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ABSTRACT

Dragon fruit is a recently introduced and one of 
the high value premium fruit crops in India and it 
is gaining popularity with each passing day. The 
present study was conducted and various aspects 
of floral behavior including number of flushes per 
year, days interval between two flushes, frequency of 
bud emergence and flowering cycles were observed 
minutely. Total number of buds per pillar, per cent 
buds flowered and aborted per pillar, number of 
days required for full development of floral bud in 
different flowering seasons, period of anthesis and 
time of closing of flower in different flushes were 

noted. The qualitative aspects of the flower behavior 
such as flower bud shape, shape of apex, color of 
flower bud, length of pericarpel and perianth, shape 
of bracts, intensity of red color of bract, petal color, 
sepal pattern, primary and secondary color of sepal, 
color of sigma lobe, position of anthers in relation to 
stigma were recorded.

Keywords  Dragon fruit, Floral biology, Flowers, 
Pitaya, Reproductive.

INTRODUCTION

Dragon fruit (Hylocereus costaricensis [F.A.C. We-
ber] Britton and Rose) is a fruit bearing vine member 
of the cactus family and one of the most beautiful and 
nutritious fruit crops in the world. It is originated in 
tropical and sub-tropical forest regions of Mexico 
and Central and South America and mainly cultivated 
in Thailand, China, Mexico, Australia, Cambodia, 
Guatemala, Malaysia, Sri Lanka, Taiwan, Japan and 
other countries (Britton and Rose 1963, Morton 1987, 
and Mizrahi et al. 1997). Dragon fruit was introduced 
in India (mostly in Kerala, Karnataka, Tamil Nadu, 
Maharashtra, Gujarat, Orissa, West Bengal, Andhra 
Pradesh and Andaman and Nicobar Islands.

MATERIALS AND METHODS

The experimental field was situated at 23.50 N lat-
itude and 890 E longitude with elevation of 9.75 m 
above mean sea level (MSL). The soil texture of the 
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experimental field was sandy loam. The present ex-
periment was conducted on 5 (five) years’ old dragon 
fruit plants with the species Hylocereus costaricensis 
cv Royal Moroccan Red. Uniform cultural manage-
ment was provided for all the plants/ pillars along 
with nutrients, plant protection measures and other 
parameters. NPK fertilizer doses (450: 350: 300 g/
plant) were applied in four split doses @10, 10 and 
30% of total before flowering, 20,40 and 25% at 
fruit set, 30, 20 and 30% at harvest and finally 40,30 
and15% of total NPK after two months of harvest. 
In this experiment 10 Nos. of pillar for each species 
were randomly selected spreading over entire period 
of flowering started from first flush to the eight flush 
in the field itself.

The observations on floral behavior were record-
ed with proper methods and instruments. Number of 
flushes per year, days interval between two flushes, 

frequency of bud emergence and flowering cycles 
were studied thoroughly and noted. Total number of 
buds per pillar, per cent buds flowered and aborted per 
pillar was recorded. The number of days required for 
full development of floral bud in different flowering 
seasons were recorded by tagging and monitoring the 
growth of the buds till full bloom stage. The period 
of anthesis and time of closing of flower in different 
flushes were recorded.

(a) Period of anthesis : Flower anthesis was recorded 
by visual observations in the field as the time between 
openings with protruding of stigma from the flower 
and partially petals spread out. The flowers selected 
for study were labelled.

(b) Time of closing of flower : The time of closing 
of flowers was recorded by visual observation in day 
2 (two) of pollination that had shown withered and 
drooped down flowers at the pillar.
 

To determine for all the flower morphological 
characters (qualitative) of dragon fruit International 

Table 1. Number of flushes/ year, frequency of bud emergence 
and flowering cycles per pillar of dragon fruit (Hylocereus co-
staricensis).
 
Main season Frequency of bud Flowering/cycles
     emergence 
Number of  Date Month Date Month
flushes/ year

First flush 12th-14th  May 26th-28th  May
Second flush 6th-8th  June 21st -23rd  June
Third flush 29th-30th  June 14th- 15th  July
Fourth flush 23th-24th  July 8th- 10th  August
Fifth flush 17th-19th  August 29th-30th  August
Sixth flush 9th-11th  September 24th-25th  September
Seventh flush 5th-6th  October 20th-21th   October
Eighth flush 27th- 28th  October 14th-15th  November 

Table 2. Days interval between two flushes in dragon fruit. 
 
Number of flushes Range Mean ± SD Average
   (days)

First - Second flush 20 - 26 23.0 ± 2.45
Second - Third flush 21 - 25 23.6 ± 1.67
Third – Fourth flush 21 - 27 24.6 ± 2.30
Fourth - Fifth flush 23 - 28 24.8 ± 1.92 24.33
Fifth –Sixth flush 23 - 27 25.6 ± 1.67
Sixth –Seventh flush 26 - 27 24.4 ± 1.67
Seventh – Eighth flush 23 - 26 24.4 ± 1.34 

Table 3.  Total number of buds, per cent buds flowered and per cent buds aborted per pillar in each flush of dragon fruit (Hylocereus 
costaricensis).
 
                        Total number of buds per pillar     Per cent buds flowered per pillar              Per cent buds aborted per pillar
Number of  Range Mean±SD Ave-      Range Mean±SD Ave- Range Mean±SD       Average
flushes   rage   rage 

First flush 20 -31 25.8 ± 4.66  50.0- 70.96 61.91± 9.14  29.04 -50.00 38.09±9.15 
Second flush 17 - 34 26.4 ± 7.02  47.06 - 78.13 65.38 ±11.61  21.87-52.94 34.62±11.61
Third flush 20 - 37 28 ± 6.44  62.50 -76.67 69.22 ±5.76  23.33 -37.50 30.78±5.76
Fourth flush 23 - 40 31.2 ± 6.83 26.8 53.13 -80.0 67.2 ±12.03 66.25 20.00 - 46.87 32.8±12.03 33.81
Fifth flush 20 - 42 32.2 ± 9.60  66.65 -76.31 70.93 ±3.49  23.69 -33.35 29.07±3.49
Sixth flush 19 - 36 28.6 ± 7.02  53.83 -72.22 66.17±7.17  27.78 -46.15 34.31±7.05
Seventh flush 16 -34 27 ± 7.42  63.33 -75.00 67.64 ± 4.72  25.00 -36.67 32.36±4.72
Eighth flush 10 -20 15.2 ± 3.83  58.82 – 60.00 61.57 ± 2.38  35.00 - 41.18 38.43 ± 2.38                  
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Union for the Protection of New Varieties of plants 
(UPOV) descriptor on dragon fruit were followed. 
Flower bud shape, shape of apex, color of flower bud, 
length of pericarpel and perianth, shape of bracts, in-
tensity of red color of bract, petal color, sepal pattern, 
primary and secondary color of sepal, color of sigma 
lobe, position of anthers in relation to stigma were 
observed and recorded. 

RESULTS AND DISCUSSION

Total eight number of flowering flushes (May to No-
vember) per pillar per year (Table 1) was observed and 
noticeably in August alone two flushes i.e. fourth and 
fifth flushes were detected. Seven to eight flowering 
flushes was observed in Hylocereus costaricensis 
which was similar with the present investigation (Le 
Bellec 2004). Under Sri Lankan condition four to 
six number of flushes were reported (Pushpakumara 
et al. 2005).

The bud emergence was observed on 12–14th 

May in the first flush (Table 1 and Flow chart 1). It 

was recorded that two times of bud emergence oc-
curred in different dates (flushes) of the same month 
i.e. from 6–8th (second flush) to 29–30th (third flush) 
in month of June and also in the month of October 5 
and 6th (seventh flush) and 27 and 28th (eighth flush) 
respectively (Table 1).  Abirami et al. (2021) reported 
initiation of flower bud from March in Hylocereus 
costaricensis and in April for Hylocereus undatus. 
The contradiction with Abirami et al. (2021) in the 
present findings might be due to the difference in 
ecophysiography.

The date of first flowering observed from 26–28th 
in May as first flush and the last flowering started from 
14-15 November (Table 1). In a study, it was found 
that the flowering time was affected by temperature 
(Mizrahi and Nerd 1999). In areas with highly mod-
erate temperature, flowers appeared from May to 
November for Hylocereus species. In another study, 
the flowering and production season during summer, 
started from June to October (Zee et al. 2004). Tel-Zur 
et al. (2004) mentioned different clones showed wide 
variation in the date and length of flowering season. 
The day’s interval between two flushes ranged from 
20 days (first-second flush) to 28 days (fourth-fifth 
flush). The average days of interval in overall flushes 
was 24.33 days (Table 2).

The maximum number of flower buds (42 num-
ber) found in the fifth flush and minimum of flower 
buds (10 number) was recorded in the eighth flush 
followed by 16 flower buds in the seventh flush with 
an average of 26.8 buds per pillar (Table 3). Zee et 
al. (2004) found three to five spherical buttons emer-
gence on the stem margins. As per Muniz et al. (2019) 
there was a great variation in the number of flower bud 

Table 4. Days required for full development of floral bud of dragon 
fruit in different flowering seasons (Hylocereus costaricensis).
    
Number of flush Range Mean±SD Average 
   (days)

First flush 12 - 14 13.2 ± 0.84
Second flush 13 - 16 14.4 ± 1.14
Third flush 12 - 16 14.2 ± 1.48
Fourth flush 13 - 17 14.2 ± 1.79 14.97
Fifth flush 14 - 18 15.8 ± 1.64
Sixth flush 14 - 18 16.2 ± 1.79
Seventh flush 15 - 17 15.6 ± 0.89
Eighth flush 16 -18 16.8 ± 0.84

Table 5.  Period of anthesis and time of closing of flowers in different flushes of dragon fruit (Hylocereus costaricensis).
 
                                                          Period of anthesis (pm)                                    Time of closing of flowers (am)
Number of flushes Range Mean±SD Average Range Mean±SD Average
 
First flush 6.10 - 7.16 6.8 ± 0.49  7.07 - 8.11 7.5 ± 0.41 
Second flush 6.25 - 7.10 6.5 ± 0.34  7.15 - 7.46 7.3 ± 0.13 
Third flush 6.45 - 7.27 6.8 ± 0.37  7.18 - 7.48 7.3 ± 0.12 
Fourth flush 5.42 - 7.15 6.6 ± 0.73 6.52 7.08 - 8.20 7.7 ± 0.49 7.69 
Fifth flush 5.44 -7.22 6.17 ± 0.72  7.53 - 8.45 8.1 ± 0.36 
Sixth flush 5.45 - 7.26 6.3 ± 0.66  7.42 - 8.38 7.8 ± 0.47 
Seventh flush 5.46 - 7.25 6.5 ± 0.71  7.56 - 8.46 8.0 ± 0.45 
Eighth flush 5.5 – 7.28 6.5 ± 0.73  6.55 - 8.35 7.7 ± 0.75    
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emergence per plant, with values ranging from 2 to 
34, but with a similar mean number around 10 flower 
buds. The present findings were little bit different in 
the range of buds with above statements. It might be 

due to the difference in soil and climatic condition, 
vigour of plant with numerous buds/plants and may 
also due to the difference in cultural practices.

A  minimum 47.06% to a maximum 80% of buds 
flowered successfully with an average of 66.25% 
whereas 33.81% average bud abortion was observed 
for all the flushes throughout the year (Table 3).

The period from emergence of floral bud to reach 
the stage of opening of flower varied from minimum 
12 days (first and second flush) to a maximum 18 days 
for the development of flower buds (fifth, six and eight 
flush) with a mean of 14.97 days (Table 4). It was 
reported in a study that the period of floral buds and 
flowering varied between 15 to 20 days (Le Bellec 
2004). The flower duration took 15 days in clone of 
VN White and 18 to 19 days in others (Tran et al. 
2014). Patwary et al. (2013) observed the flower bud 
needed 28 days bloom form the emergence in HUP 
001. The floral bud takes 14 to 18 days to obtain full 
blooming stage in pitayas (Tran et al. 2018). Similar 

Table 6. Flower morphological characters (qualitative) of two 
different Hylocereus species of dragon fruit.
                                                
Descriptors of flowers Hylocereus costaricensis

Flower bud shape Ovate
Shape of apex Acute
Color of flower bud Yellowish red
Length of pericarpel Narrow
Length of parianth Short to medium
Shape of bracts Ovate
Intensity of red color of bract Green with dark red edge
Petal color Milky white
Sepal pattern Edged
Primary color of sepal Light green
Secondary color of sepal Edged
Color of stigma lobe Cream
Position of anther in relation
to stigma Above

Plate 1.  Floral diagram of dragon fruit flowers.

                             ♂ Ca∞  Co∞  A∞                                                                                                      
Floral formula =    +———————
                                        G∞

The symbols expressed as :
♂- Bisexual or hermaphrodite
+

Ca∞ - Calyx in many
Co∞ - Corolla in many
A∞ - Androecium in many
G∞ - Gynoecium (inferior) in many
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observations were also made by Muniz et al. (2019).

The flowers started to open in the early evening 
and continued till night. In this period, when the flow-
ers first started to open, the petals were invisible. The 
petals gradually extended and spread out. However, 
most of the flowers opened in between 5.42 to 7.28 
pm and closed in between 6.55 to 8.45 am in the 
next day after the completion of pollination (Table 
5). Hylocereus species flowers initiated anthesis at 
around 19.00 h and closing completely at 7.00 h of 
the next morning (Muniz et al. 2019).

The shape of the flower bud is ovate with acute 
apex and yellowish red in color (Table 6). The peri-
carpels are narrow with short to medium perianth and 
edged sepals. The pericarpels are green with dark red 
edge that intensifies the color of the bracts that are 
ovate in shape. Petals are milky white and sepals are 
light green with edged secondary color. The stigma 
lobe color is creamy white and the stigma is posi-
tioned above the anthers in the typical hermaphrodite 
flower of dragon fruit (Table 6).

Hylocereus costaricensis showed hermaphrodite 
(bisexual) flower, free calyx, free corolla, free stamens 
(androecium) were present in many, ovary inferior to 
insertion point of other floral whorls (Plate 1). The 

floral whorl are epigynous to the gynoecium. Similar 
to the cactus flower, Hylocereus spp. is also bisexual 
with an inferior ovary (Mandujano et al. 2010).
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Flow chart 1.  Pattern of bud emergence and flowering waves per pillar of dragon fruit.
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