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Abstract — Red Pitaya (Hylocereus polyrhizus) was
commercially been planted in Malaysia in the early 2000’s. It
grows well under local weather condition and started to fruit
within a year after planting. Red pitaya received high demand
from domestic market due to its high nutrition value. A study
was conducted to improve the yield productivity of red pitaya
planting by introduced two intensive planting densities at
1,815 trellis plants/ha (3.0m x 1.8m) and 1, 556 trellis plants/ha
(3.0m x 2.1m) as compared with the common planting density
at 1,361 trellis plants/ha (3.0m x 2.4m). This study was laid out
in Randomised Complete Block Design in three replications
with 30 recorded trellises per density. This study was
conducted for four years. The cumulative yield over four years
of harvesting showed that the highest planting density at 1,815
trellis plants/ha produced 48.7 t/ha (170, 066 fruits/ha),
followed by 41.8 t/ha (152, 177 fruits/ha) and 38.2 t/ha (133,
786 fruits/ha) with the planting density of 1, 556 trellis
plants/ha and 1, 361 trellis plants/ha, respectively. The average
fruit weight and fruit number per trellis among the planting
densities were almost similar and ranged from 276-293 g/fruit
and 94-98 fruits per trellis, respectively. The high planting
density at 1, 815 trellis plants/ha did not affect the fruit
number and fruit weight, but increased the total fruit yield of
red pitaya by 26.5%. Therefore, the high planting densities at
1,815 trellis plants/ha was recommended for red pitaya
planting under Malaysia weather condition to achieve the
optimum yield productivity.

Keywords — Average Fruit Production; Average Fruit
Weight; Long Day Plant; Total Fruit Yield; Yield
Improvement.

I. INTRODUCTION

Red Pitaya (Hylocereus polyrhizus) or locally known as
dragon fruit in Malaysia was introduced for commercial
planting in the early 2000’s. Red pitaya is a night-blooming
vine cacti that belong to the cactus family (Cactaceae) [1]
and this species was reported to be indigenous from the

tropical rainforest of Nicaragua, Costa Rica and Panama [2].

Dragon fruit can with stand prolonged drought, therefore
this fruit species also suitable for grown in the area where
drought is a limiting factor for fruit production [3]. Red
pitaya is the most popular and acceptable pitaya species by
domestic market due to its excellent taste, attractive red-
violet flesh colour and high nutrition value. Betacyanins is
the important fruit pigments of red pitaya fruits which
contributed for the red colour [4]. The betacyanins content
is higher in red pitaya fruit flesh as compared to the peel [5].
Betacyanins also has a strong antioxidant capacity, which is
very useful as natural pigment to provide defence against
oxidative stress [6], [7]. Red pitaya also contains high

amounts of flavonoids and phenolic acids from both flesh
and peels, where these properties have healthy benefits for
human diet and could be exploited for the formulation of
nutraceuticals and food applications [8]. Pitaya seeds were
contained high amount of essential fatty acids such as
linoleic and linolenic could be used as a new source of
essential oil [9], [10].

Currently, the total cultivated area of red pitaya fruit in
Malaysia was increased from 502 ha in year 2005 to 1, 641
ha in 2013. The total fruit production of red pitaya was
recorded 10, 961 tonnes with the wholesale value of RM
55.51 million [11]. Red pitaya is a fast growing crop under
Malaysian weather condition and fruiting within a year after
planting. In Malaysia, red pitaya was mainly been planted
by small holders. The information of agronomic practices
on red pitaya planting is still unavailable for the growers to
improve their fruit yield and productivity. The planting of
red pitaya was mainly depends on the vertical structure
support, where the concrete or wooden pillar are normally
been used as the trellis in red pitaya planting. The planting
distances of these trellises are basically recommended
between 2.0m to 3.0m among the trellises [12]. In Malaysia,
the planting distance of 3.0m x 2.4m in rectangular
formation with 1, 361 trellis plants/ha is the most common
planting density of red pitaya cultivation. Based on
observation, the branches canopy size of red pitaya are
smaller than 2.0m in diameter. This common planting
distance at 3.0m x 2.4m can be further reduced to increase
the planting density to improve the land productivity and
higher fruit yield.

Therefore, an experiment was conducted on high density
planting of red pitaya at 1,815 trellis plants/ha (3.0m x 1.8m)
and 1,556 trellis plants/ha (3.0m x 2.1m) as compared with
the common planting density at 1,361 trellis plants/ha (3.0m
X 2.4m) to study the effect on average fruit weight, total
fruit production and fruit yield improvement of red pitaya
planting under Malaysia weather condition.

I1. MATERIALS AND METHOD

A. Study Site

This study was carried out in Felda Agricultural Services
Sdn. Bhd. Sg. Tengi Research Station, Selangor, Malaysia,
about 45 km toward the north of the capital city of Kuala
Lumpur. The site was located on 3°32' latitudes North and
101°27' longitudes East and the altitude is 32m above sea
level. The average annual rainfall of the study area during
the study period was 2,320 mm. The soil type is organic
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clay texture. The chemical properties of the soil at the depth
of 0-15 cm are pH - 4.7, organic carbon — 2.02%, cation
exchange capacity — 6.77 cmol (+)/Kg, total nitrogen —
0.07%, available phosphorus — 64 mg/Kg, exchangeable
potassium — 0.36 cmol (+)/Kg, exchangeable calcium — 1.76
cmol (+)/Kg and exchangeable magnesium — 0.68 cmol
(H)/Kg.
B. Experimental Design

The experiment was laid out in Randomised Complete
Block Design (RCBD) with three replications. The red
pitaya was planted by three planting densities at 1,815
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trellis plants/ha (3.0m x 1.8m), 1,556 trellis plants/ha (3.0m
x 2.1m) and 1361 trellis plants/ha (3.0m x 2.4m) in
rectangular formation in nine experiment plots. The size of
each plot is estimated at 0.2 ha. One planting rows in the
centre of each experiment plot that consisted of 10 trellis
plants were selected for data recording. A total of 30 trellis
plants were recorded to represent each planting density. The
mixture fertilizer (nutrients ratio of 9.6/4.8/17.6/2.4) at 1.2
kg/trellis plant/year and compost at 2 kg/trellis plant/year
was applied equally in each planting density.

C. Data Collection

Table 1. Total fruits produced of red pitaya in various planting densities.

Total Fruit
Densities Average Fruit Production Production

Planting (trellis (numbers/trellis plant) (numbers/ ha)
Distances plants/ha) Cumulative Cumulative
Year | Year 2 Year 3 Year 4 (Year 1-4) (Year 1-4)
3.0mx 1.8m 1,815 79a 10.8 a 44.9 a 30.1a 93.7a 170,066 a
3.0mx2.1m 1,556 7.7a 10.8 a 45.5a 33.8a 97.8a 152,177 b
3.0m x 2.4m 1,361 58a 11.9a 47.7 a 329a 983 a 133,786 ¢

Mean with the same letter are not significantly different according to DMRT at 5%.

The data recording was included the total fruit produced
per trellis plant, average fruit weight, total fruit yield per
trellis plant and total fruit yield per ha. The red pitaya was
started to harvest almost a year after planting. The harvested
red pitaya fruits were composited from each planting rows
(10 trellis plants) in each experiment plot to determine the
average fruit production per trellis plant, average fruit

weight, average fruit yield per trellis plant and fruit yield
per ha. The fruit was harvested according to each fruiting
batch and composited as yearly data for all the recorded
parameters.

D. Data Analysis

Table 2. Average fruit weight of red pitaya in various planting densities

Planting Densities Average Fruit Weight
Distances ( trellis plants/ha) (g/fruit)

Year 1 Year 2 Year 3 Year 4
3.0m x 1.8m 1,815 283.6 a 303.4a 329.5a 214.1a
3.0mx 2.1m 1,556 289.5a 297.1a 311.2a 219.1a
3.0m x 2.4m 1,361 336.5a 317.8 a 308.6 a 234.0 a

Mean with the same letter are not significantly different according to DMRT at 5%.

All the data were analyzed with analysis of Variance
(ANOVA) to determine the differences between different
planting densities and separation with Duncan’s Multiple
Range Test (DMRT) at 5% probability level by using
Statistical Analysis System programme (SAS).

II1. RESULTS

A. Total Fruit Production

The fruit production of red pitaya was monitored to
determine the effect of high density planting on the average
fruit production of each individual trellis. The yearly fruit
production over the four years of study showed no
significant different on the average fruit numbers been
produced per trellis plant among the different planting
densities. The average fruit production per trellis plant
ranged from 5.8 - 7.9 fruits/trellis plant, 10.8 - 11.9
fruits/trellis plant, 44.9 - 47.7 fruits/trellis plant and 30.1-
33.8 fruits/trellis plant respectively at 1, 27, 3 and 4% year

of harvesting (Table 1). The cumulative total fruits
produced per trellis plant over the four years of harvesting
also showed no significant different at 93.7 fruits/trellis
plant, 97.8 fruits/trellis plant and 98.3 fruits/trellis plant
respectively for the planting density of 1,815 trellis
plants/ha, 1,556 trellis plants/ha and 1,361 trellis plants/ha
(Table 1). However, the high planting density are able to
produce higher total fruit numbers per ha over the four years
of harvesting. The total fruit production per ha was
significantly increased from 133,786 fruits/ha at the
common planting density (1,361 trellis plants/ha) to
152,177 fruits/ha and 170,066 fruits/ha in the higher
planting density of 1,556 trellis plants/ha and 1,815 trellis
plants/ha, respectively (Table 1). It was clearly showed that
the highest planting density at 1,815 trellis plants’ha and
1,556 trellis plants/ha were able to produce higher total fruit
per ha.

Meanwhile, the average fruit weight of red pitaya was
showed no significant different among the fruits that
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produced from different planting densities. The average
fruit weight was ranged from 283.6 - 336.5 g/fruit, 297.1 -
317.8 g/fruit, 308.6 - 329.5 g/fruit and 214.1 - 234.0 g/fruit,
respectively at 1%, 24, 3/ and 4™ year of harvest (Table 2).
The average fruit weight of red pitaya in this study was
comparable with other studies that had reported the fruit
weight ranged from 300 - 393 g/fruit [13], [14]. This result
was showed that the higher planting density until 1,815
trellis plants/ha was not affected the average fruit weight of
red pitaya. The growth of red pitaya fruit normally
exhibited a sigmoid pattern, where the growth of fruit
length, diameter and weight was rapid during 25 days after
flower anthesis [15]. The increase of plant growth hormone,
such as Gibberellic acid in red pitaya fruit content [16],
cross-pollination of red pitaya with other Hylocereus spp.
[17] and the total numbers of viable seeds in the red pitaya
fruit [18] were the major factors that improved the fruit
weight of red pitaya.
B. Yield Improvement

The yearly record on the average fruit yield per trellis
plant during the four years of study were no significant
different among the different planting densities. The
average fruit yield per trellis plant was ranged from 1.97 -
2.23 kg/trellis plant, 3.24 - 3.80 kg/trellis plant, 14.14 -
14.92 kg/trellis plant and 6.44 - 7.69 kg/trellis plant at 1*,
2nd, 314 and 4" year of harvesting (Table 4). The cumulative
average fruit yield per trellis plant over the four years of
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harvesting at the higher planting density of 1,815 trellis
plants/ha and 1,556 trellis plants’ha were recorded 26.74
kg/trellis plant and 26.93 kg/trellis plant, respectively were
showed no significant different as compared to the common
planting density (1,361 trellis plants/ha) that had recorded
28.18 kg/trellis plant (Table 3). The cumulative average
fruit yield per trellis plant was similar among the different
planting densities had been contributed by the similar fruit
numbers and fruit weight been produced per trellis plant,
which are not affected by the closer planting in higher
density planting in this study.

However, the total yield per ha of red pitaya was
significantly improved by high density planting at 1,815
trellis plants/ha as compared to the common planting at
1,361 trellis plants/ha. Where, the total yield was
significantly improved from 2.68 t/ha to 4.06 t/ha, 5.18 t/ha
to 5.90 t/ha and 20.04 t/ha to 26.90 t/ha, respectively at 1%,
2" and 3™ year of harvesting, except at the 4" year of
harvesting (Table 4). Unfortunately, the planting density at
1,556 trellis plants/ha was unable to improve the total yield
as compared to the common planting density at 1,361 trellis
plants/ha during the four years of study (Table 4). The
cumulative yield per ha over the four years of harvesting on
the high density planting at 1,815 trellis plants/ha was
successfully to improve the fruit yield of red pitaya
significantly by 26.5% to achieved 48.53 t/ha as compared
to the common planting density (1,361 trellis plants/ha)
which only recorded at 38.36 t/ha (Table 4).

Table 3. Yield per trellis plant of red pitaya with various planting densities

Densities Average Fruit Yield
Planting (trellis (kg/trellis plant)
Distances plants/ha) Average
Year | Year 2 Year 3 Year 4 (Year 1-4)
3.0mx 1.8m 1,815 223 a 325a 14.82 a 6.44 a 26.74 a
3.0mx2.1m 1,556 222 a 3.24a 14.12 a 736 a 2693 a
3.0mx 2.4m 1,361 1.97 a 3.80a 14.73 a 7.69 a 28.18a
Mean with the same letter are not significantly different according to DMRT at 5%.
Table 4. Total yield per hectare of red pitaya in various planting densities
Densities Total Yield
Planting (trellis (t/ha)
Distances plants/ha) Average
Year 1 Year 2 Year 3 Year 4 (Year 1-4)
3.0mx 1.8m 1,815 4.06 a 590 a 26.90 a 11.69 a 48.53 a (126.5%)
3.0mx2.1m 1,556 3.45 ab 5.04b 21970 1145a 41.91 b (109.2%)
3.0m x 2.4m 1,361 2.68Db 5.18b 20.04 b 10.47 a 38.36 b (100%)

Mean with the same letter are not significantly different according to DMRT at 5%.
() - % over the planting density of 1,361 trellis plants/ha

IV. DISCUSSIONS

Red pitaya is a long day plant [19] which requires longer
sunshine for induce flowering and fruiting. The longer
sunshine hour during the dry season was found to be the
major factor that triggered the flowering of red pitaya under
Malaysian weather condition [20]. The moderate
temperature during dry season about 32°C is another major
factor that able to induce heavy flowering of red pitaya as

compared to extreme high and low temperature [21]. The
climbing cacti such as Hylocereus sp. was originated in
shady habitats of subtropical and tropical climate, however
red pitaya are light tolerant under exposed condition due to
their unique skin characteristic with layer of wax cover and
thick skin [21].
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2.4m (right) at 4" year after harvesting.

Even though, the high density planting of red pitaya at
1,815 trellis plants’/ha may cause some over-crowded
canopy and shading effect from the dense branches among
the trellis plants, which may affect the total fruit production
and yield per ha. However, the results in this study were
clearly demonstrated that the high density planting of red
pitaya at 1,815 trellis plants/ha was not affected the total
fruit produced per trellis, average fruit weight and average
fruit yield per trellis plant as compared to the common
planting density at 1,361 trellis plants/ha. This is due to the
trellis plant distance of 2.4m under the planting density at
3.0mx 2.4m (1,361 trellis plants/ha) was still far among the
trellis plants, where about 0.6m of the space between the
red pitaya branches as illustrated in Fig. 1. Higher planting
densities at 1.5 - 2.5m x 1.0 - 2.5m had been demonstrated
in other trial, where the result was proven that the yield of
red pitaya planting was able to achieved 28 - 34 t/ha in the
4" and 5% year of harvesting [15]. Besides, the cross
pollination of red pitaya among the different red pitaya
flowers and white pitaya (Hylocereus undatus) flowers
were very important to ensure the 100% fruit set of the red
pitaya flowers and increased the fruit weight and the total
yield production as compared to those red pitaya flowers
that self-pollinated [18]. Therefore, higher planting density
is able to improve the yield productivity of red pitaya
planting to achieve up to 26.90 t/ha as compared to common
planting density in Malaysia.

V. CONCLUSION

The high density planting of red pitaya at 1,815 trellis
plants/ha (3.0m x 1.8m) was able to improve the cumulative
fruit numbers per ha and the cumulative fruit yield per ha
over the four years of study by 27.1% and 26.5%
respectively as compared to the common planting density at
1,361 trellis plants/ha. Therefore, higher planting density at
1,815 trellis plants/ha (3.0m x 1.8m) is the most preferable
planting density for red pitaya under Malaysian weather
condition to maximize the total fruit yield per ha. However,
some pruning is needed to avoid the overlapping of
branches between the trellises which may cause
inconvenient during harvesting.

ACKNOWLEDGEMENTS

The author wish to thank the management of Felda
Global Ventures Research & Development Sdn. Bhd. for
the permission to publish this paper.

REFERENCES

[1] Y.A. Mizrahi, A. Nerd and P.S. Nobel, “Cacti as crops”,
Horticulture Review, 18, 1997, pp. 291-320.

[2] E.F. Anderson, “The Cactus Family”, Portland: Timber Press,
2001, p.776.

[3] Y.A. Yusof, F.S.M. Salleh, N.L. Chin and R.A. Talib, “The drying
and tableting of pitaya powder”, J. Food Process Eng., 35, 2012,
pp. 763-771.

[4] A.C. Gibson and P.S. Nobel, “The Cactus Primer”, Cambridge:
Harvard University Press, 1986.

[5] D. Phebe, M.K. Chew, A.A. Suraini, O.M. Lai and O.A. Janna,
“Red-fleshed pitaya (Hylocereus polyrhizus) fruit colour and
betacyanin content depend on maturity”, International Food
Research Journal, 16, 2009, pp. 233-242.

[6] J. Taira, E. Tsuchida, M.C. Katoh, M. Uehara and T. Ogi,
“Antioxidant capacity of betacyanins as radical scavengers for
peroxyl radical and nitric oxide”, Food Chemistry, 166, 2015, pp.
531-536.

[7] C.W.Li, W. H. Hsiu, C.C. Yun, C.C. Chih, L.L. Yu and J. A. Ho,
“Antioxidant and anti-proliferative activities of red pitaya”, Food
Chem., 95, 2006, pp. 319-327.

[8] G.C. Tenore, E. Novellino and A. Basile, “Nutraceutical potential
and antioxidant benefits of red pitaya (Hylocereus polyrhizus)
extracts”, Journal of Functional Foods, 4, 2012, pp. 129-136.

[9] A.A. Ariffin, J. Bakar, C.P. Tan, R.A. Rahman, R. Karim and C.
C. Loi, “Essential fatty acids of pitaya (dragon fruit) seed oil”,
Food Chemistry, 114, 2009, pp. 561-564.

[10] HK. Lim, C.P. Tan, R. Karim, A.A. Ariffin and J. Bakar,
“Chemical composition and DSC thermal properties of two
species of Hylocereus cacti seed oil: Hylocereus undatus and
Hylocereus polyrhizus”, Food Chemistry, 119, 2010, pp. 1326-
1331.

[11]  Anon, “Malaysia Agribusiness Directory, 2013/2014”, Petaling
Jaya: Agribusiness Publishing Sdn. Bhd., 2012, pp. 111-114.

[12]  F.L.Bellec, F. Vaillant and E. Imbert, “Pitahaya (Hylocereus spp.):
anew fruit crop, a market with a future”, Fruits, 61, 2006, pp. 237—
250.

[13] T.T. Hoa, C.J. Clark, B.C. Waddell and A.B. Woolf, “Postharvest
quality of dragon fruit (Hylocereus undatus) following
disinfesting hot air treatments”, Postharvest Biol. Technol., 41,
2006, pp. 62-69.

[14]  P. Esquivel, F.C. Stintzing and R. Carle, “Comparison of
morphological and chemical fruit traits from different pitaya
genotypes (Hylocereus sp.) grown in Costa Rica”, Journal of
Applied Botany and Food Quality, 81, 2007, pp. 7-14.

Copyright © 2017 IJAIR, All right reserved
357



[15]  A. Nerd, F. Gutman and Y. Mizrahi, “Ripening and postharvest
behaviour of fruits of two Hylocereus species (Cactaceae)”,
Postharvest Biology and Technology, 17, 1999, pp. 39-45.

[16] S. Nor Shariah, M.R. Razifah, A.S. Mamat and M.A. Adzemi,
“Application of Gibberellic acid (GA3) in stem cutting of dragon
fruit (Hylocereus polyrhizus): effects on fruit quality and yield at
harvest”, Journal of Biology, Agriculture and Healthcare, 4(21),
2014, pp. 51-55.

[17]  J. Weiss, A. Nerd and Y. Mizrahi, “Flowering behaviour and
pollination requirements in climbing cacti with fruit crop
potential”, Hort science, 29(12), 1994, pp. 1487-1492.

[18] J. Lichtenzveig, S. Abbo, A. Nerd, N. Tel-Zur and Y. Mizrahi,
“Cytology and mating systems in the climbing cacti hylocereus
and selenicereus”, American Journal of Botany, 87(7), 2000, pp.
1058-1065.

[19] Y.L Jiang, Y.Y. Liao, T.S. Lin, C.L. Lee, C.R. Yen and W.J.
Yang, “The photoperiod-regulated bud formation of red pitaya
(Hylocereus sp.)”, Hort Science, 47(8), 2012, pp. 1063-1067.

[20] M. Zainuddin, “Potential of dragon fruit planting in Malaysia
(Translated)”, in Buletin Teknologi Tanaman, Serdang: MARDI,
9, 2005, pp. 1-7.

[21] Y. Mizrahi and A. Nerd, “Climbing and columnar cacti: new arid
land fruit crops”, in Perspectives on New Crops and New Uses, J.
Janick, Ed. Alexandria, VA: ASHS Press, 1999, pp. 358-366.

AUTHOR’S PROFILE

Dr. Then Kek Hoe born in Kuala Lumpur, Malaysia in
1976. He received his B. Sc. Bioindustry degree from
University of Putra Malaysia (UPM), Selangor, Malaysia
in 2002. He completed PhD in Bioprocess Engineering
from University of Technology Malaysia (UTM), Johor,
Malaysia in 2016. He currently works as a Chief
=« Agronomist in Felda Global Ventures Research

& Development Sdn. Bhd., Kuala Lumpur, Malaysia. He holds 15 years
of experience in conducting agronomy research activity, provide technical
advisory services and feasibility study in tropical fruits, coconut,
sugarcane and other crops.

International Journal of Agriculture Innovations and Research

Volume 6, Issue 2, ISSN (Online) 2319-1473

Copyright © 2017 IJAIR, All right reserved

358



