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Abstract 
The purpose of this study was to carry out a comparative evaluation of the physicochemical properties of 

A field trial was undertaken during 2014 summer season to determine the “Effect of plant growth 

regulators on flowering, yield and quality aspects of summer okra (Abelmoschus esculentus L. Moench) 

Var. Varsha Uphar” at Department of Horticulture, College of Agriculture, Dapoli. The experiment 

consisted of three treatments viz, cycocel (200, 400 & 600 ppm), PBZ (150, 250 & 300 ppm) and ethrel 

(150, 250 & 300 ppm) was sprayed once at 30 DAS. From the results the observations were recorded on 

various traits and concluded that the lowest days to first flowering and 50 per cent flowering, nodal 

position of first flower, highest total number of harvestings, number of fruits per plant, yield per plant 

and per hectare, weight of a single fruit, fruit breadth, Vitamin – ‘A’ and crude fiber per cent were 

recorded most in CCC @ 600 ppm while maximum number of nodes, lowest absolute growth rate (AGR) 

and relative growth rate (RGR) of plant, fruit length and ascorbic acid were higher in ethrel @ 300 ppm. 

 

Keywords: Okra, CCC, PBZ, Ethrel, foliar spray, growth and yield 

 

Introduction 

Okra (Abelmoschus esculentus (L.) Moench, 2n=130) is an important herbaceous annual plant 

belongs to family Malvaceae growing in tropical and subtropical parts of the world but it is 

injured when exposed to no freezing temperatures, i.e. below 12°C. It is cultivated since ages, 

and extensively disseminated from Africa to Asia, southern Europe and America (Ariyo, 1993; 

Oyelade et al., 2003) and currently grown in many countries. During 2013-14, in the world 

okra was grown an area of 11.17 lakh hectare with production of 87.06 lakh tonnes and 

productivity was 7.8 MT. At the same time 63.46 lakh tonnes green fruits were produced from 

5.33 lakh hectare area with productivity of 11.9 MT per hectare in India (Anonymous, 2014) [3]. 

It is specially valued for its tender and delicious fruits and has been reported to have an 

average nutritive value (ANV) of 3.21 which is higher than tomato, eggplant and most of the 

cucurbits (Grubben, 1977) [14]. All over India, it’s immature tender fruits which are botanically 

called capsules are used as vegetable. These green fruits are rich sources of vitamins, calcium, 

potassium and other minerals (i.e. Ca, Mg & P) (Matloob et. al., 1989), which can help in 

minimizing their deficiency in the daily diet. After the harvest of the fruits the stalks are 

generally allowed to go waste or used as fuel. If however they are collected green and 

subjected to retting, a useful fibre can be extracted which white, light cream or yellow is in 

color, silky, strong and pliant. It can be spun into yarn and be used for rope, twine and sacking. 

The fibre can be spun on jute mill machinery. It can be used in an 85 per cent admixture with 

15 per cent jute in sacking cloth. The fibre is also suitable for the manufacture of paper and 

cardboard (Aloni, 1990) [2]. 

Growth and yield analysis in crop plants helps in understanding the contribution of various 

growth processes in accumulation of dry matter, also to identify plant growth and yield 

components for higher productivity. Plant growth regulators (PGR's) considered as a new 

generation of agrochemicals which affect the physiology of plant growth and influence the 

natural rhythm of a plant when added in small amounts. In crop production plant growth 

regulators promotes growth along with the longitudinal area, increase number of branches, 

early flower initiation, fruit set, fruit quality and subsequently contributes towards higher 

production when applied at various concentration. As stated earlier growth regulators help in 

efficient utilization of metabolites in certain physiological processes going on in plant systems 

(Antony et al., 2003) [4]. Among the plant growth regulators, Cycocel, Paclobutrazol and 
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Ethrel has been reported to be very effective in improving 

yield and quality of certain vegetable crops, which causes 

retardation of vegetative growth and diversion of assimilates 

towards reproductive growth (Nerson et al., 1989) [23]. Due to 

this it is possible to achieve the desirable standards and norms 

in term of quality for exportable production. 

 

Materials and Methods 

The experiment was conducted during summer 2014 at 

nursery No. 4, Department of Horticulture, College of 

Agriculture, Dapoli in a randomized complete block design 

with ten treatments having three replication. Seed of okra 

cultivar Varsha Uphar was collected from Vegetable 

Improvement Scheme Central Experiment Station, Wakawali, 

Ratnagiri (M.S.). A recommended dose of Nitrogen, 

Phosphorus and Potassium @ 120, 50 and 60 kg/ha was 

supplied by using Urea, di-ammonium phosphate (DAP) and 

sulphate of potash (SOP). One week before final cultivation, 

pre-emergence chemical weed control was with Tok E-25 

(5L/ha) for all plots. During the season two hoeing were done. 

All plots were irrigated six times. In each replication seeds 

were dibbled at each hill 60 cm apart of row and 20 cm 

between plants. The treatments (Table 1) comprising different 

concentrations of plant growth regulators, i.e. CCC (200, 400 

& 600 ppm), PBZ (150, 250 & 300 ppm), Ethrel (150, 250 & 

300 ppm) and control were applied 30 days after sowing. 

Preventive measures were undertaken against the attack of 

bud borer and fruit borer by periodical sprayings of 

recommended pesticides. The fruits were harvested when they 

attained the size of 8 to 10 cm length and pods were hand 

picked at two days interval. Average fresh fruit weight, yield 

per plant, per hectare and the yield attributing components 

viz., time to first flowering, 50 per cent flowering, total 

number of harvesting, vitamin ‘A’, vitamin ‘C and crude fibre 

per cent was calculated as per the formula given by Ranganna 

(1986). The observation were recorded at 30, 60, 90 DAS and 

at last harvest. The data were analyzed statistically with 

standard procedure. 

 
Table 1: Concentrations of growth regulators sprayed on okra. 

 

S. No. Treatments Symbols 

1 Cycocel 200 ppm T1 

2 Cycocel 400 ppm T2 

3 Cycocel 600 ppm T3 

4 Paclobutrazol 150 ppm T4 

5 Paclobutrazol 250 ppm T5 

6 Paclobutrazol 300 ppm T6 

7 Ethrel 150 ppm T7 

8 Ethrel 250 ppm T8 

9 Ethrel 300 ppm T9 

10 Control T10 

 

Results and Discussion 

Changes induced by PGRs on flowering characteristic of 

okra 

The application of plant growth regulators significantly 

improved flowering related traits. The data presented in Table 

2 revealed that foliar application of growth regulators 

minimized the number of days taken to first flowering, nodal 

position of first flower and 50 per cent flowering. 

Significantly the lowest number of days required for initiation 

of flowering and also for 50 per cent flowering was recorded 

in treatment T3 i.e. CCC @ 600 ppm (45.26 & 48.36 DAS) 

followed by T6 (46.29 & 50.23 DAS). The highest number of 

days (52.41 & 58.64 DAS) for first flowering and 50 per cent 

flowering was recorded in T9 i.e. ethrel @ 300 ppm which 

was at par with T8 (51.93 & 56.03 DAS). 

Higher concentration of cycocel induced early flowering 

which might be due to suppression of vegetative growth and 

induction of early reproductive phase (Acharya, 2004) [1].  

The increases concentration of ethrel delayed both first 

flowering and 50 per cent flowering. It may be due to 

decrease in the endogenous gibberellins level in the plants by 

ethrel. This may be attributed to increased evolution for 

ethylene due to ethrel which in turn reduces activity of 

gibberellin and increases synthesis of abscissic acid in plant 

(Rudich et al., 1972) [29]. These results get support with the 

findings of Kokare et al. (2006) [16], Barche et al. (2010) [8], in 

okra with CCC, Arora et al (1989) [6] in summer squash, 

Baruah et al. (1995) in tomato with PBZ and Deepak et al. 

(2007) [12] with ethrel in okra.  

The nodal position of first flower varied significantly among 

all different concentration of growth regulator treatments. The 

lowest node (3.98) for initiation of first flower was noticed in 

T3 i.e. CCC @ 600 ppm followed by T6 (4.0) and T2 (4.31). 

Whereas, the highest node (5.60) for initiation of first flower 

was recorded in T7 i.e. ethrel @ 150 ppm. 

 

Changes induced by PGRs on harvesting and yield 

attributes of okra 

Foliar application of plant growth regulators significantly 

influenced days to first harvesting, total number of 

harvestings and yield attributing characters such as number of 

fruits per plant, yield per plant (g) and yield per hectare (q). 

 

Days to first harvest 
The data presented in Table 2 revealed that significantly the 

lowest days (52.50) required to first harvest was noticed in T3 

i.e. CCC @ 600 ppm. Whereas, the plant treated with ethrel 

i.e. @ 300 ppm recorded the highest days (59.97) to first 

harvest, which was at par with T8 (59.51). 

 

Number of harvestings 

The highest total number of harvesting (17.63) was recorded 

in T3 i.e. CCC @ 600 ppm followed by T4 (17.43) and lowest 

total number of harvesting (16.16) was recorded in T10 

(Control).  

 

Number of fruits per plant 

From the data depicted in Table 2 revealed that the number of 

fruits per plant was varied significantly among all the growth 

regulator treatment. The highest number of fruit per plant 

(22.02) was recorded in T3 i.e. CCC @ 600 ppm followed by 

T9 (21.39) and T4 (21.33). The lowest number of fruit per 

plant (16.75) was recorded in T10 i.e. control. 

It might be due to higher concentration treated plants had 

higher number of internodes i.e. short internodal length, 

which resulted to produce more number of fruit. Significantly 

improvement in yield might be due to cycocel reduced height 

of plant and increased branching resulting in diversion of food 

material for the improvement of flowering and fruiting 

(Prasad and Shrihari, 2008) [26]. This is in agreement with 

findings as earlier reported by Munikrishnappa et al. (2009) 
[22] with CCC, Rajput et al. (2011) [28] with CCC and ethrel in 

okra and Mandal et al. (2012) [18] in okra with CCC. The 

promotory effect of PBZ on number of fruits per plant was 

also observed by Asghar et al. (1997) [7] in okra and Rai et al. 

(2006) [27] in tomato. 
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Table 1: Effect of plant growth regulators on flowering, harvesting and yield attributes of okra cv. Varsha Uphar 
 

S. No. Treatments 
First flowering 

(DAS) 

Nodal position 

of first flower 

50 % 

flowering 

Days to first 

harvest 

No. of 

harvesting 
Fruit/plant 

Yield/plant 

(g) 

Yield/ha 

(q) 

1 T1 – CCC 200 ppm 49.33 4.62 53.43 56.89 16.67 19.32 248.99 138.33 

2 T2 – CCC 400 ppm 47.30 4.31 51.40 54.86 17.24 20.50 266.91 148.28 

3 T3 – CCC 600 ppm 45.26 3.98 48.36 52.50 17.63 22.02 290.73 161.52 

4 T4 – PBZ 150 ppm 47.85 4.81 51.95 55.44 17.43 21.33 279.14 155.08 

5 T5 – PBZ 250 ppm 47.79 4.45 50.65 55.12 17.03 20.14 258.71 143.73 

6 T6 – PBZ 300 ppm 46.29 4.00 50.23 53.85 16.94 20.09 248.28 137.93 

7 T7 – Ethrel 150 ppm 51.23 5.60 54.35 58.75 16.74 19.58 254.21 141.23 

8 T8 – Ethrel 250 ppm 51.93 5.40 56.03 59.51 17.07 20.27 264.29 146.83 

9 T9 – Ethrel 300 ppm 52.41 5.29 58.64 59.97 17.28 21.39 281.11 156.17 

10 T10 – Control 49.70 4.64 52.19 57.26 16.16 16.75 205.45 114.14 

 S.Em. + 0.61 0.15 0.60 0.40 0.11 0.25 3.50 1.94 

 CD (p=0.05) 1.82 0.43 1.78 1.19 0.33 0.75 10.39 5.77 

DAS (days after sowing) 

 

Yield per plant (g) 

The highest green fruit yield per plant (290.73 g) was 

recorded in T3 i.e. CCC @ 600 ppm followed by T9 (281.11 

g). Significantly the lowest green fruit yield per plant (205.45 

g) was noticed in T10 i.e. control treatment. 

 

Yield per hectare (q) 

The plants treated with T3 i.e. CCC @ 600 ppm produced 

highest (161.52 q) fruit yield per hectare, which was at par 

with T9 (156.17 q). Whereas, the lowest fruit yield per hectare 

was recorded in T10 i.e. control (114.14 q). 

Higher fruit yield in T3 i.e. CCC @ 600 ppm was may be due 

to more number of fruits per plant and it may be possible that 

increasing concentration of CCC was also increased total fruit 

yield per plant and also per hectare due to reduced plant 

height and increased branching resulting in diversion of food 

material for the improvement of flowering and fruiting (Sajjan 

et al., 2003 and Prasad and Shrihari, 2008) [, 30 26] in okra. The 

results obtained are similar with the findings of Pateliya et al. 

(2008) [28], Rajput et al. (2011) [28] with CCC and ethrel in 

okra, Rai et al. (2006) [27] in tomato and Chutichudet et al. 

(2007) [11] in okra with PBZ. 

 

Changes induced by PGRs on quality aspects of okra 

Physical parameters of fruit 

The data presented in Table 3 revealed that the various fruit 

characters of okra such as length of fruit (cm), weight of fruit 

(g) and breadth of fruit (mm) were also influenced by 

different plant growth regulator treatments. 

The highest fruit length (13.08 cm) was recorded in T9 i.e. 

ethrel @ 300 ppm followed by T3 (13.01 cm). While, the 

lowest fruit length (11.22 cm) was recorded with spray of 

PBZ @ 300 ppm. Reduction in fruit length by PBZ might be 

due to reduced cell division and cell elongation or nutritional 

factor and fertility of soil as well as weather conditions. 

Similar findings were also recorded by Pateliya et al. (2008) 
[28] with CCC and ethrel, Sanganagoud et al. (2014) [31] with 

CCC in okra. Joshi (2001) in capsicum, Chutichudet et al. 

(2007) [11] with PBZ in okra and Rajput et al. (2011) [28] with 

ethrel in okra. 

Increases concentration of growth regulators significantly 

increased weight of a single fruit. The highest weight (13.21 

g) of a single fruit was recorded by foliar sprays of T3 i.e. 

CCC @ 600 ppm followed by T9 (13.14 g) and T4 (13.08 g). 

Whereas, the lowest fruit weight (12.27 g) was recorded in the 

T10 (Control) treatment. Increase in fruit weight might be due 

to higher diameter of fruit and individual fruit weight in these 

treatments. It may also due to the accumulation of 

carbohydrate, leaf area, and chlorophyll content of leaves that 

produced more photosynthates towards the economic parts. 

These finding are in agreement with the finding of 

Sanganagoud et al. (2014) [31] with CCC in okra, Mohsen 

Kazemi (2013) [21] in cucumber with PBZ and Singh and 

Kumar (1988) [32] with ethrel in okra. 

The breadth of fruit was significantly varied among all the 

growth regulator treatments. However, the treatment T3 i.e. 

CCC @ 600 ppm showed the highest (16.13 mm) fruit 

breadth followed by T9 (16.07 mm) and lowest fruit breadth 

(14.27 mm) was in T10 (Control). The breadth of fruit was 

increased due to effective diversification of photosynthates to 

fruits buy the action of growth regulators. Similar increase in 

breadth of economic part was also seen by Mandal et al. 

(2012) [18] and Sanganagoud et al. (2014) [31] with CCC in 

okra and Mehdi et al. (2012) [20] in cucumber with ethrel. 

 

Table 2. Effect of plant growth regulators on quality aspects of okra fruit cv. Varsha Uphar 
 

S. No. Treatments 
Length of 

fruit (cm) 

Weight of 

fruit (g) 

Breadth of 

fruit (mm) 

Vitamin A 

(µg/100 g) 

Ascorbic acid 

(mg/100 g) 

Crude fiber 

(%) 

1 T1 – CCC 200 ppm 12.13 12.89 15.16 27.31 13.97 1.96 

2 T2 – CCC 400 ppm 12.46 13.02 15.66 28.02 13.33 2.04 

3 T3 – CCC 600 ppm 13.01 13.21 16.13 29.05 13.05 2.19 

4 T4 – PBZ 150 ppm 11.61 13.08 15.08 27.07 13.11 2.10 

5 T5 – PBZ 250 ppm 11.42 12.85 15.25 27.55 13.28 1.98 

6 T6 – PBZ 300 ppm 11.22 12.36 15.31 28.21 13.75 1.84 

7 T7 – Ethrel 150 ppm 12.33 12.98 15.21 25.78 13.73 2.18 

8 T8 – Ethrel 250 ppm 12.54 13.04 15.41 26.64 13.92 2.05 

9 T9 – Ethrel 300 ppm 13.08 13.14 16.07 27.41 14.06 1.95 

10 T10 – Control 12.01 12.27 14.27 25.81 13.12 1.82 

 S.Em. + 0.08 0.05 0.04 0.24 0.03 0.02 

 CD (p=0.05) 0.23 0.15 0.12 0.71 0.10 0.06 
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Chemical composition of fruit 

Application of different growth regulators at different 

concentrations increased the vitamin A content over control. 

Significantly the highest vitamin A (29.05 µg/100 g) was 

noted with T3 i.e. CCC @ 600 ppm followed by T6 (28.21 

µg/100 g) while, lowest vitamin A (25.78 µg/100 g) was 

recorded in T7 i.e. ethrel @ 150 ppm. The results are in 

agreement with the finding of Bose et al. (1999), Tharasena1 

and Lawan (2012) [33] in okra.  

The highest value (14.06 mg/100 g) for the ascorbic acid 

content was recorded in the treatment T9 i.e. ethrel @ 300 

ppm followed by T1 (13.97 mg/100 g). Whereas, the lowest 

value (13.05 mg/100 g) for the ascorbic acid content was 

noticed in the T3 i.e. CCC @ 600 ppm treatment. Similar 

results were obtained by Kumar et al. (2012) [17] with CCC in 

okra. Chutichudet et al. (2007) [11] with PBZ in okra whereas, 

Dhall and Singh (2013) [13] with ethrel in Tomato. 

The highest crude fiber content (2.19%) was recorded in spray 

of T3 i.e. CCC @ 600 ppm, which was at par with T7 (2.18%) 

and lowest (1.82%) was noticed in T10 (control). 

 

Conclusion  

On the basis of different characteristics in present 

investigation, it could be concluded that foliar application of 

growth regulators like CCC, PBZ and ethrel have the ability 

to reduce the vegetative growth and enhance fruiting, yield 

per plant and fruit quality in okra cv. Varsha Uphar. Foliar 

application of cycocel and paclobutrazol induced early 

flowering and fruiting, whereas ethrel concentration delayed 

flowering and fruiting period. Among the various plant 

growth regulator treatments tested, the foliar spraying on the 

okra variety Varsha Uphar with CCC @ 600 ppm, ethrel @ 

300 ppm and PBZ @ 150 ppm at 30 days after sowing found 

to be optimum for maximization of the yield per plant. 
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