, 63.00 and 64.00) and days taken for harvesting (93.33, 86.67 and 90.00). It also recorded highest yield parameters like fresh herbage yield per plant (g/plant) (494.53, 493.08 and 493.81), fresh herbage yield per plot (Kg/plot) (18.55, 18.49 and 18.52), fresh herbage yield per hectare (t/ha) (30.91, 30.82 and 30.86), dry herbage yield per plant (g/plant) (188.33, 214.90 and 201.62), dry herbage yield per plot (Kg/plot) (7.06, 8.10 and 7.56), dry herbage yield per hectare (t/ha) (11.77, 13.43 and 12.60) during the years 2021, 2022 and pooled, respectively. The benefit-cost ratio (4.02, 4.73 and 4.38) was recorded highest in T5 (V1E5) followed by T12(V2E5) CIM- Angana + Salicylic acid @ 0.5 mM (3.46, 4.06 and 3.76) during both the years and pooled respectively. With respect to pest and disease severity, Alternaria was recorded lowest (9.66, 10.13 and 9.90) in T6 (V1E6) - CIM- Ayu + Salicylic acid @ 1.0 mM, and was at par with T13 (V2E6) (9.71, 10.18 and 9.94) and T5 (V1E5) (9.75, 10.21 and 9.98) during 2021, 2022 and pooled respectively. However, no significant difference was observed among treatments in the incidence of Spodoptera exigua on sacred basil. 
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1.Introduction 
Sacred basil (Ocimum sanctum Linn. syn. Ocimum tenuiflorum L.; 2n = 32) is an aromatic, perennial shrub belonging to the family Lamiaceae. The species is widely recognized for its rich phytochemical profile, including phenylpropanoids (eugenol), terpenoids, flavonoids, and phenolic acids, which confer a broad spectrum of pharmacological activities such as antioxidant, anti-inflammatory, immunomodulatory, adaptogenic, antimicrobial, and antistress effects (Prakash and Gupta, 2005; Pattanayak et al., 2010).
Holy basil is used to treat catarrh, bronchitis, ringworm and other cutaneous diseases. In children with gastric disorders, an infusion of the leaves acts as a stomachic. It is a good appetizer and strengthens the liver and heart when taken internally. It treats amenorrhea and promotes the secretion of milk in lactating women. When the leaves are chewed, they provide toothache relief. The juice of the leaves is used to treat inflammation. In malarial fevers, the root decoction is used as a diaphoretic. The juice of the flower tops, fresh leaves, and slender roots is thought to be an effective antidote for scorpion sting and snake bite. The plant is used by tribals (Santals) to treat cough, cholera, post-natal complaints, hemorrhage, septicemia and dog bite. Basil oil is also used to flavor baked goods such as spiced meats, sausages, and tomato pastes, as well as sauces, ketchup, fancy vinegars, pickles and beverages. (Farooqi and Sreeramu, 2005).
Metabolic elicitors are compounds that cause physiological changes in plants. Signal transduction is a key area of study in elicitors. Many researchers have described how plants respond to elicitors by activating several defense mechanisms on the plasma membrane surface, such as the induction of pathogenesis-related proteins and oxidative stress protection enzymes, as well as hypersensitive responses which are characterized by rapid cell death near the point of pathogen exposure. The production of reactive oxygen species (ROS) and reactive nitrogen species (RNS), results in the activation of defense-related genes, enhanced ion fluxes (cl-1 and k+ influx) and structural defensive barriers like reinforcement and lignification deposition in cell walls etc. The activation of de novo biosynthesis of transcription factors will directly regulate the expression of genes involved in secondary metabolite production (Ferari, 2010). 
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2. MATERIALS AND METHODS 
2.1 Methods
The current investigation was carried out during 2021-22 & 2022-23 at SKLTGHU, Rajendranagar. The field experiment was laid out in factorial randomized block design with 14 treatments and 3 replications. Treatment details were T1 (V1E1): CIM- Ayu + Methyl jasmonate (0.25mM), T2 (V1E2): CIM- Ayu + Methyl jasmonate (0.5 mM), T3 (V1E3): CIM- Ayu + Methyl jasmonate (1.0 mM), T4 (V1E4): CIM- Ayu + Salicylic acid (0.1 mM), T5 (V1E5): CIM- Ayu + Salicylic acid (0.5 mM), T6 (V1E6): CIM- Ayu  + Salicylic acid (1.0 mM), T7 (V1E7): CIM- Ayu + Water spray (Control), T8(V2E1): CIM- Angana + Methyl jasmonate (0.25mM), T9 (V2E2): CIM- Angana + Methyl jasmonate (0.5 mM), T10 (V2E3): CIM- Angana + Methyl jasmonate (1.0 mM), T11 (V2E4): CIM- Angana + Salicylic acid (0.1 mM), T12 (V2E5): CIM- Angana + Salicylic acid (0.5 mM), T13 (V2E6): CIM- Angana + Salicylic acid (1.0 mM) and T14 (V2E7): CIM- Angana + Water spray (Control) were tried and the observations were recorded in respect to yield, pest, disease incidence and economics of cultivation. The seed material viz., CIM- Ayu and CIM- Angana which were procured from the Central Institute of Medicinal and Aromatic Plants (CIMAP), Boduppal, Hyderabad.
2.2 Preparation of solutions
	To prepare 1mM solution of Methyl Jasmonate, 1.052 micro liter (µl) of the chemical was dissolved in one liter of water. The different levels of Methyl Jasmonate (0.25, 0.5 and 1 mM) were dissolved in distilled water and volume was made to one litre by serial dilution.
	To prepare 1mM solution of Salicylic acid, 0.138 grams (g) of the chemical was dissolved in one liter of water. The different level of salicylic acid (0.1, 0.5 and 1 mM) were dissolved in distilled water and volume was made to one litre by serial dilution.
3. Results and Discussion
3.1 Yield parameters
3.1.1 Days taken for initiation of flowering
The data pertaining to the days taken for initiation of flowering as influenced by varieties, elicitors and their combinations during the years 2021, 2022 and pooled is presented in the table 1. The significantly minimum number of days taken for initiation of flowering was recorded in CIM – Ayu (V1) (52.19, 50.71 and 51.45) than CIM - Angana (V2) (54.10, 53.48 and 53.79) during the years 2021, 2022 and pooled, respectively. The application of elicitors also showed a significant effect on the days taken for initiation of flowering, in which the minimum (44.67, 41.33 and 43.00) days taken for initiation of flowering of the plant was observed in E5 - Salicylic acid @ 0.5 mM, followed by E4 - Salicylic acid @ 0.1 mM (48.33, 45.83 and 47.08). Likewise, the maximum number of Days taken for initiation of flowering was recorded in E7 Control (63.83, 64.83 and 64.33) during 2021, 2022 and pooled, respectively.
Among the interactions minimum number of days taken for initiation of flowering of the plant (43.67, 38.33 and 41.00) was registered in T5 (V1E5) - CIM- Ayu + Salicylic acid @ 0.5 mM, followed by T12 (V2E5) - CIM- Angana + Salicylic acid @ 0.5 mM (45.67, 44.33 and 45.00), Whereas, the maximum number of days taken for initiation of flowering (65.33, 67.00 and 66.17) was registered in T14 (V2E7) - CIM- Angana + Control during  2021, 2022 and pooled, respectively. Similar trend was observed in days taken for 50 % flowering.
3.1.2 Days taken for 50% flowering
Varieties differed significantly with respect to the days taken for 50% flowering (Table 1). The minimum number of days taken for 50% flowering was recorded in CIM – Ayu (V1) (79.43, 78.24 and 78.83) than CIM - Angana (V2) (81.95, 80.90 and 81.43) during the years 2021, 2022 and pooled, respectively. The application of elicitors also showed a significant effect on the days taken for 50% flowering during both the years and pooled, in which the minimum (66.50, 66.17 and 66.33) days taken for 50% flowering was observed in E5 - Salicylic acid @ 0.5 mM followed by E4 - Salicylic acid @ 0.1 mM (76.00, 72.50 and 74.25) during 2021, 2022 and pooled respectively. Likewise, the maximum number of days taken for 50% flowering was recorded in E7 - Control (90.00, 91.00 and 90.50) during 2021, 2022 and pooled, respectively. 
The interaction effect between varieties and elicitors was significant during the years 2021, 2022 and pooled. The minimum number of days taken for 50% flowering (65.00, 63.00 and 64.00) was registered in T5 (V1E5) - CIM- Ayu + Salicylic acid @ 0.5 mM, followed by T12 (V2E5) - CIM- Angana + Salicylic acid @ 0.5 mM (68.00, 69.33 and 68.67) and T4 (V1E4) (74.00, 72.00 and 73.00) during 2021, 2022, and pooled respectively. Whereas, the maximum number of days taken for initiation of flowering of the plant (91.00, 92.33 and 91.67) was registered in T14 (V2E7) - CIM- Angana + Control during 2021, 2022 and pooled, respectively.
3.1.3 Days taken for harvesting
The mean values for days taken for harvesting were ranging from 93.33 to 115 (Table 1). The minimum number of days taken for harvesting was recorded in CIM – Ayu (V1) (104.10, 100.10 and 102.10) than CIM - Angana (V2) (106.19, 102.19 and 104.19) during the years 2021, 2022 and pooled, respectively. The application of elicitors showed a significant effect on the days taken for harvesting during both the years and pooled, in which the minimum (95.83, 89.67 and 92.75) number of days taken for harvesting was observed in E5 - Salicylic acid @ 0.5 mM, followed by E4 - Salicylic acid @ 0.1 mM (101.17, 96.00 and 98.58). Likewise, the maximum number of days taken for harvesting was recorded in E7 - Control (114.00, 111.33 and 112.67) during 2021, 2022 and pooled, respectively. Among the interactions minimum number of days taken for harvesting (93.33, 86.67 and 90.00) was registered in T5 (V1E5) - CIM- Ayu + Salicylic acid @ 0.5 mM, followed by T12 (V2E5) (98.33, 92.67 and 95.50) and T4 (V1E4) (100.33, 95.67 and 98.00). Whereas, the maximum number of days taken for harvesting (115.00, 112.00 and 113.50) was registered in T14 (V2E7) during  2021, 2022 and pooled, respectively. 
The minimum days to flowering were recorded with 0.5 mM SA. The maximum number of days were observed under control. The reason for early flowering is that plants have built up sufficient food reserves at the initial stages. These reserve foods could have been utilized for reproductive growth with a restriction in vegetative growth. The present results are akin with Martin et al (2005) who observed  the spray of SA on the shoots of African violet.
Oata (1975) and Pieterse and Muller (1977) reported that salicylic acid was found to induce flowering by acting as a chelating agent. It acted as an endogenous growth regulator for flowering and had florigenic effects. According to Khurana and Cleland (1992) Lemna paucicostata LP6 did not normally flower when grown on basal Bonner-Devirian medium, but substantial flowering was obtained when 10 µM salicylic acid (SA) was added to the in vitro culture medium.
3.1.4 Fresh herbage yield per plant (g)
The data on the fresh herbage yield per plant as influenced by varieties, elicitors and their combinations during the years 2021, 2022 and pooled are presented in the Table 2. The highest fresh herbage yield per plant was recorded in CIM – Ayu (V1) (337.92, 337.07 and 337.50) than CIM - Angana (V2) (313.87, 310.66 and 312.27) during the years 2021, 2022 and pooled, respectively. The application of elicitors also showed a significant effect on the fresh herbage yield per plant during both the years and pooled, in which the maximum (485.73, 481.11 and 483.42) fresh herbage yield per plant was observed in E5 - Salicylic acid @ 0.5 mM followed by E4 (447.60, 448.43 and 448.01) and E3 (387.10, 381.58 and 384.34). Likewise, the lowest fresh herbage yield per plant was recorded in E7 - Control (164.42, 164.97 and 164.70) during 2021, 2022, and pooled, respectively. Among the treatments the highest Fresh herbage yield per plant (494.53,493.08 and 493.81) was registered in T5 (V1E5) - CIM- Ayu + Salicylic acid @ 0.5 mM, followed by T12 (V2E5) (476.93, 469.15 and 473.04), T4 (V1E4) (455.20, 457.32 and 456.26), T11 (V2E4) (440.00, 439.53 and 439.77) and T3 (V1E3) (398.87, 394.61 and 396.74). Whereas, the lowest fresh herbage yield per plant (158.57, 158.38 and 158.48) was registered in T14 (V2E7) during  2021, 2022 and pooled, respectively.
The salicylic acid plays an important role in the physiological activity of the plant like photosynthesis through its effect on the function of stomata and the rate of transpiration and breathing passages in cucumber (Orabi et al., 2010). Salicylic acids play a role in increasing the chlorophyll and carotene pigments, as well as accelerating photosynthesis and increasing the activity of some important enzymes. Treatment with salicylic acid increases plant hormone levels such as auxins and cytokinins, resulting in increased vegetative growth. (Abdulwahed et al., 2012).
3.1.5 Fresh herbage yield per plot (kg/plot)
The varieties differed significantly with respect to fresh herbage yield per plot during 2021, 2022 and pooled (Table 2). The highest fresh herbage yield per plot was recorded in CIM – Ayu (V1) (12.67, 12.64 and 12.66) than CIM - Angana (V2) (11.79, 11.65 and 11.72). The application of elicitors also showed a significant effect, in which the maximum (18.22, 18.04 and 18.13) fresh herbage yield per plot was observed in E5 - Salicylic acid @ 0.5 mM followed by E4 (16.79, 16.82 and 16.80) and E3 (14.52, 14.31 and 14.41). Likewise, the lowest fresh herbage yield per plot was recorded in E7 - Control (6.22, 6.19 and 6.20) during 2021, 2022 and pooled, respectively. Among the interactions the highest fresh herbage yield per plot (18.55, 18.49 and 18.52) was registered in T5 (V1E5), followed by T12 (V2E5) (17.89, 17.59 and 17.74) T4 (V1E4) (17.07, 17.15 and 17.11), T11 (V2E4) (16.50, 16.48 and 16.49) and T3 (V1E3) (14.96, 14.80 and 14.88). Whereas, the lowest fresh herbage yield per plot (6.05, 5.94 and 6.00) was registered in T14 (V2E7) during 2021, 2022 and pooled, respectively.
3.1.6 Fresh herbage yield per hectare (t/ha)
The data on the fresh herbage yield per hectare as influenced by varieties, elicitors and their combinations during the years 2021, 2022 and pooled are presented in the table 2. The highest fresh herbage yield per hectare (t/ha) was recorded in CIM – Ayu (V1) (21.12, 21.07 and 21.09) than CIM - Angana (V2) (19.64, 19,42 and 19.53). Maximum (30.36, 30.07 and 30.21) fresh herbage yield per hectare (t/ha) was observed in E5 - Salicylic acid @ 0.5 mM followed by E4 - Salicylic acid @ 0.1 mM (27.98, 28.03 and 28.00) and E3 - Methyl jasmonate @ 1.0 mM (24.19, 23.85 and 24.02) during 2021, 2022 and pooled, respectively. The interaction effect between varieties and elicitors was observed to be significant during the years 2021, 2022 and pooled. The highest fresh herbage yield per hectare (t/ha) (30.91, 30.82  and 30.86) was registered in T5 (V1E5) - CIM- Ayu + Salicylic acid @ 0.5 mM, followed by T12 (V2E5) - CIM- Angana + Salicylic acid @ 0.5 mM (29.81, 29.32 and 29.57), T4 (V1E4) (28.45, 28.58 and 28.52), T11 (V2E4) (27.50, 27.47 and 27.49) and T3 (V1E3) (24.93, 24.66 and 24.80) during 2021, 2022 and pooled, respectively. Whereas, the lowest fresh herbage yield per hectare (t/ha) (10.09, 9.90 and 9.99) was registered in T14 (V2E7) during 2021, 2022 and pooled, respectively.
Foliar application of salicylic acid increased yields of many plants as mentioned by Yildirim et al. (2008) in cucumber, Elwan and El-Hamahmy (2009) in pepper, Karlidag et al. (2009) in strawberry and Mady (2009) and Javaheri et al. (2012) in tomato. Increases in yields may be closely related to increases in vegetative growth characteristics, such as plant height, number of branches per plant, leaf area, fresh and dry weights of the plant, as well as an increase in crown carbohydrate content. According to Shakirova et al. (2003), Salicylic acid's positive effect on yield may be due to its influence on other plant hormones. Under normal and saline conditions, salicylic acid altered the auxin, cytokinin and ABA balances in wheat, increasing growth and yield.  The increase in yield caused by foliar salicylic acid application could be attributed to salicylic acid's well-known effects on photosynthetic parameters and plant water relations.
3.1.7 Dry herbage yield per plant (g)
The data on the dry herbage yield per plant (g) as influenced by varieties, elicitors and their combinations during the years 2021, 2022 and pooled are presented in table 3. The highest dry herbage yield per plant (g) was recorded in CIM – Ayu (V1) (123.07, 135.68 and 129.37) than CIM - Angana (V2) (112.88, 121.22 and 117.05) during the years 2021, 2022 and pooled, respectively. The application of elicitors also showed a significant effect on the dry herbage yield per plant during both the years and pooled, in which the maximum (177.70, 202.20 and 189.95) dry herbage yield per plant (g) was observed in E5 - Salicylic acid @ 0.5 mM, followed by E4 - Salicylic acid @ 0.1 mM (151.54, 161.75 and 156.65) and E3 - Methyl jasmonate @ 1.0 mM (127.20, 140.61 and 133.91) during 2021, 2022 and pooled respectively. Among the interactions highest dry herbage yield per plant (g) (188.33, 214.90 and 201.62) was registered in T5 (V1E5) - CIM- Ayu + Salicylic acid @ 0.5 mM, followed by T12 (V2E5) - CIM- Angana + Salicylic acid @ 0.5 mM (167.07, 189.49 and 178.23) and T4 (V1E4) (154.42, 171.32 and 162.87) during 2021, 2022 and pooled respectively. 
3.1.8 Dry herbage yield per plot (kg/plot)
Results concerning the dry herbage yield per plot (kg/plot) as affected by the varieties, elicitors and their interaction during the years 2021, 2022 and pooled are presented in table 3.
The varieties differed significantly to dry herbage yield per plot during 2021, 2022 and pooled. The highest dry herbage yield per plot (kg/plot) was recorded in CIM – Ayu (V1) (4.61, 5.09 and 4.85) than CIM - Angana (V2) (4.23, 4.55 and 4.39) during the years 2021, 2022 and pooled, respectively.
The application of elicitors also showed a significant effect on the dry herbage yield per plot (kg/plot) during both the years and pooled, in which the maximum (6.66, 7.58 and 7.12) dry herbage yield per plot was observed in E5 - Salicylic acid @ 0.5 mM followed by E4 - Salicylic acid @ 0.1 mM (5.68, 6.07, and 5.87) and E3 - Methyl jasmonate @ 1.0 mM (4.77, 5.27 and 5.02) during 2021, 2022 and pooled respectively. Likewise, the lowest dry herbage yield per plot (kg/plot) was recorded in E7 - Control (2.55, 2.77 and 2.66) during 2021, 2022 and pooled, respectively.
The interaction effect between varieties and elicitors was observed to be significant during the years 2021, 2022 and pooled. The highest dry herbage yield per plot (kg/plot) (7.06, 8.1 and 7.56) was registered in T5 (V1E5) - CIM- Ayu + Salicylic acid @ 0.5 mM, followed by T12 (V2E5) - CIM- Angana + Salicylic acid @ 0.5 mM  (6.27, 7.1 and 6.68), T4 (V1E4) (5.79, 6.40 and 6.10) and T11 (V2E4) (5.58, 5.70 and 5.64) during 2021, 2022 and pooled, respectively. Whereas, the lowest dry herbage yield per plot (kg/plot) (2.43, 2.50 and 2.48) was registered in T14 (V2E7) - CIM- Angana + Control during  2021, 2022 and pooled, respectively.

3.1.9 Dry herbage yield per hectare (t/ha)
It is evident from the data that varieties, elicitors and their combination had significant impact on dry herbage yield per hectare during the years 2021, 2022 and pooled are presented in the table 3.
Among the varieties, the maximum dry herbage yield per hectare (t/ha) was recorded in CIM – Ayu (V1) (7.69, 8.48 and 8.09) than CIM - Angana (V2) (7.06, 7.58 and 7.32) during the years 2021, 2022 and pooled, respectively.
It has been found from the results that the application of elicitors had a considerable influence on dry herbage yield per hectare. Among the elicitors maximum (11.11, 12.64 and 11.87) dry herbage yield per hectare (t/ha) was observed in E5 - Salicylic acid @ 0.5 mM followed by E4 - Salicylic acid @ 0.1 mM (9.47, 10.11, and 9.79) and E3 - Methyl jasmonate @ 1.0 mM (7.95, 8.79 and 8.37) during 2021, 2022 and pooled, respectively. Likewise, the lowest dry herbage yield per hectare was recorded in E7 - Control (4.25, 4.62 and 4.43) during 2021, 2022 and pooled, respectively.
The interaction effect between varieties and elicitors was observed to be significant during the years 2021, 2022 and pooled. The highest dry herbage yield per hectare (t/ha) (11.77, 13.43 and 12.60) was registered in T5 (V1E5) - CIM- Ayu + Salicylic acid @ 0.5 mM, followed by T12 (V2E5) - CIM- Angana + Salicylic acid @ 0.5 mM (10.44, 11.84 and 11.14), T4 (V1E4) (9.65, 10.71 and 10.18) and T11 (V2E4) (9.29, 9.51 and 9.40) during 2021, 2022 and pooled respectively. Whereas, the lowest dry herbage yield per hectare (t/ha) (4.06, 4.24 and 4.15) was registered in T14 (V2E7) - CIM- Angana + Control during 2021, 2022 and pooled, respectively.
3.2 Pest and disease parameters
3.2.1 Spodoptera (Number/plant):
The population of Spodoptera exigua larvae per plant is presented in table 4. Among the varieties, the incidence of Spodoptera exigua was observed lowest (0.66, 0.71 and 0.68) in CIM – Ayu (V1) than CIM - Angana (V2) (0.69, 0.75 and 0.72) during the year 2021, 2022 and in pooled, respectively. The pest incidence was however, observed lowest (0.33, 0.37 and 0.35) in the plots sprayed with Methyl jasmonate @ 1.0 mM (E3) followed by the plots sprayed with Methyl jasmonate @ 0.5 mM (E2) with 0.43, 0.46 and 0.44 during 2021, 2022 and pooled, respectively. Whereas, the control plots (E7) showed the highest incidence (1.29, 1.36 and 1.32) of Spodoptera exigua.
The observation indicated that, there was no significant difference among the treatments in incidence of Spodoptera exigua on sacred basil.
When plants are attacked, Jasmonic acid production increases in plant tissues resulting in the induction of various classes of defensive compounds including alkaloids, phenolics, flavonoids and various terpenoids, both locally and systemically (Wasternack and Parthier 1997). Treatment of plants with exogenous Jasmonic acid presumably activates the plants natural defensive response, increasing resistance to attack.
Salicylic acid and Jasmonic acid are well known for their ability to regulate both basal and resistant (R) gene-mediated defense responses (Glazebrook, 2005). In general, Jasmonic acid signaling pathways appear to synergize, whereas Salicylic acid and JA signaling pathways appear to be antagonistic and communicate primarily through negative crosstalk. It is also reported that SA level was greater than that in susceptible plants (Cooper et al., 2005). Both SA and JA are antagonistic to each other (Niki et al., 1998).
3.2.2 Alternaria:
The field experiments were carried out in two consequent seasons (2021 and 2022) to estimate the disease severity and presented in table 4. Among the varieties, disease severity was observed lowest (15.47, 15.91 and 15.69) in CIM – Ayu (V1) than CIM - Angana (V2) (16.05, 16.51 and 16.28) during the year 2021, 2022 and in pooled, respectively. The data presented in Table 4 indicated that the foliar application of plant defense elicitor viz. SA and MeJA at various concentrations on sacred basil reduced the severity of Alternaria leaf spot significantly over control. The disease severity was, however, observed lowest (9.69, 10.16 and 9.92) in the plots sprayed with Salicylic acid @ 1.0 mM (E6) followed by the plots sprayed with Salicylic acid @ 0.5 mM (E5) with 9.80, 10.26 and 10.03 per cent disease index during 2021, 2022 and pooled, respectively and both these treatments were statistically at par with each other. Whereas, the control plots (E7) showed the highest disease severity of 29.21, 29.67 and 29.44 percent respectively.
In the present study among the interactions, disease severity was observed lowest (9.66, 10.13 and 9.90) in the treatment T6 (V1E6) - CIM- Ayu + Salicylic acid @ 1.0 mM, and was at par with T13 (V2E6) (9.71, 10.18 and 9.94), T5 (V1E5) (9.75, 10.21 and 9.98) and T12 (V2E5) (9.85, 10.31 and 10.08).  Whereas, the treatment T14 (V2E7) showed the highest (29.78, 30.27 and 30.03) disease severity, followed by T7 (V1E7) (28.63, 29.07 and 28.85) during 2021, 2022 and pooled, respectively.
The results obtained in the present investigation with respect to incidence of Alternaria leaf spot disease in sacred basil revealed a significant influence of exogenous application of SA. This might be due to the use of SA - a phenolic compound that affects several biochemical and molecular events associated with disease resistance induction. According to Ojalvo et al. (1987) Onion plants treated with SA accumulated more phenolic compounds, which are toxic to the pathogen thus, limiting the pathogen's ability to cause disease. Resistance may also be increased by a change in the pH of the plant cell cytoplasm caused by an increase in phenolic content, which inhibits pathogen development. Exogenous application of SA has also been shown to induce the accumulation of pathogenesis-related proteins, resulting in a reduction in the incidence of several diseases in many crops (Gozzo, 2003). Infected plants of onion recorded the highest value of SA by exogenous application of SA, specifically 10 days after application (Abo – elyousr et al., 2009) which developed the Systematic Acquired Resistance (SAR) against pathogens due to more accumulation of SA. Several studies have shown that exogenous SA treatments induce resistance to various pathogens in various plants (Meher et al., 2011, Shang et al., 2011).
The study found that among the different SA treatments used, higher rate of spraying resulted in significantly better disease reduction than a lower concentration of SA. Similar report of better efficacy of SA towards SAR was reported by Falconi et al. (2013) in tomato. Chen et al. (1999) have demonstrated that higher SA levels enhanced the defense mechanism of cucumber roots against the damping-off fungus, Pythium aphanidermatum. 
3.3 Economics 
The data on the economics of sacred basil as influenced by elicitor application is presented in Table 5. Among the different treatments, the highest grass returns was observed in the treatment T5(V1E5) CIM- Ayu + Salicylic acid @ 0.5 mM (294271, 335776 and 315023), followed by T12 (V2E5) CIM- Angana + Salicylic acid @ 0.5 mM (261052, 296083 and 278568) during 2021, 2022 and pooled, respectively. The maximum net return of Rs. 235700, 277205 and 256452 per hectare was obtained with treatment T5 (V1E5) - CIM- Ayu + Salicylic acid @ 0.5 mM, followed by T12 (V2E5) - CIM- Angana + Salicylic acid @ 0.5 mM (202481, 237512 and 219997) during 2021, 2022 and pooled, respectively.
Among the different treatments, the highest B:C ratio was observed in the treatment T5(V1E5) CIM- Ayu + Salicylic acid @ 0.5 mM (4.02, 4.73 and 4.38), followed by T12(V2E5) CIM- Angana + Salicylic acid @ 0.5 mM (3.46, 4.06 and 3.76) and T4(V1E4) (3.12, 3.57 and 3.35) during 2021, 2022 and pooled respectively. Whereas, the lowest B:C ratio (0.73, 0.81 and 0.77) was registered in T14 (V2E7) - CIM- Angana + Control during 2021, 2022 and pooled, respectively.
Conclusion:
The treatment T5 (V1E5) - CIM- Ayu + Salicylic acid @ 0.5 mM recorded less number of days taken for initiation of flowering, days taken for 50% flowering, days taken for harvesting. It also recorded highest yield parameters like fresh herbage yield per plant, fresh herbage yield per plot, fresh herbage yield per hectare,  dry herbage yield per plant, dry herbage yield per plot, dry herbage yield per hectare and benefit-cost ratio. The incidence of Alternaria disease severity was observed lowest in T6 (V1E6) - CIM- Ayu + Salicylic acid @ 1.0 mM, whereas spodoptera showed no significant difference among the treatments.




	Treatments
	Days taken for initiation of flowering
	Days taken for 50% flowering
	Days taken for harvesting

	
	2021
	2022
	Pooled
	2021
	2022
	Pooled
	2021   
	2022
	Pooled

	                                                    Varieties

	V1
	52.19
	50.71
	51.45
	79.43
	78.24
	78.83
	104.10
	100.10
	102.10

	V2
	54.10
	53.48
	53.79
	81.95
	80.90
	81.43
	106.19
	102.19
	104.19

	S.Em ±
	0.10
	0.32
	0.14
	0.09
	0.26
	0.13
	0.17
	0.31
	0.17

	CD at  5%
	0.30
	0.92
	0.42
	0.27
	0.75
	0.37
	0.50
	0.89
	0.49

	                                                    Elicitors

	E1
	59.33
	59.67
	59.50
	87.67
	87.33
	87.50
	110.33
	108.00
	109.17

	E2
	54.67
	53.83
	54.25
	85.00
	84.17
	84.58
	107.50
	104.67
	106.08

	E3
	49.83
	48.67
	49.25
	77.50
	76.00
	76.75
	102.67
	98.17
	100.42

	E4
	48.33
	45.83
	47.08
	76.00
	72.50
	74.25
	101.17
	96.00
	98.58

	E5
	44.67
	41.33
	43.00
	66.50
	66.17
	66.33
	95.83
	89.67
	92.75

	E6
	51.33
	50.50
	50.92
	82.17
	79.83
	81.00
	104.50
	100.17
	102.33

	E7
	63.83
	64.83
	64.33
	90.00
	91.00
	90.50
	114.00
	111.33
	112.67

	S.Em ±
	0.19
	0.59
	0.27
	0.17
	0.48
	0.24
	0.32
	0.57
	0.31

	CD at  5%
	0.55
	1.72
	0.79
	0.50
	1.40
	0.70
	0.93
	1.67
	0.91

	                                     Interactions (Varieties and Elicitors)

	T1 (V1E1)
	58.33
	58.33
	58.33
	87.00
	86.67
	86.83
	109.00
	106.33
	107.67

	T2 (V1E2)
	54.00
	52.67
	53.33
	84.00
	83.00
	83.50
	107.00
	104.00
	105.50

	T3 (V1E3)
	49.33
	48.00
	48.67
	76.00
	74.67
	75.33
	102.00
	97.33
	99.67

	T4 (V1E4)
	47.33
	46.00
	46.67
	74.00
	72.00
	73.00
	100.33
	95.67
	98.00

	T5 (V1E5)
	43.67
	38.33
	41.00
	65.00
	63.00
	64.00
	93.33
	86.67
	90.00

	T6 (V1E6)
	50.33
	49.00
	49.67
	81.00
	78.67
	79.83
	104.00
	100.00
	102.00

	T7 (V1E7)
	62.33
	62.67
	62.50
	89.00
	89.67
	89.33
	113.00
	110.67
	111.83

	T8 (V2E1)
	60.33
	61.00
	60.67
	88.33
	88.00
	88.17
	111.67
	109.67
	110.67

	T9 (V2E2)
	55.33
	55.00
	55.17
	86.00
	85.33
	85.67
	108.00
	105.33
	106.67

	T10 (V2E3)
	50.33
	49.33
	49.83
	79.00
	77.33
	78.17
	103.33
	99.00
	101.17

	T11 (V2E4)
	49.33
	45.67
	47.50
	78.00
	73.00
	75.50
	102.00
	96.33
	99.17

	T12 (V2E5)
	45.67
	44.33
	45.00
	68.00
	69.33
	68.67
	98.33
	92.67
	95.50

	T13 (V2E6)
	52.33
	52.00
	52.17
	83.33
	81.00
	82.17
	105.00
	100.33
	102.67

	T14 (V2E7)
	65.33
	67.00
	66.17
	91.00
	92.33
	91.67
	115.00
	112.00
	113.50

	S.Em ±
	0.27
	0.84
	0.38
	0.24
	0.68
	0.34
	0.45
	0.81
	0.44

	CD at  5%
	0.78
	2.44
	1.11
	0.70
	1.98
	0.99
	1.32
	2.36
	1.29


Table 1. Impact of elicitors on days taken for initiation of flowering, days taken for 50% flowering and days taken for harvesting of sacred basil (Ocimum sanctum L.)
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Table 2. Impact of elicitors on fresh herbage yield of sacred basil (Ocimum sanctum L.)

	Treatments
	Fresh herbage yield

	
	Fresh herbage yield per plant (g/plant)
	Fresh herbage yield per plot (Kg/plot)
	Fresh herbage yield per hectare (t/ha)

	
	2021
	2022
	Pooled
	2021
	2022
	Pooled
	2021   
	2022
	Pooled

	                                                    Varieties

	V1
	337.92
	337.07
	337.50
	12.67
	12.64
	12.66
	21.12
	21.07
	21.09

	V2
	313.87
	310.66
	312.27
	11.79
	11.65
	11.72
	19.64
	19.42
	19.53

	S.Em ±
	0.96
	1.48
	0.88
	0.03
	0.06
	0.03
	0.06
	0.09
	0.05

	CD at  5%
	2.78
	4.31
	2.56
	0.10
	0.16
	0.09
	0.16
	0.27
	0.16

	                                                    Elicitors

	E1
	199.50
	196.22
	197.86
	7.48
	7.36
	7.42
	12.47
	12.26
	12.37

	E2
	266.57
	265.46
	266.02
	10.00
	9.95
	9.98
	16.66
	16.59
	16.63

	E3
	387.10
	381.58
	384.34
	14.52
	14.31
	14.41
	24.19
	23.85
	24.02

	E4
	447.60
	448.43
	448.01
	16.79
	16.82
	16.80
	27.98
	28.03
	28.00

	E5
	485.73
	481.11
	483.42
	18.22
	18.04
	18.13
	30.36
	30.07
	30.21

	E6
	330.37
	329.28
	329.82
	12.39
	12.35
	12.37
	20.65
	20.58
	20.61

	E7
	164.42
	164.97
	164.70
	6.22
	6.19
	6.20
	10.36
	10.31
	10.34

	S.Em ±
	1.79
	2.77
	1.65
	0.06
	0.10
	0.06
	0.11
	0.17
	0.10

	CD at  5%
	5.21
	8.06
	4.78
	0.19
	0.30
	0.18
	0.31
	0.50
	0.29

	                                     Interactions (Varieties and Elicitors)

	T1 (V1E1)
	211.00
	206.01
	208.51
	7.91
	7.73
	7.82
	13.19
	12.88
	13.03

	T2 (V1E2)
	278.33
	277.05
	277.69
	10.44
	10.39
	10.41
	17.40
	17.32
	17.36

	T3 (V1E3)
	398.87
	394.61
	396.74
	14.96
	14.80
	14.88
	24.93
	24.66
	24.80

	T4 (V1E4)
	455.20
	457.32
	456.26
	17.07
	17.15
	17.11
	28.45
	28.58
	28.52

	T5 (V1E5)
	494.53
	493.08
	493.81
	18.55
	18.49
	18.52
	30.91
	30.82
	30.86

	T6 (V1E6)
	357.27
	359.83
	358.55
	13.40
	13.49
	13.45
	22.33
	22.49
	22.41

	T7 (V1E7)
	170.27
	171.57
	170.92
	6.39
	6.43
	6.41
	10.64
	10.72
	10.68

	T8 (V2E1)
	188.00
	186.42
	187.21
	7.05
	6.99
	7.02
	11.75
	11.65
	11.70

	T9 (V2E2)
	254.80
	253.88
	254.34
	9.56
	9.52
	9.54
	15.93
	15.87
	15.90

	T10 (V2E3)
	375.33
	368.55
	371.94
	14.08
	13.82
	13.95
	23.46
	23.03
	23.25

	T11 (V2E4)
	440.00
	439.53
	439.77
	16.50
	16.48
	16.49
	27.50
	27.47
	27.49

	T12 (V2E5)
	476.93
	469.15
	473.04
	17.89
	17.59
	17.74
	29.81
	29.32
	29.57

	T13 (V2E6)
	303.47
	298.72
	301.10
	11.38
	11.20
	11.29
	18.97
	18.67
	18.82

	T14 (V2E7)
	158.57
	158.38
	158.48
	6.05
	5.94
	6.00
	10.09
	9.90
	9.99

	S.Em ±
	2.53
	3.92
	2.33
	0.09
	0.15
	0.09
	0.15
	0.24
	0.14

	CD at  5%
	7.37
	11.39
	6.77
	0.26
	0.43
	0.25
	0.44
	0.71
	0.41



























Table 3. Impact of elicitors on dry herbage yield of sacred basil (Ocimum sanctum L.)      
	Treatments
	       Dry herbage yield

	
	Dry herbage yield per plant (g/plant)
	Dry herbage yield per plot (Kg/plot)
	Dry herbage yield per hectare (t/ha)

	
	2021
	2022
	Pooled
	2021
	2022
	Pooled
	2021   
	2022
	Pooled

	                                                    Varieties

	V1
	123.07
	135.68
	129.37
	4.61
	5.09
	4.85
	7.69
	8.48
	8.09

	             V2	
	112.88
	121.22
	117.05
	4.23
	4.55
	4.39
	7.06
	7.58
	7.32

	S.Em ±
	0.69
	0.94
	0.53
	0.03
	0.04
	0.02
	0.04
	0.06
	0.03

	CD at  5%
	1.99
	2.75
	1.55
	0.07
	0.10
	0.06
	0.12
	0.17
	0.10

	                                                    Elicitors

	E1
	78.70
	90.36
	84.53
	2.95
	3.39
	3.17
	4.92
	5.65
	5.28

	E2
	104.20
	111.31
	107.76
	3.91
	4.17
	4.04
	6.51
	6.96
	6.73

	E3
	127.20
	140.61
	133.91
	4.77
	5.27
	5.02
	7.95
	8.79
	8.37

	E4
	151.54
	161.75
	156.65
	5.68
	6.07
	5.87
	9.47
	10.11
	9.79

	E5
	177.70
	202.20
	189.95
	6.66
	7.58
	7.12
	11.11
	12.64
	11.87

	E6
	118.50
	119.02
	118.76
	4.44
	4.46
	4.45
	7.41
	7.44
	7.42

	E7
	67.97
	73.87
	70.92
	2.55
	2.77
	2.66
	4.25
	4.62
	4.43

	S.Em ±
	1.28
	1.77
	1.00
	0.05
	0.07
	0.04
	0.08
	0.11
	0.06

	CD at  5%
	3.73
	5.14
	2.90
	0.14
	0.19
	0.11
	0.23
	0.32
	0.18

	                                     Interactions (Varieties and Elicitors)

	T1 (V1E1)
	83.33
	90.65
	86.99
	3.13
	3.4
	3.26
	5.21
	5.67
	5.44

	T2 (V1E2)
	107.07
	116.84
	111.95
	4.02
	4.4
	4.19
	6.69
	7.30
	7.00

	T3 (V1E3)
	134.13
	152.70
	143.42
	5.03
	5.7
	5.37
	8.38
	9.54
	8.96

	T4 (V1E4)
	154.42
	171.32
	162.87
	5.79
	6.4
	6.10
	9.65
	10.71
	10.18

	T5 (V1E5)
	188.33
	214.90
	201.62
	7.06
	8.1
	7.56
	11.77
	13.43
	12.60

	T6 (V1E6)
	123.13
	123.45
	123.29
	4.62
	4.6
	4.62
	7.70
	7.72
	7.71

	T7 (V1E7)
	71.04
	79.86
	75.45
	2.66
	3.0
	2.82
	4.44
	4.99
	4.72

	T8 (V2E1)
	74.07
	90.07
	82.07
	2.78
	3.4
	3.07
	4.63
	5.63
	5.13

	T9 (V2E2)
	101.33
	105.79
	103.56
	3.80
	4.0
	3.88
	6.33
	6.61
	6.47

	T10 (V2E3)
	120.27
	128.52
	124.39
	4.51
	4.8
	4.66
	7.52
	8.03
	7.77

	T11 (V2E4)
	148.67
	152.19
	150.43
	5.58
	5.7
	5.64
	9.29
	9.51
	9.40

	T12 (V2E5)
	167.07
	189.49
	178.28
	6.27
	7.1
	6.68
	10.44
	11.84
	11.14

	T13 (V2E6)
	113.87
	114.59
	114.23
	4.27
	4.3
	4.28
	7.12
	7.16
	7.14

	T14 (V2E7)
	64.90
	67.87
	66.38
	2.43
	2.5
	2.48
	4.06
	4.24
	4.15

	S.Em ±
	1.82
	2.50
	1.41
	0.07
	0.09
	0.05
	0.11
	0.16
	0.09

	CD at  5%
	5.28
	7.27
	4.11
	0.20
	0.27
	0.15
	0.33
	0.45
	0.26




            Table 4. Impact of elicitors on control of spodoptera and alternaria of sacred   
                    basil (Ocimum sanctum L.)       



	Treatments
	Spodoptera (Number/Plant)
	Alternaria (PDI)

	
	2021
	2022
	Pooled
	2021
	2022
	Pooled

	                                                    

	V1
	0.66
	0.71
	0.68
	15.47
	15.91
	15.69

	V2
	0.69
	0.75
	0.72
	16.05
	16.51
	16.28

	S.Em ±
	0.003
	0.01
	0.01
	0.04
	0.04
	0.04

	CD at  5%
	0.009
	0.03
	0.02
	0.13
	0.12
	0.13

	                                                    Elicitors

	E1
	0.69
	0.75
	0.72
	19.92
	20.34
	20.13

	E2
	0.43
	0.46
	0.44
	13.53
	13.96
	13.75

	E3
	0.33
	0.37
	0.35
	11.54
	11.99
	11.77

	E4
	0.89
	0.96
	0.92
	16.67
	17.10
	16.88

	E5
	0.58
	0.62
	0.60
	9.80
	10.26
	10.03

	E6
	0.52
	0.57
	0.54
	9.69
	10.16
	9.92

	E7
	1.29
	1.36
	1.32
	29.21
	29.67
	29.44

	S.Em ±
	0.006
	0.02
	0.01
	0.08
	0.08
	0.08

	CD at  5%
	0.026
	0.06
	0.03
	0.25
	0.23
	0.24

	                                     Interactions (Varieties and Elicitors)

	T1 (V1E1)
	0.68
	0.73
	0.71
	19.72
	20.14
	19.93

	T2 (V1E2)
	0.41
	0.44
	0.43
	13.17
	13.61
	13.39

	T3 (V1E3)
	0.32
	0.36
	0.34
	11.21
	11.65
	11.43

	T4 (V1E4)
	0.87
	0.94
	0.91
	16.17
	16.57
	16.37

	T5 (V1E5)
	0.57
	0.61
	0.59
	9.75
	10.21
	9.98

	T6 (V1E6)
	0.52
	0.55
	0.54
	9.66
	10.13
	9.90

	T7 (V1E7)
	1.25
	1.30
	1.28
	28.63
	29.07
	28.85

	T8 (V2E1)
	0.71
	0.77
	0.74
	20.12
	20.55
	20.33

	T9 (V2E2)
	0.44
	0.48
	0.46
	13.88
	14.32
	14.10

	T10 (V2E3)
	0.34
	0.38
	0.36
	11.87
	12.33
	12.10

	T11 (V2E4)
	0.90
	0.98
	0.94
	17.17
	17.63
	17.40

	T12 (V2E5)
	0.59
	0.63
	0.61
	9.85
	10.31
	10.08

	T13 (V2E6)
	0.52
	0.58
	0.55
	9.71
	10.18
	9.94

	T14 (V2E7)
	1.33
	1.41
	1.37
	29.78
	30.27
	30.03

	S.Em ±
	0.01
	0.03
	0.02
	0.12
	0.11
	0.12

	CD at  5%
	NS
	NS
	NS
	0.35
	0.33
	0.34

























Table 5. Economics of sacred basil (Ocimum sanctum L.) as influenced by elicitors

	Treatments
	Total cost of cultivation (₹ ha-1)
	Gross returns
	Net returns
	Benefit : Cost ratio

	
	
	2021
	2022
	Pooled
	2021
	2022
	Pooled
	2021
	2022
	Pooled

	T1 (V1E1)
	58605
	130208
	141646
	135927
	71603
	83041
	77322
	1.22
	1.42
	1.32

	T2 (V1E2)
	58658
	167292
	182563
	174927
	108634
	123905
	116269
	1.85
	2.11
	1.98

	T3 (V1E3)
	58765
	209583
	238599
	224091
	150818
	179834
	165326
	2.57
	3.06
	2.81

	T4 (V1E4)
	58561
	241281
	267688
	254484
	182720
	209127
	195923
	3.12
	3.57
	3.35

	T5 (V1E5)
	58571
	294271
	335776
	315023
	235700
	277205
	256452
	4.02
	4.73
	4.38

	T6 (V1E6)
	58591
	192396
	192896
	192646
	133805
	134305
	134055
	2.28
	2.29
	2.29

	T7 (V1E7)
	58551
	110995
	124786
	117891
	52444
	66235
	59340
	0.90
	1.13
	1.01

	T8 (V2E1)
	58605
	115729
	140729
	128229
	57124
	82124
	69624
	0.97
	1.40
	1.19

	T9 (V2E2)
	58658
	158333
	165292
	161813
	99675
	106634
	103155
	1.70
	1.82
	1.76

	T10 (V2E3)
	58765
	187917
	200813
	194365
	129152
	142048
	135600
	2.20
	2.42
	2.31

	T11 (V2E4)
	58561
	232292
	237792
	235042
	173731
	179231
	176481
	2.97
	3.06
	3.01

	T12 (V2E5)
	58571
	261052
	296083
	278568
	202481
	237512
	219997
	3.46
	4.06
	3.76

	T13 (V2E6)
	58591
	177917
	179042
	178479
	119326
	120451
	119888
	2.04
	2.06
	2.05

	T14 (V2E7)
	58551
	101401
	106042
	103721
	42850
	47491
	45170
	0.73
	0.81
	0.77
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