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Flowering biology and pollination requirements in red pitaya Hylocereus spp.

Dragon fruit production and consumption in Vietnam
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Dragon Fruit Industry Profile and its Assistance 
Measures in Taiwan 

Shu-Fen Tseng, Chien-Mei Yu

Section Chief and Specialist of Fruit Industry Section in Crop Production 

Division, Agriculture and Food Agency

Abstract

Dragon fruit or called pitaya/ pitahaya, native to topical forest of Mexico 

and central-America, was transplanted to Taiwan for more than 10 years. Due to 

following advantages, its cultivation area was expanded quickly and became one 

of the important economically cultivated fruit industries in Taiwan. Some 

excellent varieties with good traits like big fruit, high yield, higher sweetness and 

self-compatibility were selected. It can be harvested from the second year after 

planted because of its high growth rate. And farmers can get high profitability as 

it is high pest and disease resistance and easy to manage. In 2013, its cultivation 

areas reach 1,191 hectares; the yield is 280,000 tons with 15.6 billion NT dollars. 

The export volume also increases from 176 kg in 2010 to 44,450 kg in 2013. 

Especially, the cultivation areas of red-flesh varieties grow continuously because 

red-flesh varieties are higher-sweet, rich in anti-oxidant and soluble fiber, and 

welcomed by consumers both in domestic and foreign markets.

Although this industry seems prosperous, it still faces lots of challenges in 

the future. The dragon fruits in Vietnam are likely re-exported into Taiwan if they 

overcome quarantine problems as they cost less and have long harvest season. 

The mainland China will be also likely to reduce importation demand from 

Taiwan because of currently quickly expand of cultivation areas in its homeland 

and its improvement in cultivation techniques. On the other hand, Taiwan’s 

dragon fruit will also face big impact of tariff reduction of the future accession to 

TPP. Therefore, the government has launched some assistance measures to 

elevate competitiveness and ensure stability between the supply side and the 

demand side. The government helps the farmers to set up several dragon fruit 

production clusters and facilitate farmers to improve their product quality 

through assistance from technique service groups. Farmers are encouraged to 
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elevate their products safety level by following safe producing practice and 

getting GAP mark using permission, establishing producers’ responsibility with 

QR-code label, and further developing organic farming. On the other hand, the 

government is working on promotion the idea of ‘local producing for local 

consumption’ which is beneficial for the market segmentation from imported 

products. On the export aspect, supply orchard registration system and 

cooperation between farmers and exporters are established to ensure a high 

quality and stable supply of safe products. Relevant post-harvest and 

transportation technique which is essential to foreign market exploration are also 

developing by input of several research projects.

Key word：pitaya industry.
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World Pitaya Production

Chung-RueyYen1, Dinh Ha Tran1, and Yi-Lu Jiang2

1Dept. of Plant Industry, National Pingtung University of Science and 

Technology

2 Department of Horticulture, National Chiayi University.

Abstract

     　Pitaya is native in tropical America, produced locally and popular in local 

market, some exported to North America and Europe. It is produced in Nicaragua 

(red pitaya), Columbia (yellow pitaya) and Ecuador (both red and yellow). After 

hundreds year, the pitaya is spread to most of tropical and subtropical area and 

become new potential fruit crop in past 3 decades. Professor Mizrahi led and 

started the pitaya research since 1984 in Israel. The achievement is significant and 

they have great contribution to the pitaya industry in the world. The products are 

exported mainly to Europe. Pitaya was introduced into Taiwan more than 300 

years, however, the industry was only started after the introduction of new self-

compatible varieties from Vietnam in 1980s. The pitaya area is about 1000 ha and 

the varieties and technology released here were further transferred to China and 

Southeast Asia. Pitaya has been in Vietnam more than hundreds years and 

recently boomed to 24.8 thousands ha and 486.6 thousand tons in 2012. Among 

them, 80% (20% of fruit and vegetables exported) was exported to China (71.5%) 

and other countries. The value of pitaya export was 0.203 billion in 2013. The 

main production area (some with Global GAP) is in BinhThuan and Tien Giang 

provinces (Southern Vietnam). First red flesh variety, Long Dinh 1, with red parent 

from Taiwan, was released by SOFRI in 2005. Lighting (15-25 days) is wide used to 

promote flower in Vietnam. Pitaya production in China, mainly in Guandong, 

Guanxi, and some extends to Guizou, increased rapidly in past decade and 

reached 10.9 thousand in 2013. Cold damage is the main problem in those north-

ern area. Pitaya is produced in Thailand and Malaysia as well. However, humid 

climate induced serious pests and diseases which had hampered the pitaya 

industry in Malaysia. Most of varieties and technology either in China, Thailand or 

Malaysia are from introduced from Taiwan. Pitaya is a new and minor crop in 
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Australia and USA. Several growers are interested and trying some introduced 

varieties. There are about 40 ha (62.2% in Northern Territory) and 750 tons of 

white pitaya were produced in Australia in 2014. In United States, pitaya is only 

produced in Hawaii, South California and Florida. There are some activities 

supported by Rare Fruit Association in these area.
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Hylocereus spp pitaya dragon fruit

Cactaceae

122 1600
( 9 )

Hylocereus
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3
( http://newplant.afa.gov.tw/)
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10.

4 10

5cm

( 18

Brix ) (450g )

4-12-5 3-4-5 9-10-7 98-3

103,7~10

(g) (cm) (cm) ( Brix) ( Brix) (%)

4-12 -5 90.5 2.2 0.7 18.0 ± 0.8 15 0.11

3-4-5 328.5 2.2 2 19.4 ± 0.6 12.5 0.17

9-10 -7 421.5 4.4 1.8 19.6 ± 0.8 13 0.25

98 -3 432.5 3.2 1.0 20.2 ± 0.6 13.6 0.21
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Present Breeding status and prospect of Taiwan Pitaya

Pi-Chuan Liu(1), Chin-Pei Liu(2)

(1)Fengshan Tropical Horticulture Experiment Branch

(2)Fruit Section, Crop Production Division, Agriculture and Food Agency

Abstract

Pitaya(Dragon fruit) is a fast developing fruit tree in recent years.  Since 

introduction of overseas cultiva into Taiwan by farmers in 1983, it’s cultivation 

area according to Farming Annual statistic(2012) is approaching 1000 hectares.  

During these 30 years period, regardless out of interest or commercial purpose, 

some farmers have engaged in cross species hybrid breeding and cultiva 

selection, which make present variety in Taiwan abundant and diverse in the skin 

and the fruit pulp color.

First, to meet needs in pitaya breeding selection feature investigation and 

variety patent application, our branch office has referred to the data from 

graduate student of University of Taiwan and take the assignment as pitaya test 

examination organization.  Up to 2013 year's end, `Chi Yun No. 1 - MiBao' has 

obtained the variety patent in 2010, `Shi Shan Hun ' is under the test examination 

process, More farmers are preparing for application.

At present among the pitaya's production variety, the white meat and the 

red meat variety are of equal importance, in which the output and the quality of 

white meat plants is more stable, the improvement space are few; but the red 

meat plants pollination is not so good, fruit size uneven and pre-mature 

dehiscent fruiting issue, and it’s cultivated variety is chaotic, difficult for farmers 

to choose.  From 2009, our branch office has been working on dragon fruit variety 

breeding selection, expect to enable breeding of more variety in the color of skin 

and the fruit pulp, bigger fruit, short thorn or thornless, superior flavor, with 

fragrance, enduring in transportation to meet the planting needs of farmers. The 

breeding improvement uses breeding parent embody: the Vietnamese white 

meat variety , scarlet variety, the Milon variety and yellow skin and so on.  From 

these 4 kind of parents to carry on the inter-species hybridization, during 101-103 
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primarily selected from 200 series 98-3, 3-4-5, 3-10-7, 4-12-5 with different pulp 

and skin color variety.

The future direction of Taiwan pitaya variety breeding selection, in addition 

to carrying on the existing red meat variety quality improvement, variety in 

different skin and pulp color might increase the market diversification and bring 

consumer fresh feeling, and the fruit of intergeneric hybrid taste more refreshing, 

might attract new group of consumers. Furthermore, there’s necessity in 

adjusting production time to selectively breeds the low sensitive variety to 

luminosity (temperature) is one of our directions, in order to avoid the 

production peak of summer by advancing or delaying fruiting time.

Key words：pitaya、variety、breeding
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Integrated off-season production in pitaya

Yi-Lu Jiang1, Wen-Ju Yang2, Meng-Tzu Lin2 and Zhao-Ru Hong3

1
 Department of Horticulture, National Chiayi University.

2
 Department of Horticulture and Landscape Architecture, National Taiwan 

University.

3
 Ru-Yuan Fresh Fruit Orchard

Abstract

           The cultivation of vine pitaya has spread to tropical and subtropical regions 

throughout the world. Because of the long day plant nature, the fruit production 

concentrates between July and September, which reveals the importance of 

off-season production in stabilizing the year round production in pitaya. There-

fore, the current article would focused on the strategies for integrated off-season 

production and the application current. The two strategies are production adjust-

ment within the inductive season and fruit production in noninductive season. 

The former can be achieved by thinning cut, heading cut, pruning, and perhaps 

application of plant growth regulator for the enhance of early production, or by 

shoot age management, floral thinning and fruit storage for late production. The 

later was accomplished by applying night-breaking treatment to obtain winter 

and spring fruits in the noninductive season. In recent years, the development of 

an integrated production system through shoot pruning, floral thinning, and 

night-breaking for off-season production in pitaya was getting more matured. 

However, problems derived from integrated production system are often 

appeared. Therefore, some tips for trouble shooting would be mentioned in the 

content as well.  

Key words：thinning cut, heading cut, pruning, floral thinning, night-

breaking 
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1、 (A) (SD/S) (FT/S)
(CK/S)；(B) (NB/W)， (CK/W) (

HORTSCIENCE 47(8):1063–1067. 2012)

Fig. 1. The photoperiodic response of floral bud formation in red pitaya: (A) shortening daylength 
(SD/S) and continuous floral bud thinning (FT/S) treatments in summer; (B) four hours of night-
breaking treatment (NB/W) in winter. The summer and winter treatments were applied from 2 
June to 2 Sep. 2009 and 17 Sep. to 21 Dec. 2009, respectively. The control plants (CK) did not 
receive any treatment. (Abstracted from HORTSCIENCE 47(8):1063–1067. 2012)
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2 (A) (B) (C)

( J. Taiwan Soc. Hort. Sci. 61(1):45-54, 2015)

Fig. 2. (A) The four types of pitaya buds emerged in the spring; (B) Normal shoot and Partial 

evocation shoot, (C) Normal flower and Partial evocation flower. S: normal shoot, PS: partial 

evocation shoot, PF: partial evocation flower, F: normal flower. (Abstracted from J. Taiwan Soc. 

Hort. Sci. 61(1):45-54, 2015).
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2 7

3 27 2 7

2 19

2 7 15 2 19
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2

Accumulative percentagez Average number y

Sprouting shoot 
(%)

Flower -budded 
shoot (%)

Sprout Floral bud

27/12/2010 – 20/3/2011

NB 58.3±9.8 b 88.3±8.1 a 3.2±0.4 a 2.6±0.3 a

CK 98.3±1.6 a 0.0±0.0 b 3.1±0.4 a 0.0±0.0 b

14/10/2011 – 10/11/2011

NB 6.7±4.9 a 88.3±5.0 a 0.4±0.2 b 3.4±0.2 a

CK 21.7±6.8 a 0.0±0.0 b 2.1±0.5 a 0.0±0.0 b

1. (H. polyrhizus)2011 (NB) (
HORTSCIENCE 47(8):1063–1067. 2012)

Table 1. The effect of night-breaking treatment on the sprouting and flowering of 
H. sp. in the non-inductive period of 2011. (Abstracted from HORTSCIENCE 
47(8):1063–1067. 2012)

z Total sprouting (flower-budded) shoot number / total shoot number

y Total sprout (floral bud) number / total sprouting (flower-budded) shoot.
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Pitaya photoperiodism and reproductive phenology

Yi-Lu Jiang1, Yuan-Yin Liao2 and Wen-Ju Yang2 *

1 Department of Horticulture, National Chiayi University.

2 Department of Horticulture and Landscape Architecture, National Taiwan 

University.

Abstract

Pitaya is a long-day plant, which flowers in several flushes between May 

and October and produces fruits mainly in summer in the Northern Hemisphere. 

The critical day length of red pitaya was observed to be approximately 12 h, 

suggesting that the two switches between inductive and noninductive periods 

for red pitaya occur at the vernal and autumnal equinoxes, respectively. The 

immature shoots are not competent to response to the stimulus of long day 

length. In southern Taiwan, the newly matured shootsturn into reproductive 

phase through floral induction, evocation, differentiation and finally 

emergefloral buds about 9 weeksafter vernal equinox. Because of apical 

dormancy, numerous other areoles, except those that flowered, rested despite 

having already been exposed to adequate long-day length.After the autumnal 

equinox, the rested buds were unable to emerge as floral buds before the 

subsequent vernal equinox, and some of them did not survive the cold season. 

The induced but rested buds at the distal end may develop into floral buds if the 

NB treatment is applied in before middle November.According to the data of bud 

transformation and temperature variation in a winter trial in Southern Taiwan, a 

night temperature lower than 15 °C may limit bud development. Therefore, we 

concluded that NB treatment should be applied after mid-February in Southern 

Taiwan, when the minimum temperature seldom drops lower than 15 °C.

Key words: floral induction, floral evocation,night-breaking, vernal equinox, 

autumnal equinox.
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Flowering biology and pollination requirement in red pitaya
(Hylocereus spp.) 

Dinh-Ha Tran, Chung-Ruey Yen, and Yu-Kuang H. Chen 

Department of Plant Industry 

National Pingtung University of Science and Technology

1 Shuefu Road, Neipu, Pingtung, Taiwan 912

Abstract

This study explored the flowering biology and effects of pollination 

methods ((hand cross-, hand self-, automatic self-, and open-pollination) on fruit 

set, and fruit characteristics in 4 red pitaya (Hylocereus spp.) genotypes: [‘Vietnam 

White’ (‘VN-White’), ‘Chaozhou 5’, ‘Orejona’, and ‘F
11

’] in Pingtung, Taiwan. The 

fruit production season started from the beginning of May and ended at the 

beginning of September with 6-7 flowering cycles and 22-32 flowers/plant/year. 

The flowering duration took from 15-19 days and fruit duration spent around 30 

-32 days. The relative location of anthers were lower than the stigma, except in 

‘VN-White’. ‘VN-White’, fully self-compatible, obtained high fruit set rates (80.0 - 

90.5%) in all pollination treatments and the maximum fruit weight (402.6 g) in 

hand self- and (403.4 g) in open-pollination. ‘Chaozhou 5’ was partially 

self-compatible while ‘Orejona’ and ‘F
11

’ were completely self-incompatible. 

Hand cross-pollination significantly increased fruit set and fruit weight in 

‘Chaozhou 5’, ‘Orejona’ and ‘F
11

’. Total soluble solid (TSS) content was not 

influenced by pollination methods.

Key words：Hylocereus spp., flowering biology, self-compatibility, 

pollination requirement.  
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 INTRODUCTION

Pitaya or dragon fuit (Hylocereus spp.) originated from the Americas 

(Barthlott and Hunt, 1993) and has a wide distribution in tropical and subtropical 

regions (Mizrahi and Nerd, 1999; Merten, 2003). It is increasingly gaining interest 

in many countries, including Taiwan, due to its high economic potential as an 

exotic fruit crop and its exceptional tolerance to extreme drought (Raveh et al., 

1998; Mizrahi and Nerd, 1999; Nobel and De La Barrera, 2004). Fresh dragon fruit 

is good for human health, providing essential nutrients such as vitamins, 

minerals, complex carbohydrates, dietary fiber and antioxidants (Le Bellec et al., 

2006). Agronomic practices are relatively easy and inexpensive, due to fewer 

pests and disease attacks (Mizrahi and Nerd, 1999; Zee et al., 2004; Le Bellec et al., 

2006).

In the world, pitaya genotypes which are being grown on commercial 

scale belong to four species: H. undatus, H. monacanthus (syn. H. polyrhizus), H. 

costaricensis and Selenicereus megalanthus (syn. H. megalanthus), and their 

hybrids (Weiss et al., 1994; Lichtenzveig et al., 2000; Tel-Zur et al., 2004 and 2011; 

Ortiz et al., 2012). Regarding reproductive biology, most studies reported that 

pitaya has large, hermaphroditic nocturnal flowers. It belongs to the long day plant 

with natural fruit production during warmer months (Mizrahi and Nerd, 1999; 

Merten, 2003).  In Israel, H. polyrhizus and  H. costaricensis were indicated as self- 

incompatible, requiring cross-pollination to set fruit, whereas  H. undatus and S. 

megalanthus were self-compatible (SC),  setting fruit with self-pollination (Weiss et 

al., 1994; Nerd and Mizrahi, 1997). In contrast to the findings of  Weiss et al. (1994), 

under the natural habitat in Mexico, H. undatus had the highest fruit set after both 

open and unmanipulated self-pollination (Valiente Banuet et al., 2007). However, 

there have been no comprehensive studies on the effects of pollination on the 

performance of Hylocereus spp. growing under other conditions. 

In Taiwan, red pitayas (Hylocereus spp.) with white, red or purple pulp are 

widely cultivated. Because of their importance as exotic fruit crops, a collection of 

different genotypes of the genera Hylocereus has been planted at the Tropical 

Fruit Orchard, at National Pingtung University of Science and Technology 

(NPUST). The present work investigated flower morphology, flowering 
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phenology, and effects of pollination methods on fruit set and weight, TSS 

content in four typical or promising pitaya genotypes in order to determine their 

pollination requirement and to propose agro-management that can improve the 

efficiency of pollination, fruit quality and yield. 

 MATERIAL AND METHODS

2.1. Plant material and experimental sites

Four genotypes of pitaya (Hylocereus spp.) were used: ‘VN-White’ (H. 

undatus), ‘Orejona’ (H.  polyrhizus), ‘Chaozhou 5’ and ‘F
11

’ (Hylocereus sp.). The 

description of the four genotypes of pitaya used is presented in Table 1. Each 

plant was approximately 10 years old. The plants of these genotypes were 

intercropped with each other at NPUST. The experiment was conducted from 

May to September, 2013. The minimum and maximum daily temperatures 

during the experiment were 20.3oC (night) and 37oC (day), respectively.

Genotype Species Fruit characteristics Origin

‘ VN -White’ Hylocereus undatus Oblong fruit with light-red peel, large 

scales, and white pulp

Vietnam

‘ Chaozhou 5’ Hylocereus sp. Oblong-round fruit with dark-red peel, 

large scales, and violet-red pulp

Taiwan

‘ Orejona’ Hylocereus polyrhizus Oblong fruit with dark-red peel, large 

scales, and violet-red pulp

Central 

America

‘ F11’ Hylocereus sp. Round fruit with dark-red peel, large 

scales, and violet-red pulp

Taiwan

Table 1. Descriptions of the four pitaya genotypes used for the pollination study 
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2.2. Treatment and parameter measurements

2.2.1. Flowering biology

- Flowering phenoloy 

Three plants for each genotype were monitored to determine flowering 

season, total flowers/plant/year, and the numbers of flowering cycles/plant/year. 

Flowers were considered as the same cycle when they opened on the same day. 

Five random floral buds for each genotype were labeled to identify duration of 

flowering and fruiting.

-  Flower morphology characteristics

Size of five random mature flower buds for each genotype were measured 

and the flower morphological descriptors were identified at their fully opening 

stage. The descriptors and method of measurements are presented in Table 2.

2.2.2. Effect of pollination method

There were four pollination treatments. For hand cross-pollination, the 

anthers of mature flower buds were removed and the flowers were bagged 

before 14:00. These flowers were then hand-pollinated between 21:00–24:00 h 

Table  2. The flower morphological descriptors used in four red pitaya genotypes  

Descriptor Method

Mature flower bud size(cm) Measure just before flower opening: Bud length, 

pericarpel length and width.

Sepal pattern None,  edged or striped

Petal color White, yellowish green,  yellow, creamor red

Stigma lobe color Creamor green

Number of stigma lobes Average number of stigma lobes in 5 random 

flowers

R elative location of anthers 

and stigma

The distance between anthers and stigma in fully

opening flowers
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with a fresh mix of pollen from the other three genotypes and re-bagged. For 

hand self-pollination, mature flower buds were covered with bags before 14:00, 

and pollen from the same flower was applied to the stigma after the flowers 

opened between 21:00–24:00. To prevent open pollination, the selfed flowers 

were bagged, except during pollination until 3 days ago later. For automatic 

self-pollination, the flowers were covered with bags for 3 days ago to prevent 

cross-pollination. For open pollination, natural pollination was allowed to occur 

without any interference. 

The experiment was arranged in a randomized complete block design 

with three replications for each of the four genotypes selected. In each genotype, 

15–18 flowers from these three plants (5 - 6 flowers per plant) in a row was 

considered as one replication. All mature fruits obtained (depending on the fruit 

set of each treatment) were analysed for their weight and sweetness. The rate of 

fruit set (percentage) was calculated as: (Number of fruits / Number of flowers) × 

100 %. Fruit weights were measured using an electronic balance (GF-6100, A&D 

Company, Tokyo, Japan). TSS content of fruit flesh was measured using a hand 

refractometer (model PAL-1, Atago, Tokyo, Japan) and the result was expressed 

as oBrix. 

2.3. Statistical analysis

 Differences among means in pollination treatments were ascertained 

with Duncan’s multiple range test, using Statistical SAS 9.0 software (Staitical 

Analysis System, SAS Institute, Cary, N.C.). 

 RESULTS AND DISCUSSION

3.1. Flowering biology

3.1.1. Flowering phenology

 Dragon fruit belonges to the long day plant with natural flowering and 

production during warmer months (Mizrahi and Nerd, 1999; Merten, 2003). 

Under the conditions of Southern Taiwan, most genotypes tested started 

flowering in late April or early May except ‘VN-White’, which started in mid-May 
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(Table 3).

Table 3. Flowering season, flower cycles and numbers, flower and fruit stages in 
four red pitaya genotypes

Genotype
Flowering

season

Flowering 
cycles/

year

Flowers
/plant/year

Flowering
duration (day)

Fruiting
duration (day)

‘ VN -White’ 3 month 6 22 15 31

‘ Chaozhou 5’ 4 month 7 29 18 30

‘ Orejona’ 3 month 6 26 18 32

‘ F11’ 3 month 6 32 19 32

Flowering season generally lasted three months including three 

flowering cycles. Only the flowering season of ‘Chaozhou 5’ continued for four 

months and consisted of seven flowering cycles. The flower number produced 

per plant in the year investigated varied from 22 to 32 (Table 3). The flowering 

duration ranged from 15 to 19 days and the fruiting duration generally took one 

month for all of the genotypes used (Table 3).

3.1.2. Flower morphology

The eight flower morphology descriptors are described in Table 3. The 

four genotypes tested have white-colored petals and cream colored stigma 

lobes. Three out of four genotypes have edged-sepal pattern except ‘VN-white’ 

(Table 4). ‘Orejona’ had the maximum mature bud size of 34.1±1.7 cm long, 14.5  

±0.2 cm of pericarpel length and 3.2±0.3 cm of pericarpel width whereas these 

minimum values were measured in ‘F
11

’ with  28.6±1.6, 12.1±0.9, and 2.9±0.1 cm, 

respectively. The lowest number of stigma lobes was 21.7±3.8 per flower in 

‘Orejona’, as compared with 28.0 to 28.7±1.5 cm in others. The upper part of the 

anthers located 1.7 cm (below the stigma) in ‘Orejona’, 1.5 cm in  ‘F
11

’
 
and 1.1 cm 

in ‘Chaozhou 5’, whereas the anthers in ‘VN-White’ were at the same height as the 

stigma. Similar to what had been found by Weiss et al. (1994), the position of 

anthers in three genotypes examined was lower than the stigma, although the 

distance varied between 1.1and1.7 cm (Table 4). The only exception is ‘VN-White’. 

The anthers of ‘VN-White’ were at the same height as the stigma (Table 4).
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Genotype

Mature bud Opening flower

Bud
length
(cm)

Pericarp-
el length

(cm)

Pericarp-
el width 

(cm)

Sepal 
patter

-n

Petal 
color

Stigm
a lobe 
color

Stigma 
lobe 

number

Anthers 
below 
stigma 
(cm)

‘ VN -White’ 28.6 ±1.7 13.4±2.0 3.2±0.1 none white cream 28.7±1.5 0.1±0.3

‘ Chaozhou 5’ 29.7±3.6 13.3±1.2 3.2±0.3 edged white cream 28.2±1.6 1.1±0.5

‘ Orejona’ 34.1±1.7 14.5±0.2 3.2±0.3 edged white cream 21.7±3.8 1.7±0.5

‘ F11’ 28.6±1.6 12.1±0.9 2.9±0.1 edged white cream 28.0±0.0 1.5±0.4

3.2.1. Fruit set

Fruit set resulting from different pollination treatments of each pitaya 

genotype is indicated (Table 5). ‘VN-White’ was fully self-compatible, obtained 

high percentages of fruit set (80.0–95.2%) in all pollination treatments and the 

fruit set rate was not affected by pollination method. ‘Chaozhou 5’ was partially 

self-compatible due to no fruit formation in automatic self-pollination and a 

lower fruit set rate (52.2 %) in hand self-pollination than open- and hand 

cross-pollination with 71.1 and 95.8 %, respectively. In contrast, ‘Orejona’ and ‘F
11

’
 

were completely self-incompatible, only setting fruit by hand cross-pollination or 

by open-pollination. While ‘Orejona’ exhibited higher fruit set by hand 

cross-pollination than that of open pollination, ‘F
11

’ set fruit equally well by both 

pollination treatments.  When hand cross-pollination and open pollination was 

compared, hand cross-pollination always had higher fruit set regardless of 

genotype.

Table 4. Morphological flower characteristics in four red pitaya genotypes Effect of 
pollination methods
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Table 5.  Effect of pollination method on fruit set (%) in four pitaya genotype

Genotype Hand 
cross-pollination#

Hand 
self-pollination

Auto. 
self-pollination

Open
pollination

VN -White

Chaozhou 5

Orejona

F11

85.6 a A †

95.8 a A

88.4 a A

90.2 a A

95.2 a A

52.2 b C

80 A 90.5 abA

71.1 bc B

61.1 c B

91.7 a A
# Crossing with mixed pollen from the other three genotypes.
† Values are the means of three replications per treatment (n = 45–54). Mean values followed by 
the same lower-case letter in each column, or with the same upper-case letter within each row 
were not significantly different at P � 0.05 by Duncan’s multiple range test.

, no fruit set.

Weiss et al. (1994) concluded that self-incompatible species had high fruit 

set after being cross-pollinated. This finding was also true for two of our 

genotypes. However, Weiss et al. (1994) reported that self-compatible species (H. 

undatus) had lower fruit set percentage after open- pollination (43%) than hand 

cross-pollination (100%) and no fruit set in automatic self-pollination. This is 

contradictory to what we found. These differences may be due to the anthers 

and stigma being close in VN-White and at least 2 cm apart in the H. undatus 

clones they used. Because their H. undatus clones did set fruits using hand 

self-pollination, (50-79.6%), it appears that pollen vectors are necessary for their 

clones. VN-White is completely autogamous, possibly due to its long selection in 

Vietnam. 

3.2.2. Fruit weight

The fruit weight was differently affected by pollination treatments among 

genotypes (Table 6). In fully self-compatible genotype ‘VN-White’, the heaviest 

fruits were obtained from hand self- and open-pollinations with 402.6 and 403.4 

g, respectively, whereas automatic self-pollination produced the lightest fruit 

and hand cross-pollination resulted in the intermediate values. In contrast, in the 

other three partially–completely self-incompatible genotypes, hand 

cross-pollination produced significantly larger fruits than open-pollination, 

which ranged from 281.8–416.3 g, compared to 145.0–295.8 g, respectively. 
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Table 6. Effect of pollination method on fruit weight (g) in four red pitaya 

Genotype
Hand 

cross-pollina
tion

Hand self-
pollination

Auto. self-
pollination

Open-
pollination

VN -White 326.1ab† 402.6 a 275.1 b 403.4 a

Chaozhou 5 374.2 a 251.4 b 295.8 b

Orejona 281.8 a 149.2 b

F11 416.3 a 145.0 b
genotypes  
† Values are the means of three replications per treatment (n = 24–49, all mature fruits obtained 
from the same treatments shown in Table 5 were measured).  Mean values followed by the same 
lower-case letter in each row were not significantly different at P  0.05 by Duncan’s multiple 
range test.
- no fruit set.

The efficiency of pollination is reflected by fruit set and weight. Fruit 

weight in cacti was correlated with the number of seeds (Weiss et al., 1994). 

Open-pollination gave poorer fruit set, compared with that of hand 

cross-pollination in ‘Chaozhou 5’ and  ‘Orejona’, and smaller fruit in ‘Chaozhou 5’, 

‘Orejona’ and ‘F
11

’
.  

However, these two treatments did not affect fruiting in 

‘VN-White’ (Table 5 and Table 6). One explanation for this difference could be the 

differences in the mating system related to the relative location of the anthers 

and stigma.

3.2.3. Total soluble solid content

 There was no significant difference in TSS content between hand cross- 

and open-pollination in ‘Orejona’ (17.5 and 17.0oBrix) and ‘F
11

’
 
(17.1 and 17.7 

oBrix), respectively (Table 7). However, this parameter tended to have higher 

values in smaller fruits of other genotypes. In ‘VN-White’, auto self-pollinated 

fruits contained 19.4 oBrix, as compared with 18.2 oBrix in hand self- and open 

pollinated fruits whereas ‘Chaozhou 5’ fruits obtained 18.4  oBrix in hand self- and 

18.7 oBrix in open-pollination, as opposed to 16.7  oBrix in  hand cross-pollination. 
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Genotype

Hand 

cross-pollin

ation

Hand self-

pollination

Auto. self-

pollination

Open-

pollination

VN -White 18.8 ab† 18.2 b 19.4 a 18.2 b

Chaozhou 5 16.7 b 18.4 a - 18.7 a

Orejona 17.5 - - 17.0

F11 17.1 - - 17.7

Table 7. Effect of pollination method on TSS content (oBrix) in four red pitaya 
genotypes  

† Values are the means of three replications per treatment (n = 24–49, all mature fruits obtained 
from the same treatments shown in Table 5 were measured).  Mean values followed by the same 
lower-case letter in each row were not significantly different at P  0.05 by Duncan’s multiple 
range test.

- no fruit set.

CONCLUSIONS

 The natural fruit season of dragon fruit in Pingtung is concentrated in 3 

summer months, from June to August with 6-7 flower cycles and 22–32 

flowers/plant/year. It takes 46 to 51 days for flowering-fruit harvest duration. 

‘VN-White’ was fully self-compatible and produced high fruit set and fruit weight 

by both open- and hand self pollination, which will lead to an advantage in single 

cultivar orchards without the need for manual supplementary pollination. Three 

red flesh genotypes: ‘Chaozhou 5’, ‘Orejona’ and ‘F
11

’
 
are partially self- or 

completely incompatible, requiring cross pollination to set fruits. In cases of 

natural pollination inefficiency, hand cross pollination will ensure higher fruit set 

and heavier fruit weight in these three genotypes.
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Biporlaris Alternaria Fusarium Phomopsis Penicillium

Colletotrichum Gilbertella persicaria

Neoscytalidium dimidiatum pitaya stem canker

Neoscytalidium dimidiatum

25–35

25–40

Hylocereus spp

Hylocereus

Hylocereus undatus Britt.&Rose

Hylocereus polyrhizus Britt. & Rose Hylocereus costaricensis Britt.& 

Rose Yen 2005;Liou 2010
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Yen 2005 1645 1,000 ha

Yen 2005;Liou 2010

Alternaria sp Ascochyta sp Aspergillus sp Bipolaris cactivora

Botryosphaeria dothidea Capnodium sp. Colletotrichum gloeosporioides

Dothiorella sp Fusarium sp Gleoeosporum agares Macssonnina agaves

Phytophthora sp. Sphaceloma sp. Elshafie & Ba-Omar 2001;Valencia-Botin et 

al. 2003; Palmateer & Ploetz 2006; Palmateer et al. 2007; Taba et al. 2007; Sijam et 

al. 2008 Fusarium oxysporum Fusarium subglutinans

Tsai 2004 Colletotrichum gloeosporioides

Liou 2010 Cactus virus X Liou et al. 2004

Bipolaris cactivora Wang & Lin 2005

Neoscytalidium dimidiatum (Penz.) Crous & Slippers (Chuang et al 2012

Pitaya stem canker

Neoscytalidium Botryosphaeriaecae

0 2 Neoscytalidium dimidiatum

Type species Crous et al 2006 N. dimidiatum

Albizia lebbeck

Delonix regia Ficus carica Citrus (Mangifera indica

Elshafie & Ba-Omar 2001; Polizzi et al. 2009; Ray et al. 2010 Chuang et 

al. 2012; Lan et al. 2012

Chuang et al. 2012; Lan et 

al. 2012 N. dimidiatum
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Neoscytalidium dimidiatum

( 1A)

( 1B)

( 1C)

( 1D)

 ( 1�2cm)

( 1E) ( 1F)

N. dimidiatum

100 conidiospores  2

6

12 18

12天 ( 2A) 26

( 2B) 41

( 2C) 55 ( 2D) 68

( 2E) 89

( 2F)

30 35

2 8.5 cm 25

7.9 cm 20 3.9 cm 40

2.7 cm 15 1.2 cm

10 20–40

24 90 % 15 10
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1 A– C ; D-F 
Fig. l. Symptoms of Pitaya stem canker caused by Neoscytalidium dimidiatum. 
A-C, Symptoms on Fruit; D-F, Syptoms on Stems. 

2  (N. dimidiatum Nd-55) 
A－F 12 26 41 55 68 89 (

 = 1cm)
Fig. 2. Symptoms of Pitaya stem canker caused by Neoscytalidium dimidiatum 
following inoculation on unwounded stem in the field. A－F, Symptoms 
appeared 12, 26, 41, 55, 68, and 89 days after inoculation. (Bar =1 cm).

 

(F) 

(E) 

 

(D) (A) 

(B) 

(C) 
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Fungicide
Inhibition(%) z

1 ppm 10 ppm 100 ppm

62.5% Cyprodinil Fludioxonil (WG) 60.3 a y 100.0 a 100.0 a

80% Metiram (WG) 0.0 f 0.0 g 0.0 g

50% Trifloxystrobin (WG) 18.6 d 21.7 f 24.7 e

40% Iminoctadine (WP) 20.0 cd 61.3 c 71.7 b

70% Thiophanate methyl (WP) 0.0 f 30.4 e 64.9 c

32.5% Azoxystrobin Difenoconazole (SC) 43.8 b 69.2 b 98.9 a

23% Azoxystrobin (SC) 19.9 cd 20.3 f 21.6 f

23.6% Pyraclostrobin (EC) 22.3 c 41.3 d 54.1 d

26% Tebuconazole (EW) 8.9 e 60. 4 c 99.2 a

LSD ( P=0.05) 3.3 5.7 2.0

1. 
Table 1. Effect of different synthetic fungicides on mycelial growth of Neoscytalidium 
dimidiatum isolate.

2. 
Table 2. Effect of fungicides on conidial germination of Neoscytalidium dimidiatum isolate.

z Inhibition (%) = ( Diameter of mycelial growth on PDA without fungicide-diameter of mycelial 
growth on PDA with fungicides/growth on PDA without fungicide) × 100%.
y Means within a colums followed by the same letter are not significantly different at 5% by LSD test.

z Spore germination (%)= No. of spore germinate per 100 spores on water (CK) or with fungicides
y Means in each column followed by the same letter are not significantly different at p= 0.05 
according to least significant different test.

Fungicide

10 ppm

Percentage of spore 

germination(%)z

62.5% Cyprodinil Fludioxonil (WG) 41.8 c y

80% Metiram (WG) 9.7 d

50% Trifloxystrobin (WG) 0.0 e

40% Iminoctadine (WP) 0.5 e

70% Thiophanate methyl (WP) 54.3 b

32.5% Azoxystrobin Difenoconazole (SC) 0.0 e

23% Azoxystrobin (SC) 0.0 e

23.6% Pyraclostrob in (EC) 0.0 e

26% Tebuconazole (EW) 58.5 b

CK 97.7 a

LSD ( P=0.05) 6.6
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PDA

1 N. dimidiatum 10 ppm

100 %

69.2 %

100 ppm

100%

100 ppm

3

10 ppm

0–0.5 %

10 ppm 9.7 %

10 ppm 41.8 %

54.3 % 58.5 %

N. dimidiatum 2012

Chuang et al. 2012 Lan et al. 2012

6週 9

12週

16週 (

4週 ) 

86



10 ppm

N. dimidiatum
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Pathogen Characterization and Control of Pitaya Stem 

Canker Disease

Hui-Fang Ni1, Hong-Ren Yang1, Chiao-Wen Huang1, Ching-Yi Lin1, 

Chu-Ping Lin2, Pao-Jen Ann2, Jyh-Nong Tsai2

1Department of Plant Protection, Chiayi Agricultural Experiment Branch, 

Taiwan Agricultural Research Institute, Chiayi, Taiwan

2Plant Pathology Division, Taiwan Agricultural Research Institute, Taichung, 

Taiwan

Abstract

Pitaya (Hylocereus undatus and H. polyrhizus Britt. & Rose) is an emerging 

fruit crop and cultivated around 1,000 hectaresin Taiwan. The diseases of pitaya 

include virus diseases, fungal fruit rot diseases caused by Bipolaris, Alternaria, 

Fusarium, Phomopsis, and Penicillium,anthracnose disease caused by 

Colletotrichum, wet rot disease caused by Gilbertella persicara, and stem canker 

disease caused by Neoscytalidium dimidiatum. Among these diseases, stem 

canker was an emerging disease limiting the production of pitaya in recent years 

and expanded quickly to most commercial planting areas in Taiwan. Symptoms 

on the stem were small, circular, sunken, orange spots that developed into 

cankers. Pycnidia were erumpent from the surface of the cankers and the stems 

subsequently rotted. We inoculated pitaya stems with N. dimidiatum in the field. 

Initial canker lesion was first appeared2 weeks after wound/unwound 

inoculation, and the formation of black pycnidia was observed 6 weeks after 

inoculation.The optimal temperatures for mycelial growth and spore 

germinationof N. dimidiatum were 25–35 and 25–40 , respectively. Mycelial 

growth was effectively inhibited by Cyprodinil + Fludioxonil, Azoxystrobin + 

Difenoconazole and Tebuconazole. Spore germinationof N. dimidiatum was 

inhibited by 80% Metiram, 50% Trifloxystrobin, Pyraclostrobin, Azoxystrobin, 

Azoxystrobin + Difenoconazole and Iminoctadine. These fungicides have been 

recommended for thecontrol of anthracnose of pitaya, and could also be used to 

control stem canker of pitaya in the field. The strategies for control this disease 

include use of disease-freeseedlings, field sanitation, avoidingspray irrigation, 
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and fungicide applications. 

Key words: Pitaya, Stem canker disease, Control
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Hylocereus spp pitaya pitahaya dragon fruit

Cactaceae

2001

Potexvirus Cactus virus X CVX

CVX-Hu DAS-ELISA CVX-Hu

CVX

50~90 %

2005 CVX-NTU

2006 2008

Zygocactus virus X, ZyVX ZyVX

potexvirus

Pitaya virus X, PiVX ZyVX-P39 PiVX-P37

Potexvirus

potexvirus

multiplex RT-PCR

CVX ZyVX

ZyVX PiVX

multiplex RT-PCR
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Cactaceae Hylocereus spp. pitaya

pitahaya dragon fruit

1645

1980

Potexvirus Cactus virus X

CVX CVX

1999

Cactus virus X CVX

CVX-Hu

CVX-Hu CVX

DAS-ELISA

CVX-Hu GenBank

CVX 2001 2004

2003 CVX

91.6 % 52.5%

65~75 %

CVX-EL1 CVX
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CVX-EL1 3’ 1.2 kb

capsid protein, CP GenBank

I-ELISA CVX

CVX

2005

CVX-NTU

CVX-NTU

GenBank RT-PCR 2006

95% CVX-NTU CVX-Hu 40 %

CVX NTU

2006 2008

P39

P39 Potexvirus Zygocactus virus X ZyVX

ZyVX ZyVX

P37

potexvirus

X Pitaya virus X, PiVX ZyVX-P39

PiVX-P37

GenBank ZyVX-P39 PiVX-P37 Potexvirus

potexvirus

potexvirus

CVX ZyVX PiVX

1)

CVX-NTU

ZyVX-P39 PiVX-P37

mRNA

multiplex RT-PCR
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CVX ZyVX

ZyVX PiVX

CVX

( 2)

1
Cactus virus X, CVX ( ) CVX X

(Zygocactus virus X, ZyVX) ( ) CVX X (Pitaya virus X, 
PiVX)

2 (multiplex RT-PCR)
CVX 2 3 5 6 7 10

ZyVX 1 8 PiVX 9 CVX
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Potexvirus

CVX ZyVX PiVX CVX

multiplex RT-PCR

multiplex RT-PCR

1. 2007 X

 17: 97-98

2. 2003

X 12: 225-234

3. 2004 Cactus virus X

 13: 27-34.

4.Li, Y.-S., Mao, C.-H., and Chang, Y.-C. 2010. Characterization of a new 

pitaya-infecting potexvirus and the construction of its infectious cDNA clone. 

2009 Annual Meeting of Phytopathological Society of the Republic of China.

5.Liou, M. R., Chen, Y. R., and Liou, R. F. 2004. Complete nucleotide sequence and 

genome organization of a Cactus virus X strain from Hylocereus undatus. 

Archives of Virology 149:1037-1043.

6.Liou, M. R., Hung, C. L., and Liou, R. F. 2001. First report of Cactus virus X on 

Hylocereus undatus (Cactaceae) in Taiwan. Plant Disease 85: 229.
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Current studies in pitaya viral diseases

Chang, Y.-C., Mao, C.-H., Lu, Y.-C., and Li, Y.-S.

Department of Plant Pathology and Microbiology, National Taiwan 

University

Abstract

Pitaya (Hylocereus spp.), also known as pitahaya or dragon fruit, is a 

perennial climbing epiphytic plant in the family of Cactaceae. This cactus plant is 

native to the forests of Mexico, Central and South America and is becoming a 

high-value tropical fruit crop in Taiwan. Commercially cultivated pitayas are 

mainly propagated from cuttings. If mother plants are infected with viruses, 

diseases can be spread easily. In 2001, the research team of Professor Ruey-Fen 

Liou at National Taiwan University (NTU) published the first paper of 

pitaya-infecting virus, Cactus virus X (CVX) which is a member of the genus 

Potexvirus, in Taiwan. They purified a CVX-Hu isolate, prepared its antiserum and 

developed the DAS-ELISA for CVX detection. In addition, they cloned and 

completely sequenced the CVX-Hu isolate. Liao et al. at Taiwan Agriculture 

Research Institute performed a pitaya disease survey and the result indicated 

that CVX was widespread in the pitayas and the infection incidence ranged 

50%~90% in different areas of Taiwan and Kinman. 

In 2005, we isolated a new NTU strain of CVX from the pitayas grown in the 

experimental farm at NTU, and obtained the complete genomic sequence of 

CVX-NTU. During 2006 to 2008, one potexvirus, Zygocactus virus X (ZyVX), was 

isolated and identified by our laboratory in the pitaya samples collected from the 

Yanmingshan orchard. This is the first report of ZyVX in Taiwan and also the first 

record of pitaya-infecting ZyMV. In addition, another potexvirus was isolated 

from the same batch of pitaya samples, and it was identified to be a new species 

of the genus Potexvirus. Because this new potexvirus was originally found in 

pitaya and thus named as Pitaya virus X (PiVX). The results of phylogenetic 

analyses on the full-length genomes of CVX, ZyVX-P39, PiVX-P37 and other 

published potexviruses demonstrated that all Cactaceae-infecting potexviruses 

belong to the same cluster. To study the distribution of CVX, ZyVX and PiVX in the 
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pitaya field, we developed a multiplex RT-PCR method for field survey. Pitayas 

sampled from several production areas in Taiwan were investigated for the 

infection rate and distribution of potexviruses. The field survey results showed 

that CVX was indeed widespread; ZyVX was not present in Taichung and 

Changhua; PiVX existed in Taipei, Ilan, Taitung and Changhua. If we can use this 

multiplex RT-PCR to screen pitaya propagation materials, a certification program 

for virus-free pitayas can be established to provide high quality pitaya seedlings 

for farmers.
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16

Hylocereus undatus

Hylocereus

Nobel and 

De la Barrera, 2004 H. undatus H. 

polyrhizus

2002 2005

Johns and Scott, 1989 Fuji Tai So

Keitt Hofman et al. 1997 Jia et al 2005 Tyas et al

1998

Wang et al 2005; Jia et al. 2005
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Bible and Singha,1993

Genard and Bruchou, 1992; Barritt, 1987

Mars et al., 1994

Tyasetal., 1998 Jona-

than 18

Arakawa, 1988

Goren et al., 2004

Goren, etal., 2004

Gonzalo et al., 1984

Italia Carrenoetal

1998

16

a* b*

31

L b* C

16 1

L
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2008)

24

22 24 0.56 %

1.21 % 70 % 78 %

29 85 %( 2008)

1
Fig. 1. H. undatus fruit appearance after treated with cladode girdling or 
fruit bagging.

103



24

24 29

29 4.93%

4.51% 76 % 77 % 2008

26-29 24 29

22-26

22 2008

1. 2008

33(3): 1-15

2. 2002 27

3. 2005 pp.173-176

4.Arakawa, O. 1988. Photoregulation of Anthocyanin Synthesis in Apple Fruit 

under UV-B and Red Light. Plant Cell Physiol.29(8): 1385-1389.

5.Barritt, B. H., C. R. Rom, K. R. Guelich, S. R. Drake, and M. A. Dilley. 1987. Canopy 

position and light effects on spur, leaf, and fruit characteristics of ‘Delicious’ 

apple. HortScience 22: 402–405.

6.Bible, B.B., and S. Singha. 1993. Canopy position influences CIELAB coordinates 
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of peach color. HortScience 28: 992-993.
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17.Wang, H. C., X. M. Huang, G. B. Hu, Z. Y. Yang, and H. B. Huang. 2005. A compara-

tive study of chlorophyll loss and its related mechanism during fruit matura-

105
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Effects of bagging and girding of fruit  growth of the 

Hylocereus undatus

Shiou-Tng Huang, Huey-Ling Lin

National  of Horticulture, National Chung Hsing Univerity

Abstract

Bagging practice reduces the transparent rate of light and causes the 

decrease in chlorophyll content which increases color turning of pitaya fruits. 

Girdling treatment mainly influences the phloem transport and the partitioning 

of leaf photosynthetic assimilates. Fruit acidity of pitaya reaches to a peak 

temporarily right before the fruit color turning. To figure out the relation of fruit 

acidity and color turning, and whether the change in fruit acidity is due to 

photosynthetic assimilate transportation as the substance for color turning, 

bagging and girdling treatments were applied. Bagging increased peel lightness 

of pitaya fruit, and has no significant influence to fruit quality. Girdling treatment 

at 16 days after anthesis caused early color turning and induced fruit ripening. 

Besides, Girdling also significantly decreased fruit size, titratable acidity, organic 

acid content, soluble sugar, glucose, fructose content, and delays the peak of 

organic acid assimilation. This may due to the reduced supplement of 

photosynthetic assimilate by girdling in this stage, which underwent 

vigorousstarch synthesis. According to our data, whether the synthesis of organic 

acid in fruit provide critical substance for peel color turning was unclear, further 

research will perform.
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25-30

( 3.0 N) ( 13.3%)

( 0.33 %)

30-32

‘ ’ 34-36 ‘ ’ ‘ ’ 34-38 ‘

’ (4.5 mm) 12.1 N (0.34%) 20

18 ‘ ’ (1.2 mm)

9.6 N 20 9 5

5

3

Hylocereu spolyrhizus(Weber)Britt.  Rose

H. costaricensis (Weber) Britt.  Rose 2005; Le Bellec and 

Vaillant, 2011 Cactaceae

Mizrahi et al., 1997; Le 

Bellec et al., 2006; Le Bellec and Vaillant, 2011

2005 Mizrahi et al., 1997; Le Bellec and Vaillant, 2011

betalains Wybraniec et al., 2001; Stintzing et al., 2002; 

Wybraniec and Mizrahi, 2002; Phebe et al., 2009
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2005; Jiang et al., 2012

15%

5 50 5

25 35 5 3

32 34 36 20 10 5

0 2 5 20

3

%

100%

110



2

3 2

TA-XTPlus Texture Analyser Stable Micro Systems, UK

0.8 cm 10 

mm Newton (N)

120° 3

3 LMG160

LMG160 L a b b/a tan - 1

hue angle  value

20 g PR-1 (Atago Japan)

% 5g

905 Titrand (Metrohm Switzerland) 0.1 N NaOH

pH 8.2 NaOH (

2009) 100 g (%)

2006
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0 1 1-10 % 2

11-25 % 3 26-50 % 4

51-75 % 5 ( 76 % )

1 2 3

4 39

650 565 g 508 g

1

12 mm

15 10 mm

3.5 mm 1

28-30

13-15 N

12 N

8.7 N 8.9 N

25-30 (

1) 90o( ) 340o( ) 27

110o( ) 30o( )( 1)

30-32 ( 1)

41 15 %( 2)

12 %( 3 4) 25
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0.20 % 0.37 %( 2 4)

( 2-4)

‘ ’ 15 %
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34-38

20 10 5 0 20

5

(g) (mm) (N) (N) (%) (%)

549 24 2.6 0.3 3.0 0.08 8.7 0.9 14 0.2 0.24 0.01

444 38 2.1 0.4 2.6 0.07 8.9 0.9 11.7 0.3 0.36 0.02

502 16 3.5 0.3 4.0 0.20 12.3 1.1 13.9 0.4 0.43 0.02
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Study of physiology and treatment technology for red 

pitaya fruit harvest

Ting-Hsuan Xu, Chun-Ta Wu

National Taiwan University Department of Horticulture and Landscape 

Architecture

Abstract

The patterns of fruit development of three major red-fleshed pitaya 

cultivars in Taiwan, namely ‘Da Hong’, ’Mi Bao’, and ‘Shih Huo Cyuan’, were similar.  

It took 25-30 days from blooming to color break stage.  Several quality attributes 

change during the ripening phase, including flesh softening (to 3.0 N), increase of 

total soluble contents (to 13.3 %), decline of titratable acidity (to 0.33 %), starch 

hydrolysis, and accumulation of red pigment in peel and flesh.  The minimum 

harvest maturity was 30-32 days after anthesis (DAA); however, the fruit quality 

and yield continued to be enhance when the fruit retains on the plant after 

ripening.  The recommended harvest maturity was 34-36 DAA for ‘Shih Huo 

Cyuan’ and 34-38 DAA for ‘Da Hong’ and ’Mi Bao’, respectively.  ’Mi Bao’ had the 

longest storage life, 18 days,   among the three cultivars at 20 , which was 

attributed to its thicker peel (4.5 mm), taught bract (12.1 N), and high acidity 

(0.34 %); but this commodity was highly chilling intolerance.  In contrast, 

although ‘Shih Huo Cyuan’ was characterized with thinner peel (1.2 mm), low 

bract strength (9.6 N), and short market longevity (9 days) at 20 , it exhibited 

the best tolerance to cold temperature and, therefore, the postharvest life at 5  

was similar to the others.  Pathological breakdown at peel was the major factor 

causing deterioration in these fruit products.  The storage life was 3 weeks at 5 , 

the recommended temperature for storage and transportation of red-fleshed 

pitaya.

Key words：Red-fleshed pitaya; Fruit development; Harvest maturity; 

Chilling injury
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Technology and preharvest factors on postharvest 

handling after the pitaya fruit

Min-Chi Hsu1, Pi-Chuan Liu 2

1Taiwan Agricultural Reasarch Institute Council of Agriculture, Executive 

Yuan

2 Fengshan Tropical Horticulture Experiment Branch 

Abstract

Pitaya, dragon fruit (Hylocereus undatus Britt. & Rose) belongs to the 

Cactaceae family and is native of central  and south America. The harvest 

production season  in Taiwan is from June to November. Red flesh pitayas even 

can even be harvested for nine month per year by lighting if light-forcing 

treatment is applied, but producing season focus on July to August required 

storage and export. Another disadvantage of peels on harvested fruits will arid 

and older, and low temperature with high moisture storage induced fungal 

disease after reheat to room temperature. In order to export to China, south 

eastern Asia, and Japan, postharvest handling technologies become more 

important.

Investigating the cold resistance of white-pulp pitayas’ field at middle and 

south fields of Taiwan, whether summer season(Jul-Aug) or winter 

season(Oct-Nov), cold resistant were less divergence. On the other hand, disease 

occurred on peel with long time storage and severely increased by time, 

especially more than 3 weeks. 

The object of selecting packing material to avoid chilling injury, non-woven 

fabric with PE bag( 24 holes with 0.8cm diameter) were used without chilling 

injury and better performance for 20 days storage.

Quarantine treatment of VHT(vapor heat treatment) usually used for pitaya 

export to Japan where is without fruit fly living. The process of treatment need 

2.5-3 hours and the center temperature of fruit is more than 46.5  for 30 mins. 

After quarantine treatment, pre-cooling fruits then packing in corrugated boxes, 
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which method is necessary before export. Differential maturity fruits treated with 

quarantine treatment shows that non-remarkable difference. Not only peel, but 

also pulp is no significant change. VHT could also decrease disease occur during 

export transportation and shelf storage.

Key words: pitaya; postharvest handling; preharvast factor; fruit
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46.2 10 46.2 20 2

100 %

Replication Treatment

No. of 

teste

d fruit

Total no. of 

treated eggs

Total no. 

of survivor

Mortality 

( )

Corr. Mort. *

(Abbot's 

method(%)) 

1

Control 25 2,500 1,652 33.9 -

46.2 0min 50 5,000 0 100 100

46.2 10min 50 5,000 0 100 100

46.2 20min 50 5,000 0 100 100

2

Control 25 2,500 1,724 31.0 -

46.2 0min 50 5,000 0 100 100

46.2 10min 50 5,000 0 100 100

46.2 20min 50 5,000 0 100 100

3

Control 25 2,500 1,756 29.8 -

46.2 0min 50 5,000 0 100 100

46.2 10min 50 5,000 0 10 0 100

46.2 20min 50 5,000 0 100 100

Replication Treatment
No. of 

tested fruit

Total no. of 

treated eggs

Total no.of 

survivor

Mortality 

( )

Corr. Mort. *

(Abbot's 

method(%)) 

1

Control 25 2,500 1,373 45.1 -

46.2 0min 50 5,000 64 98.7 97.6

46.2 10min 50 5,000 0 100 100

46.2 20min 50 5,000 0 100 100

2

Control 25 2,500 1,879 24.8 -

46.2 0min 50 5,000 41 99.2 98.9

46.2 10min 50 5,000 0 100 100

46.2 20min 50 5,000 0 100 100

3

Control 25 2,500 1,564 37.4 -

46.2 0min 50 5,000 97 98.1 97.0

46.2 10min 50 5,000 0 100 100

46.2 20min 50 5,000 0 100 100

* Corr. Mort. (Mort. exp Mort. con)/(1 Mort. con)

1-1

1-2

* Corr. Mort. (Mort. exp Mort. con)/(1 Mort. con)
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2-1

* Estimated total no. of treated eggs= No. of survivors in non-treated fruit × (No. of treated 
fruits/ No. of non-treated fruits) 

Replication Treatment
No. of 

tested fruit

Total no. 

of eggs

Estimated 

total no. of 

treated eggs *

Total no. 

of survivor

Mortality 

( )

1

Control 40 4,000 - 2,315 42.1

46.5

30min
180 - 10,418 0 100.0

2

Control 40 4,000 - 2,441 39.0

46.5

30min
180 - 10,985 0 100.0

3

Control 40 4,000 - 3,052 23.7

46.5

30min
180 - 13,734 0 100.0

2-1 2-2

46.5 30 100 % 3

35,137 33,544 46.5 30
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2-2

* Estimated total no. of treated eggs= No. of survivors in non-treated fruit × (No. of treated 
fruits/ No. of non-treated fruits)

Replication Treatment
No. of  

tested fruit

Total no. 

of eggs

Estimated 

total no. of 

treated eggs *

Total no. 

of survivor

Mortality 

( )

1

Control 40 4,000 - 2,497 37.6

46.5 30min 180 - 11,237 0 100.0

2

Control 40 4,000 - 2,388 40.3

46.5 30min 180 - 10,746 0 100.0

3

Control 40 4,00 0 - 2,569 35.8

46.5 30min 180 - 11,561 0 100.0

3-1 3-2 46.5 30

5 7 3 3.4 lb 3.4 lb 3.6 

lb 3.5 lb

15.5°Brix

10.4°Brix 15.3°Brix 10.7°Brix

4.6 2.3
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(lb) ( Brix)

3.4a * 15.7a 10.0

** 3.4a 15.3a 9.8

5 7

3.7a 15.6a 9.4

3.4b 15.5a 7.4

5 7 3

3.6a 15.3a 5.5

3.4a 15.5a 4.6

*  Means in each column with the same lower letter are not significantly 
different at 5% level by Duncan,s multiple range test.
**  PE

*  Means in each column with the same lower letter are not significantly 
different at 5% level by Duncan,s multiple range test.
**  PE

3-1

3-2

(lb) ( Brix)

3.8a * 11.9a 9.1

** 3.2b 11.4b 8.3

5 7

3.9a 10.7a 7.9

3.7b 10.6a 5.6

5 7 3

3.5a 10.7a 3.4

3.4 a 10.4a 2.3
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DRAGON FRUIT PRODUCTION AND CONSUMPTION IN VIETNAM

Dinh-Ha Tran1,2, Chung-Ruey Yen1, Yu-Kuang H. Chen1 and 

T.Kieu-Oanh Le2

1Department of Plant Industry, National Pingtung University of Science 

and Technology. 1 Shuefu Road, Neipu, Pingtung, Taiwan 912.

2Faculty of Agronomy, Thai Nguyen University of Agriculture and Forestry. 

10 Quyet Thang commune, Thai Nguyen, Vietnam.

Abstract

Dragon fruit (Hylocereus spp.) is one ofthe most important fruit crops in Viet-

nam, ranking firstin global areas and production. Recently, the planting area 

of dragon fruit has rapidly increased to approximately 28,500 ha, 

producing 585,000 tones of fruit per year. About 80-85 % of total fruit productiv-

ity is for export to more than thirty countries and territories, whichhas contribut-

edto 203 million USD, accounting for nearly 45 % of total national fruit export 

value. Besidethe results of dragon fruit production and marketing in Vietnam are 

presented,the types of cultivars, advanced cultivationpractices and post-harvest 

techniques are introduced in this paper.

Key words：dragon fruit, production, cultivars, cultivating techniques, 

post-harvest, consumption.

1. INTRODUCTION

Dragon fruit (Hylocereus spp.) or pitaya, has been grown in Vietnam for at 

least 100 years, following their introduction by the French (Mizrahi et al., 

1997). Locally, the fruit is known and sold as Thanh Long, or ‘Green Dragon’, a 

description associated with the green colour of the immature fruit, and the 

‘dragon-like’ appearance of the ‘scales’ or bracts on the fruit surface(Hoa et al., 

2006). Then, it has becomes popular among the wealthy families of the entire 

country. Vietnam has favorable climatecondition for growing tropical fruits which 

are mainly grown in the South of the Mekong Delta and in the Southeast, and 

Dragon fruit thrives in these areas. Because of having high economicvalue and 
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increase in international demands, dragon fruit production has been rapidly 

expanded to more areasin the country even in the North for recent years (MARD, 

2014). Due to application of advanced cultivatingtechniques on production such 

us good agricultural practices (GAPs), the dragon fruit has been improved in yield 

and qualityto meet consumer requirements. Recently years, it has becamethe 

most important fruit candidate for export in Vietnam.In this paper, the achieve-

ments and cultivatingpractices on dragon fruit production and marketing in Viet-

nam will be introduced.

2. CULTIVAR TYPES

The two main cultivating types, including red peel and white pulp type 

(Hylercereus undatus) and red peel and red - purple pulp one (Hylercereus sp.) 

have  been commonly grown in Vietnam. The white pulp cultivars, namely Binh 

Thuan(Figure 1a) and Cho Gaoas local varieties,  have dominated in Vietnam for 

over 100 yearswith about 90 % growing area and production. These cultivars are 

self-compatible and perform oblong fruit shape with large and green scales, an 

average fruit weight from 360 to 380 g. The white flesh contains 14.9 0Brix, pH: 4.9 

– 5.1,percentage of edible fruit: 73–75 % (Hang et al., 2014).

a b

c
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Figure 1.Fruit morphology of Binh Thuan variety (H. undatus)- a,  and its hybrids: 

b- Long Dinh 1(Binh Thuan variety ×(H. polyrhizus) and  c -Long Dinh 5(Long Dinh 

1 ×Cho Gao variety(H. undatus).

The hybrid Long Dinh 1 (Figure 1b) which was created by crossing between 

Binh Thuan variety (H. undatus) as female and red flesh  Colombia clone (H. 

polyrhizus) as male parent. It was resisted to Ministry of Agriculture and Rural 

Development and released to grower from November 2005.The main 

characteristics of this variety showsoblong fruit form with big and green 

bracts,about 380- 400g  of average fruit weight, bright red peel and red-purple 

flesh, brix degree: 16-17 %, pH: 4.7-5.7,  65-70 % of edible fruit, easyfruit set 

w i t h o u t h a n d p o l l i n a t i o n . ( H a n g e t a l . , 2 0 1 4 ; S O F R I , 

http://sofri.org.vn/NewsDetail.aspx?l=&id=375&cat=7&catdetail=42).The hybrid 

Long Dinh 5 (Figure 1c) is hybrid of Long Dinh 1 and  Cho Gao variety as a pollen 

donor. This cultivar was resisted to Ministry of Agriculture and Rural 

Development andreleased in 2011.Its good characteristics are self-fruitful, 

attractive fruit traits with an oblong shape, large and green scales and 

pink-purple flesh, an average fruit weight: 350-400 g, the brix sugar value: 16-180, 

pH: 5.03, percentage of edible flesh: 70-80 % and good tolerance to some 

diseases and fruit quality is better than Long Dinh 1 in rainy season(Hang et al., 

2014;SOFRI, http://sofri.org.vn/NewsDetail.aspx?l=&id=375&cat=7&catdetail=42).

Another type of variety with red - purple pulp which was introduced from 

Taiwan or resulted by breeding between the red-fleshed cultivars with the local 

ones has appeared several years ago. 

3. PRODUCTIONAREAS, ACREACE AND PRODUCTIVITY

In 2000 the land area allocated to dragon fruit cultivation was about 5.9 

thousand hectares and increased gradually to reach 9.0 thousand hectares in 

2005, an increase of more than 50% (Figure 2).  Five years later (2010) this figure 

increased nearly two times with just under15 thousand hectares. More 

surprisingly, during the subsequent periods of only three years later the area of 

dragon fruit trees planted has experienced a sharp rise with about 28.5 thousand 

hectares in 2013.  As the results of the rapid planting dragon fruit development, 
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the fruit productivity also has remarkably increased at the same period (Figure 2). 

Vietnamese dragon fruit output obtained 55.9 thousand tons in 2001; 135.9 

thousand tons in 2005; 328.3 thousand tons in 2010 and 585 thousand tons in 

2013 (Tuan and Tien, 2011; MARD, 2014). 

Figure 2. Trends in cultivating dragon fruit area and fruit 
productivity in Vietnam, period 2001 – 2013

Dragon fruits has been cultivatedin most eight ecological regions in the 

country. Binh Thuan  provincelocated  in the Southeast region is the main and 

origin of dragon fruit production area of  Vietnam, which accounts for the largest 

planted area with 21,830 hectares in 2013 (76.6 % of  total planted area), 

producing about 460,000 metric tonsof fruit per year (78.6 %  of total nation 

output) (Figure 3). Binh Thuan also provides fruits with a good quality for export 

andsome parts of which have became famous region brands producing dragon 

fruit product as a specialty.  The second largest area of growing dragon fruit are 

Tien Giang (3,000 hectares) and Long An(2,100 hectares) in the Mekong delta 

with 17.9 %. Annual fruit productivity in here is about 102,000 metric tons, 

making up 17.5 % of total country output (MARD, 2014).
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Figure 3. The two main areas of dragon fruit production in Vietnam

Other smaller areasare distributed in scattered provinces: Dong Nai, Ba Ria – 

Vung Tau, Tay Ninh in the South,Nghe An, Vinh Phuc, Hai Duong, Quang Ninh, 

Thai Nguyen and Ha Noi in the North,contributing only 5.5 % of planted area and 

3.9% of fruit productivity inthe national total.  

4.CULTURAL PRACTICES

4.1. Propagation

Most farmers propagate dragon fruit from cuttings. The cuttings are mostly 

obtained from annual pruning of mother plants, which makes a plentiful source 

of propagation materials. Mother plants selected for propagation are usually over 

one year old, of big dark-green shoots, disease-free, with big healthy dormant 

shoot buds. The cuttings may range from 20-40 cm in length.

Before being inserted into the propagation medium, the cuttings are 

submerged in solution of NAA 0.2 % so as to improve their ability to form new 

roots. Commonly, the medium for propagation is a mixture of soil : husk : coconut 
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fiber at the ratio of 1:1:1 (for Southern provinces), and/or a mixture of soil: husk : 

sand at the ratio of 1:1:1 (for Northern provinces). It is also required to treat the 

medium with Benlat C and/or Benomyl, to avoid fungal diseases and stem rot.The 

time of propagation may range from 3 to 4 weeks in the cool places (Figure 4). 

Some farmer households may skip raising dragon fruit cuttings in the nursery but 

directly plant them in the fields.

Figure 4. Vegetative propagation of dragon fruit from shoot cuttings

4.2. Soil preparation

In elevated regions which are high above the sea level such as the Central 

and Northern parts or Binh Thuan province, the preparation is simply to set stakes 

into the ground, did holes and fix supporting posts in the ground(Figure 5a). The 

most part of soil in Binh Thuan is impoverished grey soil, sandy soil or eroded 

mountain soil that need to fertilize with organic fertilizer (decomposed manure). 

After fixing the supporting posts, 20 cm depth and 40-50 cm width of soil are dug 

up around the post for manure application(cover with a layer of manure). 

Thereafter, the cuttings are planted around the posts.

In lowland and/or alkaline soil in Tien Giang and Long An provinces, it is 
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required to raise beds before planting. The beds are 40-50 cm high from water 

level in irrigation ditch to avoid flood in rainy season(Figure 5b).

4.3. Supporting post installation 

Farmers in most of dragon fruit cultivation regions utilize concrete posts to 

support the plants these days ((Figure 5a, b), which surmounts disadvantages of 

the other types of posts as wooden columns and living wood trees. The concrete 

supporting posts are square columns of 12-15 cm in width, 1.6-1.8m in length, 

with 0.4-0.5 m buried in the ground, and 1.2–1.3 m above the ground.

4.4. Planting 

Planting seasons

The time of planting dragon fruit depends mostly on the climate condition 

of the region. In all areas of concentrated cultivation, the plant is usually grown in 

months of October and November. During this time of the year, since pruning 

normally is carried out after harvest, a plentiful source of dragon fruit cuttings is 

available. Dragon fruit planted in October and November is quite young and 

small in size resulting to low resistance to heavy sunlight and draught, so it is 

necessary to mulch the plants with straw and water regularly during the hot 

season.

Under the condition of water scarcity, i.e in Binh Thuan province, the 

planting can be carried out in early rainy season (May–June). However, there may 

be a downside to the source of cuttings as this is the time the plant normally 

produces flowers and bears fruits.

Planting density

The common planting spacing is 3.0 x 3.0 m (equivalent to 1,100 posts/ha). 

The density makes it suitable for tending, flowering control at reasonable cost, 

and brings about higher benefits. 

Planting technique

In all regions of dragon fruit farming, 4 cuttings of dragon fruit are planted 

around the post. The cutting can be vertically placed on the ground or 0.5cm 
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above the ground to avoid stem rot. A flat side of the cutting is placed against the 

plane side of the post to allow newly-formed roots to quickly bind to the post 

thereafter. In the beginning when there are no roots bind to the posts, the newly 

cuttings are tied to the posts with nylon or cloth straps (Figure 5a, b). After 

planting, cuttings are watered lightly and the soil is covered with straw and hay 

so as to maintain soil moisture. 

Figure5.Dragon fruit gardens have been newly planted from cuttings in the high 
land(a) and the low land (b).

4.6. Fertilization

Basal fertilizerapplication

In regions of the Central, North and Binh Thuan provinces, an amount of 

basal fertilizer, including 10-20 kg decomposed manure + 0.5 superphosphate + 

0.2-0.5 kg lime is applied around the post. In lowland regions of Long An, Tien 

Giang provinces, rows or individual sites are mounded before planting; filled with 

manure, superphosphate and lime; then covered up with a loose soil layer.

For vegetative stage

Vegetative stage of dragon fruit may range in a duration of 1-2 years. The 

amount of fertilizer applied to the plants in this stage is normally divided into 

different times of application in order to improve nutrient uptake and reduce 

fertilizer loss. During the first year, monthly fertilization of 200g NPK (16-16-8 or 

20-20-15) + 200g Urea is applied. Once the plants spread their vines to 

supporting metal frames fixed on the posts, more phosphate fertilizer is applied 

to promote the development of the root systems. Besides, leaf fertilizers, such as 

Growmore, Agrostim, Atonic, etc. can be used to stimulate the vegetative growth 

a b
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resulting in bigger and heavier lateral shoots of darker green color.

For fruit-bearing stage

In the stage when the plant produces stable yield of fruits, the amount of 

fertilizer applied to plant each year is as follows:

- Manure: 20-30kg decomposed manure.

- Inorganic fertilizer: N : P2O5 : K2O applied in ration of 500g : 500g : 500g. In case 

NPK (20-20-15) is used, apply 2.5 kg NPK + 0.21 kg KCL to replenish potassium. In 

case single fertilizers (urea, superphosphate and potasium chloride) are used, the 

respective amount applied is 1.1 kg Urea+3.3 kg superphosphate + 0.8 kg 

potasium chloride.

During the stage of fruit formation, occurrence of flowers, flower buds and 

fruits usually happen at the same time, thus fertilizers are applied in different 

times to supply nutrients for fruit development. Farmers normally use 30-35% of 

the plants’ total fertilizer requirement. The other part of fertilizer is applied in the 

stage of off-season flowering control. 

In order to increase flowering, yield and fruit quality in off-season, farmers of 

intensive cultivation may apply an additional amount of 20-30 kg of decomposed 

manure to each post. 

4.7. Pruning

Vegetative stage

About 15-20 days after transplanting, new branches are removed from the 

vine cuttings. Only the biggest and healthiest branches are kept on for further 

development until the top of supporting post is reached.Once the remaining 

branches get 30-40 cm long beyond the posts, they are trained to hang down. 

The training is usually carried out under the sunshine, when the branches 

become soft that enablebending down without being broken.

The plant needs light training to shape the canopy during the second year 

after planting. By the end of the third year, there remain about 100 branches 

densely arrange on the each supporting post. Branches produce fruits which are 
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inside the canopy should be removed for ventilation and to concentrate 

nutrients for new branches.

Fruit-bearing stage

In the stage of stable fruiting, two types of pruning are usually applied, as follows:

General pruning

General pruning is normally carried out after harvest and/or before the last 

harvest (end of August or September). Two-thirds of the branches are removed 

which are old, infected with pests and diseases, or situated inside the canopy, and 

only healthy branches remain. In this type of pruning, three-fourths of the length 

of branches which need pruning (30 cm from the main shoot base) are cut down. 

Then, new shoots will emerge from the remained part of the branches. Only 1-2 

shoot buds are kept on each new branch. General pruning is easy to employ, less 

time-consuming and labor requirement. However, branches may criss-cross 

making an overlapped canopy.

Selective pruning

Selective pruning carefully removes unwanted branches which are weak, 

diseased to promote development of healthy branches. Selective pruning 

creates ventilation and avoids branch criss-crossing, nonetheless, it requires 

labor to conduct.

Decision on conducting general or selective pruning depends on 

cultivation circumstances and the orchard age so as not to cause any impacts on 

yield and economic benefits. Number of branches on each plant is also 

conditional upon how old the plant is. A one-year-old plant, for instance, may 

have 30  branches on it,  a two-year-old may bear70 branches, a three or 

four-year-old may carry 100-130 branches, and up to 150-170 branches on a five 

to six-year-old plant.

4. 8. Irrigation, mulching and soil covering

Dragon fruit orchard in Long An and Tien Giang provinces are normally 

irrigated less since irrigation water level is often close to upper side of the beds. 
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Yet irrigation can be an interval of 3-7 days in dry season and depending on soil 

moisture and structure. In Binh Thuan, irrigation is usually done in months from 

November to May of the next year. Off-season flowering stimulation is carried out 

in the late rainy season and the early dry season so that irrigation is an important 

factor to obtain an effective flowering stimulation.In addition to irrigation, 

mulching the plant base to maintain soil moisture is another method to 

overcome water scarcity in dragon fruit cultivation, particularly in areas of long 

dry season. Straw or water-fern can be used to cover around the plant base or 

mulch the bed surface.Furthermore, covering pitaya planted soils by growing 

wild peanut (Arachis pintoi) instead of the straw bringsmany profits to growers 

(DTATDC, 2011; So,2013).

4.9. Flowering stimulation

Dragon fruit can be harvested from early April to end of October in 

Southern regions. Flowering stimulation is usually carried out in mid August and 

harvesting crops in late October and November. Farmers with good cultivation 

techniques can stimulate two off-season fruitings in months of August and 

March of the following year. Flowering stimulation on dragon fruit may be 

conducted with the help of growth stimulators and/or lighting. Growth 

regulators may cost less but flower uniformity is hardly met and the percentage 

of flower abnormal is high. Lighting in flowering stimulation is widely employed 

in cultivation areas in the south these days.Incandescent lights of 75W are 

popularly used in dragon fruit production. Light bulbs are hung between two 

posts at 0.7-1.2 m high from the ground, which ensures the sides of the canopy 

are received equal lighting(Figure 6).

Figure 6. The lighting procedure applied to flowering pitaya induction in Off season

157



Lighting is normally done in 6-8 hours a night time, and continuously in 15-25 

nights depending on the season and weather. The days of continuous lighting in 

early season is shorter than in late season. In the South, lighting can be shorten 

to 7 hours/night during 10-12 nights in February. After 3-5 days from halting 

lighting, flower buds start to emerge and develop in 20-21 days, then blooming 

and pollination may last 3 days. The fruits need 25-28 days to get ripe. Totally, it 

takes 75-80 days from lighting to harvest, depending on the time of the year in 

which flowering stimulation is conducted and weather condition in the 

cultivation areas. In the North of Vietnam, due to cold winter season, dragon fruit 

can only be harvested in main season which starts in mid June and finishes in late 

October. Lighting for flowering stimulation is not employedin there.(Ke, 2003; 

Hoa, 2008; DRDC, 2010; CPD, 2012).

4. 10. Pests and diseases

There are about 10 pests and diseases infecting on dragon fruit. The most 

popular damaged subjects are aphid (Pentalonia nigronervora), mealy bug 

(Pseducoccus brevipes), fruit-fly (Bactrocere dorsalis), thrip (Thrip sp.), 

anthracnose (Collectotrichum gloeosporioides), fungi (Macssonia agaves, 

Sphaceloma sp.), leaf rust (Bipolaris sp.) and soft-rot (Erwinia chrysanthemi). 

Those pests and diseases are effectively controlled byintegrated pest 

management (IPM), sothe yield and quality of dragon fruits are not 

damaged(Dien, 2006; Hoa, 2006; DRDC, 2010).

Recently, a new disease has occurred causing significant losses to dragon 

fruit production, namely brown spot (Neoscytalidium dimidiatum). Atpresent, 

there are no chemical or management method to effectively control the disease. 

To reduce impact of the disease on plants, at the stage of shoot burst it is 

suggested to applychemicals  such as Propiconazole, Trifloxystrobin, Iprodione, 

Mancozeb with a frequency of 7-10 days /time, depending on the weather 

conditions (Hieu, 2011).

5. HAVEST, YIELDS, AND PRODUCTION TIMES

The harvest season for dragon fruits commences after the fruits change its 

color from green to red. The right time of harvesting is 28-32 day safter anthesis 
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(flowers blooming), when fruits are3 - 4 days aftercolor changing.For exporting,it 

is optimal to harvestfruits1-2 days earlier. The time for harvesting should be inthe 

early morning or late afternoon when the weather condition does not negatively 

affect the fruit quality and yield. The harvesting is done carefully using knife or 

scissorswithout damaging the fruits. The harvested fruits are put into bamboo 

baskets or plastic cratesandkept in a cool place, then transported to package 

warehouse as soon as possible.

(Hoa et al., 2001;DRDC, 2010;Thanh et al., 2011b; CPD, 2012).

The fruit yield depends oncultivar species, cultivation technologies, the 

ages of plants and seasons.Plants begin to bear fruits oneyear after planting. Fruit 

yield increases gradually to reach the peak of production in the fifth or sixthyear. 

In natural flowering condition (On season),Vietnamese cultivar orchards produce 

fruits with about 2.5- 5 ton/ha in the second year, 8-15 ton/ha in the third year, 

20-25ton/ha in the fourth year and 25-35 ton/ha in the fifth-sixth year. However, 

the average yield performs a gradual decreaseand maintainsabout 20-25t/ha in 

thesucceedingyears(CTFA, 2011).

As the result of different growing condition, some red-fleshed species (H. 

polyrhizus or Hylocereussp.) introduced from other countrieshave beenless 

productive and resulted in lower fruit yieldcompared tolocal varieties. This is due 

to their low fruit set and small fruits in natural pollination (Hang et al., 2000; Tri et 

al., 2004).

In the South, dragon fruit plants can produce fruits almost all year round 

within 8-10 harvesting times and 2-3 times during off-season. The natural 

flowering season is from the middle/the end of March to October with 6-8 cycles, 

butmainly in summer months (May-August). In the Off-season (October – 

March),artificial flowering induction for fruit production can bemade by 

providing additional light during the short-day period. During cold season, the 

plants produce lower yield (15-20t/ha) but obtainhigher price than those 

produceduring the summer season. 

(Ke, 2003; Thanh et al., 2011a,b; BTPPC, 2013).
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In the Northern provinces, orchards bear fruits with lower yields than in the 

Southern provinces. Due to low temperature at the end of Autumn and in the 

Winter, so it is not effective to induce flowering for producing fruits in Off-season. 

The commercial fruiting season occurs in the summer months.

6. POST HAVEST MANAGEMENT

At the handling establishments, dragon fruit is washed with clean water,  

submerged inChlorine  200 ppm for 3 minutes to treat diseases and then in  

Ozone solution orBenomyl 500 ppm for 1 minute to treat bacterium. Water 

drying is operated with compress air sprayers or air blowers.Some other 

establishments of handling and packaging are currently treating dragon fruit by 

soaking the fruit in fungicide Umikai at concentration of 5 grams/2 litters of water 

for 5-10 minutes. Then, the fruit surface is dried from water in the same manner 

usingother chemicals(Figure 7).  

After drying, dragon fruits are graded according to fruit weight which is 

defined by particular market requirements that are referred at the marketing 

section following. After being graded, dragon fruits are packed in carton boxes of 

10-15kg depending on markets. Inside the boxes, dragon fruits are covered with 

holed polyethylen bags.The boxes are then stored in cool condition to be 

readyfor distribution to markets. Favorable storing condition is around 6-7  at 

moisture of 90 %.The shelf life of fruits in this post harvest preservation can 

achieve from 30–50 days for white flesh varieties and shorter time for red flesh 

ones.It is optimal to transportfruitsto markets by cool container truckswith 5  

and ventilation degree of 20–25 m3/hour its inside during the cool weather(Hieu, 

2011;Thanh,  2011b). Following to some foreign markets, export dragon fruits 

treated by the heating (at 46.5  for 20 minutes)(Hoa et al., 2006)or radiation 

treatment to eliminatefungal diseases and fruit fly eggs are required(Hieu, 2011; 

Thanh, 2011b).There are some enterprises to provide service of heating and/or 

radiation treating to agricultural products in Vietnam(Figure7).

7.MARKETING AND CONSUMPTION

The fresh fruits are consumed in both domestic nation (15 -20 %) and 

foreignmarket (80-85 % of total output). In the domestic marketing, fruits are sold 
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Figure 7. The process of post harvest management for dragon fruit in Vietnam

at local wet market and supermarket intwo forms: whole saling and retailing, 

otherwise they are bought and  transported to other provinces by traders  and 

then  distributed to wholesalers and retailers at markets.To improve the value of 

products and promote dragon fruit cultivation, it is important to approach and 

expand international markets. The suitable production and storage procedures 

are applied to produce fruit products that meet consumers’ demands. The GAP 

standards (VietGAP, EuroGAP, GlobalGAP) have been increasinglyapplied on 

dragon fruit production in Vietnam. “Regional brands”and “trade marks” for 

Vietnamese dragon fruits are also established and recognized by many countries 

in the world. As a result,more and more countries accept dragon fruits 

fromVietnam and most of the dragon fruit productivityis internationally 
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marketed. In the two past decades, theexport dragon fruit value has undergonea 

remarkably increasedue to the significant raise of export fruit price and output. In 

2003 Vietnam obtained only 5.8 million USD from exporting dragon fruit(Figure 

8). After only two years,this figureachieved 10.4 million USD, near two fold as 

opposed to 2003. Five years later (in 2010), exporting dragon fruit brought 

Vietnam 59.1 million USD, near six times compared to 2005. More interesting, the 

three succeeding years the value of fruit export continued to increase but more 

significantly ,reachinga new “record” with 203 million USDin 2013, accounts for 

nearly 45 % of total national fruit export value(MIT, 2014).

Figure 8.Trends in dragon fruit export value in Vietnam, period 2003 - 2013

The fruit price for export is much higher than that in domestic market. The 

price also varies upon different import countries where consumers have different 

demands. In 2013, Vietnam exported dragon fruit to more than 30 countries and 

China was the biggest consumer with commercial value of 145.2 million USD, 

accounts for 71.5 % of total export value(Figure 9).The following importers are 

Thailand (13.0 million USD, 6.4 %), Indonesia (9.9. million USD, 4.9 %), The United 

States (6.8 million USD, 3.3 %), The Netherlands (6.5 million USD, 3.2%), Canada 

(5.4 million USD, 2.7 %), Singapore (3.9 million USD, 1.9 %), Japan (2.8 million USD, 

1.4 %), Hongkong (1.9 million USD, 0.9 %) and other countries (7.7million USD,   

3.8 %) (Tri, 2013; MIT, 2014).
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Figure 9. Share of Vietnam’s dragon fruit export value by market, 2013

It is important to investigate and indicate the consumers’ requirements in 

each foreign market. For instance, European countries, Indonesia, and the 

Middle East countriesnormally enjoy small fruits with 250-300 g/fruit of weight, 

while Chinese, Taiwanese, American and Canadian markets desire bigger fruits 

with 400-600 g. Japan and Singapore prefer fruits of weight from 300-500 g. In 

addition, fruits imported to Korea, Japanneed to be treated by heating before 

entering the market, while European and the United State require fruits treated 

by radiation. Recently, Vietnamese dragon fruits have agreed to be directly 

exported to the United States and then treated by the radiation before selling 

them on its market. Taiwan also demands the dragon fruits to be treated by the 

heating or radiation(Hieu, 2011; CPD, 2012).

8. CONCLUSIONS

With suitable climate and soil, Vietnam has been considered one of the most 

advantageous countries to cultivate and develop dragon fruit. In recent years, the 

remarkable development of dragon fruit production has brought great benefits 

to many horticultural farmers, traders and contributed a considerable amount of 

money to the national budget owing to fruit export. The great achievements in 
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dragon fruit production have resulted from the comprehensive and effective 

applications of many measures such as cultivating and harvesting technologies, 

crop managements, marketing policies, etc. Seizing comparative advantages of 

Vietnam’ s  superiorities in cultivating condition, farmers’ experiences, markets 

and marketing, Vietnamese dragon fruit production should be developed more 

sustainably and efficiently in the future. Along with the plan of expanding 

planting area, methods of improving the quality and safety of dragon fruit will be 

used to meet the increasing requirements of consumers. The standards for fruit 

quality need setting and firm application.  In addition to these, it is important to 

maintain and expand the international markets of dragon fruit. The “regional 

brands” and “trade marks” of Vietnamese dragon fruit are effective tools to draw 

the consumers’ attentions.

Nonetheless, there is a need to conduct related studies on breeding new 

varieties with  the following objectives:  to obtain a good quality and yield fruit 

with a long shelf life, and to study the diseases affecting the plants, including its 

pest control, fruit production and postharvest fruit life. 
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