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Abstract. Research was conducted to determine the effects of
foliar applications of the growth stimulators gibberellic acid 3
(GA; 0, 10, 20, 30, 40 mg L-1), acetylthioproline (AP; 100, 200,
300, and 400 mg L-1), benzyladenine (BA; 10, 20, 30, 40 mg L-1),
and a glycine-rich complex of amino acids and short-chain
peptides (APC; 100, 200, 300, and 400 mg L-1) on the growth of
purple passion fruit (Passiflora edulis Sims.) seedlings for
transplants. The growth stimulators were sprayed on the passion fruit leaves 15 days after emergence. Plant height and leaf
and tendril number were determined weekly to establish the
time between seedling emergence and the adequate transplanting stage. Adequate short transplants were defined as
having at least four leaves, at least one tendril, and 25 cm in
length. Adequate long transplants had at least four leaves, at
least one tendril, and 50 in length. Regardless of rate, BA did
not affect passion fruit seedling growth. In contrast, increasing
APC, AP, and GA rates reduced the time from seedling emergence to the adequate transplanting stage. The best results
were found when using APC at the rates of 300-400 mg.L-1,
which resulted in shortening the time for adequate transplant
production by 26% as compared to untreated plants.
The passion fruit (Passiflora edulis Sims.) is a plant species
originated in South America grown commercially in many
tropical and subtropical regions (Morton, 1987; Vanderplank, 1996). Worldwide commercial passion fruit production in 2001 was estimated at 600,000 t. The leading countries
in passion fruit production are Brazil (300,000 t), Ecuador
(125,000 t), Colombia (25,000 t), Peru (15,000 t), Indonesia
(20,000 t), India/Java/Vietnam (10,000 t), Kenya/Uganda/
South Africa (10,000 t), and Australia/New Zealand/Fiji
(10,000 t) (Coppens d’Eeckenbrugge and Librados, 2000;
Vanderplank, 1996). In 2000, an estimated 15,000 t of passion
fruit juice concentrate were placed in the international market by producing countries, and approximately 92% was absorbed by the European Union (70%) and the US (22%)
(Coppens d’Eeckenbrugge and Librados, 2000). In the US,
commercial passion fruit production occurs in Hawaii, Florida, Puerto Rico, and the US Virgin Islands, but domestic production supplies a small percentage of the passion fruit juice
demand. Rosson and Adcock (2000) estimated that in 1999
passion fruit juice represented 1-2% of all the fruit juice imported into the US, with 9 to 18 million gallons of passion
fruit juice being imported annually in the 1990s. Most of the
passion fruit juice was consumed blended with other tropical
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fruit juices, and the supply was dominated by the companies
Snapple, Hydroline, Smucker’s, Campbell’s, and Shasta/
Everfresh (Rosson and Adcock, 2000).
Commercial passion fruit is commonly established with
transplants grown from seed (Morton, 1987). There are two
major reasons for using transplants as opposed to direct seeding in the field: (1) Seedlings have a slow growth rate during
the first 2-3 months after emergence (and hence have low
competitive ability with weeds), and (2) while transplants are
being produced in a nursery, growers can use the land for
other crops. In regions where cold temperatures occur during parts of the year, an additional advantage of using transplants is to shorten the passion fruit growing season in the
field by at least two months.
Stem cuttings, grafted or not, may be used to produce
transplants. Cuttings ensure the plants will be true to the desired variety and may shorten the time from transplanting to
harvest (Pio et al., 2001). However, asexual propagation is not
advisable unless there is certainty that the propagation material is virus-free (Morton, 1987; Knight and Sauls, 1994).
Thus, in areas prone to viral epidemics, transplants grown
from seeds in protected nursery structures are preferred
(Knight and Sauls, 1994).
Passion fruit transplants are considered adequate for
transplanting to the field when the plants have at least four
true leaves, at least one tendril, and a stem length of 25 to 50
cm, which takes approximately 60 to 120 d after seedling
emergence (Chacón Arango, 1991; Coppens d’Eeckenbrugge
and Librados, 2000; Knight and Sauls, 1994; Morton, 1987;
Vandeplank, 1996). Since first harvest occurs approximately
270-300 d after transplanting (Coppens d’Eeckenbrugge and
Librados, 2000; Morton, 1987), acceleration of growth and development at any stage of the crop is desirable, especially in areas where cold injury is likely to occur late in the crop season.
Documented research regarding the use of growth regulators and biostimulants in passion fruits is scarce, and most
reports deal with post-harvest delay of fruit senescence (Pereira Da Silva et al., 1999) or micropropagation (Isutsa, 2003;
Kantharajah and Dodd, 1990; McKenzie, 1990). In contrast,
there is more abundant documented research on plant size
manipulation in ornamental Passiflora spp. Sanderson et al.
(1989) found that stem height of ornamental P. edulis was significantly shortened by the growth retardant ancymidol. However, those authors also found that neither ancymidol nor
flurprimidol caused significant stem length reductions in
P. caerulea, which has more vigorous vines than P. edulis. The
use of indole butyric acid (IBA) to promote adventitious rooting in the ornamental P. caerulea × P. amythestina was reported
by Geneve et al. (2001). Paclobutrazol soil drenches were
found to restrain stem elongation in P. caerulea × P. amythestina (Geneve et al., 2001; Hale et al., 2001) and P. caerulea ×
P. edulis, but not in P. × violacea. (Hale et al., 2001). Moreover,
multiple paclobutrazol soil drench applications were more effective than single applications to reduce stem height in
P. caerulea × P. amythestina (Berberich et al., 2002).
The research by Hale et al. (2001), Geneve et al. (2001),
Berberich et al. (2002), and Sanderson et al. (1989) showed
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that the growth of ornamental Passiflora spp. can be retarded
using exogenous growth regulators. However, passion fruit
growers would be interested in accelerating early growth to
shorten the nursery stage and possibly the time from transplanting to first harvest. Research-based information is available about transplant growth regulation in other tropical fruit
crops such as papaya (Carica papaya L.), Caribbean cherry
(Malpighia spp.), Spanish lime or limoncillo (Melicoccus bijugatus Jacq.), sapodilla (Achras sapota L.), tamarind (Tamarindus
indica L.), and golden apple (Spondias dulcis Parkinson). In papaya, transplant growth was accelerated by foliar applications
of ethanol and gibberellic acid 3 (Morales-Payan et al., 1998),
but not by soil-applied humic acid (Morales-Payan and Stall
2003). In sapodilla, tamarind, golden apple, Spanish lime, and
Caribbean cherry, gibberellic acid increased plant height and
reduced the time to produce adequate size transplants (Morales-Payan and Santos, 1997a, b). In purple passion fruit, two
seaweed (Ascophyllum nodosum)-based biostimulants were
found to accelerate transplant growth in an organic system
(Morales-Payan, 2004). However, little is known regarding the
influence of other physiological regulators and biostimulants
on the growth of purple passion fruit during the nursery stage.
For example, commercially available biostimulants based on
amino acids and other natural compounds have been reported
to accelerate plant growth and improve stress tolerance (Bueno Soto, 1985; Villacres Vallejo, 1992; Williams, 1984). The objective of this study was to determine the effects of the growth
stimulants acetylthioproline, gibberellic acid 3, benzyladenine,
and a glycine-rich mixture of amino acids and short-chain peptides on the growth of purple passion fruit transplants.
Materials and Methods

The research was conducted in a greenhouse in Gainesville, Fla. in 2003. Purple passion fruit seedlings were grown
from seed in 0.5-L styrofoam containers filled with a commercial growing medium (30% sphagnum peat moss, 20% perlite,
50% vermiculite). Purple passion fruit seedlings were watered
daily (100 mL per container) and fertilized with a total of 0.75
g of N, P, and K per container. During the experiment, maximum and minimum temperatures were 27.4 °C and 22.9 °C,
respectively, and average photosynthetically active radiation
(PAR) at noon was approximately 1650 µmol m-2 s-1.
The treatments were foliar applications of the growth
stimulators acetylthioproline (AP) (0, 100, 200, 300, and 400
mg L-1), gibberellic acid 3 (GA) (10, 20, 30, and 40 mg L-1), a
glycine-rich mix of amino acids and short-chain peptides
(APC) (100, 200, 300, and 400 mg L-1), and benzyladenine
(10, 20, 30, and 40 mg L-1). The growth stimulators were
sprayed on the passion fruit leaves 15 d after emergence. The
treatments were established in a completely randomized design with 10 replications, in which one passion fruit seedling
was an experimental unit.
Adequate short transplants were defined as having at least
four true leaves, at least one tendril, and 25 cm in height. Adequate long transplants were defined as having at least four
true leaves, at least one tendril, and 50 cm in height. Transplant plant height, leaf number, and tendril number were determined weekly during 12 weeks, and the time from seedling
emergence to adequate height, leaf and tendril number for
shot and long transplants was determined for each treatment.
Analysis of variance and regression (5% significance level)
were conducted on the data (StatSoft, 1997).
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Results and Discussion

The growth of purple passion fruit seedlings was affected
by AP, APC, and GA treatments, but not by BA. In seedlings
without growth stimulator treatment (control) and in those
treated with BA, short transplants were ready (at least four
leaves, at least one tendril, and 25 cm in length) approximately 53 d after emergence, whereas long transplants (at least
four leaves, at least one tendril, and 50 cm in length) were
ready approximately 76 d after emergence (Fig. 1).
The time to produce adequate purple passion fruit transplants was shortened exponentially as APC rates increased
from 0 to 300 mg L-1. At the rates of 300-400 mg L-1, APC reduced the time necessary to produce short transplants from 53
d to 43 d, and long transplants from 76 d to 56 d (Fig. 1). The
effect of APC may be attributed to its free amino acids (mainly
glycine) and peptides, which are involved in mitochondrial activity, stress tolerance, nitrogen metabolism and new plant tissue production (Taylor et al., 2004; Wallsgrove, 1995). In
other experiments, foliar applications of APC increased plant
growth and yield in almond (Prunus amygdalus L.) (Viti and
Bartolini, 1998), papaya (Morales-Payan and Stall, 2003), and
olive (Olea europea L.) (Viti et al., 1989). Our results with APC
are comparable to the effects of two seaweed (Ascophyllum nodosum)-based biostimulants on purple passion fruit seedling
growth, which reduced the time from seedling emergence to
adequate transplant stage by 20 d (Morales-Payan, 2004).
Increasing GA rates also reduced the time between passion fruit emergence and the adequate transplant stage. As
GA rates increased from 0 to 40 mg L-1, the time period between seedling emergence and adequate transplant stage decreased linearly from 76 d to 60 d (long transplant), and from
53 to 47 d (short transplant) (Fig. 2). GA is involved in cell
growth and stem elongation (Phinney, 1983; Yabuta and
Sumiki, 1938); the GA effect on stem elongation was evident
in our experiments, since GA-treated passion fruit seedlings
reached the desired plant height for the two transplant categories (25 or 50 cm) within one month from application (data not shown). Nevertheless, GA-treated seedlings did not
reach the required number of true leaves (at least four leaves)
to satisfy the adequate transplanting criteria until 47 d (short
transplant) and 60 d after emergence (long transplant).

Fig. 1. Effect of a glycine-rich mixture of amino acids and short-chain peptides (APC) rates on the time to produce adequate short (25 cm in length)
and long (50 cm in length) passion fruit transplants.
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Fig. 2. Effect of gibberellic acid 3 (GA) rates on the time to produce adequate short (25 cm in length) and long (50 cm in length) passion fruit transplants.

In AP-treated passion fruit seedlings, the time from emergence to adequate transplant stage as a function of AP rates
followed a pattern similar to that of GA-treated transplants
(Figs. 2 and 3). As AP rates increased from 0 to 400 mg L-1, the
period of time necessary for passion fruit seedlings to reach
the adequate transplanting stage decreased linearly from 76
to 60 d (long transplants) and from 53 to 46 d after emergence (short transplants). However, GA-treated seedlings attained the required plant height before they reached the
required number of leaves for adequate transplant stage,
whereas in AP-treated passion fruit seedlings reached the adequate leaf number before they attained the necessary plant
height (data not shown). AP has been associated with increased nutrient uptake, increased mitochondrial activity,
and increased anti-oxidant activity in some enzymatic systems.
Also, AP has been shown to be involved in the metabolism of
amino acids, glutathione, and sulfur in plants, which may be
associated with the accelerated growth rate exhibited by some
plant species when treated with AP (Oeriu et al., 1969;
Schmidt and Jäger, 1992; Wallsgrove, 1995).
From the horticultural perspective, our results show that
AP, APC and GA may be useful in shortening the nursery

Fig. 3. Effect of acetylthioproline (AP) rates on the time to produce adequate short (25 cm in length) and long (50 cm in length) passion fruit transplants.
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stage in purple passion fruit, particularly when producing
long transplants. In our experiments, the best results were
found when using APC at the rates of 300-400 mg L-1, which
reduced the time from emergence to transplanting stage by
nearly three weeks (or approximately 26%) for long transplants. While the effects of GA on the time required from
emergence to the adequate transplanting stage were less dramatic than those of APC, by the time that all the transplanting
requirements had been met, GA-treated transplants were taller than APC- and APC-treated transplants. In a vine crop such
as passion fruit, establishing the crop with taller transplants
may be advantageous, since those plants are more likely to
climb and cover the trellis system faster than shorter plants,
thus avoiding early competition for light from weeds and developing a high canopy that will in turn cast shade on the
weeds. Future research will study the effects of other growth
stimulators individually and in combination, and their possible interactions with fertilizers on the growth and quality of
purple passion fruit transplants.
Literature Cited
Berberich, S., M. Williams, R. Geneve, S. Kester, and C. Edwards. 2002. Evaluation of cultural practices for container production of passion flowers.
Proc. Southern Nursery Association Research Conference 47:111-112.
Bueno Soto, F. L. 1985. Efecto del bioestimulante Ergostim (Thiazolidín-4carboxílico) en el crecimiento y producción del Coffea arabica L. cv. ‘Caturra Rojo’. B.S. Thesis, La Molina National Agriculture University, Peru.
Chacón Arango, C. 1991. El Cultivo del maracuyá en Colombia. Memorias
Primer Simposio Internacional de Passifloras. Palmira, Colombia. Oct.
29-Nov. 1, 1991. p. 147-152.
Coppens d’Eeckenbrugge, G. and D. Libreros. 2000. Fruits from America. An
ethnobotanical inventory. http://www.ciat.cgiar.org/ipgri/fruits_from_
americas/frutales/fruits_from_america.htm.
Geneve, R., M. Williams, and S. Kester. 2001. Container Production of Passion Flower. Nursery and Landscape Program Research Report, University of Kentucky.
Hale, B. S., R. Geneve, R. Anderson, and S. Kester. 2001. Height reduction in
container-grown passion flowers using Bonzi. Proc. Southern Nursery Association Research Conference 46:353-355.
Isutsa, D. K. 2003. Rapid micropropagation of passion fruit (Passiflora edulis
Sims.) varieties. Scientia Hort. 99:395-400.
Kantharajah A. S. and W. A. Dodd. 1990. In vitro micropropagation of Passiflora edulis (purple passionfruit). Ann. Bot. 65:337-339
Knight, R. J. and J. W. Sauls. 1994. The passion fruit. Fact Sheet HS-60, University of Florida Cooperative Extension Service.
McKenzie, C. B., G. W. Staveley and I. E. Smith. 1990. Intensive container culture of passion fruit (Passiflora edulis Sims.). Acta Hort. 275:223-228.
Morales-Payan, J. P. 2004. Evaluation of organic systems for passion fruit
transplant production. Abstr. Latin American Network for Biotechnology
(REDBIO) 5:403.
Morales-Payan, J. P. and B. M. Santos. 1997a. Effect of nitrogen, gibberellic
acid, triadimefon, and kinetin on the seedling growth of sapodilla (Achras
sapota) and tamarind (Tamarindus indica). HortScience 32:437.
Morales-Payan, J. P. and B. M. Santos. 1997b. Effect of gibberellic acid 3 and
nitrogen on the seedlings of the tropical fruits Malpighia punicifolia, Spondias dulcis, and Melicoccus bijugatus. HortScience 32:602-603.
Morales-Payan, J. P. and W. M. Stall. 2003. Effects of substrates, boron, and
humic acid on the growth of papaya transplants. Proc. Florida State Hort.
Soc. 116:28-30.
Morales-Payan, J. P., B. M. Santos, W. M. Stall, and J. A. Dusky. 1998. Effects
of ethanol and gibberellic acid combinations on papaya seedling growth.
Soil and Crop Science Soc. Florida Proc. 57:113-115.
Morton, J. F. 1987. Fruits of warm climates. Creative Resources Systems, Inc.,
Winterville, NC. 505 pp.
Oeriu, S., H. Benesh, V. Cojocaru, V. Costescu, M. Cracea, V. Dinu, M. Dumitrescu, L. Criotorescu, G. Gregorescu, A. Iordachescu, L. Moga, S. Morganus, M. Popescu, D. Serba, R. Stomato, C. Teodorescu, and T. Vilsanescu.
1969. Influence of P folcysteine on some biochemical processes in plants.
Rev. Roumaine Bioch. 6:249-262.
Phinney, B. O. 1983. The history of gibberellins, p. 19-52. In The Biochemistry and Physiology of Gibberellins, A. Crozier (ed.). Vol. 1. Praeger Publishers, NY.

Proc. Fla. State Hort. Soc. 117: 2004.

Pio, R., J. Darlan Ramos, V. Mendonça, and T. C. Almeida Gontijo. 2001. Cutting
propagation of the yellow passion fruit (Passiflora edulis Sims. F. flavicarpa Deneger): An alternative in the production of plants. Ciências (Brazil) 10:11.
Pereira Da Silva, A., M. C. Domingues, R. Lopes Vieites, and J. D. Rodrigues.
1999. Plant growth regulators in the post-harvest conservation of sweet
passion fruit (Passiflora alata Dryander) stored under refrigeration.
Ciênc. Agrotec., Lavras (Brazil) 23:643-649.
Rosson, C. P. and F. J. Adcock. 2000. The US market for passion fruit juice:
International marketing case study. Department of Agricultural Economics, Texas A&M University.
Sanderson, K. C., W. C. Martin, and R. B. Reed. 1989. Screening of growth
regulators for control of P. edulis Sims. and P. caerulea L. stem height.
HortScience 24:157.
Schmidt, A. and K. Jäger. 1992. Open questions about sulfur metabolism in
plants. Annu. Rev. Plant Physiol. Plant Mol. Biol. 43:325-49.
StatSoft. 1997. Statistica. Release 5, ’97 Edition. Tulsa, OK.
Taylor, N. L., D. A. Day, and A. H. Millar. 2004. Targets of stress-induced oxidative damage in plant mitochondria and their impact on cell carbon/
nitrogen metabolism. J. Exp. Bot. 55:1-10.

Vanderplank, J. 1996. Passion flowers and passion fruit. MIT Press. Hong
Kong. 224 pp.
Villacres Vallejo, J. Y. 1992. Efecto del bioestimulante Ergostim (Thiazolidín4 carboxílico en la germinación y edades de trasplante en el crecimiento
de plántulas de café (Coffea arabica L.) cv. Caturra Roja. B.S. Thesis, La
Molina National Agriculture University, Peru.
Viti, R., S. Bartolini, and C. Vitagliano. 1989. Growth regulators on pollen
germination in olive. Acta Hort. 286:227-230.
Viti, R. and S. Bartolini. 1998. Effets de certains biostimulants sur la nouaison
de l’amandier. Almond and Pistachio Mediterranean Res. Group 10:35-40.
Wallsgrove, R. M. 1995. Amino Acids and their Derivatives in Higher Plants.
Cambridge University Press. 294 pp.
Williams, M. W. 1984. Use of bioregulators to control vegetative growth of
fruit trees and improve fruiting efficiency. Acta Hort. 146:97-104.
Yabuta, T. and Y. Sumiki. 1938. On the crystal of gibberellin, a substance to
promote plant growth. J. Agric. Chem. Soc. Japan 14:1526.

Proc. Fla. State Hort. Soc. 117:227-231. 2004.

PAPAYA (CARICA PAPAYA) TRANSPLANT GROWTH IS AFFECTED
BY A TRICHODERMA-BASED STIMULATOR
J. PABLO MORALES-PAYAN1 AND WILLIAM M. STALL
University of Florida
Horticultural Sciences Department
P.O. Box 110690
Gainesville, FL 32611
Additional index words. Carica papaya, growth stimulation,
organic production, transplant production, tropical fruits
Abstract. Research was conducted to determine the effect of a
Trichoderma-based plant stimulator (TBS) on papaya seedling
growth. Papaya seedlings were grown from seed in 0.5-liter
Styrofoam containers filled with a commercial substrate (30%
sphagnum peat moss, 20% perlite, 50% vermiculite). TBS was
applied as a drench at the rates of 0, 62.5, 125, 250, and 500 million conidia per seedling (MCS) at sowing, at seedling emergence, at 1 week after emergence (WAE), or 2 WAE. The
variables evaluated were time from sowing to seedling emergence, shoot height, concentration of nitrogen in nitrate ([NNO3]) and potassium ([K+]) in leaf sap, leaf area, root dry weight,
shoot dry weight, and time from emergence to readiness for
transplanting. When TBS was applied 2 WAE, there were no
significant effects on the variables evaluated. TBS applied at
sowing did not significantly affect time to emergence. When
applied at sowing, at emergence, and 1 WAE, all the other variables measured were affected to the same extent by a given
TBS rate. At the rates of 250 to 500 MCS, [N-NO3] in leaf sap increased by 30%, [K+] in leaf sap increased by 22-25%, shoot dry
weight increased by 28%, shoot height increased by 18%, root
dry weight increased by 38%, leaf area increased by 22%, and
time to readiness for transplanting was reduced by 10 days, as
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compared to control plants. These results indicate that TBS
may be useful in increasing several growth attributes in papaya
seedlings and in accelerating papaya transplant production.

Papaya (Carica papaya) is grown commercially in many
tropical and subtropical regions, including Florida. In 2003,
global production of commercial papaya was estimated at approximately 10 million t (FAO, 2004). That year, papaya production in the US was concentrated in Hawaii and the US
Pacific Islands (1012 ha, ≈2500 acres), Florida (134 ha, ≈330
acres), Puerto Rico (150 ha, ≈370 acres), and the US Virgin
Islands.
Transplants are commonly used to establish commercial
papaya, to offset the cost of expensive certified seed and to
avoid strong weed interference in the first two months after
the emergence of papaya seedlings. Papaya transplants are
considered adequate to be planted in the field when the
shoot is at least 20 cm in height, the stem is about 1 cm in diameter, and the plant has at least four true leaves, which usually takes 35 to 45 d after emergence (Morales-Payan, 1998;
Nishina et al., 2000). The time to produce adequate papaya
transplants may be affected by numerous factors, including
cultivar, substrates, mineral nutrition, and plant regulators
(Morales-Payan and Stall, 2003; Nishina et al., 2000; PalmerRannie et al., 2002).
Trichoderma spp. are soil fungi known to suppress the
growth of pathogenic soil fungi such as such as Rhizoctonia
solani, Fusarium spp., Pythium spp., and Sclerotium rolfsii,
among others (DeMarco et al., 2004; Henselova, 2002; Khan
et al., 2004; Rao and Kulkarni, 2003; Thornton, 2004). There
are several commercial products for horticultural use based
on Trichoderma that can be applied to plant materials and/or
to the soil. Because of their natural origin, and because they
are innocuous to humans, plants, birds, fish, and other ani227

