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Effects of day-length, radiation, flower thinning and growth
regulators on flowering of the vine cacti Hylocereus undatus and
Selenicereus megalanthus
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Department of Life Sciences, Ben-Gurion University of the Negev, P.O. Box 653, Beer-Sheva 84105,
Israel
(e-mail: mizrahi@bgu.ac.il) (Accepted 2 February 2006)

SUMMARY
To obtain out-of-season cropping and flowering of the tropical vine cacti Selenicereus megalanthus and Hylocereus
undatus, the following agricultural manipulations were tested: photoperiodic light applied for 3, 6 or 9 h after sunset;
shading (to produce 80%, 60% or 40% of sunlight); flower thinning (when buds were 2–5 cm, 15–25 cm or at anthesis,
or by not pollinating the flowers); or separate application of the following growth regulators [N-(2-chloro-4-pyridinyl)-
N-phenylurea (CPPU); gibberellic acid (GA3); a commercial mixture of gibberellins (GA4 and GA7) with
benzyladenine (BA) known as Perlan™; paclobutrazol (PBZ); or ethephon (Ethrel™)]. Photoperiod and radiation did
not alter the pattern of flowering. Maximum flower yields were obtained under 60% sunlight for H. undatus and under
60% or 40% sunlight for S. megalanthus. Removal of young flower buds delayed flowering and late cropping in H.
undatus, but with no loss in total flower yield. In both species, CPPU promoted precocious flowering and, in H.
undatus, it increased total flower yield, whereas GA3 delayed flowering and decreased total flower yield. Hence, CPPU
can be used to obtain early fruit production, and GA3 or flower thinning (in H. undatus), to delay cropping.

The fruit-bearing hemi-epiphytic vines Selenicereus
megalanthus and Hylocereus undatus (Cactaceae)

originate in tropical and sub-tropical South America.
These species, known as pitaya, are widely cultivated in
Central America, Southern Mexico and Vietnam, and
have recently been introduced into Israel (Mizrahi et al.,
1997). There are, however, few data on the reproductive
biology and phenology of these species. In sub-tropical
Israel, these species flower for only 3–6 months each year
(Weiss et al., 1994). To extend the fruiting period,
methods to manipulate flowering, need to be developed.

Many plants must have reached a certain age or
physiological state before they will flower.
Environmental cues such as photoperiod, temperature
and humidity are also involved. Reports on
environmental triggers operating in cacti and succulents
refer to photoperiod in H. undatus (Yen and Chang,
1997) and in Easter and Christmas cacti (Boyle, 1991); to
photoperiod and water status in tropical succulent trees
(Philipson, 1990; Borchert et al., 2005); and to
temperature, flower bud thinning and nutrition in
Opuntia ficus-indica (Nerd and Mizrahi, 1995; Raveh and
Nobel, 1999; Barbera et al., 1991; Inglese et al., 1999;
Nunez-Elisea and Crane, 2000; Nerd and Mizrahi, 1994).

Endogenous growth substances are also involved in
the flowering of plants (Meilan, 1997). Exogenous
application of cytokinins (CK) can induce flowering in
some woody species (Meilan, 1997; Naphrom et al., 2001;
Werner et al., 2001). In contrast, gibberellins (GA) have
mixed effects, depending on whether the plants are
annuals (positive effect) or woody (negative effect)
(Bernier, 1988; Boyle and Marcotrigiano, 1997; Sedgley

and Griffin, 1989). Inhibitors of GA biosynthesis, such as
paclobutrazol (PBZ) or ethephon (Ethrel™), reduce
growth and promote precocious and increased flowering
in many species (Klein and Faust, 1978; Edgerton, 1986;
Griffin et al., 1993; Min and Bartholomew, 1996; Imanishi
et al., 1997; Davenport, 2000).

This paper reports on studies to develop methods to
manipulate the pattern of cropping of H. undatus and S.
megalanthus in Israel. Plants were grown under different
day-lengths or radiation levels; flower buds were
removed at various times, or flowers were not pollinated;
and CPPU, GA3 and other plant hormones were applied.

MATERIALS AND METHODS
Plant material and growth conditions

The studies were conducted on H. undatus (clone 89-
024) and S. megalanthus (clone 88-028), planted in 1994
and 1995, respectively. H. undatus was grown in a
trellised house, covered with a 40% shade cloth. Vines
were irrigated each week with a nutrient solution
containing 70 mg l–1 N, 70 mg l–1 P and 70 mg l–1 K
fertiliser with trace elements (Deshanim, Israel) between
November and March, and twice a week from April to
October (except after rain). S. megalanthus was grown in
a trellised house with a 60% shade cloth with irrigation,
as above, twice a week.

Photoperiod 
To test the influence of red light extension on floral

initiation, plants were exposed to light from 100 W
incandescent bulbs located 30 cm above them every
1.5 m. From March to July 2003, the lighting system was
operated for 3, 6 or 9 h after sunset. The natural day-*Author for correspondence.
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length in Israel during the time of treatments ranged
from a minimum of 11 h 30 min in March to a maximum
of 14 h 14 min in June.

Radiation
In 2003–05, plants were grown under 20%, 40% or

60% shade cloth or with 60% shading by Aluminet
(Polysack Plastic Industries, Nir-Itzhak, Israel), an
effective light scattering net. Consequently the shade
cloths transmitted 80%, 60% or 40% of sunlight,
respectively.Vine cacti cannot be grown under open field
conditions (0% shade) in Israel, as they become
bleached and die (Raveh et al., 1996).

Pollination 
Because of problems of self-incompatibility, all flowers

of both species were pollinated with H. polyrhizus
(clone 89-028) to improve fruit-set, as they were grown in
actual agricultural plots (Weiss et al., 1994; Dag and
Mizrahi, 2005). One exception was made for one
treatment in the flower thinning experiment (2003), as
described below.

Flower thinning
In 2003, in H. undatus, 20 – 25 cm flower buds were

removed, or flowers at anthesis were enclosed in paper
bags to prevent pollination and left on the vines. In 2004,
2 – 5 cm flower buds (small buds), 15 – 20 cm buds (large
buds) or flowers at anthesis were removed. Buds were
not removed in S. megalanthus as flowers produced from
new buds would open after 10 November, when
temperatures were too low for satisfactory fruit-set
(Weiss et al., 1994; Dag and Mizrahi, 2005).

Plant growth regulators 
H. undatus plants were sprayed each month from

February to May (2003), before natural flowering, with
the following growth regulators: 50 or 200 mg l–1 of the
CK forchlorfenuron [N-(2-chloro-4-pyridinyl)-N-
phenylurea (CPPU)]; 100 or 500 mg l–1 gibberellic acid
(GA3); a commercial mixture of gibberellins (GA4 and
GA7; 100 mg l–1 each) with the CK benzyladenine (BA;
100 mg l–1) known as Perlan™; 0.2 or 1.0 g l–1 of the anti-
gibberellic acid compound paclobutrazol (PBZ); or 0.5
or 1.0 g l–1 Ethrel™.

S. megalanthus was treated with 100 mg l–1 GA3, 5 g l-1

PBZ, 1 g l–1 Ethrel or 50 mg l–1 CPPU each month from
June to September 2003, after cropping and before
natural flowering. To test the cumulative effect of PBZ
on S. megalanthus, 3 g l–1 PBZ was applied to the same
plants in June, July and August. All spray solutions
contained 0.7% (v/v) FertiVant, a surfactant adjuvant.
Controls received only 0.7% (v/v) FertiVant.

To determine the male and female fertility of flowers
induced by hormone treatments, flowers of both species
were cross-pollinated with H. polyrhizus. Fruits from this
cross were compared with those of controls for fruit
weight, numbers of viable seeds, total soluble solids (TSS)
content and total acid (TA) content (Nerd et al., 1999).

Data collection and analyses 
All experiments were performed in large-scale

agricultural plots in the northwestern Negev, Israel. Each
treatment was replicated independently on at least three

different 3 m-trellised units at each location. Flowering
was recorded each week as the number of flowers at
anthesis 3 m–1 of trellis. Flower yield was defined as the
overall number of flowers produced 3 m–1 of trellis
during the season.

JMP software was used for statistical analyses of the
data. Values are means ± SE for at least three 3 m
trellises. For each data set, the F-test was performed
(P < 0.05), followed by the student’s t-test.

RESULTS AND DISCUSSION
Growth and flowering were periodic in the vine cacti

species studied here, similar to many tropical and sub-
tropical trees such as mango, lychee and citrus.
Vegetative growth flushes can occur throughout the year,
whereas reproductive flushes generally occur after
extended periods of stem rest, or after cool weather
(Menzel, 1984; Davenport, 1990; Nunes-Elisea et al.,
1996; Borchert, 2000; Davenport, 2000).

In Israel, H. undatus flowers from June to October,
and S. megalanthus from September to January (Weiss
et al., 1994). Various techniques to manipulate flower
distribution were tested to extend the flowering period
of the two species.

Photoperiod
Day-length had no effect on flowering (data not

shown). This response is different from that reported by
Yen and Chang (1997) in pitaya, or that described by
Borchert et al. (2005), who found that minor changes in
day-length (30 min) induced flowering in a number of
succulents. These contradictory results may be explained
by differences in the temperature regimes between the
tropical climates of the above-mentioned studies and the
sub-tropical climate of Israel.

Radiation
In their natural habitat, vine cacti are hemi-epiphytes

growing under the shade of trees. In the open field, in
Summer, in Israel (with a PAR intensity of approx. 2,200
µmoles m–2 s–1), plants have to be protected from direct
sunlight (Raveh et al., 1996). On the other hand, too
much shading can potentially decrease carbohydrate
levels in plants and flowering, as was found in apple
(Cain, 1971), in peach (Miller and Tworkoski, 2003) and
in the tropical trees carambola and mango (Zeng, 2001).

Shading did not affect the pattern of flowering in either
species of pitaya (data not shown). H. undatus gave the
best flower yields with 60% sunlight, and S. megalanthus
with 40% or 60% sunlight (Table I) (P < 0.05). These
results agree with those of Raveh et al. (1996).
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TABLE I
Flower yield* in H. undatus and S. megalanthus exposed to 80%, 60%

or 40% sunlight or 40% sunlight under Aluminet** in 2003/2004

Flower yield

80% 60% 40% 40% Sunlight
Species Sunlight Sunlight Sunlight under Aluminet

H. undatus 50 a 68 b 27 c 34 c
S. megalanthus 53 d 94 e 93 e 92 e

*Values are mean numbers of flowers (±SE) for four 3 m-trellises.
Values followed by different letters in a row denote a significant
difference between means at P < 0.05.
**Aluminet is an effective (60%) light-scattering net.
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Flower thinning
Flower thinning has been used to delay the main

flowering period in many fruit trees such as cactus pear,
carambola and apple (Inglese et al., 1999; Bayers and
Carbaugh, 2002; Crane, 2004). In the pitaya species
studied here, removing flower buds at different stages
of development extended flowering by 1–2 months
(Figure 1). One-third to two-thirds of flower yield was
lost when flowers were not pollinated, or were removed
at anthesis (Figure 1 B,F); whereas when large buds were
removed the loss in flower yield amounted to as little as
5–10% (Figure 1 A,E). No flowers were lost when small
buds were removed (Figure 1D).

Plant growth regulators
Our results for pitaya support the idea that many

factors control flowering (Faust, 1989; Meilan, 1997;
Davenport, 2000), with the role of one specific factor
being dependent on the state of the whole plant and on
environmental factors. In our experiments with plant
growth regulators, only CPPU and GA3 altered the
pattern of flowering under certain conditions.

All H. undatus plants treated with CPPU in May
flowered 1.5 – 2.5 months before the controls (Figure 2).
Although flowering was brought forward by 50 and
200 mg l–1 CPPU, the higher concentration resulted in
variations in flower yield (76 ± 28% of controls). The
lower concentration not only brought forward flowering,
but also increased the total number of flowers (128 ± 5%
of controls). CPPU also reduced apical dominance,
compared with controls (Figure 3). The majority of
areoles (meristematic regions) in H. undatus treated with
CPPU in May or June produced flower buds (Figure 3B).
In contrast, the majority of areoles in plants treated in
mid-April produced vegetative shoots (Figure 3A). The
mid-March application of CPPU was similar to the
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FIG. 1
Effects of flower thinning on flowering of H. undatus. In 2003, all floral
buds of the first flush were removed (Panel A) or the flowers were not
pollinated (Panel B) and compared with controls (Panel C). In 2004,
small (Panel D) or large (Panel E) buds, or flowers at anthesis (Panel F)
were removed and compared with controls (Panel G). Values are means
(±SE) of total flower yield for three 3 m-trellises, tested by F-test,

(P < 0.05).
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FIG. 2
Effects of 200 mg l–1 (Panel A) or 50 mg l–1 (Panel B) CPPU applied in
May 2003 on flowering of H. undatus compared with unsprayed controls
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FIG. 4
Effects of 50 mg l–1 CPPU applied in June (Panel A) or July (Panel B)
2003 on flowering of S. megalanthus compared with unsprayed controls

(Panel C).

FIG. 3
Effects of CPPU (50 mg l–1) on phenology of H. undatus in 2003.
Vegetative buds 1 month after CPPU-treatment in mid-April (Panel A);
flower buds 2 weeks after treatment in mid-May (Panel B). Controls in

July (Panel C). Bars = 30 cm.
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control. Thus, cytokinins are effective only under certain
conducive conditions.

The effects of CPPU on flowering in S. megalanthus
were similar to those in H. undatus (Figure 4). Flower
buds with reduced apical dominance emerged 2 weeks
after CPPU applications in June and July, earlier than in
the controls. Later applications gave flowering patterns
similar to those of controls. The total number of flowers
was not affected by CPPU (data not shown).

GA3 inhibited flower emergence. In H. undatus,
flowering was delayed by 1–2 months by 100 or 500 mg l–1

GA3 compared with controls. The treated plants
flowered later, from July to October (Figure 5). The
effects of GA3 were much more pronounced at the
higher concentration. Flower yield was reduced by
58 ± 7% with 500 mg l–1 GA3 in both species of cactus,
and by 19 ± 4% with 100 mg l–1 GA3 in H. undatus. On

the contrary, application of PBZ to S. megalanthus did
not alter flowering times, but increased flower yield by
41 ± 23%.

Fruit-set and fruit quality were not affected by growth
regulators (data not shown). Flowering in the season
following the treatments was similar to that in the
controls.

Our results thus indicate that the time of cropping can
be manipulated in vine cacti. Flowering can be
accelerated by CPPU, and delayed by GA3 or flower
thinning.

We thank Ms. Inez Mureinik for styling the paper and
the agronomists Mr. Joseph Mouyal and Mr. Eyal Naus
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Ministry for Agriculture.

469

BARBERA, G., CARIMI, F. and INGLESE, P. (1991). The reflowering of
prickly pear Opuntia ficus–indica (L.) Miller: influence of
removal time and cladode load on yield and fruit ripening.
Advances in Horticultural Science, 2, 77–80.

BAYERS, R. and CARBAUGH, D. (2002). Effects of thinning time on
yield, fruit size and return bloom of ‘York’ and ‘Golden
Delicious’ apple trees. Journal of Tree Fruit Production, 3,
55–62.

BERNIER, G. (1988). The control of floral evocation and morpho-
genesis. Annual Review of Plant Physiology and Plant
Molecular Biology, 39, 175–219.

BORCHERT, R. (2000). Organismic and environmental controls of
bud growth in tropical trees. In: Dormancy in Plants: From
Whole Plant Behavior to Cellular Control. (Viemont, J. D. and
Crabbe, J., Eds.). CAB International, Wallingford, Oxford, UK.
87–107.

BORCHERT, R., RENNER, S., CALLE, Z., NAVARRETE, D., TYE, A.,
GAUTIER, L., SPICHIGER, R., and VON HILDEBRAND, P. (2005).
Photoperiodic induction of synchronous flowering near the
Equator. Nature, 433, 627–629.

BOYLE, T. (1991). Temperature and photoperiodic regulation of
flowering in ‘Crimson Giant’ Easter cactus. Journal of the
American Society for Horticultural Science, 116, 618–622.

BOYLE, T. and MARCOTRIGIANO, M. (1997). Influence of benzylade-
nine and gibberellic acid on organogenesis in ‘Crimson Giant’
Easter cactus. Plant Growth Regulation, 22, 131–136.

CAIN, J. (1971). Effect of mechanical pruning of apple hedgerows
with a slotted saw on light penetration and fruiting. Journal of
the American Society for Horticultural Science, 96, 664–667.

CRANE, J. (2004). Selected cultural techniques to improve produc-
tion of some subtropical and tropical fruit crops. Acta
Horticulturae, 632, 179–187.

DAG, A. and MIZRAHI, Y. (2005). Effect of pollination method on
fruit set and fruit characteristics in the vine cacti Selenicereus
megalanthus (“yellow pitaya”). Journal of Horticultural Science
& Biotechnology, 80, 618–622.

DAVENPORT, T. (1990). Citrus flowering. Horticultural Reviews, 12,
349–408.

DAVENPORT, T. (2000). Processes influencing floral initiation and
bloom: the role of phytohormones in a conceptual flowering
model. HortTechnology, 10, 733–739.

EDGERTON, L. (1986). Some effects of paclobutrazol on growth and
fruiting of apple, peach and cherry. Acta Horticulturae, 120,
467–472.

FAUST, M. (1989). Physiology of Temperate Zone Fruit Trees. Wiley
& Sons Inc., NY, USA. 338 pp.

GRIFFIN, A., WHITEMAN, P., RUDGE, T., BURGRESS, I. and MONCUR,
M. (1993). Effect of paclobutrazol on flower-bud production
and vegetative growth in two species of Eucalyptus. Canadian
Journal of Forest Research, 23, 640–647.

IMANISHI, H. (1997). Ethylene as a promotor for flower induction
and dormancy breaking in some flower bulbs. Acta
Horticulturae, 430, 79–88.

INGLESE, P., BARBERA, G. and LA MANTIA, T. (1999). Seasonal
reproductive and vegetative growth patterns and resource allo-
cation during cactus pear fruit growth. HortScience, 34, 69–72.

KLEIN, J. and FAUST, M. (1978). Internal ethylene content in buds
and woody tissues of apple trees. HortScience, 13, 164–166.

MEILAN, R. (1997). Floral induction in woody angiosperms. New
Forests, 14, 179–202.

MENZEL, C. (1984). The pattern and control of reproductive devel-
opment in lychee: a review. Scientia Horticulturae, 22, 333–345.

MILLER, S. and TWORKOSKI, T. (2003). Regulating vegetative growth
in deciduous fruit trees. In: Quarterly Reports on Plant Growth
Regulation and Activities of the PGRSA. (Beyl, C., Ed.). 31,
8–46.

MIN, X. and BARTHOLOMEW, D. (1993). Effect of plant growth reg-
ulators on ethylene production and floral initiation in pineap-
ple. Acta Horticulturae, 334, 101–112.

MIZRAHI, Y., NERD, A. and NOBEL, P. (1997). Cacti as crops.
Horticultural Reviews, 18, 291–320.

NAPHROM, D., POTJANAPIMON, C., PATTANAPOO, W., BOONPLOD N.,
THANYAPAR, T. and SUBHADRABANDHU, S. (2001). Changes in
cytokinins and gibberellin-like substances in stem apex of
lychee cv. ‘Hong Huai’ prior to flowering. Acta Horticulturae,
558, 199–203.

NERD, A. and MIZRAHI, Y. (1994). Effect of nitrogen fertilization
and organ removal on rebudding of Opuntia ficus–indica (L.)
Miller. Scientia Horticulturae, 59, 115–122.

NERD,A. and MIZRAHI,Y. (1995). Effect of low winter temperatures
on bud break in Opuntia ficus–indica. Advances in
Horticultural Science, 9, 188–191.

NERD, A., GUTTMAN, F. and MIZRAHI, Y. (1999). Ripening and
postharvest behaviour of fruits of two Hylocereus species
(Cactaceae). Postharvest Biology and Technology, 17, 39–45.

NUNES-ELISEA, R. and CRANE, J. H. (2000). Selective pruning and crop
removal increase early-season fruit production of carambola
(Averrhoa carambola L.). Scientia Horticulturae, 86, 115–126.

NUNES-ELISEA, R., DAVENPORT, T. and CALDERIA, M. (1996).
Control of bud morphogenesis in mango (Mangifera indica L.)
by girdling, defoliation and temperature modifications. Journal
of Horticultural Science, 71, 25–40.

PHILIPSON, J. (1990). Prospects for enhancing flowering of conifers
and broadleaves of potential cultural importance. Britain
Forestry, 63, 223–240.

RAVEH, E. and NOBEL, P. (1999) CO2 uptake and water loss accom-
panying vernalization for detached cladodes of Opuntia ficus-
indica. International Journal of Plant Sciences, 160, 92–97.

RAVEH, E., NERD, A. and MIZRAHI, Y. (1996). Responses of climb-
ing cacti to different levels of shade and to carbon dioxide
enrichment. Acta Horticulturae, 434, 271–278.

REFERENCES



Flowering in vine cacti

SEDGLEY, M. and GRIFFIN, A. (1989). Sexual Reproduction of Tree
Crops. (Snaydon, R., Barnes, J. and Milthorpe, F., Eds.).
Academic Press, San Diego, CA, USA. 378 pp.

WEISS, J., NERD, A. and MIZRAHI, Y. (1994). Flowering behavior and
pollination requirements in climbing cacti with fruit crop
potential. HortScience, 29, 1487–1492.

WERNER, T., MOTYKA, V., STRNAD, M. and SHMULLING, T. H. (2001).
Regulation of plant growth by cytokinin. Proceedings of the
National Academy of Sciences of the United States of America,
98, 10487–10492.

YEN, C.R. and CHANG, F.R. (1997). Forcing pitaya (Hylocereus
undatus Britt. & Rose) by chemicals, controlled day length and
temperature. In: Proceedings of a Symposium on Enhancing
Competitiveness of Fruit Industry, Taichung District
Agricultural Improvement Station, Taiwan. 3, 163–170.

ZENG, B. (2001). Pruning Chinese Trees - An Experimental and
Modeling Approach. Ph.D. Thesis. Utrecht University, The
Netherlands and Southwest China Normal University,
Chongqing, China. 131 pp.

470


