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ABSTRACT
Okra is one of the important vegetable crops of India and Chhattisgarh. Okra is an annual vegetable crop. It grows quickly, tall and bears maximum number of fruits, which contributes to the maximum yield per unit area. The field experiment was carried out at Agriculture Research Farm, School of Agriculture Science, Technology and Research, Balaghat (Madhya Pradesh) India during kharif season of the years 2018-19. The plant growth regulators have great potential for plant growth improvement but the major constant in the use of plant growth regulators on okra is limited information about most suitable PGR and its appropriate quantity, stage of application, crop specificity and seasons. The treatments T1 and T2 were differ non-significantly, however, significantly minimum plant height was observed (28.41 cm) in T9 (Plain water). The treatments T2 and T4 were differ non-significantly. While, significantly lowest number of leaves per plant was 9.93 recorded in T9 (Plain water). The highest number of branches per plant recorded in 4.40 in T4 (IAA - 200ppm) followed by 4.27 in T3 (IAA - 100 ppm), 3.97 in T2 (GA3 - 50 ppm) and 3.19 in T1 (GA3 - 25 ppm). Whereas, significantly minimum number of branches per plant observed 2.67 in T9 (Plain water). Application of IAA increases number of branches per plant in present investigation. Among the treatments with the application of IAA – 200 ppm (T4) recorded significantly minimum days to first flowering of 34.67 days followed by 34.93 days in T3 (IAA - 100 ppm), 35.47 days in T6 (Triacontanol - 2000 ppm) and 36.13 days in T7 (Salisylic Acid - 1.0 μM). The treatments T3, T4, T6 and T7 were differ non-significantly. It was observed that the significantly highest yield of 214.09 q/ha was recorded in T4 (IAA - 200 ppm) followed by 201.85 q/ha in T3 (IAA - 100 ppm), 187.23 q/ha in T2 (GA3 - 50 ppm) and 174.50 q/ha in T1 (GA3 – 25 ppm). The treatments T2, T3 and T4 were differ non-significantly.
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INTRODUCTION
Okra [Abelmoschus esculentus (L.)] is a significant vegetable crop within the family Malvaceae, extensively cultivated across tropical and subtropical regions worldwide. The crop is valued for its tender green fruits, which contribute substantially to human nutrition, being rich in essential minerals, vitamins A, B, and C, as well as dietary fibre. Because okra is suitable for several seasons and can adapt to a variety of environmental conditions, it is grown all year round in India. Despite its significance, okra yield is frequently constrained by low fruit set, poor vegetative development, flower drop, and unbalanced physiological processes. Conventional agronomic methods alone are frequently insufficient to improve growth and output (Gupta et al., 2019). By altering physiological and biochemical processes, plant growth regulators (PGRs) have become more significant in recent years for improving vegetable crop growth, blooming, fruiting, and yield. Okra is one of the important vegetable crops of India and Chhattisgarh. It grows quickly, tall and bears maximum number of fruits, which contributes to the maximum yield per unit area. In India total area under okra crop is 50.7 million hectares with the production of 60.03 million tonnes and productivity of 11.84 tonnes per hectare (Anonymous, 2018). Okra has many beneficial effects viz. cardiovascular disorders, type diabetes, digestive disorders and effective against some cancers (Gemede et al., 2015). It can be applied in various ways viz. seed treatment, foliar application, shoot and root dipping, drenching, flower and stem injection (Khandaker et al., 2018). Plant growth regulators (PGRs) have increasingly become key agents influencing plant physiology and crop yield. They can be applied at various developmental stages, where they either stimulate or inhibit natural growth processes from germination through to senescence (Das and Das, 1995). The plant’s response to growth regulators is determined by both the quantity of the compound absorbed and the inherent capacity of the plant to respond to the applied chemical stimulus (Dhage et al., 2011). Enhancement of crop yield can be achieved through two primary approaches. The first involves the development and use of high-yielding, resistant varieties, while the second focuses on maximising the productivity potential of a given variety through the use of high-quality seeds, appropriate nutrient management, optimal cultural practices, and favourable environmental conditions (Kusvuran, 2012).
It improves plant growth by increases in longitudinal area, number of branches, early flower initiation, fruit set, fruit quality and subsequently contributes towards higher production” (Maity et al., 2016). armyard manure (FYM) is a decomposed mixture of cattle dung and urine combined with straw, litter used as bedding, and residues from fodder consumed by the cattle. Waste material from the cattle shed, consisting of dung and urine absorbed into bedding residues, is collected daily and placed in trenches approximately 6–7 m in length, 1.5–2 m in width, and 1 m in depth for decomposition (Kaushal and Umrao, 2020). FYM has been reported to improve plant physiological efficiency, including photosynthetic capacity and effective assimilate partitioning (Solaimalai et al., 2001). Plant growth regulators (PGRs) play a critical role in vegetative growth, flowering, pod setting, and yield enhancement in okra. Several PGRs, such as gibberellins, indole-3-acetic acid (IAA), triacontanol, and salicylic acid, have demonstrated effectiveness in improving okra productivity. GA₃, a naturally occurring gibberellin, promotes stem and internode elongation, fruit setting and growth, and enzyme activity during germination. IAA, the most common naturally occurring auxin, enhances root development by increasing root length, lateral roots, and root hairs, thereby facilitating nutrient uptake. It also stimulates cell elongation, induces flowering and fruiting, and can delay leaf abscission. Triacontanol, a natural PGR present in epicuticular waxes, enhances plant growth and yield by improving protein synthesis, water and nutrient uptake, photosynthesis, enzyme activity, and nitrogen fixation, and has been reported to increase productivity in both vegetable and cereal crops. Salicylic acid is another PGR that improves plant bio-productivity, particularly by promoting root growth and increasing yield without negatively affecting fruit quality in horticultural species. Application of these PGRs in okra has been associated with increases in plant height, shoot length, fruit length and diameter, fruit weight, number of leaves, flowers, fruits per plant, and seeds per fruit. While plant growth regulators hold significant potential for enhancing okra growth and yield, their practical application remains limited due to insufficient information regarding the most suitable PGR type, optimal concentration, timing of application, crop specificity, and seasonal considerations (Khan et al., 2006).


MATERIALS AND METHODS

The field experiment was carried out at Agriculture Research Farm, School of Agriculture Science, Technology and Research, Balaghat (Madhya Pradesh) India during kharif season of the years 2018-19. Raipur is situated in the central part of the Chhattisgarh Plains and lies in between 21°.16’ N latitude and 81°.26’ E longitude at an altitude of 289.56 meters above mean sea level. The experimental site comes under the seventh Agro - climatic region of the country i.e., Eastern Plateau and hills. The general climate prevailing in the district Raipur, Chhattisgarh is sub-humid to semi-arid with annual rainfall varying from 1200 to 1400 mm. The region receives the majority of its rainfall between 15th June and 30th September, with the remainder occurring during the post-monsoon and winter seasons. Summer temperatures can reach a maximum of 42–46 °C, while winter minimum temperatures may drop to 7–9 °C. Relative humidity is particularly high from July to October, ranging between 96% and 100%. The experiment was conducted using a Randomized Block Design (RBD) comprising nine treatments with three replications. The crop used was okra, variety Pusa A-4. Seeds were sown on 23rd July 2018 at a spacing of 60 cm × 30 cm, with each plot measuring 6 m × 10 m. The treatments consisted of foliar application of plant growth regulators at Gibberellic Acid (T₁ - 25 ppm, T2 - 50 ppm), Indole Acetic Acid (T3 - 100 ppm, T4 - 200 ppm), Triacontanol (T5 - 1000 ppm, T6 - 2000 ppm), Salicylic Acid (T7 - 1.0 μM, T8 - 1.5 μM) and Plain Water spray as control (T9). Sprays were applied at 20 and 40 days after sowing (DAS). Farm Yard Manure @ 20 tones per hectare were applied during the final ploughing and well mixed in the soil. Fertilizers were applied @ 100:50:50 NPK kg/ha, in the form of the urea, DAP and MoP, respectively. At the time of sowing of seed, half of the dose of nitrogen in the form of urea and full dose of phosphorous in the form of DAP and potassium in the form of MoP were app1ied as basal dose. First irrigation was given as pre-emergence, immediately after seed sowing to ensure better seed germination. Successive irrigations were given at the interval of 10-15 days depending upon the rainfall and moisture condition of the soil. Spraying of Imidacloprid 200 SL, Flonicamid (0.5 ml per liter of water) was done to control insects at 40 and 60 days after sowing. Dithane M-45 @ 2.5 g per liter of water was sprayed at 45 days after sowing for the management of powdery mildew disease. Recommended agronomic practices were followed uniformly for all treatments. Observations were recorded on Plant height, Number of leaves per plant, Number of branches per plant, Node to first flowering. The data were statistically analysed using analysis of variance and treatment means were compared at 5% level of significance.

RESULTS AND DISCUSION
Plant height
The plant heights of randomly selected plants were recorded in centimetres (cm) from the base of the plant to tip of the plant. Plant height was significantly influenced by different plant growth regulators at all stages of crop growth (Table 1). At 30 DAS, GA₃ @ 25, 50 ppm (T₁) recorded the maximum plant height (39.77 cm), while (T2) recorded the minimum (39.63 cm), 36.74 cm in T4 (IAA - 200 ppm) and 36.14 cm in T3 (IAA - 100 ppm). The treatments T1 and T2 were differ non-significantly, however, significantly minimum plant height was observed (28.41 cm) in T9 (Plain water). Similar trends were observed at 45 DAS, significantly maximum plant height was recorded 71.14 cm in T2 (GA3 - 50 ppm) followed by 68.67cm in T1 (GA3 - 25 ppm), 67.44 cm in T4 (IAA - 200 ppm) and 65.26 cm in T3 (IAA - 100 ppm). The treatments T1 and T2 were differ non-significantly. While, significantly minimum plant height was recorded (59.50 cm) in T9 (Plain water). Where, at 60 DAS significantly maximum plant height was recorded 88.77 cm in T2 (GA3 - 50 ppm) followed by 86.37 cm in T1 (GA3 - 25 ppm), 85.95 cm in T4 (IAA - 200 ppm), 83.79 cm T3 (IAA - 100 ppm). The treatments T1, T2 and T4 were differ non-significantly. While, minimum plant height was recorded (75.17 cm) in T9 (Plain water). The results obtained in this investigation for plant height were also similar to the findings of Chowdhury et al. (2014) and Dhage et al. (2011).

Number of leaves per plant
The number of leaves per plant was significantly influenced by the application of plant growth regulators (PGRs). At 30 days after sowing (DAS), the highest number of leaves was observed in T4 (IAA – 200 ppm) with 14.77 leaves per plant, followed by T2 (GA₃ – 50 ppm) with 13.46, T3 (IAA – 100 ppm) with 12.33, and T1 (GA₃ – 25 ppm) with 11.24 leaves per plant. The difference between T2 and T4 was not statistically significant. The lowest number of leaves was recorded in T9 (plain water), with 9.93 leaves per plant.
At 45 DAS, T4 (IAA – 200 ppm) again produced the maximum number of leaves, 35.42 per plant, followed by T3 (IAA – 100 ppm) with 32.72, T2 (GA₃ – 50 ppm) with 29.16, and T1 (GA₃ – 25 ppm) with 27.50. The difference between T3 and T4 was statistically non-significant. The minimum number of leaves was observed in T9 (plain water), recording 21.39 leaves per plant.
By 60 DAS, the highest leaf count was recorded in T4 (IAA – 200 ppm) with 53.44 leaves per plant, followed closely by T3 (IAA – 100 ppm) with 52.12, T2 (GA₃ – 50 ppm) with 51.43, and T1 (GA₃ – 25 ppm) with 50.90. No significant differences were observed among T1, T2, T3, and T4 at this stage. The lowest leaf count continued to be recorded in T9 (plain water), with 47.11 leaves per plant.

Number of branches per plant
The number of branches per plant varied significantly under different treatments, indicating a clear influence of plant growth regulators (PGRs). The highest number of branches was recorded in T4 (IAA – 200 ppm) with 4.40 branches per plant, followed by T3 (IAA – 100 ppm) with 4.27, T2 (GA₃ – 50 ppm) with 3.97, and T1 (GA₃ – 25 ppm) with 3.19 branches per plant. The lowest number of branches was observed in T9 (plain water), with 2.67 branches per plant. The results demonstrate that IAA application effectively increased the number of branches per plant in the present study. These findings are consistent with previous reports, where Dhage et al. (2011) observed similar trends in okra. Khandaker et al. (2018) reported that IAA at 120 mg L⁻¹ produced the highest number of branches (6) in okra compared with other treatments. Similarly, Ali et al. (2012) noted that IAA enhanced branching in tomato. The observed increase in branching is likely attributable to auxin-induced cell elongation and cell division, which stimulate vegetative growth.

Days to first flowering
The number of days required for the initiation of the first flower was significantly influenced by the application of different plant growth regulators (PGRs). Days to first flowering were recorded on randomly selected plants by counting the number of days from sowing until the appearance of the first flower, with the average of ten plants considered for each treatment. Among the treatments, the earliest flowering was observed in T4 (IAA – 200 ppm), with a mean of 34.67 days, followed closely by T3 (IAA – 100 ppm) at 34.93 days, T6 (Triacontanol – 2000 ppm) at 35.47 days, and T7 (Salicylic Acid – 1.0 μM) at 36.13 days. The differences among T3, T4, T6, and T7 were statistically non-significant. In contrast, the latest flowering was recorded in T2 (GA₃ – 50 ppm), which required 40.47 days for the first flower to appear. These results indicate that IAA plays a role, albeit minor, in promoting flower initiation and the development of reproductive organs in okra, consistent with its known effects on plant growth regulation.

Days to first harvest
Days to first harvesting was recorded by counting the number of days taken from sowing to the first picking of fruit for marketable yield in each plot. The days to first fruit harvesting of randomly selected plants from each plot were noted. The average of these randomly selected plants was taken as days to first harvest. The application of various PGRs has an impact on the number of days until the first fruit harvest. Plant growth regulators used topically have varying effects on this parameter. Significantly, T4 (IAA-200 ppm) had a minimum of 40.93 days taken for the first harvest, followed by T3 (IAA-100 ppm) at 41.80 days, T5 (Triacontanol-1000 ppm) at 43.07 days, and T6 (Triacontanol-2000 ppm) at 43.33 days. There was no significant difference between the treatments T3, T4, T5, and T6. In contrast, the highest number of days for the first fruit harvest was found to be 46.27 days in T2 (GA3-25 ppm).

Fruit picking period
The fruit picking period, defined as the duration from the first to the final harvest, was calculated using the average of randomly selected plants. The data indicated a significant effect of plant growth regulator (PGR) application on the fruit picking period. The longest fruit picking period was observed in T4 (IAA – 200 ppm) at 43.06 days, followed by T3 (IAA – 100 ppm) with 41.80 days and T8 (Salicylic Acid – 1.5 μM) with 40.54 days. The differences among T3, T4, and T8 were statistically non-significant. In contrast, the shortest fruit picking period was recorded in T9 (plain water), measuring 35.80 days. These results suggest that the application of IAA and salicylic acid can effectively prolong the fruiting duration in okra, potentially contributing to increased cumulative yield.

Total yield/Productivity (q/ha)
The average yield per plant was determined using randomly selected plants and measured with an electronic balance. The total yield of the selected plants was divided by the number of plants to obtain the mean yield per plant, which was then extrapolated to yield per hectare. The data revealed a significant effect of plant growth regulators (PGRs) on okra yield (q ha⁻¹). The highest yield of 214.09 q ha⁻¹ was recorded in T4 (IAA – 200 ppm), followed by 201.85 q ha⁻¹ in T3 (IAA – 100 ppm), 187.23 q ha⁻¹ in T2 (GA₃ – 50 ppm), and 174.50 q ha⁻¹ in T1 (GA₃ – 25 ppm). The differences among T2, T3, and T4 were statistically non-significant. The lowest yield, 124.26 q ha⁻¹, was observed in T9 (plain water). These results indicate that higher concentrations of IAA enhanced okra yield by stimulating physiological activity, promoting flowering, increasing the number of fruits per plant, and improving fruit weight per plant.
Chhonkar and Singh (1968) reported that high concentration of IAA increases yield through increased flower induction and fruit set in tomato.















 Table 1: Impact of PGR on Growth and Yield of Okra 

	Treatment Notation
	Treatments
	Plant Height

	Number of leaves per Plant
	Number of Branch per Plant
	Days to First Flowering
	Days to First Harvesting
	Fruit Picking Period
	Total Yield (q/ha)

	T1
	GA3 25 ppm
	64.39
	31.21
	3.19
	37.47
	43.80
	40.00
	174.50

	T2
	GA3 50 ppm
	63.89
	32.76
	3.97
	40.47
	46.27
	39.87
	187.23

	T3
	IAA 100 ppm
	61.72
	31.50
	4.27
	34.93
	41.80
	41.80
	201.85

	T4
	IAA 200 ppm
	61.55
	30.32
	4.40
	34.67
	40.93
	43.06
	214.09

	T5
	Triacontanol
1000 ppm
	59.56
	28.13
	2.94
	36.40
	43.07
	40.00
	164.38

	T6
	Triacontanol
2000 ppm
	58.20
	28.07
	3.11
	35.47
	43.33
	38.46
	166.59

	T7
	Salicylic acid
1.0 μM
	55.91
	27.16
	2.85
	36.13
	44.13
	38.77
	141.34

	T8
	Salicylic acid
1.5 μM
	55.17
	26.76
	2.90
	38.20
	45.20
	40.54
	155.03

	T9
	Plain Water
	54.36
	26.14
	2.67
	37.13
	44.67
	35.80
	124.26

	
	C.D. (0.05)
	2.52
	2.31
	1.11
	2.62
	2.48
	3.54
	31.64


















Fig 1: Bar Graph showing the Impact of PGR on Growth and Yield of Okra 



CONCLUSIONS
[bookmark: _GoBack]The results of the present investigation indicate that the application of appropriate concentrations of plant growth regulators (PGRs) can effectively enhance the growth and yield attributes of okra. Among the treatments tested, foliar application of IAA at higher concentrations was particularly effective. The study evaluated the effects of GA₃, IAA, Triacontanol, and Salicylic Acid, along with a plain water control, across nine treatments. The experiment was conducted using a Randomized Block Design (RBD) with three replications for each treatment.
The treatments were applied through foliar spray at 20 and 40 days after sowing (DAS). The results of the present study indicate that appropriate concentrations of the tested plant growth regulators can significantly enhance the growth and yield of okra, with foliar application of IAA at higher concentrations being particularly effective. Specifically, foliar application of IAA at 200 ppm proved most effective in improving growth parameters, recording the highest number of leaves per plant (53.44) and branches per plant (4.40). This treatment also significantly enhanced yield parameters, achieving the maximum total yield of 214.09 q ha⁻¹. These findings demonstrate the potential of IAA at 200 ppm as an effective strategy for improving both vegetative growth and productivity in okra.
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