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Introduction 
 

Pineapple has always been an important 

economic crop due to its fruit characteristics. 

Statistics on world pineapple production are 

collected by the Food and Agriculture 

Organization of the United Nations (FAO). 

According to FAO statistics (2018), the 

leading pineapple-producing countries are 

Costa Rica, Philippines, Brazil, Thailand, 

Indonesia and India. The fruit is consumed 

fresh by many people and hence, source of 

essential mineral elements, nutrients and 

vitamins. It could easily be processed into 

jams, alcoholic and nonalcoholic drinks and 

other confectionaries. It is an important 

source of income to pineapple growers. 

Natural flowering is an obstacle for the 

management of pineapple production. This 

phenomenon is at the origin of considerable 

and increasing fruit losses on an international 

scale (Cunha et al., 2003). Increase in 

pineapple production involves flower 

induction, which is necessary for uniform 
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The present experiment entitled “Effect of NAA and Ethrel on flowering characteristics of 

pineapple (Ananas comosus L. Merr.) Var. Queen” was conducted at the Agri-technology 

Park, Birsa Agricultural University, Kanke, Ranchiduring 2017-2020. The experiment was 

laid out in Factorial Randomized Block Designed having two factors the Factor A 

consisted twelve growth regulators and their combination viz. NAA 10ppm (G1), NAA 

20ppm (G2), Ethrel 10ppm (G3), Ethrel 30ppm (G4), Ethrel 50ppm (G5), NAA 10ppm + 

Ethrel 10ppm (G6), NAA 10ppm + Ethrel 30ppm (G7), NAA 10ppm + Ethrel 50ppm (G8), 

NAA 20ppm + Ethrel 10ppm (G9), NAA 20ppm + Ethrel 30ppm (G10), NAA 20ppm + 

Ethrel 50ppm (G11) and Control (G12) and Factor B consisted three stages of spray i.e. 30 

leaves stage (S1), 35 leaves stage (S2) and 40 leaves stage (S3).With respect to growth 

regulators, significantly maximum Flowering percent and minimum days to flowering 

were recorded with Ethrel 30 ppm. In case of stage of spray, it was found statistically most 

effective and maximum flowering percent and minimum days taken for flowering after 

spray were registered with 40 leaves stage. Interaction effect of growth regulators and 

stage of spray show a significant influence with respect to flowering attributes studied in 

present investigation. 
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fruiting and maturity. This study is therefore 

aimed at assessing the suitable concentration 

of NAA and Ethrel for its effect on flowering 

attributes of pineapple. 

 

The present experiment was carried out at the 

Agri-technology Park, Birsa Agricultural 

University, Kanke, Ranchi during 2017-2020 

with a commercial pineapple var. Queen. The 

selected plants were uniform in size and with 

30cm x 60cm x 90 cm spacing. The growth 

regulators NAA 10ppm (G1), NAA 20ppm 

(G2), Ethrel 10ppm (G3), Ethrel 30ppm (G4), 

Ethrel 50ppm (G5), NAA 10ppm + Ethrel 

10ppm (G6), NAA 10ppm + Ethrel 30ppm 

(G7), NAA 10ppm + Ethrel 50ppm (G8), NAA 

20ppm + Ethrel 10ppm (G9), NAA 20ppm + 

Ethrel 30ppm (G10), NAA 20ppm + Ethrel 

50ppm (G11) along with waterspray/control 

(G12) were applied as foliar spray.at 30.35 and 

40 leaves stage. Recommended package of 

practices including application ofN:P: K of 

12:6:12 g/ plant/ year, plant protection, weed 

control were followed. The experiment was 

carried out in Factorial Randomized Block 

design with three replications. 

 

Results and Discussion 

 

Flowering (%) 

 

The data pertaining to the effect of growth 

regulators, stage of spray and their interaction 

on flowering percent are presented in Table 1. 

 

Irrespective of stages, flowering percent 

differed markedly among growth regulators. 

It was significantly maximum (87.31 %) at 

Ethrel 30 ppm (G4). Which was at par with 

Ethrel 10 ppm (85.50 %), NAA 10 ppm + 

Ethrel 10 ppm (84.88 %) NAA 20 ppm + 

Ethrel 10 ppm (83.07 %), Ethrel 50 ppm 

(82.86 %) and NAA 10 ppm (82.55 

%).Whereas it was minimum (48.77 %) in 

control (G12). 

 

Flowering percent differed significantly due 

to stage of spray over growth regulators. It 

was significantly more (85.27 %) in 40 leaves 

stage (S3) than 30 leaves stage (74.76 %). 

 

The interaction between growth regulators 

and stage of spray on flowering percent was 

found to be significant. Maximum flowering 

percent (94.32 %) was observed with Ethrel 

30 ppm and 40 leaves stage. Which was 

closely followed by Ethrel 50 ppm and 40 

leaves stage (92.51 %), Ethrel 10 ppm and 40 

leaves stage (92.23 %), NAA 10 ppm + Ethrel 

10 ppm and 40 leaves stage (90.74 %), NAA 

10 ppm + Ethrel 10 ppm and 35 leaves stage 

(90.54 %), NAA 10 ppm and 40 leaves stage 

(90.23 %), NAA 10 ppm + Ethrel 30 ppm and 

40 leaves stage (90.21 %), NAA 20 ppm and 

40 leaves stage (89.64%), NAA 20 ppm + 

Ethrel 10 ppm and 40 leaves stage (87.02 %), 

Ethrel 10 ppm and 35 leaves stage 

(87.02%),NAA 10 ppm + Ethrel 50 ppm and 

40 leaves stage (85.82 %), Ethrel 30 ppm and 

35 leaves stage (85.54 %).  

 

Flowering (Days) 

 

A glance of the results from the Table 2 

revealed that, growth regulators and different 

stages of spray to pineapple fruit had a 

positive influence on number of days taken 

for initiation of flowering. 

 

Early flowering (34.44 days) was noticed in 

plants grown under treatment Ethrel 30 ppm 

(G4), which was closely followed by 

treatment Ethrel 10 ppm (35.06days), Ethrel 

50 ppm (35.17 days), NAA 20 ppm (35.61 

days), NAA 10 ppm (36.22 days), NAA 10 

ppm + Ethrel 30 ppm (36.33 days), NAA 10 

ppm + Ethrel 10 ppm (36.44 days), NAA 10 

ppm + Ethrel 50 ppm (37.00days) and NAA 

20 ppm + Ethrel 10 ppm(38.33 days). 

Delayed flowering (65.11 days) was recorded 

in (G12) control.  
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Table.1 Flowering (%) of pineapple as influenced by various treatments 

 
Growth regulators  2017- 2019   2018-2020   Pooled  

 Stage of spray (S)    Stage of spray (S)   Stage of spray 

(S) 

 

S1 S2 S3 Mea

n 

S1 S2 S3 Mean S1 S2 S3 Mea

n (30 

LS) 

(35 LS) (40 

LS) 

(30 

LS) 

(35 LS) (40 

LS) 

(30 

LS) 

(35 

LS) 

(40 

LS) 

G1 NAA 10ppm 72.78 78.67 90.01 80.49 78.36 85.06 90.44 84.62 75.57 81.87 90.23 82.55 

G2 NAA 20ppm 76.00 72.25 90.92 79.72 71.04 80.37 88.36 79.92 73.52 76.31 89.64 79.82 

G3 Ethrel 10ppm 82.47 82.68 93.68 86.28 72.01 91.37 90.77 84.72 77.24 87.02 92.23 85.50 

G4 Ethrel 30ppm 85.73 91.03 95.26 90.67 78.38 80.06 93.37 83.94 82.06 85.54 94.32 87.31 

G5 Ethrel 50ppm 76.36 91.09 94.00 87.15 71.71 73.02 91.01 78.58 74.03 82.05 92.51 82.86 

G6 NAA 10ppm + Ethrel 10ppm 72.36 93.67 92.11 86.04 74.38 87.42 89.37 83.72 73.37 90.54 90.74 84.88 

G7 NAA 10ppm + Ethrel 30ppm 79.92 81.16 92.05 84.38 72.35 79.06 88.36 79.92 76.14 80.11 90.21 82.15 

G8 NAA 10ppm + Ethrel 50ppm 81.70 82.04 86.28 83.34 73.40 74.73 85.36 77.83 77.55 78.39 85.82 80.58 

G9 NAA 20ppm + Ethrel 10ppm 85.70 82.21 86.00 84.64 77.07 79.39 88.03 81.50 81.39 80.80 87.02 83.07 

G10 NAA 20ppm + Ethrel 30ppm 78.20 75.76 83.97 79.31 79.40 78.00 84.38 80.59 78.80 76.88 84.17 79.95 

G11 NAA 20ppm + Ethrel 50ppm 79.39 78.82 83.90 80.70 79.38 81.00 84.36 81.58 79.39 79.91 84.13 81.14 

G12 Control (water spray) 47.36 55.12 42.67 48.38 48.72 57.00 41.73 49.15 48.04 56.06 42.20 48.77 

Mean 76.50 80.37 85.90  73.02 78.87 84.63  74.76 79.62 85.27  

  

SEm 

± 

 

CD at 5% 

 

CV (%) 

 

SEm 

± 

 

CD at 5% 

 

CV (%) 

 

SEm 

± 

 

CD at 

5% 

 

CV (%) 

 G 2.39 6.75  

2.96 

2.30 6.48  

2.91 

1.81 5.11  

2.27  S 1.20 3.38 1.15 3.24 0.91 2.55 

 G X S 4.15 11.70 3.98 11.22 3.14 8.85 

30 LS – 30 leaves stage 

35 LS – 35 leaves stage 

40 LS – 40 leaves stage 
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Table.2 Flowering (Days) of pineapple as influenced by various treatments 

 
  Growth regulators  2017- 2019   2018-2020   Pooled  

 Stage of spray (S)   Stage of spray (S)   Stage of spray (S)  

S1 S2 S3 Mea

n 

S1 S2 S3 Mean S1 S2 S3 Mean 

(30 

LS) 

(35 LS) (40 

LS) 

(30 

LS) 

(35 LS) (40 

LS) 

(30 

LS) 

(35 LS) (40 

LS) 

G1 NAA 10ppm 40.67 36.33 32.33 36.44 40.33 35.00 32.67 36.00 40.50 35.67 32.50 36.22 

G2 NAA 20ppm 40.00 34.67 32.33 35.67 39.00 35.00 32.67 35.56 39.50 34.83 32.50 35.61 

G3 Ethrel 10ppm 39.67 33.67 32.33 35.22 37.00 35.33 32.33 34.89 38.33 34.50 32.33 35.06 

G4 Ethrel 30ppm 35.00 35.33 32.00 34.11 41.33 32.00 31.00 34.78 38.17 33.67 31.50 34.44 

G5 Ethrel 50ppm 38.00 36.33 31.00 35.11 36.00 37.33 32.33 35.22 37.00 36.83 31.67 35.17 

G6 NAA 10ppm + Ethrel 10ppm 39.67 33.67 33.00 35.44 41.67 37.67 33.00 37.44 40.67 35.67 33.00 36.44 

G7 NAA 10ppm + Ethrel 30ppm 38.33 34.67 33.67 35.56 40.00 37.33 34.00 37.11 39.17 36.00 33.83 36.33 

G8 NAA 10ppm + Ethrel 50ppm 36.00 38.67 35.00 36.56 42.33 35.00 35.00 37.44 39.17 36.83 35.00 37.00 

G9 NAA 20ppm + Ethrel 10ppm 43.00 34.00 37.67 38.22 46.33 33.33 35.67 38.44 44.67 33.67 36.67 38.33 

G10 NAA 20ppm + Ethrel 30ppm 43.33 37.33 37.67 39.44 42.67 40.67 37.33 40.22 43.00 39.00 37.50 39.83 

G11 NAA 20ppm + Ethrel 50ppm 40.00 38.33 38.33 38.89 39.67 37.33 37.33 38.11 39.83 37.83 37.83 38.50 

G12 Control (water spray) 52.67 77.67 58.33 62.89 58.00 76.67 67.33 67.33 55.33 77.17 62.83 65.11 

Mean 40.53 39.22 36.14  42.03 39.39 36.72  41.28 39.31 36.43  

  

SEm 

± 

 

CD at 5% 

 

CV (%) 

 

SEm 

± 

 

CD at 5% 

 

CV (%) 

 

SEm 

± 

 

CD at 5% 

 

CV (%) 

 G 1.95 5.50  

5.05 

1.75 4.94  

4.44 

1.53 4.32  

3.93  S 0.98 2.75 0.88 2.47 0.77 2.16 

 G X S 3.38 9.53 3.03 8.56 2.65 7.48 

30 LS – 30 leaves stage 

35 LS – 35 leaves stage 

40 LS – 40 leaves stage 
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Different stages had significant and greater 

influence on days to flower in pineapple. 

Early flowering (36.43 days) was noticed in 

plants of 40 leaves stage. Delayed flowering 

(41.28 days) was recorded in 30 Leaves stage 

plants (S1).  

 

The interaction effects between growth 

regulators and stage of spray had a significant 

influence with respect to days to flowering. 

The interaction of Ethrel 30 ppm and 40 

leaves stage took minimum (31.50) number of 

days for initiation of flowering followed by 

Ethrel 50 ppm (31.67 days), Ethrel 10 

ppm(32.33 days), NAA 10 ppm (32.50 days), 

NAA 10 ppm (32.50 days). While maximum 

number of days (77.17) were required in 

plants grown under water treatment in 30 

leaves stage plants.  

 

The data pertaining to floral characters (Table 

1 & 2) showed appreciable effect of growth 

regulators. Maximum flowering percentage 

(87.31%) was recorded under treatment Ethrel 

30 ppm. Unsaturated hydrocarbons like 

ethylene and acetylene are capable of forcing 

pineapple plant to flower. Ethrel induced a 

sharp peak of flower initiation at all the 

concentrations tried within 50 days of the 

treatment. Next to Ethrel NAA was effective, 

but the results during the two trials showed a 

wider variation with regard to the 

effectiveness of different concentrations. 

Ethrel may alter the endogenous auxin level 

to a threshold concentration which cause 

flowering in this plant. Ethrel is highly 

potential in inducing flower formation in 

pineapple plants and it can induce a plant to 

flower in any season if it attains the minimum 

age required for initiation of flowering. The 

highest flowering percentage of flowering 

with Ethrel application was also reported by 

Borang et al., (2017), Liu et al., (2011) in 

pineapple, Kumar et al., (2017), Prasad et al., 

(2018) in litchi, Gawankar et al., (2010) and 

Ghadage et al., (2016) in cashew. 

Van Overbeek (1951) postulated that ethylene 

may bring about metabolic changes in the 

vegetative apex making the tissue more 

responsive to the auxins it contains, there by 

bringing about floral induction.  

 

Bartholomew (1977) observed that the flower 

bud development was evident on 7 days after 

application of ethephon. In the axils of the 

bracts the flower primordia was first observed 

on 11 days after treatment. After 25 days of 

treatment flower initiation ceased but the 

average time required for the maximum of 

about 95% flower/inflorescence was 34 days.  

 

The higher concentration of plant regulators 

viz., NAA and Ethrel delayed the period of 

first flower initiation because the higher 

concentration might be having toxic effect on 

yield parameters. This might be due to the C: 

N ratio, which helps in balanced management 

of vegetative and reproductive phases and 

thereby promote early flowering. The 

production and supply of photosynthesis at 

critical stage induces the more flowering as 

well as fruits set. These results are in 

accordance with the findings of Singh et al., 

(2007) in aonla.  

 

It is evident from the results obtained that, 

stage of spray had significantly influenced on 

various floral characters like flowering 

percentage and days to flowering. In the 

present investigation, it was observed that 40 

leaves stage significantly affected the floral 

characters of pineapple fruit. The analysis of 

pooled data showed that 40 leaves stage had 

maximum flowering percentage (85.27%) and 

minimum days to flowering (36.43days). If 

the plants are too small they cannot be 

induced to flower successfully even if treated 

with ethephon (Van de Poel et al., 2009). 

 

Interaction effect of growth regulators and 

stages of spray significantly influenced 

flowering percent and Days to flower 
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induction. Maximum flowering percent 

(94.32 %) and Days to flower induction 

(31.50 Days) were obtained in combined 

treatment of Ethrel 30ppm and 40 leaves 

stage. Kuan et al., (2005), Vences et al., 

(2018) and Das Biswas et al.(1983) reported 

similar results in pineapple. 

 

Application of Ethrel (40 %) between 390 and 

420 days after planting when the plants had 

43.7 to 46.2 leaves improved flower 

induction. The forcing at later stages (390-420 

days) showed higher number of slip formation 

/plant and the days required for flower 

formation was delayed (Mitra et al., 1993). 

The correct and timely application of 

ethephon gives better yield, plant uniformity, 

along with synchronous flowering, spreading 

of the crop, predetermined harvesting time, 

improved management and economical 

cultivation (Teisson, 1979). 

 

In conclusion the effect of growth regulators 

had a pronounced effect on flowering 

characteristics of pineapple. The maximum 

value for flowering percentage (87.31 %) and 

minimum value for days to flower induction 

(31.50 days) were recorded for the treatment 

G4 (Ethrel 30ppm). 

 

The effect of stage of spray was found to be 

significant on floral characters of pineapple. 

The maximum flowering percentage (85.27 

%) and minimum days taken for flowering 

(36.43days) were found for the treatment 40 

leaves stage. 
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