


Effect of Plant Growth Regulators on Growth and Yield of Okra Abelmoschus esculentus (L.) 
	
ABSTRACT
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. 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 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 is one of the important vegetable crops of India and Chhattisgarh. Okra (Abelmoschus esculentus (L.) Moench) is an annual vegetable crop of Malvaceae family. 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). PGRs are now a days becomes an important contributor which influence the plant physiology and yield. It may apply at different stages. It stimulates or retards natural growth from germination to senescence (Das and Das, 1995). The response of growth regulators depends upon the amount of particular compound absorbed by the plant and ability of the plant to respond to the stimulus of the chemical applied (Dhage et al., 2011). It can be achieved by two ways. Primarily increase in yield through high yielding and resistant varieties, secondary through achieving higher productivity potential of variety by good seed quality, plant nutrient application and cultural practices and 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). These can improve the physiological efficiency of plants including photosynthetic capacity and effective partitioning of assimilates” (Solaimalai et al., 2001). 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 (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 experiment was laid out in Randomized block design with 03 replications and 09 treatment. The experiment was laid out in a Randomized Block Design (RBD) with nine treatments and three replications. The crop used was Okra Var. Pusa A- 4. Seeds were sown on 23rd July 2018 at a spacing of 60 cm x 30 cm. Each plot measured 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). 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
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 differed significantly due to PGR application. At 30 DAS number leaves per plant was recorded significantly highest 14.77 in T4 (IAA - 200 ppm) followed by 13.46 in T2 (GA3 - 50 ppm), 12.33 in T3 (IAA - 100 ppm) and 11.24 in T1 (GA3 - 25 ppm). 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). At 45 DAS number leaves per plant was recorded significantly highest 35.42 in T4 (IAA - 200 ppm) followed by 32.72 in T3 (IAA - 100 ppm), 29.16 in T2 (GA3 - 50 ppm) and 27.50 in T1 (GA3 - 25 ppm). The treatments T3 and T4 were differ non-significantly. While, significantly minimum number of leaves per plant was 21.39 recorded in T9 (Plain water). At 60 DAS number leaves per plant was recorded significantly highest 53.44 in T4 (IAA - 200 ppm) followed by 52.12 in T3 (IAA - 100 ppm), 51.43 in T2 (GA3 - 50 ppm) and 50.90 in T1 (GA3 - 25 ppm). The treatments T1, T2, T3 and T4 were differ non-significantly. While, significantly minimum number of leaves per plant was 47.11 recorded in T9 (Plain water).

Number of branches per plant
Number of branches per plant were recorded under different treatments. The data revealed that various levels of PGR’s significantly influenced number of branches per plant. 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. Similar findings were also reported by Dhage et al., (2011). Khandaker et al., (2018) reported that IAA at the 120 mg/L treatment produced the highest number of branches (6) in okra compared to other treatment. Ali et al., (2012) reported that IAA produces highest number of branches per plant in tomato. These results might be due to increase in cell elongation and cell division which are effects of auxins.

Days to first flowering
Days taken for initiation of first flower significantly influenced by application of different PGR’s. It was observed that the days to first flowering was significantly differ by application of different PGR’s. 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. However, significantly maximum days taken for initiation of first flower were recorded 40.47 days in T2 (GA3 - 50 ppm). IAA plays also a minor role in the flower initiation and reproductive organs development.
Days to first harvest
The days to first harvest of fruit as affected by application different PGR’s. The effect of foliar application of plant growth regulators on this parameter were differ significantly. Significantly minimum days 30 taken for first harvesting was recorded of 40.93 days in T4 (IAA - 200 ppm) followed by 41.80 days in T3 (IAA - 100 ppm), 43.07days in T5 (Triacontanol - 1000 ppm) and 43.33 days in T6 (Triacontanol - 2000 ppm). The treatments T3, T4, T5 and T6 were differ non-significantly. While, significantly maximum days for first fruit harvesting was noticed 46.27 days in T2 (GA3 - 25 ppm).

Fruit picking period
It is revealed from the data that there was significance difference between treatments for fruit picking period under application of different PGR’s. It was observed that the significantly longest fruit picking period recorded was 43.06 days in T4 (IAA - 200 ppm) followed by 41.80 days in T3 (IAA - 100 ppm) and 40.54 days in T8 (Salisylic Acid - 1.5 μM). The treatments T3, T4 and T8 were differ non-significantly. However, significantly shortest fruit picking period was recorded 35.80 days in T9 (Plain water).

Total yield/Productivity (q/ha)
It is revealed from the data that there was significance difference for yield (q/ha) by application of plant growth regulators. 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. While, significantly lowest yield (q/ha) recorded 124.26 q/ha kg in T9 (Plain water). It was reported from present investigation IAA at higher concentrations were increased yield per hectare through increased physiological activities of the okra plant and increased the flowering, number of fruits per plant and 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: Effect 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: Effect of PGR on Growth and Yield of Okra 



CONCLUSIONS
The treatments comprised of GA3, IAA, Triacontanol and Salicylic Acid along with Plain water. The experiment was planned with total nine treatments replicated thrice in Randomized Block Design. The treatments were applied through foliar application at 20 and 40 DAS. The results obtained during the present investigation reveals that the effective concentration of undertaken plant growth regulators can be used to improve the growth and yield parameters of okra especially treatment with foliar application of IAA at higher concentration. So, it can be concluded that foliar application of IAA - 200 ppm was most effective in enhancing the growth parameters viz. number of leaves per plant (53.44) and number of branches per plant (4.40). IAA 200 ppm also effective in enhancing the yield parameters of okra viz.  total yield per hectare (214.09 q/ha).
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