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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



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-RueyYen', Dinh Ha Tran’, and Yi-Lu Jiang?

'Dept. 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 Vietham 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



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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Present Breeding status and prospect of Taiwan Pitaya
Pi-Chuan Liu", Chin-Pei Liu®
(Fengshan Tropical Horticulture Experiment Branch
@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 patentin 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



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 Jiang', Wen-Ju Yang?, Meng-Tzu Lin? and Zhao-Ru Hong?

! Department of Horticulture, National Chiayi University.

2 Department of Horticulture and Landscape Architecture, National Taiwan

University.

* 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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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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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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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)

Accumulative percentageZ Average number”
Sprouting shoot Flower -budded Sprout Floral bud
(%) shoot (%)

27/12/2010 - 20/3/2011
NB 58.3+9.8b 88.3+8.1a 3.2+04 a 2603 a
CK 98.3+1.6a 0.0+£0.0b 3.1x04 a 0.0+£0.0 b
14/10/2011 - 10/11/2011
NB 6.7t49a 88.3+5.0a 0.4+0.2b 34+0.2a

CK 21.7+6.8 a 0.0+0.0b 2.1+0.5a 0.0+£0.0 b

ZTotal 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 Jiang', Yuan-Yin Liao? and Wen-Ju Yang?”
! 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.



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 'l 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 (403.4g) in open-pollination. ‘Chaozhou 5 was partially
self-compatible while ‘Orejona’ and ‘F,." were completely self-incompatible.
Hand cross-pollination significantly increased fruit set and fruit weight in
‘Chaozhou 5', ‘Orejona’ and ‘F,.". 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 theirimportance 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



Table 1. Descriptions of the four pitaya genotypes used for the pollination study

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,," (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 20.3°C (night) and 37°C (day), respectively.

Genotype Species Fruit characteristics Origin
‘VN -White’  Hylocereus undatus  Oblong fruit with lightred peel, large  Vietnam
scales, and white pulp
‘Chaozhou 5 Hylocereus sp. Oblonground fruit with darkred peel,  Taiwan
large scales, and violetred pulp

‘Orejona Hylocereus polyrhizus ~ Oblong fruit with darkred peel, large Central
scales, and violet-red pulp America

“Fq1q Hylocereus sp. Round fruit with dark-red peel, large Taiwan

scales, and violetred pulp
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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.

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 W hite, yellowish green, yellow, creamor red

Stigma lobe color Creamor green

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

Relative location of anthers ~ The distance between athers and stigma in fully

and stigma opening flowers

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



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) x
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 °Brix.

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



(Table 3).

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

] Flowering ) .
Flowering Flowers Flowering Fruiting
Genotype cycles/ i )
season /plant/year duration (day)  duration (day)
year
VN -White’ 3 month 6 22 15 31
‘Chaozhou5 4 month 7 29 18 30
‘Orejona 3 month 6 26 18 32
"Fqi’ 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.." 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 cmin ‘F, 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).



Table 4. Morphological flower characteristics in four red pitaya genotypes Effect of

pollination methods

Mature bud Opening flower
Bud Pericarp- Pericarp- Sepal Petal Stigm  Stigma  Anthers
Genotype length  ellength elwidth patter color alobe lobe below
(cm) (cm) (cm) -n color number  stigma
(cm)

‘VN -White’" 286 +1.7 13.4+2.0 3.2+0.1 none white cream 28.7x1.5 0.1£0.3
‘Chaozhou 5’ 29.7436 13.3+1.2 32403 edged white cream 282+1.6 1.1+0.5
‘Orejona’ 341+£1.7 145+0.2 3.2+0.3 edged white cream 21.7+3.8 1.7£0.5
286+1.6 12109 29+0.1 edged white cream 28.0+0.0 1.5+0.4

IF‘I‘II

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
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, " 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.
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Table 5. Effect of pollination method on fruit set (%) in four pitaya genotype

Genotype Hand Hand Auto. Open
cross-pollinatiorf  self-pollination self-pollination  pollination
VN -White 85.6aA’ 952aA 80 A 90.5 abA
Chaozhou 5 95.8aA 522bC - 71.1 bcB
Orejona 884aA - - 61.1¢cB
Fi 90.2aA - - 91.7aA

#Crossing with mixed pollen from the other three genotypes.

tValues 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.



Table 6. Effect of pollination method on fruit weight (g) in four red pitaya

Hand

i Hand self-  Auto. self- Open
Genotype  cross-pollina

pollination  pollination  pollination

tion
VN -White 326.1ab' 402.6 a 275.1b 4034 a
Chaozhou 5 374.2a 2514b - 2958b
Orejona 281.8a - - 149.2 b
Fi1 4163 a - - 145.0b

genotypes

tValues 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,." 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 17.0°Brix) and ‘F, " (17.1 and 17.7
°Brix), 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 °Brix, as compared with 18.2 °Brix in hand self- and open

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

18.7 °Brix in open-pollination, as opposed to 16.7 °Brix in hand cross-pollination.
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Table 7. Effect of pollination method on TSS content (°Brix) in four red pitaya
genotypes

Hand

. Hand self- Auto. self- Open-
Genotype  cross-pollin

pollination pollination pollination

ation
VN -White 18.8 ab' 182 b 194a 182D
Chaozhou 5 16.7 b 184 a - 18.7 a
Orejona 17.5 - - 17.0
Fi1 17.1 - - 17.7

TValues 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,." 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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B~ AL BERLBBR R © A- CRREZREL D-F RBEE E2RE -
Fig. I. Symptoms of Pitaya stem canker caused by Neoscytalidium dimidiatum.
A-C, Symptoms on Fruit; D-F, Syptoms on Stems.

(A

B2 « ALREREEH MG N EBEIEBEME (N. dimidiatum Nd-55) 24 EF1&
CIRBUERRIR o A—FD R REEE12 ~ 26 ~ 41 ~ 55 ~ 68 B8IRZIRHHE ° (
fRf=1cm) o

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

Inhibition(%) *

Fungicide
1 ppm 10 ppm 100 ppm

62.5% Cyprodinil 4+ Fludioxonil L EKE (WG) 603a"’ 100.0 a 100.0 a

80% Metiram % 51H (WG) 00f 0.0g 0.0g
50% Trifloxystrobin =& (WG) 18.6d 21.7f 24.7 e
40% Iminoctadine TLZEH (WP) 20.0 cd 61.3c¢ 717 b
70% Thiophanate methyl FAEZ{RF (WP) 00f 304e 64.9 c
32.5% Azoxystrobin -+ Difenoconazole T $E{F 525 (SC) 438b 69.2b 989a
23% Azoxystrobin Ta¥E&H (SC) 19.9cd 203f 216f
23.6% Pyraclostrobin H 28 (EC) 223 ¢ 413d 54.1d
26% Tebuconazole 2754 (EW) 89e 60.4 ¢ 99.2 a
LSD ( P=0.05) 33 5.7 2.0

ZInhibition (%) = ( Diameter of mycelial growth on PDA without fungicide-diameter of mycelial
growth on PDA with fungicides/growth on PDA without fungicide) x 100%.

¥ Means within a colums followed by the same letter are not significantly different at 5% by LSD test.

R2LERH A EREEBRRRTRF < FE

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

10 ppm

Fungicide Percentage of spore

germination (%}

62.5% Cyprodinil + Fludioxonil&ELEKE (WG) 418c”’
80% Metiram H7E1H (WG) 9.7d
50% Trifloxystrobin =% & (WG) 00e
40% Iminoctadine &% (WP) 05e
70% Thiophanate methyl FREZ{RFE (WP) 543 b
32.5% Azoxystrobin + Difenoconazole So 3£ 52 Fl (SC) 00e
23% Azoxystrobin a3E&H (SC) 0.0e
23.6% Pyraclostrob in B2 (EC) 00e
26% Tebuconazole 78734l (EW) 58.5b
CK 97.7 a
LSD ( P=0.05) 6.6

ZSpore 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.
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FLBEREBBIRZ WA LEH Enist

B ZERR NN PDAIREE - BIASER WA ERLEBRESHER
ZIHBR - ERAFKIFTR » N dimidiatum 73 BERRF 10 ppm B 28 B4 227
RET BEEABEHERGKERINGIERDH/100% » EOR B A
 ENRHERZINFIRD FI/R69.2% » MEFREEREGERAT2EL
FIRER © FEFR100 ppmz BRUNRE T » RISt fA e Al » Sef fEEE
IRBH AR 2 HW ik AZZT 100 EHERINGIE > MeBBRZ 0 R
SRAE100 ppmB RUANRE MO E %A REIFIER -

AAERBAEREEBREDERTRFCRE  BRNKR3FAR
HEAARTRI10 ppmBERBIREZ =88 » m20F » it s » s
FARSRET  HAERTZRFRR0-05%2E  HRAERTZHFAR
BMEREIIFIVE - 10 ppmBBRIER T2 ERTRIFXRRIT% Bt
10 ppmEBEFEARE « REZRF » BRAFER TEBTEFRDFI541.8%
~ 54.3% £258.5% o

#E am

N, dimidiatum3| 22 AL 8 R E R B RIBIFE 1 201 24E 1 28
(Chuang etal. 2012) RFFEIARE(Lan etal. 201244 85 - KHZAERT A
HRETFES - WSEFAEREHRBFFEZER © U ERTEST
5 OETE oA SR A/ NEIZET - SR S AR WA
SER  HATERARBARNTRPER—EENEE - SARRTL
R ERTETKSEE LAY BN TENRE BRI
ST © Lo s T B LR O R E N A B R AT 82)
WAEIRENEBBERIES - BRARBIRE » AHORES T REE
PETEE I RS AR EAER « 5 OB ER R RARSNETES
6EEEREHEERMTIN  MBBENIEEE B A S BESEI -
ERUIRS 2 BRI R RITEE - MRS - S
2 BREARDEE RS - BRI B R AT AN B
MRS R - ARG O EEEE 1 28%  BRRRE
5 BIIDETAR - BEER BN RREEHELE Y RE(E1Y
BB RE) BARIAAREZ BT AREERBEATL
BEE T REAIREATE - TS B AKR TR R R A RS » BB



HEERER S NEEEXRABESEE - MZASEEERE - LUBADH
A ORRAARAVATRENME » BHOMNREDER T 2 RRER Y R ERBEEER T2
RURDESN - S oh—LE BRI B S N IR R AR BT 12
2 BRIAEEEKAR - AtERREE LIVESRERBRCHR -

AFRE B BIERDRZEBIMER - AR FTLL B BB R ALBE R ARE R 2 227

ETAARERHIERLOEBRERAERMETRF2FEAH - BR
B 0 10 ppm BRI 2 B IR « 3T s b KA S A AT A B
H#ER > MREM - =A8 > B8 8 DGR F AR
ERERERRZETZET - AEMNTRENRBESERNSRRE TR
BEMRZER - MNFRERENNEHERBRAB R ER R aARE
ZBE - ANRERZBRITENNERSEE - RIEmRE IR ETE
A o A TER ST ALERZEBERZHRREN. dimidiaum—EE5 878
SREGERZARE @ HELXFEETERERE - AMAERIKEH
 BLE RERBI AR EHERERRE —HHERSAIR - Dl MmmiE
ZRAR - BN R AT RS LIEE S TUETER - MESAANRRRS
RAERZ S - RRFRENRZERRS - LRERRRREZER &
FpaAmE Bt o

5| F3ZJEK
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Pathogen Characterization and Control of Pitaya Stem
Canker Disease

Hui-Fang Ni', Hong-Ren Yang', Chiao-Wen Huang’, Ching-Yi Lin’,
Chu-Ping Lin?, Pao-Jen Ann2, Jyh-Nong Tsai?

'Department 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°Cand 25-40°C, 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,



and fungicide applications.

Key words: Pitaya, Stem canker disease, Control
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ALEERR B REV IR ZLiR T

B EEARBEMRELMENER REE  EF5H  aBHE  FEH

B

4T BE SR (Hylocereus spp.)5< 3 Espitaya ~ pitahayagidragon fruit @ &L AZE
Al(Cactaceae) = A B L FABGMEEY) - RENRZAE KHRENET
W ERRZRLRAGE @ RITFRFERNE 2 SEETE KR - BEIREEN
BEWATRERTERLIABR-ASETERETREE @ #riRtRE - nE
—¥ - IR ENER - BEXEANSRERSAS H TEENERD
SHAERS - AR D BUIRMRE T LN2001 FRERFEFEAERES
Potexvirus& iz Il AE XK= (Cactus virus X, CVX)FTAZE » WA HFTESN
CVX-Huim S0 B E4E L 05 » FE AL DAS-ELISAKA - RIFRFFE A CVX-Hu
2RERECERNRF - RAMBEEFANRAEREL » (WXEEFER
BEREPFIHRREIAERERP @ R E AR RFEZEIE50~90 %2 fF

KB RZE N 2005F 1L = K E 25 HIAL 5E Rk AR 2 B 1 CVX-NTUSR
SR - ek RER S EIER M TF o 20064F 220084 T ff91E
GRHILRENAERER O RTEELHSEERBRECENBXRES
(Zygocactus virus X, ZyVX) » ILIRAZYVXRURALRER 2 H S0 8% © LEAh - 18
EEH R R IR E 1 — @ potexvirus - [ H AL DA ERXARE
(Pitaya virus X, PiVX) o 1§ ZyVX-P39SRE D BERK ~ PIVX-P37iRS 0 BERk » BEEE
E AR Potexvirus B iR S EIT P H L SBG T IR PIUAZE
BHEY)HIpotexvirusE BRI —E DB » ARKICHVEEBEREREY] - KT
EEREAARERNKREN  WAMEEZ 5 FRERRAMEHNE
(multiplex RT-PCR) » {&/EX M @BENALEERETIRON © HRERBRE
ERBAERTBXEICVXEE » MZyVXERY fafibleryaRME b -
Hfthith [ B4 M ZyVX 5 FERPIVXRIFAESI ~ B » LUK ERN
ALRERE - =8eA BRI 2 AYmultiplex RT-PCRIZBNEFIRALBER ZIEM KL
ARV R SARRBELERR  RERRERSRENAERER -

RAEY - e - RRER - AR

e

SO RS A
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jilll

Il AZE R (Cactaceae) = A 1L B 2 ALEE SR (Hylocereus spp.)3E 3 fxpitaya
pitahayazidragon fruit » B2 HEAREMEY) - ESFETEELER  HAER
“RERIEFSIHBEFLRE TE2FA - BRACSD  RELEEEERS
R ERBRAR BEHE KR - AIERREN BT LPEIEMNAT
M MEBRZEZRE - BEREZRECHA1645F R AFTS|#
(BEEENSOFRALEMEMAmEMNSI AR BIERBARGE » 1EE
BENENRRAZE  THRAEIEINKERE - BRIZ2RAERNER
AL TAE  EBERNRPHE - ERXME A TMEERE Kb
BIEAT B A8 INEH - IS EEREE -

RIERIFIAEER T ER NG R =A LETRMEITEEIE - AlHEAER
£ mE—E - ERRENES - RS ERERFSREEERE
Y FTLIZERNERNERRSRER » TERENEERETERE - AMm
ERARERRR - Rits > EHEEEPEIAREREFNRERES
EAE)RE e ERLERRS

fLRER B RAVM RN

WSS ALEER R E R B PotexvirusBHIIU AE XK E (Cactus  virus X,
CVX) B IEXNHRE - MECVXERTERAERGTENAEREHRP - KR
SHIR REM A9 F TR A RBEIVAER = AL IRARIR
B BIARBERIUAZEXHE(Cactus virus X, CVX)FTAERL 5 PR MOTR
BBNALE  EITREWRDEE - BROX-HURE DB - ARELIAEH
CVX-HuR BRI EE HCVXILINE - HEERNENE =R BRESTE
G W HTA(DAS-ELISA) » AJRR AR SMAIALBER B M © thoh  BIBURAISE
FB ST CVX-Hue RERES C ZBE AR » i 75 E 8k 7EGenBank A o
CVXHZE B R AR 2001 8220043 5% @ Ee A ERERIRB A EARSE
LA BERRES -

EEUBTBESEES A2003FHRAMNEIEL - CVXERBHFENEEHR
PIHERMBAVALEEREMRT - DIRRMRI1.6%&S » s2PIFFHAER52.5%
&I - MER &% » MR CHERRRIE5~75% ° T 5 EH R
REEHVEAMR D BEL CVX-ELTRE 2 BiEv - R CRYRSRER R HCVX



PUME » 1ETE Y CVX-EL1R93°15491.2 kb EREEH B » WNLIAER - HA
#4& H(capsid protein, CP)HI2 R FFIHE L ZEFFEGenBank - B A #F H
BALRERMNAE D AR B - BERE/FNE - BRLUEBFREES
R o BB B RESE R RRHAN-ELSA) D TCVXTEAL BER R AEBAL
WEEER  SRBA=AZ - R RRAFEAFETASFS IR
CVXTEBE DN EMRALRERER » LA BRI BRERNER LR

BEEEHXEIRERE -

=

BAERZEN2005FREREZNIGREAERFIK - FESRRTR
EEEAZR  ET-RERDEE  BES—RS2BER R R/CVXNTU - 2
RITHCVXNTUF EHE 227 » UAkEREREZBREEFR TE B2
w5t 5 & 87 FEGenBank o Bof R E—1EHI5| 7 HAC A RT-PCRJ77E122006
FRETHERE  GREFSRXEEEUEGRHILAERETNERESE
95%/H FCVX-NTU » CVX-HuBI{540% - B&2EARZE - Al R It Em
CVXDINTUDBERKMB B R Z B - BEAYEENFERENFEHN -

[M20064F 220084 A F P [Z AR LIPREMAL BER R dn P - ISR EE
T=RERHEE > FADBEINPIRS DEMRETERZRERTER @ &
SR ETE H P39 Bl ik A Potexvirus & FV 28 [T\ BE X & (Zygocactus virus X, ZyVX) o
ERAEERBIRZYVZWME » INBZyVXRARALRER < M=o ek © Tl
BE R RERENALZENK » BT XERHBEEER  HESNPITRESD
BEMETTRERZEBERER » ARET T —BAREWEIRFpotexvirus »
Hap & A4 g EXHmE(Pitaya virus X, PiVX) - BRIE =K ZyVX-P39Ed
PIVX-P37R S0 BN 2 RER S EBERF TF - hKMmENFIIE iR
1EGenBankd o E 98 ZyVX-P39 « PiVX-P37 » BEAH B & &I 5! Ay Potexvirus
BASET I REEAT B RBETRRUAZREpotexvirus
HER—EOEFF - AREHHEGBEERREY) - EHfthpotexvirusgyBa &
AIBER -

IRERFOER - EBRIEARRCVX » ZyVXAIPVXFR S AT E R
HTAEE RGN  BRSRMUE) - REFEMLDEEE -
AT RE S BRSAE RN ERER - BIPHKIEFTEGHCVX-NTU -
ZyVX-P3OBRPIVX-P37FFFI » HRINET & HRENT— 43| FY » - ATHEHE
k45 BEMRNARE SIANE| T8 - 8 53 T R 58 4 B 48 84 5 I
(multiplex RT-PCR) - &4 i BEEMNA SERETIRN - HERLRBERE
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BESEMMAEREREREXEICVXEE | MZyVXER Y REfH RS HME
fbizoh > B B HR HZyVX ; #r3IRAIPIVXRIF/EZIL ~ BRE ~ B Ll
NERMALERE - HEAMRENER  BROBEBRRCVXZI » Z2HEK
milE — U DRSEaRE(E2) -

Bl BEXRERLCARRBEM-AEZRREHE BESHRE - (DEBR
ZANAEXmE(Cactus  virus X,  CVX)Z18Hk o (P& RIFCVXEE XA ES
(Zygocactus virus X, ZyVX)Z 18k ° ()85 RUZECVXERAT BE 2 XJim=(Pitaya virus X,
PIVX)Z fE#k ©

1 2 3 4 5 6 7 8 9 10 P H

g =

tE‘fUK (549 bp)
PiVX (483 bp)

o CVX !|3ﬁ-ﬂ bp)

<= mt (216 bp)

&2 - ERthERATIRE C B ALRER S m A2 5|5 R R & B # 85 [ FE (multiplex RT-PCR)AR
RAER - BIKERER  FTAALEEREMmBERAHCX > 582356 7RI0OBVAIE SR
ZyVX > B 1 Z8RIBRPIVXRIZL » FILATAD » BR Y BB BRARCVXZIN - Enkmals — 1
P ERSEERE -



#& &8

RHFNAEREERETR - AESHIA BERBERE &4 Potexvirus/&
AICVX ~ ZyVXHAIPIVXIR BT Z » HARLICVXRREE @ MESRIE—ELL
FRERRENER o BEBEERENALERERERE LR NE
73 AP FTH&AImultiplex RT-PCREIEEE M H Bl M= 24 BRE K
2L o thAh - ERERI A EMIATHTEE RYmultiplex RT-PCRIEZBN AR B ArsiE s
(XEMRAERZEMN  FURURARSAERREREERR  BHER
BESRENAERES -

2E 3R

125 s BBH -~ REE © 2007 -  KPRAFERCENEXRES S EDT
EHHEFEE - EEEeT 17:97-98 -

2EEE RBER CEER  READ) » BTN 0 2003 o KRAERZIAZE
REXZEERDTAT - BHRGT12:225-234

3.8)an20 ~ HERE ~ BlInSS © 2004 o SIREATBERLEURE L Cactus virus XHYH
EE SRR ERE T 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., Ly, Y.-C,, and Lj, 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 PiVXin the



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, llan, 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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ERMRFIHAIERREERTE

W =

ERABDHREAR  BHEHRESETRMEGEREEE 1R
HEBRRER LB NEANEEDZDE - ALRERRBEECAIRNE
EeE—EEsEHE AESHERERIECIMEEN  ETRENE
RERARIE - M Y MRAR B (CREMHIEHRKE R T RYB L
BENERRLEMEN - AERRBERBBMRANZE - THERHR
BERMRNEEREERE - RIERICRETAERNELERARIERISRE
REBCEERBIRZ I RUBERIRENN  REAHEER -
B DAMEE AERNRRESNS  TEERBRRSIEBHIER T2
PRI L B B s Bk 2 B PR B AF S » BRI BRI R A B E WKL & IR AR P
B o HEAERETR - REABRABEAHEDRUERNEC CERN
DRFE—T R -

R © AIRER - BEXR  RE

il

Al

ALEE R (Hylocereus undatus) [ RAERE MBI » HILAZER=ZBIEE
(Hylocereus),z M4 LA ZEY) - EARRANRE - BRIEAER « #
F O BA BN S EERE I ERSE - H—HTEEAF R (Nobel  and
De la Barrera, 2004) - AT e R R A AEEHATE(H. undatus) &AL AFE(H.
polyrhizus) » 2 REREZ - KBAIEDRHFEISIEZARME  ITF3EZ
HiraiE « ALNTE - MILAB Bz miE(EE 2002 5 B§ » 2005) ©

ERAREBENINRE  KREBEMAEMEZR @ AINERENEER
E f/\(Johns and Scott, 1989) » (B =+ ‘Fuji’ ZE8E « Tai So' Z#ERE
K ‘Keitt! TR EE&E(Hofman et al., 1997 ; Jia et al., 2005 ; Tyas et al.,
1998)AIMBEE CHE - ERABDNEREBRE  BHRENEHRESE
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Fig. 1. H.undatus fruit appearance after treated with cladode girdling or
fruit bagging.
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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.

107



L:'x
-
i1
8
=
£
E
5

=x
=
1

SIS

s
—

108



ALATE AL BE R IR E IR BRRIB R M 2 B 55

SEERBEZERHER FEE  REE

B
HBEANERANBAERNERE K ~ BE -~ ‘AR
RELAR#E @ —BERMAL BR2530RAEEH > RERERBEEL

 BRERANKCEZIREEE30N)  ADAMEIYZHRE(RE13.3%)

AUAEBHES =B TREE033%) « RABKEL - REHEERAGE
F78 - TBR30-2RERNZREXAE » TRFWENREREHESR
It BEERUUER A AR RIEK34-36K @ "RAL B EE & ER34-38K &
H'REE@S5mm) s BA&EE12.0N ~ B 5(0.34%) © 1220 CEATE @ &7
BRmEISR > EHERMME - BARREEEN.2mm) s B HER
9.6 N> 7£20°C RBIRETE S » &RAMETE » BEHERKRAMRML - 5C
FrEsaEUREtMERE KRRFELREEIEZSERA - SCRER
TERE - IrESmi3E -

R - AINIEAIRER - RERT - RUAAE - £F

[l

Hil

Al ATEAL BB R )T F6 41 7 41 FAT&E(Hylocereu spolyrhizus(Weber)Britt. & Rose)
KN AT 7R AL A F&E(H. costaricensis (Weber) Britt. & Rose)(EH » 2005; Le Bellec and
Vaillant, 2011) - 2l AE RN (Cactaceae) = A B L F ARG NE BAER
 RERBEEAE - KV FEEZHREEMNER(Mizrahi et al, 1997; Le
Bellec et al., 2006; Le Bellec and Vaillant, 2011) - HiEkk4E B R fE » SEE R
ERlE  HIRRREENE  ERREGHENMERANRREERR C &E
fEY) » BABEEERaT @ EHEEX2EENRR  WESRREEHREEZ
12l (EE » 2005 ; Mizrahi et al.,, 1997; Le Bellec and Vaillant, 2011) ; HER AT
SRV EH S E 2 E (betalains)(Wybraniec et al., 2001; Stintzing et al., 2002;
Wybraniec and Mizrahi, 2002; Phebe et al., 2009) » InELEENE @ BETEE bl
RIKRATD BB

IER - ARGERESIBEERESHEARBEAIRIZZEERAL

2

Y CE N T IO R X A gt 25 il P

109




110

WALRERMIE - 21 fBRE -~ ®RE - AKR ~ BE kKA
% 0 £ ERThHIGE S RIS En £ AT (28 - 2005; Jiang et al., 2012) - FILEH]
EAERERRE  REEREBEDATERE - LABARERBEHEINE
SMEKRER - TBHODHBRARBEKE - EBLNEKX - ARBEHRS
WEE ; ERTHEALDAMETY15%L - A REAS @ BE 5%
MEISREEREELEND > BN RERE RNBARE » NwAIMNEH5Y
E—ﬁﬁ%@?ﬁ“ AR EHHARAERANBARERNIEME - AELLRREK
RERERCETESD 0 AMRRRESERE > FRRN -~ SMEES RE
%%‘géﬁi%?rﬂzim BRERBBRREZSZE -

MERE

(—)1E Rl

‘KEL ~ AXRF ~ BE AREARER  NEITEREEES
 IETTATIRBEER - REFREAERERTE  NEEERZE
EREESHEAREREES
(OREZEMHRAE

R{EESKFARAE » EEITE 5:509{,@3? SRSEHAT— X WHEE

HEITER25ES R BEEERAE » XSERE - EK%ERE?E&A °
(=) BRI R A E B R ek 50

BENTEE32 ~ 34 ~ 36 R B - DIEBBLYEEE » Briiii20°C ~ 10C ~ 5
CROCHUERE  SREBEF2ANEBSEREKRS 75/\20 ClEl& » EITHRED
Mo SBREEIE3R o
(M) GRE DT
1 EEHBEEFNER

MABTRIDAERERE RAME - RAX(%R)=-RAKE-R
EfFE X 100%

LRRERE



MABSEERAEERREMRE - RRARBZIEHIRE R i 2 A
MWRE - REAERERURRERH - RAREED DR AR
REBEHERAFEPLURRER - RNEE = RE-RRR) - 25EMF °

3EAR - BHEEARIE

FEMER R B35 A RS Bt R AR ERERLE2RE R - LUFE
RAEZBREE - BFRNENRRAESEE - BAREFHEERT °
AREE

BEH4% > LITA-XTPlus Texture Analyser(Stable Micro Systems, UK)EZ &

B1%0.8 cmEFRNEEREAIETEIE ~ RO~ ARBIE=FRANEEFR/10
mMMATERNNE - RREELNewton (N)FERR °

5. REIMARRNEZAIE

RENASMERENFERA120°0093%; - MRRNEZEDLUREW/TIE
fEfEsm ~ RO~ REH3E - LLMGI60EXBEFTAEREEE » L
LMG160ZEX AN EREEE » DAlRIEL~a~b & Ll | b/a | tan "5t
A (hueangle ;5 B value)FRx o

CARRIAERIZME ARS8

FPEY R N20 giEITHESTEIEE - LIPR-1EUHT 5 (Atago/AT] » Japan)E #2
BHFDAMET IS E - ADAMER S ELL%RT  FESgR T » U
905 Titrand B2 55 E & (Metrohm/A &) » Switzerland)38|7E * & 0.1 N NaOH’E
TEZEPH 8.25# %, » H/BFEMINaOH 2F RTHHERE « B 2R (E MM
' 2009) - FDEERR S ELIE100 gRITFT 2 38R E (%)5R7R °

TREBRARBHEERE

DIRIRBRRERABRBEREN - "RBREEX, URERBRER/
MERREBHERR - TpERE ) RURBEEEREXRAEAMEEER 2L
SN
8RB HE

BOAEARERTREEREMI) EAEBI=IREERFEZIRN(E - 2006)
REMEEN  BEREDANRMGEFERLIRASLS > LLE2 5N

111



112

KT REEBORTEREGMN § 1R N EHREERE-10%) | 2R
EE(TRIE-25%) ; SRAPEREARE6-50%) ; 4R TEEERER
#51-75%) | SEABEREARAR REARE76%LL L) -

FEEREAET IR
(RLAEALRERRE S B EEL

KA ~ BE ~ AAR —EARBARBAERREREGER
MHEE)  EREREFELA  Hf KA (B)HE BE (BE3)REZE
e AR (BARRE  TEE39K KA H BE REHESIA
650525659 ' M “AAER RERIK - (#5089 - RERBRIAZHEL ;B
BERPREIEMBEMZIREE(ET) -

REBBUHMENERURENEREEEZH L7 > KA
BEE REEEDBINIEE20KRE2FZEZRELN12mm - 1 AR
RREERE  {ERISREEFIRREEER10mm » [ER=RERKEH
Bl - KRFRKZERL BE 35mmREED - ZEREBHRRE
EEEEE(LEML - BARTER28-30REZRE  RREECREKPEEHE -
BREEBERERBEMEY N EO=28HTBEMHEE > 13-15N; RE
RERH > BT BREEERFRS WERERERAIZN 7 KA
CE AAR 2BIR87 NEEBIN e

fER25-30RABREBECHY  RABRRREEE - AF/OERIFREAL
1) EAEA H0° (A )RR - F F340°(RALE) - TR 27K R i AEI(ED
HATRARA)FRIREE - BAEAR0EE)RIERE300|LE)(E1) » 18
30-32RRKNT2EAL  ERKABEE/INE  REEK(ET) - REH
EHEABEELEREZL  RABEHREEIIRE © DAMEYES
Fie - ER KD AAMERYES  BRARAZEE15%E2) - m
BE & AAR 8R12%E3 4 ADEEERRTERSRERERSHM
#1.10-1.63% - REECRKAAEKREE N #5RY BEE RERK
SERAESMAED @ CRNKRIDMERFIE034%((E3) - M KA Mk BAR
" 37AI750.20%5:0.37 %(E2 ~ 4) ; —ERERBERAKRY ENECRZENY
K(B2-4) -

EBR=—EZ2HeETARARMS @ KN AAMEEAYES(15%) ~ 7]



T BB
R EHMN WRARK

1 ALNEALRERBERELERBBER IR

B2 KA ANBAEEEEBEHES

113



B3 BE ARNEAERREZFLEEML

0.33

247 250
B4 BAR ANSLERREHEER(

114



BRBE | TR | T8k
RE(» (N) (%) 80)

549 124 . . 8.7 10.9 14 £0.2 0.24 #0.01

444 138 . . 8.9 10.9 11.7 203 0.36 £0.02

502 £16 . . 12.3 H1.1 13.9 10.4 0.43 10.02

5 - ALNTRALFERMERE AR ER LR

HMERRE0.19%)  BEELLS - BRRRE - "AKR B BE AAK
ERDMEL(KI12%) - BRER/ZREE=REPR=(0.34%) » FTLUEEERR
ENEOMANSIINRE  BEHRRNEESZREEGN)  OKEE - AAR

C R  BRNEHERIRQS N) » REE ATLIEHE -

HALARALRERR B R BB LA ATRINE - 16R25-30RAEEH -
R KRR DA - KL ADAEBRYAERN - BMESERE K
AEHHRECRMANRGN - BRBEZFIE  16&30-32RR KM T2
AL RE(ERIRRAE - BRI - AAMEAYFERE - REMET
[ REERANBACER/INE - REEERE  HYRARBERESHN A0
» RMAREBEMHEBIER37-40K » HRIENBEHRE - “AARNRIER37TR
EBERRENR AR ERREEESE(1.2mm)BRE » AT mE R
AR ZRRBIEE34-36 K "RA R EBERNBE » 251/2.274.5 mm -
FERACEK34-38 KR > R EREE

(O E TR

AR= 2 mEALRERRETENR20TC ~ 10°C ~ 5C ~ 0CRE ~ 20C

115



116

EPE3ARETEMELLE o AR BrER20°C « AHENIREI0%IRE - K6KE]
ARBRZERARR  TRIRRRERELEZAREE M KL 1R207T
TRIRBRER  BRBEERE  TREMMI2ZR . BE F20CHTRE
Sk FRNRBAEESE > BRFRERE  HIBREXAEE -5
EPRRI0CHRM - RAD B AR BrREEa2E  ERrEE4ERR
BRRBEE - REMEHERE50% - #HZE60-80% ; M EHE RENI0CE
BEAE > BIRRREE28-50% » 3HREKR100% @ HEGERTRS B R3E -

ARER RERS CErEERRRREREMIE0-4%(ZE7%KZ40-100%) » 5
Tz m "KRALDC B BE RSCEE4GE  REEED A
15-45%5:42-72% » BEFREER100% @ HEGS CRrESEM3E - —RERERN
OCRYEAE » MRtk » WEEIEE/NR50%EHEZE100%) - #EEOCET RS
9338 o KIRREIREING - FIFWHHE R EEAlternaria sp. FT5|EHIRIER
(3% > 2013) »

B mERWERERS(TEE36RNRE - HirE s r At IR
= RIAERERETEEI2R)NRE AEE L §$ o BTiIE  BmiE
FEARAERE 2 ANAME Y 2 EEEREFESES M NE - FA—m
AR AT EoR E LA R B A E A 2= Z W ARREE o SRBURVERIE(TEER32R)
NRE @ FERPAETESFRENEREE - REFFRERE BHZFRER
KL - FmBERENI0-5CEEZE - B REEEAAERTIONR L - &7
BEBFERNRERESHEHEE N -

EHE HERRER  REMIOCITE2ANBEMESTERE » RA
HOZAR - BEBRAEZE0-80% » BEEHI-2 RENOCHBIBREETRE
P REREKI0% BEEHEEBS FEERNEZTE - BAR
HERRABUK » RER10 CHﬂE‘M EEERE > RENOCHBEBOARE
BAEFKI00% » BEERE R KA ﬁ'ﬁ% AR B E 2 A o

RER AT #ﬁf%iﬁ%%é’éi{%&}ﬂ%fﬂ;ﬂﬁ KA B AR HE
BEERERSC  BEE RIS CHAEERERE - EAFIRENRRERE
 AEEEERETAST - BE BEREMRKEGSH RARE
B BED  BZeHE0ChESmRHEAmmERERNRRE  BEEY
R N&RZE - AILAES CRrmSa IR @EER KA 2 "BAR
T AKRE RESE - RARK - F0CHEMEE  BREMEMHRE
 ABBERNNSTREFTER » BRESCHSmEEMREHEE



BELEER  RERUBREZEAABALRERAKRREEE » T2
BERERFRWE BN A E R RIGERRE & - FMESEEkIL - 4L
ABAERFKREEZSERAD/RERET  BHRAKZAMEL MR BRE
ALRERBIB(RAMSR © 2012) - WA AREE A BEMAER @ i1 EAHER
REERIALEZZE (PIIZRREEE) - BH ZAMERRRE -
IHSGEER AR - RANEARERERTELFTEE L RIIFRE -

B
AHRFASEIEE10281-92.248-21 () BICE R - BEEIL -

23R

1L.EEI ~ MIEE. 2005 AT ERRBRAIMWAZEERH. BREH.
14(4):269-274.

2.FET5. 2006. AIEERREBAERB B BV MEREETE 2T, FRREHX
REEREERBE LW FXR.

3BRATR « RIBIZ. 2012 NBALRER R E R B HRMRVE Z FF 7T, p45-63.
HR A RIGEEREERFREERMITTEE . BERERR
BRRBRELEERRLN. FR.

8 |28 55:31-42.

5.08Bl40 ~ BEERS. 1997. U AZE R (Hylocereus undatus Britt. & Rose) FA{EEL R
B4R HEEZ 43:314-321.

6.212285. 2010. BEALREERIHIE. EXABRATE T4 THIRXEES
EXEARATRILAEREZ2 RO

7EGER S M RE S BT BEE ~ REFS C B 2013, ALEE
RNERREMEER(T). 2EABRPT AT RS 96(24):4-7.

8.2A5 n. 2005. AL BER. p. 173-176. BB EREBIRET —IREFR (D). 1T
EXRES.

9.Jamilah, B., C. E. Shu, M. Kharidah, M. A. Dzulkifly, and A. Noranizan. 2011.

2

A

A
e
AL
BE
x
=
&
8
Bl
AT
pES
I|\§E
<
tk
B




Physico-chemical characteristics of red pitaya (Hylocereus polyrhizus) peel.
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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°C, 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°C, it exhibited
the best tolerance to cold temperature and, therefore, the postharvest life at 5°C
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 5C,

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 Hsu', Pi-Chuan Liu 2

TTaiwan 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°C 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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x1-1 - RARBERALABAER A/ VRRKSARS

No. of Corr. Mort.”
Replication Treatment teste Totalno. of Totalno. Mortallty (Abbot's
treated eggs  of survivor (%)
d fruit method (%))
Control 25 2,500 1,652 339 -
46.2 °C Omin 50 5,000 0 100 100
1 46.2 °C 10min 50 5,000 0 100 100
46.2 °C 20min 50 5,000 0 100 100
Control 25 2,500 1,724 31.0 -
46.2 °C Omin 50 5,000 0 100 100
2 46.2 °C 10min 50 5,000 0 100 100
46.2 °C 20min 50 5,000 0 100 100
Control 25 2,500 1,756 29.8 -
3 46.2 °C Omin 50 5,000 0 100 100
46.2 °C 10min 50 5,000 0 100 100
46.2 °C 20min 50 5,000 0 100 100

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

x1-2 - RAERBWNEANBAERA/ AR RSB BRER

No. of Total no.of  Total no.of Mortality Corr. Mort
Replication Treatment (Abbot's
tested fruit treated eggs survivor (%)
method(%))
Control 25 2,500 1,373 451 -
46.2 °C Omin 50 5,000 64 98.7 97.6
1 46.2 °C 10min 50 5,000 0 100 100
46.2 °C 20min 50 5,000 0 100 100
Control 25 2,500 1,879 24.8 -
46.2 °C Omin 50 5,000 41 99.2 98.9
2 46.2 °C 10min 50 5,000 0 100 100
46.2 °C 20min 50 5,000 0 100 100
Control 25 2,500 1,564 374 -
3 46.2 °C Omin 50 5,000 97 98.1 97.0
46.2 °C 10min 50 5,000 0 100 100
46.2 °C 20min 50 5,000 0 100 100

* 1 Corr. Mort.= (Mort. exp —Mort. con)/(1 —Mort. con)
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RFR2-1 22807 - RBGEBANE L KANEAERERER OIRE
2iZ46.5CHERF300 4B - BB RIS REBMBILTEIIR100% » Hat3IREE
R & B Al 535,137 [ 33,544 L | - Al - HEFRLI46.5 CHERF300 62
AARIBAI NN KA NBAER » AIETEKRRR T REW IR -

F2-1 - RARBENRANBARERANRE S @A RER

Estimated
No. of Total no. Total no.  Mortality
Replication  Treatment total no. of
tested fruit of eggs . of survivor (%)
treated eggs
Control 40 4,000 - 2,315 42.1
1 46.5 °C
180 - 10,418 0 100.0
30min
Control 40 4,000 - 2,441 39.0
2 46.5°C
180 - 10,985 0 100.0
30min
Control 40 4,000 - 3,052 23.7
3 46.5 °C
180 - 13,734 0 100.0
30min

* ! Estimated total no. of treated eggs= No. of survivors in non-treated fruit x (No. of treated
fruits/ No. of non-treated fruits)
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Estimated
No. of Total no. Totalno.  Mortality
Replication  Treatment total no. of
tested fruit  of eggs of survivor (%)
treated eggs’

Control 40 4,000 - 2,497 37.6
1 o, .
46.5 "C 30min 180 - 11,237 0 100.0
Control 40 4,000 - 2,388 40.3
2 (o)
46.5 ‘C 30min 180 - 10,746 0 100.0
Control 40 4,00 0 - 2,569 35.8
3 (o)
46.5 'C 30min 180 - 11,561 0 100.0

* I Estimated total no. of treated eggs= No. of survivors in non-treated fruit x (No. of treated
fruits/ No. of non-treated fruits)
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Ea skl 34a’ 15.7a 10.0
RIEAR” 3.4a 15.3a 9.8
ARG 1 5CHr#E 7 B
A 3.7a 15.6a 9.4
BRIBAA 3.4b 15.5a 7.4
AT R ER1F 5CHr# 7 BEBENR 3 B
Ea k] 3.6a 15.3a 5.5
Jrasiibs| 3.4a 15.5a 46

*

different at 5% level by Duncan,s multiple range test.
1 REMRIRE DIET RAGMPER L

Means in each column with the same lower letter are not significantly

R3-2 ZBREREANBARERRREMNECRE
RERE
. £ TEE(Ib) HEFE (" Brix) BRHE®
47
HERAE 3.8a° 11.9a 9.1
BRI 3.2b 11.4b 8.3
ARt 5CHr#E 7 H
HERAE 3.9a 10.7a 7.9
IR 3.7b 10.6a 5.6
AT teR i 5CEP 7 HZBEIR 3 A
B4R 3.5a 10.7a 34
BRIEAE 34, 10.4a 23

* 1

different at 5% level by Duncan,s multiple range test.
L RBMERIRR IR RAEIPER B

Means in each column with the same lower letter are not significantly
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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 Vietham 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. CULTIVARTYPES

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 °Brix, pH: 4.9
- 5.1,percentage of edible fruit: 73-75 % (Hang et al., 2014).




Figure 1.Fruit morphology of Binh Thuan variety (H. undatus)- a, and its hybrids:
b- Long Dinh 1(Binh Thuan variety X(H. polyrhizus) and c-Long Dinh 5(Long Dinh
1 xCho 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
without hand pollination.(Hanget al.,2014;SOFRI,
http://sofri.org.vn/NewsDetail.aspx?|=&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.lts 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?|=&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).

70 m Cultivated area (1,000 ha)
60 ® Fruit output (10,000 ton) 58.5
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40
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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 20-40cm 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



required to raise beds before planting. The beds are 40-50cm 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 12-15cm 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



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 : P205 : K20 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.



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; S0,2013).

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

are received equal lighting(Figure 6).
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Figure 6. The lighting procedure applied to flowering pitaya induction in Off season
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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



(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°C 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°C
and ventilation degree of 20-25 m*/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°C 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 resultmore 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).

250
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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, Viethamese 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, Viethnamese 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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