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STOCK PLANT MANAGEMENT OF TROPICAL PERENNIALS 

By 

Christopher Brian Cerveny 

August 2006 

Chair:  James L. Gibson 
Major Department:  Environmental Horticulture 

A series of greenhouse-based propagation experiments were conducted during the 

2005 summer (warm season) and 2005-2006 fall/winter (cool season) to investigate the 

influence of nutrition, chemical branching agents, or rooting hormone treatments on the 

stock plant yield of tropical perennials and subsequent rooting performance of cuttings.  

In the first set of experiments stock plants of Bougainvillea glabra (Choisy.) 'Raspberry 

Ice' and 'Purple Small Leaf' were fertilized with three concentrations of nitrogen (N) at 

100, 200, and 300 mg·L-1 to determine optimum N fertigation standards for maximizing 

yield of high quality stem cuttings that root the best.  Of the concentrations studied, the 

range of 200 to 300 mg·L-1 was shown to effectively increase cutting yield and improve 

subsequent rooting performance.  Concentrations should be provided at 300 mg·L-1 

during the active growth periods associated with summer, and reduced to 200 mg·L-1 as 

daylength becomes shorter, temperatures decrease, and light quantity is reduced during 

fall/winter months.  In a second set of experiments, stock plants of Tecoma stans (L.) 

Juss. ‘Esperanza’ and Nerium oleander (L.) ‘Dwarf Salmon’ were sprayed with 



 

xiv 

commercially available lateral branching agents to identify appropriate treatments for 

increasing yield and enhancing rooting performance.  Results indicated that 

concentrations applied may have been excessive, as phytotoxic symptoms were shown to 

damage or distort cutting tissue and limit rooting.  Fresco, although highly phytotoxic to 

both species, tended to increase cutting yield in oleander.  FAL-457 was shown to 

increase yield; however rooting was hindered.  Florel was shown to increase yield with 

similar rooting to the control; unfortunately cutting stunting and tip-burn occurred at the 

concentrations applied.  Further investigation with these species should be conducted at 

lower concentrations or with combination lateral branching agent mixtures.  In a third 

series of experiments several species of tropical perennials were treated with rooting 

hormones to measure the effect of synthetic auxin on rooting.  Treatments consisted of an 

untreated control, a water-soluble rooting hormone indole-3-butyric acid, potassium salt 

(KIBA) applied at concentrations of 1500 to 6000 mg·L-1, or the standard alcohol-based 

Dip N’ Grow at 1500 mg·L-1.  Results indicated KIBA was an effective formulation for 

propagation of alcohol-sensitive species such as oleander, and was comparable to Dip N’ 

Grow.  Although concentrations varied with species investigated, a recommended KIBA 

range of 3000 to 6000 mg·L-1 was shown to be most effective for increasing cutting 

rooting performance.   
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CHAPTER 1 
LITERATURE REVIEW 

Introduction to the Floriculture Industry 

The U.S. Floriculture Industry has changed in several ways over the past 50 years.  

From garden plants to house plants and cut flowers, florists no longer are the primary 

distributor for horticultural products.  Presently, floriculture crops are marketed through a 

wide variety of sales outlets, from retail greenhouses and garden centers, to supermarkets, 

large chain stores, and seasonal road-side stands (Ball, 1998; Hamrick, 2003). 

Today’s ornamental plant industry offers a large number of plant species and 

cultivars for sale including: traditional bedding plants, trees and shrubs, vegetables, 

ground covers, and foliage crops.  However, from a research and development point of 

view, perennials are the most popular crop in the North American market.  This broad 

classification of herbaceous plants has produced an abundant amount of research and 

production information over the past 15 years (Nau, 1999).  In 2004 production totals of 

perennials were reported at $687 million, up 8% from the previous year (NASS, 2004), 

and are the fastest-growing segment of floriculture crops. 

As herbaceous perennial production becomes more efficient, plants are able to be 

mass produced with less capital input.  Thus, perennials are becoming available at the 

low priced, “big box” stores, which merchandise nearly 75% of horticultural products 

(Wolnik, 1994).  Faced with a highly competitive market and narrow profit margins, the 

U.S. Bedding Plant Industry has shifted from the traditional packaging of multi-celled, 

inexpensive units with many plants per container, to larger pots that fetch a higher price 
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per individual plant, some of which include: 4.5-inch round-pots, trade-gallon nursery 

containers, and various specialty container gardens including color bowls, window boxes, 

and patio planters (Ball, 1998; Hamrick, 2003).  

This shift has brought an increased interest in using temperate climate herbaceous 

perennials for winter landscapes in the South; unfortunately the excessively high 

temperatures of summer can negatively impact those plants that perform well under 

USDA Hardiness Zones 4 through 7.  Hence, tropical perennials are growing in 

popularity.  These versatile plants can be used as hardy perennials in southern climates 

and as summer annuals in the North.   

Annuals have often been described as useful enhancements to landscape designs 

through foliar textures, flower colors, and planting patterns that can be changed each year 

(Arent and Voigt, 1994).  Perennial plant viewpoints differ amongst various regions of 

the country, and what may be considered a perennial in one location may likely be 

considered an annual in another (Nau, 1999).  Regardless of these differences in opinion 

or performance of perennials, there has been an emerging trend for gardeners to purchase 

and trial new and exciting plants. 

Because the popularity of gardening with tropical plants has grown in the U.S., 

there has been a considerable increase in production and sales of tropical annuals and 

perennials over the past several years (Bowden, 2004).  However, little cultural 

information is known on how to reproduce these plants effectively, so growers tend to 

use some degree of trial and error (G. Griffith, Hatchett Creek Farms, personal 

communication).  This literature review will focus on how tropical plants are asexually 
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propagated by stem cuttings, with an emphasis on select tropical species, and how the 

stock plants are managed.  

Asexual Propagation of Cuttings 

Vegetative or asexual propagation has become an established system for 

reproducing plants which exhibit desirable characteristics.  The common methods for 

asexual propagation include using roots, stems, or leaves of stock plants for grafting, 

tissue culture, division, or cutting propagation (Davidson et al., 2000).  In general, 

propagation by stem cuttings has numerous advantages.  Many plants can be grown in 

high density trays from a limited amount of stock plants.  As compared to other asexual 

means of reproduction, it is typically less expensive, quicker, relatively simple, and does 

not require mastery of difficult techniques such as grafting, budding, or micro-

propagation (Hartmann et al., 2002).  Stem cutting production involves removing a shoot 

tip from a mother plant and planting it in a growing substrate to root. This method allows 

for retention of foliar, flowering, and growth habit characteristics that may not be carried 

over via seed production.  

Successful propagation of landscape plants by rooting vegetative stem cuttings 

depends on several factors, including: physiological state of stem cuttings, the 

propagation environment, fertility management, and growth regulator treatments, whether 

applied to the stock plant prior to harvesting or exogenously applied rooting hormones to 

stem cuttings (Atzmon et al., 1997; Hartmann et al., 2002) 

Physiological Age of Cuttings 

The physiological age of plant material harvested for propagation has been 

documented as an important factor in some tropical species.  Terminal stem or tip 

cuttings include: the stem apex or shoot tip, developing immature leaves, and one or more 
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mature leaves.  These cuttings generally produce a more efficient crop, by effectively 

rooting in the quickest time (Dole and Wilkins, 1999).  Older stem tissue is frequently 

slower to root than young tissue, but generally cuttings with thick stems and short 

internodes will produce the best plants.  There is little information published on how to 

root tropical cuttings or at which physiological age the tissue should be.  However, some 

species such as bougainvillea (Bougainvillea glabra Choisy) root better from semi-

hardwood to hardwood cuttings depending on temperature (Schoellhorn and Alvarez, 

2002), location (Auld, 1987), and time of year (Chakraverty, 1970).  

Growing Environment 

Propagation success also depends on the level to which a suitable growing 

environment is offered.  The propagation substrate temperature, ambient air temperature, 

and relative humidity levels should be carefully monitored during propagation, whether 

the plant material is herbaceous, softwood, semi-hardwood, or hardwood tissue.  Tropical 

plants such as bougainvillea benefit from bottom soil temperatures of 30 C (86 F) (Singh 

et al., 1976).  If bottom heat is provided, soil thermometers or remote recording sensors 

should be installed within the root zone area and checked frequently.  Excessively high 

temperatures in substrate, even for a short time, are likely to result in damage to basal 

tissue (Hartmann et al., 2002).  

In addition to temperature, it is important to maintain high humidity levels while 

rooting vegetative stem cuttings in order to reduce water loss due to transpiration.  

Intermittent mist should be used to maintain high humidity levels, but unfortunately 

prolonged periods of mist can leach mineral nutrients (Hartmann et al., 2002).  In most 

cases, cuttings benefit from either a top dressing of slow release fertilizer or a low level 

application of liquid fertilizer after roots begin to emerge from the cutting base.  Because 
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some tropical plants often require extensive rooting time in propagation, the risk of air 

and waterborne pathogens also increases (Howard, 1994).  

Mineral Nutrition 

Mineral nutrition is one of many factors influencing formation of adventitious roots 

in cuttings.  Rooting stages can be generalized into two categories: 1) root initiation; and 

2) root growth and development (Blazich, 1988b).  Therefore, when considering the 

influence various mineral nutrients have on adventitious root formation, one should 

consider the function of these elements during each stage of development. 

Root initiation involves dedifferentiation of specific cells, leading to the formation 

of root meristems and is dependent on the presence of auxin, whether endogenous or 

artificially applied.  Most studies have not given a clear understanding of the importance 

of specific nutrients in the initiation of adventitious roots; however one could argue that 

any nutrient essential for root initiation is also necessary for plant growth and 

development.  For example, nitrogen (N) content is crucial in cuttings as it is important 

for nucleic acid and protein synthesis in plant tissue (Hartmann et al., 2002).  Nitrogen 

concentration also affects cutting yield of stock plants and rooting performance of 

cuttings.  When considering the role N has in metabolic processes, one could strongly 

argue its importance in root initiation (Blazich, 1988b).  While excessive N has been 

shown to negatively affect cutting propagation (McAvoy, 1995), heavy fertilization in 

some tropical plants such as bougainvillea, has been observed to inhibit flowering as it 

promotes vegetative shoot growth (Schoellhorn and Alvarez, 2002).  

While the role of specific elements in root initiation remains unclear, the nutrition 

of stock plants seems to have a more noteworthy effect.  Although this influence on stock 

plants of tropical perennials is not well documented, nutrient level concentrations 
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recommended for other floriculture crops have been studied.  Dreuge et al. (2000) 

reported a positive correlation with the number and length of roots of propagules when 

stock plants of chrysanthemum (Dendranthema x grandiflorum Kitam.) were treated with 

increased N concentration rates from 60 to 400 mg.L-1.  In another experiment, Roeber 

and Reuther (1982) showed a negative correlation in cutting production with increasing 

rates of N fertilization, when concentrations of 56, 112, or 168 mg.L-1 were applied to 

stock plants of chrysanthemum grown in nutrient solution.  In a study where stock plants 

of geranium (Pelargonium x hortorum L. H. Bailey) were fertilized at N concentrations 

of 50, 100, 200, and 400 mg.L-1, respectively, higher concentrations of N produced 

similar results in number of vegetative cuttings generated, but with N at 50 mg.L-1, lower 

numbers of vegetative cuttings developed (Ganmore-Neuman, 1990; Ganmore-Neuman, 

1992).   

Although optimum nutrient standards for tropical stock plants remain undefined, as 

with stock plants from other floriculture crops, it is essential that the propagules come 

from a nutritionally healthy source (Hartmann et al., 2002).  Nutrition studies on stock 

plants of tropical perennials should be conducted to determine optimum concentrations of 

N fertilization necessary to produce the greatest number of high quality cuttings with 

subsequently greater propagation success and cuttings establishment.  

Growth Regulator Treatments 

Some naturally occurring plant hormones such as ethylene and cytokinin can be 

used as growth regulator treatments to promote lateral branching.  The effects plant 

growth regulators (PGRs) ethephon [(2-chloroethyl) phosphonic acid] (Florel) (Monterey 

Lawn and Garden Products, Inc., Fresno, Calif.) and benzyladenine (BA) (cytokinin) 

have on stock plant cutting quantity has been investigated and has been proven to be 
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beneficial for promoting axillary shoot development in some floricultural crops such as: 

chrysanthemum; geranium; poinsettia (Euphorbia pulcharrima  Willd. ex Klotsch); and 

vinca vine (Vinca major L.) (Konjoian, 1994; Witaszek and Mynett, 1989).  In foliar 

applications of ethephon to stock plants of Scaevola (Scaevola aemula R. Br.) cutting 

length was shown to be longer with ethephon foliar sprays of 250 to 1000 mg.L-1 than the 

untreated control (Gibson and Whipker, 2004).  There is some evidence that cytokinin 

applications assist in adventitious root formation.  Improved shoot development and 

rooting is achieved by its application to leaves and buds of the stock plant, rather than to 

the basal tip of stem cuttings (Davis et al., 1988).  However in most cases cytokinin 

application to plants will inhibit adventitious root formation as it increases lateral 

branching (Mynett, 1985). 

Rooting Hormone Treatments 

Countless studies have reported on the stimulatory influence of auxin on the 

propagation of cuttings of difficult-to-root species.  Treating cuttings with auxin increases 

rooting percentage, hastens root formation, and increases uniformity of rooting (Davis et 

al., 1988).  Indole acetic acid (IAA) is the naturally occurring auxin found in plants and 

has been documented in nearly every aspect of plant growth and development.  Some of 

the processes regulated by IAA, as they pertain to tropical plant propagation include: 

induction of cell division, stem elongation, apical dominance, induction of rooting, and 

vascular tissue differentiation (Srivastava, 2002).  Synthetic forms of auxin are 

commercially available in the form of indolebutyric acid (IBA) and napthaleneacetic acid 

(NAA).  Preference for these sythentic compounds compared to IAA, is illustrated by the 

large number of rooting products containing IBA, NAA, or in combination (Blazich, 

1988a).  
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Auxin containing rooting hormones can be applied to the base of cuttings as talc-

based powder or dipped in a liquid solution containing 50% ethanol or isopropyl alcohol 

and 50% water. Cuttings are dipped for a period of time from a few seconds to 12 hours 

(Dole and Wilkins, 1999).  Liquid treatments usually provide the most consistent results 

because application is more uniform than with powder.  However, powder dips are 

sometimes preferred since it decreases the chance for water-borne disease transmittance. 

There are also potassium salt (K+) formulations that enable IBA (KIBA) and NAA 

(KNAA) to be dissolved in water (Hartmann et al., 2002).  

Sometimes mixing auxin with other carriers such as polyethylene glycol 

(antifreeze), propylene glycol, or windshield washer fluid may facilitate auxin application 

on difficult-to-root species which require high levels of hormone to induce rooting, but 

with sensitivity to alcohol.  However these methods often involve heating the solutions to 

72 C (161.6 F), which facilitates dissolving the auxin into polyethylene glycol causing 

the materials to not disassociate after cooling (Hartmann et al., 2002).  Often nurseries 

use KIBA with vegetative cuttings during active growth stages and IBA with ethanol 

during dormant periods.  

Research has suggested some tropical species such as oleander (Nerium oleander 

L.) and bougainvillea benefit from applications of 3,000 mg.L-1 IBA and 4,000 to 16,000 

mg.L-1 IBA respectively (Hartmann et al., 2002).  In other difficult-to-root tropical 

species an evaluation of commercially available rooting hormones should be conducted 

to determine the optimum concentration to achieve the highest rooting percentage. 

Conclusion 

Shortages in cutting availability and poor cutting quality exists among shipments to 

growers, subsequently low quality rooted liners supplied by domestic propagation firms 
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has become a concern for growers wishing to produce tropical plants for sale.  Examples 

include poorly rooted or nutrient deficient plants with weak stems and poor lateral 

branching.  Propagators of tropical plants need to adopt nutrient management and PGR 

treatment programs which produce the maximum quantity of high quality cuttings so that 

growers who receive rooted liners can profit from the specialized cultivation of the stock 

plants.  Relating shoot and root performance of cuttings from stock plants fertilized at 

different rates of liquid fertilizers and treated with lateral branching agents is a means of 

achieving this goal.  Additionally identification of optimum rooting hormone 

concentrations is essential to the efficient production of high quality rooted liners.   

Selected Tropical Species 

To better understand the significance of selected tropical perennials in this review 

and purpose for which they are being examined, detailed descriptions of each are as 

follows: 

Allamanda schottii 

Allamanda or Golden Trumpet (Allamanda schottii L.) is a member of the family 

Apocynaceae or Milkweed Family which contains other important ornamental plants 

such as flowering vinca (Catharanthus roseus L.), milkweed (Asclepias incartata L.), 

wax plant (Hoya carnosa L. f.), oleander, frangipani (Plumeria alba L.), and vinca vine 

(Judd et al., 2002).  Allamanda is characterized by its showy, trumpet-shaped, yellow to 

purple-red flowers and is native to Tropical America (Griffiths, 1994).  Depending on 

species, allamanda may be used as a climbing vine or as a shrub.  It performs well in 

neglected, poor soil and is vigorous enough to withstand coastal conditions (Courtright, 

1988; Walker and Hanly, 1996).  Certain species of allamanda are reported to propagate 

easily by semi-hardwood cuttings in summer and fall with up to 2,000 mg.L-1 IBA 
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applied to the cutting base (Hartmann et al., 2002).  There is little information published 

on propagation during other seasons, using other combinations of rooting hormones, or 

stock plant treatments to improve cutting quantity and quality. 

Bougainvillea glabra 

Bougainvilleas are members of the family Nyctaginaceae or the Four O’Clock 

Family, which includes other ornamentals such as four o’clock (Mirabalis longiflora L.) 

and sand verbena (Abronia latifolia Eschsch.) (Judd et al., 2002).  Bougainvillea is native 

to South America and was originally collected by Commerson, a French Botanist from 

Brazil. Commerson named the plant, because of its wandering growth habit, after Louis 

Antonyne de Bougainville, a French navigator known for his journey around the world 

near the end of the 18th century (Rama Rao, 1976).  

Bougainvillea are characterized by colorful bracts which exhibit the best flowering 

performance during cool season months and shorter day lengths in the U.S. The leaves 

are simple and alternate, but shape and texture differ in varieties.  The plants can be 

grown as specimen shrubs, hedges, pot crops, or climbing vines.  They grow readily in 

tropical and sub-tropical areas, and are seen in diverse locations from Florida to 

California, India, and Australia (Hackett et al., 1972; Rama Rao, 1976; Auld, 1987). 

Bougainvillea plants are generally propagated from stem cuttings or air-layerings, 

but the root systems are extremely fine and fragile, with low rooting success, even during 

the cultivated seasons (Chakraverty, 1970).  It has been suggested that the reason 

bougainvillea is not more commercially available is due to its difficulty in propagation 

(Czekalski, 1989). 

The published literature offers varying information on length of stem cuttings and 

position.  Some suggested cutting lengths include: 10 to 12 cm (Aldrich and Norcini, 
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1995; Atzmon et al., 1997) 15 to 17 cm (Auld, 1987);  20 to 25 cm (Chakraverty, 1970; 

Yadav et al., 1978) and 80 to 100 cm with top portions removed back to 15 cm of total 

length (Mudge et al., 1995).  Another, perhaps more effective means determining cutting 

length in bougainvillea is by counting number of nodes.  This process has less of a 

widespread definition of parameters, ranging from 2 nodes (Auld, 1987), 3 to 4 nodes 

(Atzmon et al., 1997), or 5 to 9 nodes (Schoellhorn and Alvarez, 2002).  Most sources 

agree that cuttings should be severed 0.5 cm below the bottom node.  

Bougainvillea cuttings should be taken from wood that is mature to the point where 

it starts to become stiff.  If propagating by softwood cuttings, night temperatures should 

be above 12.8 C (55 F), whereas hardwood cuttings root more efficiently when night 

temperatures are below 12.8 C (55 F) (Schoellhorn and Alvarez, 2002).  Cuttings should 

be provided with rooting substrate temperatures of 30 C (86 F) (Singh et al., 1976).  

Mandevilla splendens 

Mandevilla (Mandevilla splendens Hook.f.), like allamanda, is a member of the 

Apocynaceae family.  It is an evergreen climbing vine characterized by large pink to 

white trumpet-shaped flowers appearing mid to late-summer in the U. S.  The twining 

woody tissue should be supported via trellis or other structure.  Mandevilla is native to 

Brazil, but is hardy to USDA Hardiness Zone 10 in protected locations (Courtright, 1988; 

Griffiths, 1994).  Mandevilla, formerly known as Dipladenia, has been documented as a 

popular greenhouse plant for over a century in Great Britain (Dress, 1974).  Hartmann et 

al. (2002) suggest propagating Mandevilla cultivar Alice DuPont with one node and half 

of the leaves removed.  The stem cutting should then be dipped in 2,500 mg.L-1 IBA and 

rooted in summer.  Other than ‘Alice DuPont’, there is little published on how to 

effectively grow and reproduce Mandevilla from stem cuttings.  
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Nerium oleander 

Oleander is also a member the family Apocynaceae. It should be noted that nearly 

all members of this taxa are poisonous (Judd et al., 2002), therefore care should be taken 

when harvesting stem cuttings, handling finished plants, and planting and maintaining 

specimens in garden designs.  Hands should be washed thoroughly and care should be 

taken to avoid sap entering the body.  

Oleander is an evergreen shrub native to the Mediterranean regions of Southern 

Europe and North Africa, where it is widely used outside in landscaping designs and as 

an indoor potted plant (Arias et al., 2001).  It has been documented that oleander first 

arrived in the U.S. via Spanish settlers in St. Augustine, FL, and it was likely that these 

plants arrived as stem cuttings (Popenoe, 1976).  (Roeber and Reuther., 1982) 

Oleander is a versatile tropical perennial, hardy to USDA Hardiness Zone 9 and 

which can be used as a foundation plant, hedge, or as a featured specimen plant.  Once 

established, oleander produces flowers with virtually no maintenance requirements.  It 

tolerates poor soil conditions and is reportedly salt tolerant (Walker and Hanly, 1996).  It 

requires a sunny location for northern gardeners, who could use it as a potted plant to be 

taken indoors during winter months (McCulla, 1973).  Oleander is commonly available as 

an evergreen shrub reaching maturity at 6 m (20 ft), with single, sometimes double, 

flowers in pink, white, rose, or red.  Dwarf varieties are also available (Courtright, 1988).  

Propagation has reportedly been successful from cuttings taken from hardwood or 

softwood during the summer, at lengths of 15.24 cm (6 in), with quick dip applications of 

3,000 mg.L-1 IBA (McCulla, 1973; Hartmann et al., 2002).  There is limited literature 

currently available on how to manage the stock plants of these species and propagation 
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during other seasons.  However, oleander is reportedly not susceptible to ethylene 

branching treatments (Dole and Wilkins, 1999).   

Tecoma stans 

Texas Star [Tecoma stans (L.) Juss.] or (Bignonia stans L.), is a member of the 

Bignoniaceae or Trumpet Creeper family, which includes other known ornamentals as 

catalpa (Catalpa bignonioides Walter.), sausage tree (Jacaranda arborea Urban.), and 

cape honeysuckle (Tecomaria capensis Spach.) (Judd et al., 2002).  Tecoma is a 

mounding evergreen shrub native to Central America and is characterized by its funnel-

shaped yellow flowers throughout summer and early fall in the subtropics (Walker and 

Hanly, 1996).  In Florida, Tecoma is a deciduous shrub or tree hardy to USDA Hardiness 

Zone 10, that grows to 7.6 m (25 ft) at maturity, unless pruned, and flowers only for a 

short period in autumn (Courtright, 1988).  Little information is published on how to 

commercially produce Tecoma or how to manage stock plants for improved cutting 

quantity and quality. 

Objectives 

1. Determine which of three N liquid fertilizer concentrations is optimal for producing 
the greatest number of bougainvillea cuttings with the highest rooting percentage 
and quality  This study will also simulate long distance shipping, as the cuttings 
will be harvested in one location and sent to another for evaluation.  

2. Determine which of three concentrations of three commercially available lateral 
branching PGRs applied to stock plants will most efficiently increase cutting 
quantity and quality, while not adversely affecting subsequent rooting of cuttings.  
PGRs surveyed will compare three concentrations of chemicals containing 
cytokinin, ethylene, or gibberellin and cytokinin in combination.  

3. Determine the optimum concentration of liquid KIBA, delivered via quick dip, for 
improving both quantity and quality of adventitious root formation in select 
difficult-to-root tropical perennials.  KIBA will also be compared to untreated 
control and commercial standard quick-dip Dip N’ Grow (Dip N’ Grow Inc., 
Clackamas, Ore.)(Indole-3-butyric acid 1%, Naphthalene acetic acid 0.5%) 
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CHAPTER 2 
STOCK PLANT NUTRITION 

Introduction 

Because the popularity of gardening with tropical annuals and perennials has grown 

in the U.S., there has been a considerable increase in production and sales of tropical 

plants over the past several years (Bowden, 2004).  Shortages and poor quality cuttings 

supplied by domestic propagation firms have become concerns for growers wishing to 

produce tropical plants for sale.  Propagators have expressed a need for standardized 

production practices to maximize cutting yield and subsequent adventitious root 

formation in propagules; however, little is published on how to effectively manage 

tropical stock plants (Hartmann et al., 2002). 

A tropical species that has potential to be more widely used by gardeners is 

bougainvillea (Bougainvillea glabra Choisy).  This multi-use plant grows best in U.S. 

landscapes during summer months followed by attractive bracts displayed during natural 

short-days.  Unfortunately because of its warm temperature production requirements and 

difficulty in propagation, commercial availability is limited (Czekalski, 1989).  

Bougainvillea is generally propagated by stem cuttings or air-layering, yet the rooting 

percentage is low, even during the cultivated seasons (Chakraverty, 1970).  The root 

systems are also known to be extremely fine and fragile (Auld, 1987).  Bougainvillea root 

best from semi-hardwood to hardwood cuttings depending on temperature (Schoellhorn, 

2002), location (Auld, 1987), and time of year (Chakraverty, 1970).  These plants have 
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been documented to benefit from bottom heat with rooting substrate temperatures of 30 C 

(Singh et al., 1976).  

Nitrogen (N) concentration is crucial in cuttings as it is important for nucleic acid 

and protein synthesis in plant tissue (Hartmann et al., 2002).  When considering the role 

N has in these metabolic processes, one could strongly argue its importance in root 

initiation (Blazich, 1988).  Nitrogen concentration also affects cutting yield and rooting 

performance of cuttings.  While excessive N may negatively affect cutting propagation 

(McAvoy, 1995), heavy fertilization in some tropical plants such as bougainvillea, has 

been observed to inhibit flowering and promote growth (Schoellhorn, 2002). 

Although optimum nutrient levels of tropical stock plants remain undefined, it is 

crucial that propagules come from a nutritionally healthy source (Hartmann et al., 2002).  

Limited research has been conducted in the management of stock plants of bougainvillea 

for purposes of maximizing quantity and quality of cuttings suitable for propagation; 

therefore the experimental objective was to evaluate the impact of three nitrogen 

concentrations on stock plant yield and cutting performance of Bougainvillea ‘Purple 

Small Leaf’ and ‘Raspberry Ice’.  

Materials and Methods 

Experiment 1 

Rooted stem cuttings of Bougainvillea glabra ‘Raspberry Ice’ and ‘Purple Small 

Leaf’ were transplanted, three per pot, into 2.8-L (0.74-gal) [15.2-cm (6-inch diameter)] 

round plastic containers on 18 April 2005.  The root substrate was Fafard 2 (Fafard, 

Anderson, S.C.), which contained 6.5 sphagnum peat : 2 perlite : 1.5 vermiculite (v/v).  A 

continual liquid fertilization program was initiated on 23 May, at which time a soft pinch 

was provided to develop a canopy for harvesting cuttings.  Fertilization treatments were 
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applied with N concentration levels at 100, 200, or 300 mg.L-1.  Phosphorous (P), 

potassium (K), calcium (Ca), and magnesium (Mg) were held constant at 20, 200, 100, 

and 50 mg.L-1, respectively.  Micronutrients were provided using soluble trace element 

mix in solution (S.T.E.M.) (The Scotts Company, Marysville, Ohio) at a rate of 6.78 

mg.L-1.  Supplemental iron was applied using ferric ethylenediaminetertraacetic acid 

(FeEDTA) (Sequestrine) at a rate of 1.76 mg.L-1.  Ammoniacal-nitrogen was 6% to 35% 

of the total nitrogen in all treatments.  Plants were fertigated through a drip irrigation 

system.  The experiment was a randomized complete block design with 12 single-plant 

replications of each of three treatments.  Stock plants were grown in a greenhouse under 

natural photoperiod and irradiance with day/night minimum setpoint temperatures of 

21/18 C.   

Leachate samples were collected initially 4 weeks after potting and biweekly 

thereafter until 28 weeks after potting via a modified Virginia Tech Extraction Method 

(VTEM) (Wright, 1986) to determine pH, electrical conductivity (EC), and nitrate 

nitrogen (NO3-N).  Distilled water (85 ml) was applied to the substrate surface to displace 

50 ml of leachate.  Leachate solutions were analyzed for pH (pHep pH meter; Hanna 

Instruments, Woonsocket, R.I.), EC (DiST WP4 EC meter; Hanna Instruments), and 

NO3-N (Horiba Compact Ion Meter; C-141 Spectrum Technologies, Inc., Plainfield, Ill.).  

Leachate was collected from 3 random experimental blocks at each sampling date and 

values were recorded as replications 1, 2, and 3, respectively.  Photosynthetic photon flux 

(PPF) was recorded each day at or near solar noon using a Quantum Meter (Spectrum 

Technologies, East-Plainfield, Ill.).  Average monthly PPF readings were 453, 586, 426, 

596, 647, 355, and 380 µmol·m-2s-1, for June through Dec., respectively.  
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Stock plants were maintained in Milton, Fla. and cuttings were harvested every 

three weeks starting 7 weeks after potting, on 7 June (H1), 28 June (H2), 19 July (H3), 9 

Aug. (H4), 30 Aug. (H5), and 20 Sept. (H6), respectively.  Harvesting protocols consisted 

of removing all sub-terminal stem cuttings from stock plants by excising the shoot tip 0.5 

cm above the first fully mature leaf node, and then harvesting the cutting 1 cm below the 

fourth successive node (Cerveny et al., 2005).  

The quantity of cuttings was recorded at each harvest.  At 7, 13, and 19 weeks after 

potting shoot length and diameter was measured at the base of 3 randomly selected 

cuttings per plant.  Cutting leaf area was also measured with a LI-COR LI-3100 portable 

area meter (LI-COR, Lincoln, Nebr.).  For tissue analysis, leaves from all cuttings were 

removed and stock plant blocks 1 to 4, 5 to 8, and 9 to 12 were pooled into treatment 

replications 1, 2, and 3, respectively.  Tissue samples were rinsed in deionized water, 

then washed in 0.2 N HCl for 30 s, and dried at 70 °C for 72 h.  Dried tissue was ground 

in a stainless steel Wiley mill to pass a 1-mm screen (20-mesh).  Tissue was then 

analyzed for macro and micronutrients at Quality Analytical Labs (QAL, Panama City, 

Fla.). 

Cuttings harvested 10, 16, and 22 WAP were packaged in moist towels and inserted 

into perforated plastic bags.  The bags were placed into boxes, along with a temperature 

and relative humidity sensor (Hobo Pro, model number H08-032-08) (Onset Computer, 

Bourne, Mass.), then stored over-night in a cooler at 10 C.  Boxes were sealed and 

cuttings were then shipped 24h, to simulate industry handling.  Upon arrival, boxed 

cuttings were left intact until the following morning and were then unpacked and planted, 

totaling approximately 72 h between cutting excision and planting (Table 2-1).   
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Cuttings harvested from stock plant replications 1 to 12 of each treatment were 

pooled and assigned randomly to 6 propagation replicates with 6 sub-samples of each 

treatment.  Basal portions of cuttings (1 cm) were inserted into indole-3-butyric acid, 

potassium salt (KIBA) at 3,000 mg.L-1 for 3 s then planted into 3.3 x 8.8 x 6 cm 6-cell 

containers in a substrate consisting of 4 perlite: 1 vermiculite (v/v) and placed under 

intermittent mist.  Cuttings were maintained under natural photoperiod with day/night 

set-point temperatures of 20/18 C, and misted daily for 5 s every 20 min (07:00 - 19:30).  

Minimum rooting substrate temperatures were provided at 24 C and bottom heat was 

supplemented via rooting mats as needed.  The experimental design was a completely 

randomized design with 2 cultivars, 3 N treatments, and 6 replications per treatment with 

6 sub-samples (pooled) per replicate.  

Adventitious roots ≥ 1.0 mm in length were evaluated 4 and 6 weeks after planting 

(WAP).  At the first evaluation of each harvest percent survival (based on presence of at 

least minimal callus formation), rooting quality, number of primary roots, number of 

lateral roots, cutting total dry weight, and cutting root : shoot ratio (root weight divided 

by shoot weight) were recorded.  At the second evaluation, roots were not counted; all 

other parameters were recorded in the same manner as the first.  Rooting quality was 

based on a 1 to 5 scale: 1= minimal callus formation with no roots; 2= minimal rooting; 

3= moderate, uneven rooting; 4= moderate, uniform rooting; 5= well-developed rooting.   

Cuttings were prepared for dry weight measurement by excision of the rooted 

portion of stem 1 cm above cutting base.  Then each portion was placed into individual 

envelopes and dried for 3 d at 70 C.  All data were subjected to analysis of variance using 
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generalized linear model procedure in SAS (SAS institute, Cary, N.C.) and means 

separated using LSD with P ≤ 0.05. 

Experiment 2 

The second experiment was replicated in the same manner as the first experiment, 

with the following exceptions: Stock plants were transplanted 18 July, and given a soft 

pinch along with initiation of fertilization treatments on 8 Aug. 2005.  Cuttings were 

harvested every three weeks on 23 Aug. (H1), 13 Sept. (H2), 4 Oct. (H3), 25 Oct. (H4), 

15 Nov. (H5), and 6 Dec. (H6).  Cuttings were handled in the same manner as the first 

experiment, except they were shipped to Gainesville, Fla. using Federal Express 24 h 

service (Table 2-1).   

Results 

Experiment 1 

Stock Plant Parameters 

Cutting quantity 

The harvest date x cultivar and harvest date x N concentration interactions were 

significant for cutting quantity (Table 2-2).  For 'Raspberry Ice', cutting quantity at H1 

(10.2) was similar to all other harvest dates. Harvest 4 and H6 were similar to each other 

with 8.9 and 8.2 cuttings produced per plant, respectively.  Both H4 and H6 were at least 

28% less than H2, H3, or H5, all of which produced 12.0 cuttings per plant (LSD=2.4, 

n=36).  'Purple Small Leaf' produced a similar number of cuttings at H1 and H6 (17.0 and 

17.4, respectively), while both were at least 30% less than all other harvests.  Harvest 5 

produced more cuttings (31.3) than H2 (24.8) or H3 (25.1) (LSD=5.2, n=36).  Harvest 4 

produced a similar number of cuttings to H2, H3, and H5.  For all harvests, 'Purple Small 

Leaf' produced more cuttings per plant, than 'Raspberry Ice' (data not shown).  When 
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considering both cultivars, differences in cutting quantity were not significant amongst 

treatments for H1, H2, or H4, with 13.5, 18.4, and 18.9 cuttings produced per plant, 

respectively (Table 2-2).  For H3, 126% more cuttings were harvested from stock plants 

fertilized with N at 300 mg·L-1 than from N at 200 or 100 mg·L-1.  For H5, stock plants 

fertilized with N at 200 mg·L-1 produced a similar number of cuttings to those fertilized 

with N at 300 mg·L-1, while both concentrations produced at least 153% more cuttings 

than N at 100 mg·L-1.  For H6, N at 300 mg·L-1 produced more cuttings than at 100 mg·L-

1, while both treatments were similar to N at 200 mg·L-1.  For stock plants fertilized with 

N at 100 or 300 mg·L-1, differences in cutting quantity were not significant amongst 

harvests, with 14.4 and 19.7 cuttings produced per plant, respectively.  For stock plants 

fertilized with N at 200 mg·L-1, the number of cuttings produced at H5 was similar to H4 

and H2, yet greater than H1, H3, and H6. 

Cutting length, stem diameter, and leaf area 

There was a harvest date x N concentration interaction for cutting length; the main 

effect for cultivar will be presented separately (Table 2-3).  Stock plants of 'Raspberry 

Ice' and 'Purple Small Leaf' produced similar length cuttings (7.0 cm).  For H1 and H5, 

differences in cutting length were not significant amongst treatments with lengths of 7.0 

and 7.5 cm, respectively (Table 2-4).  At H3, stock plants treated with N at 100 or 200 

mg·L-1 produced cuttings that were at least 112% longer than those treated with N at 300 

mg·L-1.  Over time cuttings harvested from stock plants treated with N at 100 mg·L-1 had 

longer cuttings at H5 than at H3, while both harvest dates were similar to H1.  Stock 

plants of bougainvillea produced cuttings with a mean stem diameter of 0.24 cm and 

differences were not significant amongst treatments.  
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There was a cultivar x N concentration interaction for leaf area (Table 2-3).  The 

harvest date main effects will be presented separately.  Cuttings from H5 (40.5 cm2) had 

a 114% larger leaf area than H1 (35.3 cm2), and was 116% larger than H3 (30.4 cm2) 

(LSD=2.1, n=72).  Stock plants of 'Raspberry Ice' fertilized with N at 100 mg·L-1 

produced cuttings with similar leaf area to 200 mg·L-1 (45.1 cm2), while both 

concentrations were greater than N at 300 mg·L-1 (38.9 cm2) (LSD=4.3, n=36).  

Differences in leaf area were not significant amongst treatments for stock plants of 

'Purple Small Leaf'.   

Rooting Parameters 

Percent survival, visual rooting quality, and quantity of primary and lateral roots 

There was a cultivar x N concentration and a harvest date x N concentration 

interaction for percent survival of planted cuttings (Table 2-5).  Differences in percent 

survival were not significant for 'Raspberry Ice' and 'Purple Small Leaf' (84% and 58%, 

respectively).  'Raspberry Ice' had a higher percent survival than 'Purple Small Leaf' when 

stock plants were fertilized with N at 100 to 300 mg·L-1 (data not shown).  When 

considering both cultivars, cuttings planted from H2 had higher percent survival from 

stock plants provided with N at 300 mg·L-1 than from concentrations of 100 to 200 mg·L-

1 (Table 2-6).  Differences in percent survival were not significant amongst treatments for 

H4 or H6.  Nitrogen fertilization at 100 mg·L-1 produced cuttings with a higher percent 

survival at H2 or H4 than at H6.  Differences in percent survival were not significant 

amongst harvest dates, with 70% survival when stock plants were fertigated with N at 

200 mg·L-1.  Similar to N at 100 mg·L-1, stock plants fertigated with N at 300 mg·L-1 had 

a higher percent survival from H2 or H4 than from H6.   
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There was a harvest date x cultivar x N concentration interaction for rooting quality 

(Table 2-5).  The main effects for evaluation week will be presented separately.  Cuttings 

evaluated 6 WAP had a root quality rating of 2.2, which was higher than those evaluated 

4 WAP (2.0) (LSD=0.2, n=108).  For H2, differences in rooting quality were not 

significant amongst treatments for cuttings of 'Raspberry Ice' (Table 2-7).  'Purple Small 

Leaf', however, had lower rooting quality when provided N at 100 or 200 mg·L-1 as 

compared to 300 mg·L-1.  For H4, differences in rooting quality for both 'Raspberry Ice' 

and 'Purple Small Leaf' were not significant amongst treatments.  For H6, 'Raspberry Ice' 

cuttings planted from stock plants treated with N at 200 mg·L-1 had higher rooting quality 

than from those treated with N at 100 or 300 mg·L-1.  Differences in rooting quality for 

'Purple Small Leaf' cuttings planted from H6 were not significant amongst treatments.  

When considering the interaction over time, 'Raspberry Ice' exhibited a reduction in 

rooting quality with each harvest of stock plants treated with N at 100 to 300 mg·L-1.  

Differences in rooting quality for 'Purple Small Leaf' were not significant over time for 

most treatments, except with N at 300 mg·L-1, which had higher rooting quality from H2 

than from H4 and H6.  'Raspberry Ice' had higher rooting quality than 'Purple Small Leaf' 

for all treatments and harvests, except for cuttings planted from stock plants treated with 

N at 300 mg·L-1 and harvested at H2, or any concentration of N at H6, in which the two 

rooted similarly.   

There was a harvest date x cultivar and a cultivar x N concentration interaction for 

number of primary roots (Table 2-8).  For cuttings planted from H2, H4, and H6, 

'Raspberry Ice' had a greater number of primary roots than 'Purple Small Leaf' (data not 

shown).  Additionally 'Raspberry Ice' cuttings planted from H2 produced 14.9 primary 
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roots per cutting, which was at least 470% more than from H4 (3.2) or H6 (1.2) 

(LSD=2.8, n=18).  'Purple Small Leaf' also had a similar number of primary roots at H4 

and H6 (0.3), both of which were less than H2 (2.7) (LSD=1.4, n=18).   

When comparing cultivars, stock plants of 'Raspberry Ice' fertilized with N at 100 

mg·L-1 had a greater number of primary roots (5.5), than 'Purple Small Leaf' (1.1) 

(LSD=3.0, n=18).  Similarly, when fertilized with N at 200 mg·L-1, stock plants of 

'Raspberry Ice' produced cuttings with greater number of primary roots than 'Purple 

Small Leaf' (data not shown).  When fertilized with N at 300 mg·L-1 differences between 

cultivars were not significant, with 3.8 roots produced per cutting.   

There was a harvest date x cultivar x N concentration interaction for number of 

lateral roots (Table 2-8).  The number of lateral roots on cuttings planted from H4 and H6 

was not significantly different amongst treatments, with 6.2 and 2.0 lateral roots for 

'Raspberry Ice', and with 0.1 and 0.7 lateral roots for 'Purple Small Leaf', respectively.  

Cuttings of 'Raspberry Ice' planted from H2 had a greater number of lateral roots when 

fertilized with N at 200 mg·L-1 (37.2) than at 100 mg·L-1 (19.7), however both were 

similar to N at 300 mg·L-1 (29.7) (LSD=12.2, n=6).  'Purple Small Leaf' cuttings planted 

from H2 produced a greater number of lateral roots from stock plants treated with N at 

300 mg·L-1 (10.4) than either 100 or 200 mg·L-1 (2.5 and 0.2, respectively) (LSD=4.1, 

n=6).  Both cultivars produced a similar number of lateral roots (1.7) with cuttings 

planted at H4 from stock plants treated with N at 300 mg·L-1 (data not shown).  Similarly, 

for cuttings planted from H6, differences between cultivars were not significant for all N 

concentrations.  'Raspberry Ice' cuttings had a greater number of lateral roots than 'Purple 
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Small Leaf' when planted from stock plants treated with any N concentration from H2 

and N at 100 to 200 mg·L-1 from H4.   

Cutting dry weight and root : shoot ratio 

There was a harvest date x cultivar x N concentration and a harvest date x 

evaluation week x cultivar interaction for total cutting dry weight (Table 2-5).  'Raspberry 

Ice', cuttings planted from H2 had at least a 17% lower total dry weight when propagated 

from stock plants treated with N at 100 mg·L-1 than at 200 or 300 mg·L-1 (Table 2-9).  For 

cuttings planted from either H4 or H6, differences in total dry weight were not significant 

amongst treatments with 165 and 223 mg per cutting, respectively.  'Purple Small Leaf' 

cuttings propagated at H2 from stock plants treated with N at 300 mg·L-1 had at least 

133% greater dry weight than 100 or 200 mg·L-1.  Differences in total dry weight were 

not significant amongst N concentrations for H4, with 165 mg total dry weight per 

cutting.  From H6, cuttings propagated from stock plants treated with N at 100 to 200 

mg·L-1 had greater dry weight than at 300 mg·L-1.  For each N concentration provided and 

with all harvest dates, 'Raspberry Ice' cuttings had greater dry weight than 'Purple Small 

Leaf' when planted from all harvest dates and for each N concentration applied to stock 

plants.   

'Raspberry Ice' cuttings evaluated from H2 had a greater dry weight 6 WAP than 4 

WAP (257 vs 213 mg, respectively) (LSD=29, n=18).  Similarly, H4 cuttings evaluated 6 

WAP had higher dry weight than 4 WAP (data not shown), however at H6 those cuttings 

evaluated 6 WAP had an 11% lower dry weight than 4 WAP (235 vs 210 mg, 

respectively) (LSD=22, n=18).  'Purple Small Leaf' cuttings also had higher dry weight 6 

WAP as compared to 4 WAP for those planted from H2 (160 vs 132 g) (LSD=27, n=18).  
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Yet from H4 and H6, differences in total dry weight were not significant between 

evaluation weeks, with 101 and 132 mg produced per cutting, respectively.   

There were harvest date x evaluation week x cultivar, harvest date x evaluation 

week x concentration, and cultivar x N concentration interactions for the cutting root : 

shoot ratio (Table 2-5).  'Raspberry Ice' cuttings had a higher root : shoot ratio than 

'Purple Small Leaf' for each concentration of N applied, however differences in root : 

shoot ratio were not significant amongst treatments applied to 'Raspberry Ice' with a 

mean ratio of 0.26 per cutting.  'Purple Small Leaf' had a higher root : shoot ratio with N 

at 300 mg·L-1 than at 200 mg·L-1 (0.18 vs 0.14), while both were similar to 100 mg·L-1 

(0.15) (LSD=0.04, n=36).  While 'Raspberry Ice' had a higher root : shoot ratio than 

'Purple Small Leaf' for H2 and H4 at both 4 and 6 WAP (data not shown), cuttings 

planted from H6 had a similar root : shoot ratio between cultivars of 0.15 and 0.14 at 4 

and 6 WAP, respectively.   

When considering both cultivars differences in root : shoot ratio were not 

significant amongst treatments or evaluation weeks for H2, H4, and H6, except cuttings 

evaluated 6 WAP from H6.  Cuttings planted from H6 had a greater root : shoot ratio 6 

WAP from stock plants treated with N at 200 mg·L-1 (0.17) than from N at 300 mg·L-1 

(0.11), while both were similar to 100 mg·L-1 (0.14) (LSD=0.03, n=12).  When evaluated 

4 WAP, cuttings planted from N concentrations of 100 or 200 mg·L-1 showed similar root 

: shoot ratios amongst harvest dates.  When N was applied at 300 mg·L-1, cuttings 

evaluated 4 WAP had a higher root : shoot ratio at H2 than H4 or H6 (data not shown).  

For cuttings evaluated 6 WAP, those propagated from stock plants treated with N at 100 

mg·L-1 had a higher root : shoot ratio from H2 (0.27) or H4 (0.23) than H6 (0.14) 
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(LSD=0.09, n=12).  Cuttings planted from stock plants fertigated at 300 mg·L-1 produced 

similar root : shoot ratios with H2 or H4 and greater than H6 (data not shown), however 

cuttings planted from stock plants treated with N at 200 mg·L-1 were similar amongst 

harvest dates with a root : shoot ratio of 0.24.   

Stock plant leachate  

There was a sampling date x N concentration interaction of leachate pH; main 

effects for cultivar will be presented separately.  The root substrate of stock plants of 

'Raspberry Ice' had a mean leachate pH of 5.3, which was greater than that of 'Purple 

Small Leaf' (5.1).  Generally pH values decreased with increasing concentrations of N 

applied to stock plants (Figure 2-1).  Variations occurred over time and increased 

concentrations of N applied to stock plants tended to reduce pH values below acceptable 

values of 5.5 to 6.0 (Dole and Wilkins, 2005).  Although pH values were in the 

acceptable range with N at 100 mg·L-1, rooting was not improved.   

The sampling date x N concentration interaction was not significant for electrical 

conductivity (EC) therefore the main effects will be presented.  Overall, EC values 

remained within the recommended range of 2.0 to 3.5 mS/cm for producing bougainvillea 

plants established by Whipker et al. (2003) (Figure 2-2).  A decling then increase in 

soluble salts was observed during H2 to H4, suggesting nutrients were utilized for growth 

of new shoots or leached.  As the concentration of N delivered to stock plants increased, 

so did leachate EC.  Stock plants fertigated with N at 300 mg·L-1 had the highest EC 

values of 3.84 mS/cm, while N at 200 mg·L-1 (2.92 mS/cm) was greater than 100 mg·L-1 

(1.87 mS/cm) (LSD=0.56, n=48).  When comparing cultivars, 'Raspberry Ice' (3.24 

mS/cm) had higher EC values than 'Purple Small Leaf' (2.52 mS/cm) (LSD=0.46, n=72).   
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There was a sampling date x cultivar interaction for nitrate nitrogen (NO3-N); main 

effects for N concentration will be presented separately.  Generally NO3-N values were 

shown to increase with removal of plant tissue during cutting harvests (Figure 2-3).  This 

trend was more evident in stock plants of 'Purple Small Leaf' than 'Raspberry Ice', 

although overall leachate NO3-N values tended to be higher for 'Raspberry Ice'.  As N 

concentration increased, NO3-N values also increased, and were highest from stock plants 

fertigated with N at 300 mg·L-1 (391.9 mg·L-1) while N at 200 mg·L-1 (278.5 mg·L-1) was 

greater than at 100 mg·L-1 (179.8 mg·L-1) (LSD=83.9, n=48).   

Foliar analysis 

There was a harvest date x cultivar interaction for foliar N, phosphorous (P), 

potassium (K), calcium (Ca), and Magnesium (Mg); a harvest date x N concentration 

interaction for foliar N, P, Ca, and Mg; and a cultivar x N concentration interaction for 

foliar P, K, and Mg (Table 2-10).  'Raspberry Ice' was generally similar to 'Purple Small 

Leaf' when comparing foliar N or Mg concentrations, although when significant 

'Raspberry Ice' tended to be greater than 'Purple Small Leaf' (Table 2-11).  For K and P 

tissue concentrations, 'Purple Small Leaf' tended to be greater than 'Raspberry Ice' at each 

harvest, while P tissue concentrations tended to be greater for 'Raspberry Ice' than 'Purple 

Small Leaf'. 

Generally foliar N concentration was similar with each concentration of N provided 

to stock plants, however when cuttings were analyzed from H5, foliar N concentration 

increased as N concentration increased (Table 2-12).  For foliar P, all N fertigation 

concentrations generally had a similar percentage, except those cuttings analyzed from 

H3, where P levels decreased as N concentration increased.  Both foliar Ca and Mg 

concentrations decreased with increasing concentrations of N applied.  This decrease may 
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be due to the low pH substrate inhibiting uptake of these nutrients (Whipker et al., 2003).  

Magnesium levels remained within acceptable ranges of 0.2% to 0.8% as recommended 

by Dole and Wilkins (2005); however Ca levels fell below the 1.0% to 2.0% 

recommendation, when the N concentration increased to 300 mg·L-1 (Table 2-12).   

When tissue data was compared for each cultivar, both had similar results for P 

levels (Table 2-13).  As the N concentration delivered to stock plants increased, foliar K 

concentration decreased; this trend occurred at lower N concentrations for 'Purple Small 

Leaf' than for 'Raspberry Ice'.  For foliar Mg concentration, 'Raspberry Ice' levels 

decreased with increased concentrations of N applied, while 'Purple Small Leaf' had 

higher Mg levels with N at 200 mg·L-1 than at 100 or 300 mg·L-1.  

Experiment 2 

Stock plant parameters 

Cutting quantity 

There was a harvest date x cultivar and a cultivar x N concentration interaction for 

cutting quantity (Table 2-14).  Harvest 3 produced the most cuttings of 'Raspberry Ice' at 

9.2 per plant, while H1 (4.9), H2 (5.9), H4 (4.6), and H5 (5.4) all produced similar 

quantities, which were at least 157% more than H6 (2.9) (LSD=1.4, n=36).  For 'Purple 

Small Leaf', cutting quantity was similar at H4 (21.7) and H3 (20.7), both of which were 

greater than all other harvest dates.  Harvest 2 (16.3) produced more cuttings than H5 

(12.9), yet both were similar to H6 (15.4).  Harvest 1 produced 7.6 cuttings per plant, 

which was at least 42% less than any other harvest (LSD=3.2, n=36).  When comparing 

cultivars, 'Purple Small Leaf' produced cuttings in greater quantity than 'Raspberry Ice' 

during all harvests (data not shown).   
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'Purple Small Leaf' stock plants produced more cuttings that 'Raspberry Ice' for all 

N concentrations applied (Table 2-14).  'Raspberry Ice' stock plants produced more 

cuttings with N at 300 mg·L-1 than at 100 or 200 mg·L-1.  For 'Purple Small Leaf', cutting 

quantity was greater for stock plants treated with N at 200 mg·L-1 than at 100 mg·L-1 

while yield from both treatments was similar to N at 300 mg·L-1.   

Cutting length, stem diameter, and leaf area 

There was a harvest date x cultivar interaction for cutting length (Table 2-15).  

Differences in cutting length were not significant between cultivars for H1 or H3 with 7.7 

and 8.2 cm per cutting, respectively.  For H5, cuttings harvested from stock plants of 

'Purple Small Leaf' had 116% longer cuttings than from 'Raspberry Ice' (10.2 vs 8.7 cm) 

(LSD=1.1, n=34).  When considering only 'Raspberry Ice', cutting length was longer 

from H5 (8.7 cm) than H1 (7.9 cm), while H3 was similar to both with 8.4 cm per cutting 

(LSD=0.5, n=35).  'Purple Small Leaf' had a similar cutting length from H1 and H3 (7.5 

and 8.0 cm, respectively), both of which were less than H5 (10.1 cm) (LSD=0.9, n=36).  

Differences in stem length for either cultivar were not significant amongst treatments.  

There was a harvest date x N concentration and a harvest date x cultivar interaction 

for stem diameter (Table 2-15).  For H1 'Purple Small Leaf' had a 16% smaller stem 

diameter than 'Raspberry Ice' (0.19 vs 0.23 cm, respectively).  Both cultivars had similar 

stem diameter at H3 (data not shown).  At H5, 'Purple Small Leaf' had larger sized stems 

(0.24 cm) than 'Raspberry Ice' (0.20 cm) (LSD=0.02, n=34).  'Raspberry Ice' cuttings 

from H3 had a stem diameter of 0.24 cm, which was 108% and 115% larger than H1 

(0.23) and H5 (0.20), respectively (LSD=0.01, n=35).  Alternatively, 'Purple Small Leaf' 

cuttings had a larger stem diameter at H5 than H3 (0.24 vs 0.21 cm), both of which were 

greater than H1 (0.19 cm) (LSD=0.02, n=36).  Although statistical differences were 
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shown, differences in stem diameter of 0.03 cm may not be considered commercially 

important for either cultivar.  When considering both cultivars, differences in stem 

diameter were not significant amongst treatments for any harvest date.  When considering 

harvest dates within treatments, cuttings harvested from stock plants treated with N at 

300 mg·L-1 had a larger stem diameter from H3 (0.23 cm) than either H5 or H1, which 

had similar a diameter of 0.20 cm (LSD=0.02, n=24).  Differences in stem diameter 

amongst harvest dates were not significant for other N concentrations.   

There was a harvest date x cultivar and a cultivar x N concentration interaction for 

leaf area (Table 2-15).  From H1, cuttings of 'Raspberry Ice' had a 157% larger leaf area 

than 'Purple Small Leaf' (76.5 vs 48.5 cm2, respectively) (LSD=4.9, n=36).  Similarly, at 

H3, 'Raspberry Ice' had a leaf area of 47.1 cm2, which was 115% larger than that of 

'Purple Small Leaf' (40.8 cm2) (LSD=4.3, n=36).  At H5, however, 'Purple Small Leaf' 

had larger leaf area than 'Raspberry Ice' (31.6 vs 24.1 cm2) (LSD=3.9, n=36).  When 

considering differences in 'Raspberry Ice' amongst harvest dates, leaf area from H1 (76.5 

cm2) was larger than H3, both (47.1 cm2) of which were larger than H5 (24.1 cm2) 

(LSD=4.7, n=35).  'Purple Small Leaf' had larger leaf area at H5 (10.1 cm2) than at H1 or 

H3 (7.5 or 8.0 cm2, respectively) (LSD=0.9, n=36).   

Differences for both 'Raspberry Ice' and 'Purple Small Leaf' were not significant 

amongst treatments with a leaf area of 51.0 and 40.3 cm2, respectively (Table 2-16).  

When comparing cultivars, stock plants fertigated with N at 100 to 200 mg·L-1, had a 

larger leaf area with 'Raspberry Ice' than 'Purple Small Leaf'.  Differences in leaf area 

were not significant between cultivars when stock plants were provided N at 300 mg·L-1. 
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Rooting parameters 

Percent survival, visual rooting quality, and quantity of primary and lateral roots 

There was a harvest date x evaluation week x N concentration interaction for 

percent survival (Table 2-17).  Main effects for cultivar differences will be presented 

separately.  Percent survival of 'Raspberry Ice' was 93%, while 71% of 'Purple Small 

Leaf' cuttings survived (LSD=5, n=90).  Differences in percent survival were not 

significant amongst treatments for cuttings planted at H2, H4, or H6 and evaluated 4 or 6 

WAP, respectively (data not shown).  When considering N concentration, stock plants 

fertilized with N at 300 mg·L-1 produced cuttings at H4 that had a higher percent survival 

6 WAP than at 4 WAP (86% vs 55%) (LSD=20, n=12), otherwise all other harvest 

plantings had similar survival percentages at both 4 and 6 WAP, regardless of N 

concentration.   

There was a harvest date x cultivar x N concentration and a harvest date x 

evaluation week interaction for rooting quality (Table 2-17).  When considering both 

cultivars, cuttings evaluated 6 WAP had a higher rooting quality than those evaluated 4 

WAP from H2, H4, and H6 (data not shown).  For both 'Raspberry Ice' and 'Purple Small 

Leaf', rooting quality was similar amongst treatments and harvests.  One exception was 

cuttings of 'Purple Small Leaf' planted from stock plants treated with N at 100 mg·L-1, 

which had a lower root quality rating than those provided with N at 200 or 300 mg·L-1 

(Table 2-18).  'Raspberry Ice' when harvested from N concentrations of 100 mg·L-1, 

produced better quality rooted cuttings when planted from H2 and H6, than from H4.  

Nitrogen at 200 mg·L-1 produced variable results in rooting quality from each harvest, 

with mean ratings of 3.9, 1.6, and 3.0 from H2, H4, and H6, respectively.  Similarly, 

cuttings planted from H2 had higher rooting quality than H6, which was higher than H4 
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with N at 300 mg·L-1.  While 'Purple Small Leaf' cuttings had similar rooting quality from 

H4 and H6, rooting quality of cuttings planted from N at 100 mg·L-1 at H2 was higher.  

Differences in rooting quality were not significant amongst harvest dates with N 

concentrations from 200 to 300 mg·L-1.   

There was a harvest date x cultivar x N concentration interaction for number of 

primary roots (Table 2-19).  For most harvest plantings, both 'Raspberry Ice' and 'Purple 

Small Leaf' had a similar number of primary roots amongst treatments.  However, 

'Raspberry Ice' from H2 had more primary roots per cutting when fertilized with N at 200 

mg·L-1, than at 300 mg·L-1, and both of these treatments were similar to N at 100 mg·L-1.  

Cuttings of 'Purple Small Leaf' planted at H6 had 281% more primary roots when stock 

plants were fertigated with N at 300 mg·L-1 than at 100 mg·L-1, while both treatments 

were similar to N at 200 mg·L-1.  For cuttings planted from H2, 'Raspberry Ice' had 

264%, 425%, and 237% more primary roots than 'Purple Small Leaf' when stock plants 

were fertigated with N at 100, 200, and 300 mg·L-1, respectively (data not shown).  

'Raspberry Ice' and 'Purple Small Leaf' cuttings both had a similar number of primary 

roots amongst the three N concentrations, when planted from H4 and H6.   

There was a harvest date x cultivar interaction for number of lateral roots.  

'Raspberry Ice' had 18.5 lateral roots per cutting for H2, which was at least 506% more 

than H4 or H6 (1.4 or 3.7, respectively) (LSD=5.6, n=12).  'Purple Small Leaf' had more 

lateral roots per cutting when planted from H6 (6.5) than H2 (3.4) or H4 (1.4) (LSD=2.6, 

n=18).  For cuttings planted from H2, 'Purple Small Leaf' had an 82% lower number of 

lateral roots than cuttings of 'Raspberry Ice' (data not shown).  'Raspberry Ice' and 'Purple 
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Small Leaf' had a similar number of lateral roots from H4 and H6, with 1.4 and 5.1 lateral 

roots per cutting, respectively.  

Cutting dry weight and root : shoot ratio 

There was a harvest date x evaluation week and a harvest date x cultivar interaction 

for cutting total dry weight (Table 2-17).  For cuttings planted from H2, those evaluated 6 

WAP had greater total dry weight than at 4 WAP (291 vs 231 mg) (LSD=39, n=35).  For 

H4 and H6, differences in total dry weight were not significant between evaluation weeks 

with 219 and 173 mg per cutting, respectively.  When comparing cultivars, 'Raspberry 

Ice' and 'Purple Small Leaf' had similar cutting dry weight when planted from H2 and H6 

with 244 and 253 mg per cutting, respectively.  For H4, 'Raspberry Ice' cuttings had 

greater dry weight than 'Purple Small Leaf' (245 vs 211 mg) (LSD=29, n=22).  Dry 

weight of 'Raspberry Ice' cuttings decreased over time with 289, 245, and 163 mg per 

cutting from H2, H4, and H6, respectively (LSD=32, n=16).  'Purple Small Leaf' 

responded similarly over time with 251, 211, and 177 g per cutting from H2, H4, and H6, 

respectively (LSD=32, n=45).   

There was a harvest date x evaluation week and a harvest date x cultivar interaction 

for the cutting root : shoot ratio (Table 2-17).  The root : shoot ratio was similar between 

'Raspberry Ice' and 'Purple Small Leaf' at H2, H4 and H6.  'Raspberry Ice' cuttings had 

similar root : shoot ratios for H2 and H6 with 0.24, which was greater than H4 (0.15) 

(LSD=0.05, n=16).  'Purple Small Leaf' cuttings performed similarly, with H2 (0.24) or 

H6 (0.28) being greater than H4 (0.15) (LSD=0.05, n=45).  When considering evaluation 

weeks, cuttings evaluated from either H4 (0.15) or H6 (0.26) had similar root : shoot 

ratios at both 4 and 6 WAP, while cuttings evaluated 4 WAP from H2 had a 42% lower 

root : shoot ratio than at 6 WAP (0.17 vs 0.32) (LSD=0.05, n=34).   
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Stock plant leachate 

There was a sampling date x N concentration interaction for leachate pH, 

differences in cultivar were not significant.  Over time substrate pH increased with N at 

100 mg·L-1, while a decrease in pH was observed with N at 200 to 300 mg·L-1 (Figure 2-

4).   

The sampling date x N concentration interaction was not significant for leachate 

EC, therefore the main effects will be presented separately.  Both cultivars had similar 

EC values.  Over time, values remained within the recommended range of 2.0 to 3.5 

mS/cm for producing bougainvillea plants (Figure 2-5).  As the concentration of N 

applied to stock plants increased, EC also increased.  Nitrogen at 300 mg·L-1 had the 

highest leachate EC (3.62 mS·cm-1), while 200 mg·L-1 (2.89 mS·cm-1) was higher than 

100 mg·L-1 (1.76 mS·cm-1) (LSD=0.32, n=48).   

There was a sampling date x N concentration interaction for NO3-N, differences in 

cultivar were not significant.  In general, leachate values for NO3-N were shown to 

increase with removal of plant tissue at cutting harvests when stock plants were fertigated 

with N at 200 to 300 mg·L-1 (Figure 2-6).  Leachate NO3-N values were excessively high 

with N at 300 mg·L-1.  

Foliar analysis 

There was a harvest date x cultivar x N concentration interaction for foliar Ca and 

Mg concentrations.  There was a harvest x cultivar interaction for foliar P and K 

concentrations.  There was a harvest x N concentration interaction for foliar N, while 

main effects for cultivar will be presented separately (Table 2-20).  'Raspberry Ice' had 

greater foliar N concentration than 'Purple Small Leaf' (4.59% vs 4.43%) (LSD=0.14, 

n=18).  Early in the season, at H1, stock plants fertigated with N at 200 mg·L-1 (4.52%) 
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had greater foliar N concentration than at 300 mg·L-1 (4.16%), while both concentrations 

were similar to N at 100 mg·L-1 (4.30%) (LSD=0.27, n=6).  During H3, foliar N 

concentration was similar for stock plants fertigated with N at 200 to 300 mg·L-1 (4.94%), 

while both were greater than 100 mg·L-1 (4.14%) (LSD=0.33, n=6).  Harvest 5 followed a 

similar pattern, as the N concentration delivered to stock plants increased, N 

concentration in the foliage also increased (data not shown).  When considering foliar K 

concentrations, cuttings harvested from stock plants treated with N at 100 mg·L-1 had the 

highest tissue concentrations (4.16%), while 200 mg·L-1 (3.93%) was greater than 300 

mg·L-1 (3.54%) (LSD=0.16, n= 27).  'Purple Small Leaf' had a similar K concentration in 

foliage to 'Raspberry Ice' during H1 and H5, while at H3 'Purple Small Leaf' (4.23%) had 

a greater K concentration than 'Raspberry Ice' (3.63%) (LSD=0.31, n=9).  Phosphorous 

levels were similar for all treatments during the second study.  During H1, 'Purple Small 

Leaf' cuttings had a greater foliar P concentration than 'Raspberry Ice' (0.52% vs 0.42%) 

(LSD=0.05, n=9).  The third harvest followed an opposite trend, with P being greater in 

'Raspberry Ice' (0.32%), than 'Purple Small Leaf' (0.29%) (LSD=0.02, n=9).  Differences 

in cultivar responses were not significant at H5, with 0.26% P measured in tissue.  Over 

time, foliar P and K concentrations decreased for both cultivars, although values were 

still within the acceptable range of 0.2% to 0.8% for P, and 3.0 to 5.5% for K (Whipker et 

al., 2003).   

When considering foliar Ca levels observed for 'Raspberry Ice' and 'Purple Small 

Leaf', concentrations were generally similar amongst N concentrations applied.  During 

H3 however, decreased Ca concentrations were observed as N concentration increased 

(Table 2-21).  As the season progressed, 'Raspberry Ice' exhibited a decline in foliar Ca.  
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Although the characteristic leaf distortions and chlorosis commonly associated with Ca 

deficiency were not observed, resultant slow growth due to a minor calcium deficiency 

may have contributed to the reduction in cutting quantity harvested later in the season 

(Whipker et al., 2003).  Magnesium levels were shown to be above the recommended 

range of 0.2% to 0.8% during H1 for both cultivars (Table 2-21).  Decreased foliar Mg 

was observed as the season progressed for both cultivars, however values remained 

within the recommended range. 

Discussion 

During the first experiment, 'Purple Small Leaf' produced more cuttings than 

'Raspberry Ice'.  Although cutting length, stem diameter, and leaf area were similar 

between cultivars, percent survival, rooting quality, number of lateral roots, total cutting 

dry weight, and root : shoot ratios for planted cuttings were shown to be greater with 

'Raspberry Ice' than 'Purple Small Leaf'. 

When considering both cultivars, stock plants fertigated with N concentrations of 

200 to 300 mg·L-1, produced greater quantities of cuttings, when compared to 100 mg·L-1.  

At times, all treatments produced similar numbers of cuttings, yet throughout the study N 

at 300 mg·L-1, more consistently produced the largest yield (Table 2-2).  Additionally, 

when comparing consistency of harvest dates, stock plants fertigated with N at 100 or 

300 mg·L-1 produced similar numbers of cuttings at each harvest, while results from N at 

200 mg·L-1 varied.   

'Purple Small Leaf' produced cuttings with a shorter stem length than 'Raspberry 

Ice', however the 0.3 cm difference may not be considered commercially important.  

When considering N concentration, cutting length was generally similar amongst 

treatments, however at the third harvest stock plants fertigated with N at 100 to 200 
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mg·L-1 produced longer cuttings than at 300 mg·L-1.  Cutting leaf area was generally 

similar for all treatments, although 'Raspberry Ice' showed a reduction in area as N 

concentration increased.  'Purple Small Leaf' had a similar leaf area for all N 

concentrations provided.  As the N concentration increased later in the harvesting season, 

a slight trend was shown with both cultivars toward shorter cuttings with decreased leaf 

area.   

Percent survival for cuttings planted from H2 was higher with cuttings planted 

from stock plants treated with N at 300 mg·L-1 than from concentrations of 100 to 200 

mg·L-1, otherwise all treatments had similar survival.  When comparing harvest dates, 

cuttings planted from H6 had a considerable reduction in survival as compared to the 

other two plantings.  Improved survivability with N at 200 mg·L-1 than 300 mg·L-1, 

occurred with cuttings planted from H6, therefore growers may want to consider reducing 

fertilizer concentrations as the growing season progresses into the cool season.  Rooting 

quality of 'Purple Small Leaf' cuttings was improved with N at 300 mg·L-1, as compared 

to lower concentrations early in the study, yet as the season progressed treatment 

differences were not significant.  'Raspberry Ice' cutting performance was generally not 

influenced by treatment early in the season, yet had better rooting quality when planted 

from H6 when N was applied at 200 mg·L-1, as compared to 100 or 300 mg·L-1.  When 

comparing primary root number, all N concentrations produced a similar quantity.  In 

general both cultivars had a reduction in primary roots as the season progressed; this 

trend seems to coincide with the decreases in visual rooting quality shown during the 

same time period.  For 'Raspberry Ice', this reduction in rooting quality at H6 may be 

related to the reduction in both stem length and leaf area seen with increased 
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concentrations of nitrogen applied to stock plants later in the season.  Lateral root number 

was generally improved with N concentrations of 200 to 300 mg·L-1 when applied to 

stock plants of 'Raspberry Ice', and with 300 mg·L-1 applied to 'Purple Small Leaf'. 

Differences in total cutting dry weight and the root : shoot ratio seem to coincide 

with other rooting parameters previously discussed, as 'Purple Small Leaf' was shown to 

have increased total cutting dry weight and an improved root : shoot ratio with N at 300 

mg·L-1 as compared to the lower concentrations applied to stock plants.  Although 

'Raspberry Ice' was not significant amongst treatments for the root : shoot ratio, total 

cutting dry weight was greater from N at 200 to 300 mg·L-1 than at 100 mg·L-1.   

When comparing all parameters, stock plants of 'Raspberry Ice' and 'Purple Small 

Leaf' were shown to achieve the greatest benefits in yield and subsequent rooting 

performance when stock plants were fertigated with N at 200 to 300 mg·L-1 during Expt. 

1 (warm season).  Results were similar to studies conducted during the 2005 spring 

growing season, in which the recommended concentration was 200 mg·L-1 (Cerveny et 

al., 2005).   

During the second experiment, 'Purple Small Leaf' produced more cuttings than 

'Raspberry Ice'.  When comparing treatments, 'Raspberry Ice' produced the greatest 

quantity of cuttings when stock plants were fertigated with N at 300 mg·L-1 as compared 

to 100 to 200 mg·L-1.  Alternatively, 'Purple Small Leaf’ stock plants were shown to have 

optimum yield with N at 200 mg·L-1 as compared to 100 or 300 mg·L-1, suggesting no 

benefit to the increased concentration.   

Cutting length was generally similar for both cultivars, except 'Purple Small Leaf' 

produced longer cuttings than 'Raspberry Ice' during H5.  'Raspberry Ice' generally had a 
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larger leaf area than 'Purple Small Leaf' with lower concentrations of N applied, yet 

differences were not significant as concentrations increased to 300 mg·L-1.  When 

comparing harvests, leaf area tended to be greater with 'Raspberry Ice' than 'Purple Small 

Leaf' during earlier harvests, although at H5 'Purple Small Leaf' had a larger leaf area 

than 'Raspberry Ice'.  As the season progressed into the cooler months, 'Raspberry Ice' 

stock plants produced fewer cuttings with shorter lengths and less leaf area; this was 

shown to a lesser degree with 'Purple Small Leaf'.  This change in performance might 

suggest a seasonal effect, although a similar trend was observed to a lesser degree during 

summer.  Because bougainvillea flowers under natural short days, flower initiation may 

have inhibited vegetative growth (Chakraverty, 1970).  Another possibility for the 

observed changes in cutting yield may be due to a natural reduction in vigor associated 

with 18 to 20 weeks in production.  In commercial floriculture, stock plants of other 

species are often replanted several times per year to avoid reductions in vigor (Carlos 

Villalobos, General Manager, Ball Linda Vista facility, Costa Rica, personal 

communication).  Alternatively, the foliar analysis data which showed slight Ca and Mg 

deficiencies, coupled with reduced pH values observed in stock plant leachate may 

indicate reductions in vigor are related to elemental deficiencies associated with low pH. 

Percent survival was generally not influenced by N concentration applied to stock 

plants and 'Raspberry Ice' tended to be similar in percentage survival to 'Purple Small 

Leaf' for most harvest plantings and evaluation dates.  Visual rooting quality was also 

generally similar amongst N concentration provided to stock plants, except for 'Purple 

Small Leaf' later in the season, in which higher rates of N at 200 to 300 mg·L-1 provided 

to stock plants had greater rooting quality than at 100 mg·L-1.  Throughout the second 
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study N fertilization provided to 'Purple Small Leaf' at 200 to 300 mg·L-1 produced 

similar results when planted from all harvests.  'Raspberry Ice' tended to have better 

rooting earlier in the study for all treatments, but was generally similar amongst all N 

concentrations.   

For the N concentrations investigated, 200 and 300 mg·L-1 produced the highest 

quantity of primary roots for 'Raspberry Ice' and 'Purple Small Leaf', respectively.  For 

lateral roots, differences in treatment were not significant, yet 'Raspberry Ice' was shown 

to have improved lateral rooting earlier in the season, while 'Purple Small Leaf' 

performed better as the season progressed.  'Raspberry Ice' was greater than 'Purple Small 

Leaf' when considering number of lateral roots when cuttings were planted from H2, 

although H4 and H6 produced similar results between cultivars.   

'Raspberry Ice' and 'Purple Small Leaf' generally had similar total cutting dry 

weight values throughout the study with few exceptions.  Total cutting dry weight of 

'Raspberry Ice' decreased with each harvest planting, while 'Purple Small Leaf' values 

were constant over time.  This data further illustrates differences observed with other 

parameters previously mentioned.  The root : shoot ratios were similar for 'Raspberry Ice' 

and 'Purple Small Leaf' cuttings, and both followed a similar trend with harvest number.  

Cutting root : shoot ratios were generally similar with each harvest, however a reduction 

was seen when cuttings were planted from H4.   

When considering both studies, cuttings evaluated 4 WAP tended to have similar 

survival to those evaluated 6 WAP, this suggests that although rooting may not be at the 

desired level, no benefit was shown in allowing cuttings to remain under mist for six 

weeks.  All other parameters that showed improvement 6 WAP as compared to 4 WAP, 
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such as rooting quality, root number, and dry weight, all suggest growth with time and 

would not be considered the result of prolonged misting.  Growers will want to consider 

removing cuttings from the propagation environment when the majority of cuttings have 

begun rooting to encourage better establishment of rooted liners.  Length of time 

necessary to propagate bougainvillea cuttings varies, so growers will want to experiment 

with each cultivar to determine the ideal harvesting window.   

Conclusion 

During the summer study stock plants of bougainvillea were shown to benefit from 

N at 300 mg·L-1.  The trend during the second study suggests that 300 mg·L-1 may be 

more appropriate earlier in the growing season, but as the season progresses fertilization 

program should be reduced to 200 mg·L-1.  Stock plant leachate pH, EC, and NO3-N 

should be monitored regularly to assure optimum root zone management.  Bougainvillea 

glabra 'Raspberry Ice' and 'Purple Small Leaf' were also shown to survive similarly at 4 

and 6 WAP under Florida conditions.  Growers should compare the risk of extended 

propagation time to the benefits achieved in rooting performance for their specific 

growing environments.  Since the response of 'Purple Small Leaf' and 'Raspberry Ice' 

varied over time and between each other, further studies should be conducted on other 

cultivars of bougainvillea as well as other tropical species to determine optimum 

concentrations of N for a successful stock plant management program.   
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Table 2-1.  Temperature and relative humidity data (maximum, minimum, and mean) as 
recorded during simulated and actual shipping (excision to planting) of 
cuttings from Harvests (H) 2, 4, and 6 of Expts. 1 and 2, respectively. 

  Temperature (C) Relative Humidity (%) 
Expt 1 Max. Min. Mean Max. Min. Mean 
H2 34.4 13.3 22.4 94.5 46.4 81.4 
H4 36.1 20.6 26.4 82.5 56.2 69.1 
H6 38.8 22.9 26.5 91.7 36.3 72.3 
Avg 
 

36.4 
 

18.9 
 

25.1 
 

89.6 
 

46.3 
 

74.3 
 

  Temperature Relative Humidity 
Expt 2 Max. Min. Mean Max. Min. Mean 
H2 38.8 21.0 25.8 82.1 30.4 65.1 
H4 26.0 3.3 17.3 96.7 26.6 63.7 
H6 25.6 3.3 13.9 88.0 30.4 72.7 
Avg 30.1 9.2 19.0 88.9 29.1 67.2 
       

 

Table 2-2.  Influence of harvest date, cultivar, and nitrogen (N) concentration on quantity 
of sub-terminal bougainvillea stem cuttings harvested during the warm season 
(Expt. 1).   

N Concn Cutting quantity   
(mg·L-1) H1 H2 H3 H4 H5 H6  LSD 
100 13.5 16.1 16 15.9 15.6 9.5 NS  
200 14 19 17.6 20 25.5 11.4 * 7 
300 13.2 20.1 22.1 20.8 23.9 18.1 NS  
Significance NS NS *** NS * *   
LSD   3.6  6.6 6.9   
         
Source of variance df    Pr > F   
Rep (R )  11    0.0061   
Harvest date (H)  5    0.0001   
Cultivar (C )  1    0.0001   
H x C  5    0.0001   
N concn (T)  2    0.0001   
H x T  10    0.0495   
C x T  2    NS   
H x C x T  10    NS   
NS, *, *** Nonsignificant or significant at P ≤ 0.05 or 0.001, respectively. 
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Table 2-3.  Significance levels for effects of harvest date, cultivar, and nitrogen (N) 
concentration on length and leaf area of cuttings harvested from stock plants 
of bougainvillea (Expt 1). 

Source df Cutting length Leaf area 
Rep (R ) 11 NS NS 
Harvest date (H) 2 0.0001 0.0001 
Cultivar (C ) 1 0.0254 0.0001 
H x C 2 NS NS 
N concn (T) 2 NS 0.0018 
H x T 4 0.0454 NS 
C x T 2 NS 0.0063 
H x C x T 4 NS NS 
NSNonsignificant at P ≤ 0.05. 
 

 
Table 2-4.  Harvest date (H) by nitrogen (N) concentration interaction for length of sub-

terminal bougainvillea stem cuttings from harvested during the warm season 
(Expt 1). 

 Cutting length (cm)   
N Concn 
(mg·L-1) H1 H3 H5  LSD 
100 7.3 6.7 7.5 * 0.6 
200 6.7 6.7 7.3 * 0.5 
300 6.9 6 7.6 *** 0.6 
Significance NS * NS   
LSD  0.5    
NS, *, *** Nonsignificant or significant at P ≤ 0.05 or 0.001, respectively. 
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Table 2-5.  Significance levels for effects of harvest date, evaluation date, cultivar, and 
nitrogen concentration provided to stock plants on percent survival, visual 
rooting quality (1=poor; 5=best), total dry weight (shoot weight + root 
weight), and root : shoot ratio of sub-terminal bougainvillea stem cuttings 
planted during the warm season (Expt. 1). 

Source df 
Percent 
survival 

Rooting 
quality 

Total dry 
weight 

Root : shoot 
ratio 

Rep (R ) 5 NS NS 0.0248 NS 
Harvest date (H) 2 0.0001 0.0001 0.0001 0.0001 
Evaluation date (W) 1 NS 0.0185 0.0001 0.0001 
H x W 2 NS NS 0.0001 0.0019 
Cultivar (C ) 1 0.0001 0.0001 0.0001 0.0001 
H x C 2 NS 0.0001 0.0041 0.0001 
W x C 1 NS NS NS 0.0015 
H x W x C 2 NS NS 0.0001 0.0482 
N Concn (T) 2 NS NS 0.0001 NS 
H x T 4 0.0051 0.0005 0.0001 0.0011 
W x T 2 NS NS NS NS 
H x W x T 4 NS NS NS 0.0314 
C x T 2 0.0227 0.0003 NS 0.0096 
H x C x T 4 NS 0.0482 0.006 NS 
W x C x T 2 NS NS NS NS 
H x W x C x T 4 NS NS NS NS 
NSNonsignificant at P ≤ 0.05. 
 

 
Table 2-6.  Harvest date (H) by nitrogen (N) concentration interaction for percent 

survival of sub-terminal bougainvillea stem cuttings planted from stock plants 
treated with N at 100, 200, or 300 mg·L-1 during the warm season (Expt. 1). 

 Percent survival (%)   
N Concn 
(mg·L-1) H2 H4 H6  LSD 
100 75 77 58 * 15 
200 76 69 63 NS  
300 90 80 49 *** 14 
Significance * NS NS   
LSD 12     
NS, *, *** Nonsignificant or significant at P ≤ 0.05 or 0.001, 
respectively. 
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Table 2-7.  Harvest date (H) by cultivar by N concentration interaction for visual rooting 
quality (1=poor; 5=best) of sub-terminal bougainvillea stem cuttings planted 
during the warm season (Expt. 1). 

 Rooting quality 
N Concn Raspberry Ice  Purple Small Leaf 
(mg·L-1) H2 H4 H6  H2 H4 H6 
100 3.6 2.8 1.5  1.8 1.3 1.6 
200 3.9 2.8 2  1.5 1.1 1.3 
300 3.5 2.2 1.3  2.9 1.4 1.1 
Significance NS NS *  * NS NS 
LSD   0.5  0.8   
NS, * Nonsignificant or significant at P ≤ 0.05, respectively. 
 

 
Table 2-8.  Significance levels for effects of harvest date, cultivar, and nitrogen 

concentration provided to stock plants on number of primary and lateral roots 
on sub-terminal bougainvillea stem cuttings planted during the warm season 
(Expt. 1). 

Source df Primary roots Lateral roots 
Rep (R ) 5 NS NS 
Harvest date (H) 2 0.0001 0.0001 
Cultivar (C ) 1 0.0001 0.0001 
H x C 2 0.0001 0.0001 
N Concn (T) 2 NS 0.0129 
H x T 4 NS 0.0094 
C x T 2 0.0343 0.0003 
H x C x T 4 NS 0.0278 
NSNonsignificant at P ≤ 0.05. 
 

 

Table 2-9.  Harvest date by cultivar by N concentration interaction for total cutting dry 
weight (shoot weight + root weight) of sub-terminal bougainvillea stem 
cuttings planted during the warm season (Expt. 1). 

 Total cutting dry weight (mg) 
N Concn Raspberry Ice  Purple Small Leaf 
(mg·L-1) H2 H4 H6  H2 H4 H6 
100 204 152 216  116 98 145 
200 253 164 230  138 101 139 
300 246 179 222  184 105 111 
Significance * NS NS  *** NS * 
LSD 36    25  23 
NS, *, *** Nonsignificant or significant at P ≤ 0.05 or 0.001, respectively. 
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Table 2-10.  Significance levels for effects of harvest date, cultivar, and nitrogen (N) 

concentration on foliar concentration of macronutrients N, phosphorous (P), 
potassium (K), calcium (Ca), and magnesium (Mg) of sub-terminal 
bougainvillea stem cuttings harvested during the warm season (Expt. 1).  

Source  df N P K Ca Mg 
Rep  2 NS NS NS NS NS 
Harvest date (H) 2 NS 0.0001 0.0001 0.0001 0.0001 
Cultivar (C) 1 NS 0.0001 0.0001 0.0001 NS 
H x C 2 0.0396 0.0038 0.0114 0.0001 0.0001 
N concn (T) 2 0.0001 0.0368 0.0001 0.0001 0.0001 
H x T 4 0.0213 0.0028 NS 0.0001 0.0002 
C x T 2 NS 0.0009 0.0040 NS 0.0001 
H x C x T 4 NS NS NS NS NS 
NSNonsignificant at P ≤ 0.05. 
 

 
Table 2-11.  Harvest date (H) by cultivar interaction for foliar nutrient concentration of 

macronutrients nitrogen (N), phosphorous (P), potassium (K), calcium (Ca), 
and magnesium (Mg) of sub-terminal bougainvillea stem cuttings harvested 
during the warm season (Expt. 1).   

  Foliar concn (%) 
Cultivar Harvest N P K Ca Mg 
Raspberry Ice H1 4.63 0.40 3.92 0.96 0.62 
Purple Small Leaf  4.57 0.37 4.65 1.16 0.52 
  NS * *** *** ** 
Raspberry Ice H3 5.02 0.33 3.94 0.82 0.55 
Purple Small Leaf  4.59 0.33 4.31 1.14 0.60 
  * NS * *** NS 
Raspberry Ice H5 4.80 0.33 3.75 0.83 0.51 
Purple Small Leaf  4.87 0.29 4.21 0.87 0.51 
  NS *** *** NS NS 
NS, *, **, *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001, respectively. 
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Table 2-12.  Harvest date (H) by nitrogen (N) concentration interaction for foliar nutrient 
concentrations of macronutrients N, phosphorous (P), calcium (Ca), and 
magnesium (Mg) of sub-terminal bougainvillea stem cuttings harvested during 
the warm season (Expt. 1)..   

 N concn Foliar concn (%) 
Harvest (mg·L-1) N  P  Ca  Mg  
H1 100 4.52  0.39  1.12 a 0.61 a 
 200 4.68  0.38  1.11 a 0.59 a 
 300 4.60  0.40  0.96 b 0.51 b 
  NS  NS  **  *  
H3 100 4.56  0.31 b 1.11 a 0.65 a 
 200 4.81  0.32 b 1.06 a 0.62 a 
 300 5.05  0.35 a 0.77 b 0.46 b 
  NS  *  ***  ***  
H5 100 4.36 cz 0.31  1.13 a 0.63 a 
 200 4.84 b 0.32  0.85 b 0.52 b 
 300 5.31 a 0.30  0.57 c 0.39 c 
  ***  NS  ***  ***  
NS, *, **, *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001, 
respectively. 
z Any two means within a column not followed by the same letter are 
statistically different using LSD at P ≤ 0.05. 
          

 

Table 2-13.  Cultivar by nitrogen (N) concentration interaction for foliar nutrient 
concentration of macronutrients phosphorous (P), potassium (K), and 
magnesium (Mg) of sub-terminal bougainvillea stem cuttings harvested during 
the warm season (Expt. 1). 

  Foliar concn (%) 
 N concn (mg·L-1) P  K  Mg  
Raspberry Ice 100 0.35  4.00 a 0.62 a 
 200 0.36  3.94 a 0.55 b 
 300 0.35  3.66 b 0.51 c 
  NS  ***  ***  
Purple Small 
Leaf 100 0.33  4.62 a 0.52 b 
 200 0.32  4.22 b 0.60 a 
 300 0.35  4.32 b 0.51 b 
  NS  **  ***  
NS, *, **, *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001, respectively. 
z Any two means within a column not followed by the same letter are statistically 
different using LSD at P ≤ 0.05. 
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Table 2-14.  Influence of harvest date, cultivar, and nitrogen (N) concentration on 
quantity of sub-terminal bougainvillea stem cuttings harvested during the cool 
season (Expt. 2). 

N concn Cutting quantity   
(mg·L-1) Raspberry Ice Purple Small Leaf  LSD 
100 4.9 13.9 *** 2 
200 4.9 17.5 *** 2.3 
300 6.6 15.8 *** 1.8 
Significance ** *   
LSD 1 2.2   
    
Source of variance df Pr > F  
Rep (R )  11 0.0241  
Harvest date (H)  5 0.0001  
Cultivar (C )  1 0.0001  
H x C  5 0.0001  
N concn (T)  2 0.0037  
H x T  10 NS  
C x T  2 0.006  
H x C x T  10 NS  
NS, *, **, *** Nonsignificant or significant at P ≤ 0.05, 0.01, 0.001, respectively. 

 
 
Table 2-15.  Significance levels for effects of harvest date, cultivar, and nitrogen (N) 

concentration on length, stem diameter, and leaf area of sub-terminal 
bougainvillea stem cuttings harvested during the cool season (Expt. 2).  

 
Source df Cutting length Stem diameter Leaf area 
Rep (R ) 11 NS NS 0.0051 
Harvest date (H) 2 0.0001 0.0044 0.0001 
Cultivar (C ) 1 NS 0.0221 0.0001 
H x C 2 0.0012 0.0001 0.0001 
N concn (T) 2 NS NS NS 
H x T 4 NS 0.0283 NS 
C x T 2 NS NS 0.0002 
H x C x T 4 NS NS NS 
NSNonsignificant at P ≤ 0.05. 
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Table 2-16.  Cultivar by nitrogen (N) concentration interaction for leaf area of sub-

terminal bougainvillea stem cuttings harvested during the cool season (Expt. 
2). 

N concn Leaf area (cm2)   
(mg·L-1) Raspberry Ice Purple Small Leaf  LSD 
100 50.6 37.6 * 9.1 
200 53.5 40.1 * 9.3 
300 45.8 43.2 NS  
Significance NS NS   
     
NS, * Nonsignificant or significant at P ≤ 0.05, respectively.  
 

 
Table 2-17.  Significance levels for effects of harvest date, evaluation date, cultivar, and 

nitrogen concentration provided to stock plants on percent survival, visual 
rooting quality (1=poor; 5=best), total dry weight (shoot weight + root 
weight), and root : shoot ratio of sub-terminal bougainvillea stem cuttings 
planted during the cool season (Expt. 2). 

Source df 
Percent 
survival 

Rooting 
quality 

Total dry 
weight 

Root : shoot 
ratio 

Rep (R ) 5 NS NS NS NS 
Harvest date (H) 2 0.0001 0.0001 0.0001 0.0001 
Evaluation date (W) 1 NS 0.0001 0.0083 0.0001 
H x W 2 0.0038 0.0032 0.0001 0.0001 
Cultivar (C ) 1 0.0001 0.0732 0.0024 NS 
H x C 2 NS 0.0001 0.0001 0.0032 
W x C 1 NS NS NS NS 
H x W x C 2 NS NS NS NS 
N Concn (T) 2 NS NS NS NS 
H x T 4 NS NS NS NS 
W x T 2 NS NS NS NS 
H x W x T 4 0.0480 NS NS NS 
C x T 2 NS NS NS NS 
H x C x T 4 NS 0.0024 NS NS 
W x C x T 2 NS NS NS NS 
H x W x C x T 4 NS NS NS NS 
NSNonsignificant at P ≤ 0.05. 
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Table 2-18.  Harvest date (H) by cultivar by nitrogen (N) concentration interaction for 

visual rooting quality (1-5; 1=poor, 5=best) of sub-terminal bougainvillea 
stem cuttings planted during the cool season (Expt. 2).   

 Rooting quality 
N concn Raspberry Ice Purple Small Leaf 
(mg·L-1) H2 H4 H6 H2 H4 H6 
100 3.6 1.8 3 3.2 2.4 2.4 
200 3.9 1.7 3 2.6 2.3 3 
300 4.1 1.6 2.7 2.5 2.5 3.1 
Significance NS NS NS NS NS * 
LSD      0.6 
NS, * Nonsignificant or significant at P ≤ 0.05, respectively. 
 

 

Table 2-19.  Influence of harvest date (H), cultivar, and nitrogen (N) concentration on 
quantity of primary roots of sub-terminal bougainvillea stem cuttings planted 
during the cool season (Expt. 2).   

 Number of primary roots 
N concn Raspberry Ice  Purple Small Leaf 
(mg·L-1) H2 H4 H6  H2 H4 H6 
100 8.8 0.5 3.2  3.3 3.1 2.1 
200 10.2 0.5 6.2  2.4 4.6 3.6 
300 6.2 1 2.7  2.6 1.7 5.9 
Significance * NS NS  NS NS * 
LSD 2.6      2.8 
        
Source of variance    df Pr > F  
Rep (R )     5 NS  
Harvest date 
(H)     2 0.0001  
Cultivar (C )     1 0.0259  
H x C     2 0.0001  
N Concn (T)     2 0.0483  
H x T     4 NS  
C x T     2 NS  
H x C x T     4 0.0059  
NS, * Nonsignificant or significant at P ≤ 0.05.  
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Table 2-20.  Significance levels for effects of harvest date, cultivar, and nitrogen (N) 

concentration on foliar concentration of macronutrients N, phosphorous (P), 
potassium (K), calcium (Ca), and magnesium (Mg) of sub-terminal 
bougainvillea stem cuttings harvested during the cool season (Expt. 2). 

Source  df N P K Ca Mg 
Rep 2 NS NS NS NS NS 
Harvest date (H) 2 0.0006 0.0001 0.0001 0.0001 0.0001 
Cultivar (C ) 1 0.0213 0.0048 0.0041 0.0001 0.0001 
H x C 2 NS 0.0001 0.0003 NS 0.0036 
N concn (N) 2 0.0001 NS 0.0001 NS 0.0013 
H x T 4 0.0001 NS NS NS NS 
C x T 2 NS NS NS 0.0024 0.0052 
H x C x T 4 NS NS NS 0.0046 0.0330 
NSNonsignificant at P ≤ 0.05. 

    
 

Table 2-21.  Harvest date (H) by cultivar by nitrogen (N) concentration interaction for 
foliar nutrient concentration of calcium (Ca) and magnesium (Mg) in sub-
terminal bougainvillea cuttings harvested from stock plants fertigated with N 
at concentrations of 100, 200, or 300 mg·L-1 during the cool season (Expt. 2).   

 Ca (%) 
N concn Raspberry Ice Purple Small Leaf 
(mg·L-1) H1  H3  H5 H1  H3  H5 
100 1.40  1.04 a 1.15 1.64 b 1.25  1.03 
200 1.44  0.79 b 0.57 1.70 a 1.28  1.38 
300 1.56  0.55 c 0.76 1.73 a 1.25  1.01 

 
NS 

  
** 
  

NS 
 

** 
  

NS 
  

NS 
 

 Mg (%) 
N concn Raspberry Ice Purple Small Leaf 
(mg·L-1) H1  H3  H5 H1  H3  H5 
100 1.07  0.73 a 0.75 1.03  0.81  0.70 
200 1.07  0.54 b 0.55 1.07  0.76  0.77 
300 1.02  0.43 c 0.45 1.05  0.73  0.62 
 NS  **  NS NS  NS  NS 
NS, *, **, *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001, respectively. 
z Any two means within a column not followed by the same letter are statistically 
different using LSD at P ≤ 0.05. 
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Figure 2-1.  Nitrogen (N) concentration x sampling date interaction for leachate pH 
collected from bougainvillea stock plants fertilized with N at 100, 200, or 300 
mg·L-1 during the warm season (Expt. 1).  Each data point represents mean of 
three samples.  Cutting harvests are indicated with a triangle along x-axis. 
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Figure 2-2.  Main effects for leachate electrical conductivity (EC) over time, as recorded 
from bougainvillea stock plants during the warm season (Expt. 1).  Each data 
point represents the mean of three samples.  Cutting harvests are indicated by 
a triangle along the x-axis. 
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Figure 2-3.  Nitrogen (N) concentration x sampling date interaction for nitrate nitrogen 
(NO3-N) values recorded from stock plant leachate of 'Raspberry Ice' and 
'Purple Small Leaf' bougainvilleas (Expt. 1).  Each data point represents the 
mean of three samples.  Cutting harvests are indicated by a triangle along the 
x-axis. 
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Figure 2-4.  Nitrogen (N) concentration by sampling date interaction for leachate pH 
collected from bougainvillea stock plants fertilized with N at 100, 200 or 300 
mg·L-1 during the cool season (Expt. 2).  Each data point represents the mean 
of three samples.  Cutting harvest dates are indicated by a triangle along the x-
axis. 
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Figure 2-5.  Main effects for leachate electrical conductivity (EC) over time as recorded 
from bougainvillea stock plants during the cool season (Expt. 2).  Each data 
point represents the mean of three samples.  Cutting harvests are indicated by 
a triangle along the x-axis. 
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Figure 2-6.  Nitrogen (N) concentration by sampling date interaction for leachate nitrate 
nitrogen (NO3-N) values recorded from stock plants of bougainvillea fertilized 
with N at 100, 200 or 300 mg·L-1 during the cool season (Expt. 2).  Each data 
point represents the mean of three samples.  Cutting harvests are indicated by 
a triangle along the x-axis. 
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CHAPTER 3 
LATERAL BRANCHING AGENTS 

Introduction 

With the ability to withstand high humidity levels and extremely warm 

temperatures in southern climates and the versatility to be used as annuals in the northern 

landscapes, tropical perennials offering vibrant color choices and interesting foliar 

textures for U.S. consumers (Palmer, 2000).  Oleander (Nerium oleander L.) ‘Dwarf 

Salmon’ and Tecoma [Tecoma stans (L.) Juss.] ‘Esperanza’ are two highly desirable 

tropical perennials because of their outstanding flowering characteristics and superior 

garden performance.   

Oleander is a multipurpose tropical perennial, hardy to USDA Hardiness Zone 9, 

that can be used as a foundation plant, hedge, or as a featured specimen in a container 

garden.  Once established, oleander is able to withstand poor soil conditions and is 

reportedly salt tolerant (Walker and Hanly, 1996).  It requires a sunny location for 

northern gardeners, who could use it as a potted plant to be taken indoors during winter 

months (McCulla, 1973).  Tecoma, characterized by its trumpet-shaped yellow flowers 

was recognized as a 2005 “Plant of the Year” by the Florida Nursery, Growers and 

Landscape Association (FNGLA, 2005).  Used as a deciduous shrub or tree and hardy to 

USDA Hardiness Zone 10, tecoma grows to 7.6 m (25 ft) at maturity, and is equally 

attractive as a containerized specimen plant. 

While demand is increasing for both species, shortages in rooted cutting 

availability exist amongst shipments to growers.  This, coupled with low quality rooted 
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liners supplied by domestic propagation firms has become a concern for growers wishing 

to produce oleander and tecoma for sale.  As a means of increasing cutting number the 

effects of ethephon (Florel) [3.9% (2-chloroethyl) phosphonic acid] (Monteray Lawn and 

Garden Products, Inc., Fresno, Calif.) and benzyladenine (BA) on stock plant cutting 

quantity has been proven beneficial for promotion of axillary shoot development in some 

floriculture crops such as: chrysanthemum (Chrysanthemum morifolium); geranium 

(Pelargonium x hortorum L'Her.); poinsettia (Euphorbia pulcharrima Willd. ex Klotsch); 

scaevola (Scaevola aemula R. Br.); and vinca vine (Vinca major L.) (Gibson and 

Whipker, 2004; Konjoian, 1994; Witaszek and Mynett, 1989).  Because oleander and 

tecoma display limited branching in containers, they are ideal candidates for lateral 

branching chemical sprays to increase cutting quantity and quality.  The objective of the 

experiment was to determine the efficacy of lateral branching treatments on stock plants 

of Nerium oleander ‘Dwarf Salmon’ and Tecoma stans ‘Esperanza’and to determine the 

most effective concentrations of Fresco (N-[phenylmethyl]-1H-purine 6-amine 

+gibberellins A4A7: 1.8%)(Fine Agrochemicals Ltd., Worchester, United Kingdom), 

FAL-457 (N-[phenylmethyl]-1H-purine 6-amine: 2.0%)(Fine Agrochemicals Ltd.), and 

Florel for increasing harvest quantity, quality, and subsequent rooting performance of 

cuttings. 

Materials and Methods 

Experiment 1 

Rooted liners of tecoma (Tecoma stans ‘Esperanza’) and oleander (Nerium 

oleander ‘Dwarf Salmon’) were planted, 2-per pot, into 16d x 18.5h cm round plastic 

containers on 18 May 2005.  The root substrate used was Fafard 4-P (Fafard, Anderson, 

S.C.), which contained: 4 sphagnum peat: 2 pine bark: 2 vermiculite: 1 perlite (v/v).  
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Slow release fertilizer (19N-2.6P-9.9K) was incorporated into the stock plant rooting 

substrate at a rate of 3.21 g·m-3 (1.33 oz/ft3) prior to planting.  Plants were then fertigated 

once-weekly using 14N-1.7P-11.6K with N at 200 mg·L-1.  Plants were established for 4 

weeks, until roots reached the bottom of the pot, and then given a hard pinch on 6 July.  

Stock plants were sprayed, using a volume of 204 mL·m3, with a treatment solution 

consisting of Fresco or FAL457 at 125, 250, or 500 mg·L-1 or Florel at 250, 500, or 1000 

mg·L-1.  All treatments were mixed with water containing 0.66 mg·L-1 polyether modified 

polysiloxane (Capsil) (The Scotts Company, Marysville, Ohio) spray adjuvant.  A control 

treatment was included, which was sprayed with water and adjuvant only.  Treatments 

were applied 7 July, 22 July, 4 Aug., and 24 Aug., and cuttings were harvested 4 and 8 

weeks after treatments were initiated, on 3 Aug. and 30 Aug., respectively.  Stock plants 

were assigned to a randomized complete block design (RCBD) with 10 treatments and 

five single pot replications of each treatment.   

Experiment 2 

The second experiment was repeated in the same manner as the first, with the 

following exceptions: Stock plants were transplanted on 5 Oct. and given a hard pinch on 

31 Oct.  Lateral branching agents with nine single pot replications of the 10 treatments 

were applied 1 Nov., 15 Nov., 29 Nov., and 13 Dec.  Cuttings were harvested on 28 Nov. 

and 28 Dec. 2005.  

Harvesting procedure 

At each harvest, all 2-node tip cuttings were removed from stock plants of oleander 

and tecoma.  Cutting quantity was recorded along with stem length and diameter (cm) of 

three random cuttings per plant.  Cuttings were then dipped (0.5 cm for 3 s) in a 1,500 

mg.L-1 solution containing indolebutyric acid (IBA) 1%: napthaleneacetic acid (NAA) 
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0.5% and then inserted in a substrate containing 4 perlite: 1 vermiculite (v/v).  Cuttings 

were assigned to a completely randomized design (CRD) and propagated under mist (5 s 

every 20 min).  Each species was randomized separately and was assigned, when 

numbers were available, with 6 sub-samples and 4 replications of each treatment. 

Cutting evaluations 

Cuttings were evaluated 5 weeks after planting for percent survival and rooting 

quality.  Root quality rankings were assigned on a 1 to 5 scale, relative to each species, 

with a general ranking system as follows: 1=0 roots with some callus formation; 2= 

minimal rooting, 1 or more primary roots around cutting base; 3=5 or more primary roots 

with some elongation; 4=uniform root growth and development around cutting base with 

primary root elongation and some lateral root growth; 5= best rooting performance 

uniform primary and lateral root development with well defined root-ball.   

All data were subject to analysis of variance using generalized linear model 

procedure in SAS (SAS institute, Cary, N.C.) and means separated using LSD with 

P≤0.05. 

Results 

Experiment 1 

Harvest yield, cutting length, and stem diameter  

The species x treatment interaction was significant for quantity and length of 

cuttings, while the harvest date x species x treatment interaction was only significant for 

stem diameter (Table 3-1).  The harvest date x treatment interaction was significant for 

cutting length.  The main effects of harvest date will be presented separately for cutting 

quantity.   
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Table 3-1.  Significance levels for effects of harvest date, cultivar, and branching 
treatment on quantity, length, and stem diameter of 2-node stem cuttings 
harvested from stock plants of oleander and tecoma during the cool season 
(Expt. 1). 

Source df Quantity Length Diameter 
Rep 4 NS NS NS 
Harvest date (H) 1 0.0020 0.0001 0.0026 
Cultivar (C ) 1 0.0001 0.0001 0.0001 
H x C 1 NS NS NS 
Branching treatment (T) 9 0.0001 0.0001 0.0001 
H x T 9 NS 0.0155 0.0059 
C x T 9 0.0001 0.0404 0.0001 
H x C x T 9 NS NS 0.0355 
NS Nonsignificant at P ≤ 0.05. 
     

 
Table 3-2.  Cultivar by treatment interaction for quantity and length of 2-node stem 

cuttings harvested from stock plants of Tecoma stans and Nerium oleander 
during the warm season (Expt. 1). 

   Tecoma Oleander 

Treatment 
Concn 
(mg·L-1) Quantity Length (cm) Quantity Length (cm) 

Control 0 12.1 6.5 13.9 4.7 
Fresco  125 9.4 7.4 6.8 5.3 
Fresco  250 8.8 6.0 3.1 4.9 
Fresco 500 3.3 5.4 1.2 2.5 
FAL-457  125 10.2 7.1 14.5 3.8 
FAL-457  250 11.1 7.0 14.0 3.7 
FAL-457 500 9.6 6.3 14.6 4.0 
Florel  250 7.9 6.4 14.7 4.3 
Florel  500 5.8 5.4 19.0 4.0 
Florel  1000 6.3 4.5 17.7 3.5 
      
Significance  ** ** ** NS 
LSD  2.7 1.2 3.3  
NS, *, *** Nonsignificant or significant at P ≤ 0.05, or 0.001, respectively.  
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Amongst all treatments and between species, the first harvest (9.4) produced 15% 

less cuttings than the second harvest (11.0) (LSD=0.2, n=100).  For both species, 

differences in cutting length were not significant amongst treatments for the first harvest 

(5.4 cm).  During the second harvest, cuttings harvested from the control had similar 

lengths to those harvested from all treatments, except from Fresco at 500 mg·L-1, which 

were 57% shorter (data not shown).  Stock plants treated with Fresco at 125 or 250 mg·L-

1 produced cuttings that were 5.6 and 4.7 cm, respectively, which were at least 121% 

longer than those treated with Fresco at 500 mg·L-1 (2.1 cm).  Stock plants treated with 

Florel at 250 mg·L-1 (5.0 cm) produced cuttings that were 152% longer than Florel at 

1000 mg·L-1 (3.3 cm); both concentrations were similar to Florel at 500 mg·L-1 (3.8 cm) 

(LSD=1.64, n=10).  Stock plants treated with all concentrations of FAL-457 produced 

similar sized cuttings (data not shown).   

At least 129% more tecoma cuttings were harvested from the control than from 

stock plants treated with Fresco or Florel (Table 3-2).  Stock plants treated with FAL-457 

produced a similar amount of cuttings to the control.  Fresco at 125 mg·L-1 produced at 

least 63% fewer cuttings than at the higher concentrations, although cuttings harvested 

from Fresco at 250 or 500 mg·L-1 were mostly defoliated with necrotic lesions on stems.  

Cutting quantity was similar from all Florel treated stock plants.  Cutting length was 

similar to the control for all treatments except Florel at 1000 mg·L-1 (Table 3-2).  At least 

122% longer cuttings were harvested from stock plants treated with Fresco at 125 mg·L-1 

than at 250 or 500 mg·L-1.  Stock plants treated with Florel at 250 mg·L-1 produced 143% 

longer cuttings than at 1000 mg·L-1; however both low and high concentrations were 
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similar to Florel at 500 mg·L-1.  Cuttings harvested from FAL-457 treated stock plants at 

any concentration were similar in length.   

Differences in tecoma stem diameter were not significant amongst treatments for 

the first harvest (0.28 cm).  During the second harvest, cuttings from stock plants treated 

with Fresco at 125 (0.33 cm) or 250 mg·L-1 (0.35 cm) were at least 138% larger in 

diameter than from stock plants treated with Fresco at 500 mg·L-1 (0.24 cm), FAL-457 at 

500 mg·L-1 (0.24 cm), or Florel at 250 to 1000 mg·L-1 (0.20 and 0.22 cm) (LSD=0.9, 

n=5).  All treatments produced similar sized cutting diameters to the control, except stock 

plants treated with all concentrations of Florel, which were smaller (data not shown).  

Florel treatments at all concentrations were similar to each other, as were FAL-457 

treatments.   

Stock plants of oleander treated with Florel at 250 mg·L-1 or any concentration of 

FAL-457 produced a similar number of cuttings to the control (Table 3-2).  Fresco at 125 

mg·L-1 produced 219% and 258% more cuttings than at 250 or 500 mg·L-1, respectively, 

however cuttings were mostly defoliated and exhibited excessive stem elongation with 

signs of necrosis.  Florel at 250 mg·L-1 produced 23% fewer cuttings than at 500 mg·L-1, 

however both were similar to Florel at 1000 mg·L-1.   

Differences in oleander cutting length were not significant amongst treatments (3.8 

cm).  Cutting stem diameter was similar for all treatments during the first harvest, the 

same trend occurred in the second harvest, except for smaller stem diameters with Fresco 

(data not shown).  Cutting stem diameter was not measured from stock plants treated with 

Fresco at 500 mg·L-1, as zero cuttings were produced at the second harvest.  Cuttings 
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harvested from stock plants treated with Fresco at 250 mg·L-1 (0.11 cm) had a 33% 

smaller stem diameter than at 125 mg·L-1 (0.16 cm) (LSD=0.05, n=5). 

Percent survival and visual rooting quality 

The harvest date x species x treatment interaction was significant for percent 

survival and rooting quality (Table 3-3).  Differences in percent survival were not 

significant amongst treatments for the first harvest of tecoma, which exhibited 94% 

survival (Table 3-4).  Rooting quality of cuttings harvested from the control were similar 

to all treatments except Fresco concentrations of 125 and 250 mg·L-1.  Fresco at lower 

concentrations had reduced rooting quality when compared to all treatments except when 

provided at 500 mg·L-1.  For the second harvest of tecoma, cuttings planted from stock 

plants treated with Fresco at 500 mg·L-1 had at least a 57% lower rate of survival than all 

other lateral branching treatments, which performed similarly to the control (Table 3-4).  

Rooting quality was similar to the control for cuttings harvested from stock plants treated 

with FAL-457 at 125 or 250 mg·L-1 or Florel at 250 or 500 mg·L-1.  Fresco at 125 or 250 

mg·L-1 had greater root quality ratings than at 500 mg·L-1, which was the lowest of any 

treatment.  Stock plants treated with Florel at 250 or 500 mg·L-1 had better rooting quality 

than 1000 mg·L-1.  Cuttings had better rooting quality when planted from stock plants 

treated with FAL-457 at 250 mg·L-1, when compared to 125 or 500 mg·L-1.   

For the first harvest of oleander, propagules from stock plants treated with Fresco 

at 250 or 500 mg·L-1, or FAL-457 at 125, 250, or 500 mg·L-1 exhibited stem and foliar 

disease symptoms, and did not survive propagation.  While cuttings harvested from stock 

plants treated with Florel at all concentrations performed similarly, treatments of 1000 

mg·L-1 had a 202% higher survival rate than Fresco treatments at 125 mg·L-1 (Table 3-4).  

Rooting quality ratings were higher for cuttings planted from stock plants treated with 
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Florel at 1000 mg·L-1 than Florel at 500 mg·L-1 or Fresco at 125 mg·L-1, while Florel at 

250 mg·L-1 was similar to all three.  For the second harvest, no cuttings were planted 

from stock plants treated with Fresco at 500 mg·L-1.  As concentrations of Fresco 

increased from 0 to 250 mg·L-1, percent survival and subsequent rooting quality 

decreased (Table 3-4).  Cuttings planted from stock plants treated with Fresco at 250 

mg·L-1 had the lowest rate of survival, when compared to all other treatments.  All 

treatments except the two higher concentrations of Fresco had similar survival to the 

control.  For rooting quality, all treatments were similar to the control, except Fresco at 

125 and 250 mg·L-1.   

Table 3-3.  Significance levels for effects of harvest date, cultivar, and lateral branching 
treatment on percent survival, visual rooting quality (1=poor; 5=best), total 
cutting dry weight (root weight + shoot weight) and root : shoot ratio (root 
weight / shoot weight) of cuttings planted from stock plants of oleander and 
tecoma during the warm season (Expt. 1). 

Source df 
Percent 
survival 

Rooting 
quality 

Total dry 
weight 

Root : 
shoot ratio 

Rep 3 NS NS NS NS 
Harvest date (H) 1 0.0001 0.0007 NS 0.0001 
Cultivar (C ) 1 0.0001 0.0001 NS 0.0348 
H x C 1 0.0001 0.0001 NS 0.0103 
Branching treatment (T) 9 0.0001 0.0001 NS NS 
H x T 9 0.0001 0.0001 NS NS 
C x T 9 0.0001 0.0001 NS NS 
H x C x T 9 0.0124 0.0077 NS NS 
NS Nonsignificant at P ≤ 0.05. 

 
Cutting total dry weight and root : shoot ratio 

The harvest date x species interaction was significant for cutting root : shoot ratio 

(Table 3-3), however differences in total cutting dry weight were not significant amongst 

treatments (0.579 g).  For the first harvest, differences in root : shoot ratio between 

species were not significant (0.38).  For the second harvest however, tecoma (0.29) had a 

242% larger root : shoot ratio than oleander (0.12) (LSD=0.07, n=30).   
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Table 3-4.  Harvest date by cultivar by branching treatment interaction for rooting quality (1=poor; 5=best) and percent survival of 2-
node stem cuttings propagated from stock plants of Nerium oleander ‘Dwarf Salmon’ and Tecoma stans ‘Esperanza’ 
harvested on 3 Aug. (H1) and 30 Aug. 2005 (H2), during the warm season (Expt. 1). 

  Tecoma Oleander 
    H1 H2 H1 H2 
Treatment Concn 

(mg·L-1) 
Survival 

(%) 
Rooting  
quality 

Survival 
(%) 

Rooting 
quality 

Survival 
(%) 

Rooting 
quality 

Survival 
(%) 

Rooting 
quality 

Control 0 78 4.1 100 4.1 0 0.0 91 3.6 
Fresco 125 89 4.2 88 3.4 15 2.0 88 2.8 
Fresco 250 100 3.3 96 3.4 0 0.0 13 0.8 
Fresco 500 100 3.4 38 2.6 0 0.0 0 0.0 
FAL-457 125 100 3.9 100 3.8 0 0.0 96 3.3 
FAL-457 250 94 4.1 100 3.2 0 0.0 92 3.4 
FAL-457 500 89 4.2 100 4.1 0 0.0 92 2.9 
Florel 250 94 4.2 100 4.3 25 3.5 88 3.4 
Florel 500 100 4.3 100 4.1 21 2.1 92 3.7 
Florel 1000 100 4.1 100 3.3 30 4.4 95 3.4 
          
Significance NS * *** *** *** * *** * 
LSD    0.6 15 0.5 15 1.8 19 0.8 
NS, *, ** Nonsignificant or significant at P ≤ 0.05 or 0.001, respectively. 
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Experiment 2 

Harvest yield, cutting length, and stem diameter 

There was a harvest date x species x treatment interaction for all measured 

parameters except stem diameter (Table 3-5).  The harvest x species and harvest x 

treatment interactions were both significant for stem diameter.  

Table 3-5.  Significance levels for effects of harvest date, cultivar, and branching 
treatment on quantity, length, and stem diameter of cuttings harvested from 
stock plants of oleander and tecoma during the cool season (Expt. 1). 

Source df Quantity Length Diameter 
Rep 8 0.0001 0.0316 NS 
Harvest date (H) 1 0.0001 NS NS 
Cultivar (C ) 1 0.0001 0.0198 NS 
H x C 1 0.0001 0.0001 0.0021 
Branching treatment (T) 9 0.0003 0.0001 0.0095 
H x T 9 0.0417 NS 0.0108 
C x T 9 0.0001 0.0001 NS 
H x C x T 9 0.0001 0.0020 NS 
NS Nonsignificant at P ≤ 0.05. 
 

 
For the first harvest of tecoma, stock plants treated with FAL-457 at 125 to 250 

mg·L-1 or Fresco at 125 mg·L-1 produced a similar number of cuttings to the control 

(Table 3-6).  Untreated plants produced at least 143% more cuttings than stock plants 

treated with Fresco at 250 or 500 mg·L-1, FAL-457 at 500 mg·L-1, or Florel at any 

concentration.  Florel at 250 mg·L-1 produced 520% more cuttings than at 1000 mg·L-1, 

but was similar to 500 mg·L-1.  Similarly, Fresco at 125 mg·L-1 produced 178% more 

cuttings than 500 mg·L-1, yet quantity was similar to 250 mg·L-1.   

Tecoma stock plants treated with Florel at 1000 mg·L-1 produced the smallest 

number of cuttings (Table 3-6).  All other treatments performed similarly to the control, 

except Fresco at 125 and 500 mg·L-1, which yielded at least 131% more cuttings.  For the 

second harvest, cutting quantity was similar to the control for all treatments except Florel 
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at 1000 mg·L-1 (Table 3-7).  Within chemical, cutting yield was similar, however upon 

comparison of lateral branching agents at least a 181% greater number of cuttings were 

harvested from stock plants treated with FAL-457 at 125 or 250 mg·L-1 than from those 

treated with all concentrations of Fresco or Florel at 1000 mg·L-1.  Cutting quantity 

harvested from stock plants treated with all concentrations of Florel was similar to all 

concentrations of Fresco. 

Table 3-6.  Influence of lateral branching agents on number and length of cuttings and 
subsequent rooting performance values for cuttings harvested on from stock 
plants of Tecoma stans ‘Esperanza’ on 28 Nov. 2005.   

Treatment 
Concn 
(mg·L-1) Quantity Length 

(cm) 
Rooting 
quality 

Total dry 
weight (g) 

Root : shoot 
ratio 

Control 0 7.0 4.9 4.0 0.488 0.24 
Fresco 125 6.3 7.7 3.8 0.460 0.38 
Fresco 250 4.9 6.3 3.1 0.296 0.29 
Fresco 500 3.6 6.5 2.8 0.219 0.25 
FAL-457 125 7.0 5.3 3.5 0.478 0.24 
FAL-457 250 5.9 5.3 2.8 0.367 0.22 
FAL-457 500 3.8 5.3 3.2 0.386 0.18 
Florel 250 2.9 5.5 4.0 0.338 0.30 
Florel 500 1.8 4.3 2.8 0.181 0.35 
Florel 1000 0.6 1.8 4.2 0.244 0.34 
       
Significance  ** ** * * * 
LSD   1.9 1.5 0.9 0.142 0.13 
*, ** Significant at P ≤ 0.05 or 0.01. 
 

During the first harvest, cutting length was similar for all treatments as compared to 

the control, except those from stock plants treated with Fresco at 125 or 500 mg·L-1, 

which had longer cuttings (Table 3-6).  Fresco at 125 mg·L-1 had longer cuttings than any 

other treatment, except at concentrations of 250 to 500 mg·L-1.  When comparing 

individual branching agents, cutting length was similar for all concentrations of Fresco, 

as were all concentrations of FAL-457.  Stock plants treated with concentrations of Florel 

at 250 to 500 mg·L-1 produced at least 241% longer cuttings than at 1000 mg·L-1.  Cutting 
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length from the second harvest was similar to the control for all treatments except Fresco 

at 500 mg·L-1 (Table 3-7).  Cuttings harvested from stock plants treated with Fresco at 

500 mg·L-1 were 372% longer than from Florel at 1000 mg·L-1.  When considering each 

branching agent individually, cutting length was similar for all concentrations of each 

chemical applied.   

Table 3-7.  Influence of lateral branching agents on quantity and length of cuttings and 
subsequent dry weights of cuttings harvested on from stock plants of Tecoma 
stans ‘Esperanza’ on 28 Dec. 2005.   

Treatment 
Concn 
(mg·L-1) Quantity Length 

(cm) 
Total dry 
weight (g) 

Root : 
shoot ratio 

Control 0 3.4 2.5 0.110 0.55 
Fresco 125 2.3 4.0 0.210 0.30 
Fresco 250 1.8 3.0 0.113 0.39 
Fresco 500 2.1 4.9 0.140 0.28 
FAL-457 125 4.2 3.4 0.271 0.15 
FAL-457 250 4.2 3.7 0.266 0.15 
FAL-457 500 3.3 3.5 0.211 0.26 
Florel 250 2.6 2.6 0.055 0.50 
Florel 500 2.6 2.4 0.037 0.99 
Florel 1000 1.2 1.3 0.015 1.64 
      
Significance  * * ** * 
LSD   1.8 1.9 0.079 0.71 
*, ** Significant at P ≤ 0.05 or 0.001. 
 

At the first harvest of oleander, cutting quantity was similar for stock plants treated 

with Fresco at 125 mg·L-1, Florel at 1000 mg·L-1, or FAL-457 at all concentrations (Table 

3-8).  Additionally, stock plants treated with Fresco at 125 to 250 mg·L-1 or Florel at 250 

to 500 mg·L-1 generated at least 308% more cuttings than untreated stock plants.  Results 

varied in response to concentration for Florel and Fresco, while FAL-457 at all 

concentrations performed similarly.  Florel at 250 to 500 mg·L-1 produced more cuttings 

than at 1000 mg·L-1, while Fresco at 125 mg·L-1 produced fewer cuttings than at 
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concentrations of 250 to 500 mg·L-1.  During the second harvest, with 9.4 cuttings per 

plant, differences in quantity were not significant amongst treatments.   

Oleander cutting length during the first harvest was similar for all branching agents 

as compared to the control, except Fresco at 250 and 500 mg·L-1 (Table 3-8).  Fresco 

treatments of 125 mg·L-1 produced 38% shorter cuttings than 500 mg·L-1, while both 

concentrations were similar to 250 mg·L-1.  Cutting length in response to all 

concentrations of Florel and FAL-457 were similar.  During the second harvest, lengths 

of cuttings from untreated plants were similar to FAL-457 at all concentrations and Florel 

at 500 mg·L-1 (Table 3-9).  All concentrations of Florel produced shorter cuttings than 

cuttings from Fresco treated stock plants.  Longer cuttings with Fresco at 250 mg·L-1 

were recorded when compared to 500 mg·L-1. 

When considering both species, at the first harvest and amongst treatments, cutting 

diameter was 126% larger for tecoma (0.23 cm) than oleander (0.19 cm) (LSD=0.04, 

n=90).  At the second harvest however, oleander (0.20 cm) had a 118% larger diameter 

than tecoma (0.17 cm) (LSD=0.02, n=90).  During the first harvest of both species, all 

branching agents provided a similar diameter to the control (0.18 cm), except Florel at 

250 mg·L-1 (0.33 cm) which was at least 145% larger than any other treatment (LSD=0.1, 

n=18).  Stock plants treated with Fresco at 500 mg·L-1 (0.23 cm) produced a 183% larger 

diameter than those treated with Florel at 1000 mg·L-1 (0.12 cm), although both were 

similar to the control.  At the second harvest, most treatments were similar to the control 

(0.21 cm) except Fresco at 125 mg·L-1 (0.16 cm) or 250 mg·L-1 (0.15 cm) or Florel at 250 

or 1000 mg·L-1 (0.17 and 0.13 cm, respectively) (LSD=0.05, n=18).  Stock plants treated 

with FAL-457 at 125 mg·L-1 (0.24 cm) or 500 mg·L-1 (0.22 cm) produced cuttings with at 
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least 125% greater diameter than from those treated with Fresco or Florel at any 

concentration (data not shown).  Relative differences amongst concentrations for each 

chemical were not significant. 

Percent survival and visual rooting quality 

There was a harvest date x cultivar x treatment interaction for both percent survival 

and visual rooting quality (Table 3-10).  Differences in percent survival were not 

significant amongst treatments for cuttings planted from either harvest of tecoma, which 

were 100% and 77% from harvests 1 and 2, respectively.  Rooting quality from the first 

harvest of untreated cuttings was similar to most treatments except concentrations of 

Fresco at 250 to 500 mg·L-1, FAL-457 at 250 mg·L-1, and Florel at 500 mg·L-1, which had 

lower quality ratings (Table 3-6).  Florel treatments at 250 and 1000 mg·L-1, were similar, 

yet produced higher quality ratings than at 500 mg·L-1.  Although Fresco at 125 mg·L-1 

had lower rooting quality than at 500 mg·L-1, both were similar in quality to Fresco at 250 

mg·L-1.  All concentrations of FAL-457 performed similarly to each other.  Florel at 1000 

mg·L-1 had higher root quality ratings than cuttings from stock plants treated with Fresco 

or FAL-457 at 250 or 500 mg·L-1, respectively.  Differences in rooting quality for tecoma 

cuttings from the second harvest were not significant amongst treatments (2.2).   

Branching agents did not improve percent survival for oleander cuttings planted 

from the first harvest as compared to the control (Table 3-8).  Cuttings planted from stock 

plants treated with FAL-457 at 250 mg·L-1, or Florel at 250 to 500 mg·L-1, survived better 

than those treated with Fresco at 500 mg·L-1, FAL-457 at 125 mg·L-1, or Florel at 1000 

mg·L-1. 

Cuttings had the highest rooting quality values from untreated stock plants than 

from all lateral branching agents applied (Table 3-8).  FAL-457 treatments provided 
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similar rooting quality at all concentrations; however, FAL-457 cuttings had lower 

rooting quality than Florel treatments at 500 or 1000 mg·L-1.  Fresco had similar rooting 

quality values to Florel.   

Table 3-8.  Influence of lateral branching agents on quantity and length, and subsequent 
rooting for cuttings harvested from stock plants of Nerium oleander ‘Dwarf 
Salmon’ on 28 Nov. 2005.   

Treatment 
Concn 
(mg·L-1) 

Quantity Length 
(cm) 

Survival 
(%) 

Rooting 
quality 

Total dry 
weight (g)

Root : 
shoot 
ratioy 

Control 0 1.3 2.4 93 4.4 0.522 0.13 
Fresco 125 1.9 4.1 93 2.8 0.277 0.27 
Fresco 250 4.8 5.4 91 2.8 0.202 0.17 
Fresco 500 4.1 6.6 73 2.6 0.112 0.22 
FAL-457 125 2.4 2.6 73 2.4 0.317 0.15 
FAL-457 250 1.7 1.8 100 1.8 0.293 0.06 
FAL-457 500 2.0 2.1 83 1.8 0.281 0.07 
Florel 250 5.6 2.1 96 2.6 0.170 0.17 
Florel 500 4.2 2.0 100 3.1 0.151 0.22 
Florel 1000 1.6 1.6 72 3.2 0.065 0.38 
        
Significance  *** *** * ** *** * 
LSD   2.0 1.8 21 0.6 0.134 0.11 
*, *** Significant at P ≤ 0.05 or 0.001. 
 

 
For the second harvest of oleander, cuttings generated from the control had similar 

percent survival to all branching treatments except Fresco concentrations of 125 to 500 

mg·L-1 (Table 3-9).  Cuttings planted from stock plants treated with increasing 

concentrations of Fresco experienced drastic decreases in percent survival.  Fresco at 500 

mg·L-1 had the lowest percent survival.  Rooting quality for cuttings propagated from 

stock plants treated with FAL-457 at 125 mg·L-1 was similar the control, while all other 

branching treatments were lower in quality (Table 3-9).  When considering each chemical 

individually, Fresco treated cuttings declined in rooting quality as the concentration 

increased, while concentrations of FAL-457 at 250 to 500 mg·L-1 performed similarly, 
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but with poorer quality as compared to 125 mg·L-1.  Rooting response to Florel at 250 

mg·L-1 was similar to 500 mg·L-1.  Cuttings harvested from stock plants treated with 

Florel at 500 mg·L-1 had higher rooting quality than those treated with Florel at 1000 

mg·L-1 or Fresco at 250 mg·L-1.  Cuttings planted from stock plants treated with Fresco at 

500 mg·L-1 had the poorest rooting quality when compared to all other treatments.   

Table 3-9.  Influence of lateral branching agents on number and length of cuttings, and 
subsequent rooting performance values for cuttings harvested on from stock 
plants of Nerium oleander ‘Dwarf Salmon’ on 28 Dec. 2005.   

Treatment 
Concn 
(mg·L-1) 

Length 
(cm) 

Survival 
(%) 

Rooting 
quality 

Total dry 
weight (g) 

Root : shoot 
ratio 

Control  3.9 100 4.4 0.539 0.20 
Fresco 125 6.7 83 3.0 0.187 0.17 
Fresco 250 8.1 37 1.9 0.091 0.17 
Fresco 500 6.2 9 1.0 0.108 0.43 
FAL-457 125 4.7 100 4.2 0.439 0.20 
FAL-457 250 4.2 100 2.8 0.561 0.11 
FAL-457 500 3.9 100 3.0 0.590 0.09 
Florel 250 3.9 100 3.2 0.217 0.28 
Florel 500 2.6 100 3.3 0.181 0.24 
Florel 1000 1.9 100 2.5 0.074 0.42 
       
Significance  *** ** *** *** *** 
LSD   1.5 11 0.8 0.092 0.09 
*, *** Significant at P ≤ 0.05 or 0.001. 
 

 
Cutting total dry weight and root : shoot ratio 

There was a harvest date x cultivar x treatment interaction for total cutting dry 

weight and root : shoot ratio (Table 3-10).  Tecoma cuttings planted from the first harvest 

were similar in total cutting dry weight to the control when stock plants were provided 

Fresco at 125 mg·L-1 or any concentration of FAL-457 (Table 3-6).  Cuttings planted 

from stock plants treated with Fresco at concentrations of 250 to 500 mg·L-1, were at least 

36% lower in total dry weight than at 125 mg·L-1.  Dry weights for all concentrations of 

FAL-457 were similar, as were all concentrations of Florel.  Overall, Fresco or FAL-457 
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at low concentrations had larger dry weights than Florel at 500 to 1000 mg·L-1.  Root : 

shoot ratios for all branching treatments were similar to the control, except Fresco at 125 

mg·L-1, which was 161% greater (Table 3-9).  The root : shoot ratio of Fresco at 125 

mg·L-1 was greater than at 500 mg·L-1 as well as all concentrations of FAL-457.  Fresco 

and Florel were similar with respect to the cutting root : shoot ratio, except when FAL-

457 was applied at 125 mg·L-1.   

For the second harvest, total cutting dry weight of tecoma cuttings propagated from 

stock plants treated with Fresco at 250 mg·L-1 or Florel at 250 to 500 mg·L-1 were similar 

to the control (Table 3-7).  When considering FAL-457, all concentrations had similar 

dry weights, yet when stock plants were provided concentrations of 125 to 250 mg·L-1, 

total cutting dry weights were at least 194% greater than when planted from Fresco 

treated stock plants at 250 to 500 mg·L-1 or all concentrations of Florel.  FAL-457 also 

had increased cutting dry weight as compared to the control.  Cuttings showed a 

reduction in total cutting dry weight when treated with Fresco at 250 to 500 mg·L-1 as 

compared to 125 mg·L-1.  Fresco at 250 mg·L-1 was similar to Florel at 500 to 1000 mg·L-

1.   

Branching agents applied to tecoma stock plants at all concentrations produced 

similar root : shoot ratios as compared to the control, except Florel at 1000 mg·L-1 (Table 

3-7).  Root : shoot ratios of Florel at 500 to 1000 mg·L-1 were at least 355% higher than 

Fresco at 500 mg·L-1 or any concentration of FAL-457; however, higher concentrations 

of Florel caused stunting with little to no shoot growth during propagation.  Florel at 250 

mg·L-1 performed similarly to 500 mg·L-1 and any concentration of Fresco.   
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Oleander cuttings from the first harvest had at least 165% greater total dry weight 

with the untreated control than from any other lateral branching agent (Table 3-8).  When 

considering each chemical individually, all concentrations of Florel had similar dry 

weights, as did FAL-457.  Fresco had greater dry weight at 125 mg·L-1 than 500 mg·L-1, 

yet both concentrations were similar to 250 mg·L-1.  Cuttings planted from stock plants 

treated with FAL-457 at 250 or 500 mg·L-1 had at least 173% greater dry weight than 

plants treated with Fresco at 500 mg·L-1 or Florel at any concentration.   

Oleander cutting root : shoot ratios were similar to the control for all treatments 

except for Fresco at 125 mg·L-1 or Florel at 1000 mg·L-1 which had larger ratios (Table 3-

8).  When comparing individual chemicals, all concentrations of Fresco had a similar root 

: shoot ratio, as did all concentrations of FAL-457.  Florel at 250 or 500 mg·L-1 had a 

lower root : shoot ratio than 1000 mg·L-1.  There was at least a 166% higher root : shoot 

ratio for cuttings propagated from plants treated with Florel at 1000 mg·L-1 than from 

untreated plants, all concentrations of FAL-457, or Fresco and Florel at 250 to 500 mg·L-

1, respectively.   

For the second harvest of oleander, cuttings propagated from stock plants treated 

with FAL-457 at 250 or 500 mg·L-1 produced cuttings with a similar total dry weight to 

the control (Table 3-9). Cuttings planted from untreated stock plants and from those 

treated with concentrations of FAL-457 at 250 or 500 mg·L-1 were at least 123% greater 

in total cutting dry weight than plants treated with FAL-457 at 125 mg·L-1.  FAL-457 at 

250 or 500 mg·L-1 were also 248% greater than any concentration of Fresco or Florel.  

Florel had reduced total cutting dry weight at 1000 mg·L-1 as compared to either 250 or 

500 mg·L-1.  Cuttings rooted from Fresco treated stock plants had greater dry weight at 
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125 mg·L-1 than at 250 mg·L-1, while both of these concentrations were similar to 500 

mg·L-1.   

All treatments had a similar root : shoot ratio as compared to the control, except 

FAL-457 at 250 mg·L-1, which was smaller, and Fresco and Florel at 500 and 1000 mg·L-

1, respectively, which were both larger.  The cutting root : shoot ratio was at least 149% 

greater for cuttings propagated from stock plants treated with Fresco at 500 mg·L-1 or 

Florel at 1000 mg·L-1 than from the all other treatments (Table 3-9).  Stock plants treated 

with Florel at 250 mg·L-1 had rooted cuttings with at least 162% greater root : shoot ratio 

than from plants treated with Fresco at 125 to 250 mg·L-1, or FAL-457 at 250 to 500 

mg·L-1.  When comparing individual branching agents, Fresco at 125 to 250 mg·L-1 had a 

lower root : shoot ratio than 500 mg·L-1.  Results were similar with Florel concentrations; 

however, FAL-457 at 125 mg·L-1 was greater than 500 mg·L-1, while both produced 

similar results to 250 mg·L-1. 

Discussion  

During the first experiment, when data was pooled between species to investigate 

the harvest by treatment interaction, both tecoma and oleander had larger yield responses 

at the second harvest as compared to the first, which suggests increased cutting 

production in response to pinching, rather than chemically influenced.  Regardless of 

treatment, oleander stock plants generated more cuttings than tecoma.  Lateral branching 

agents tended to not improve cutting yield of tecoma, rather decreases in yield occurred 

with Florel and Fresco applications.  Oleander also negatively responded to Fresco at all 

concentrations, however yield was enhanced when stock plants were treated with Florel.  

All concentrations of FAL-457 produced similar numbers of cuttings to untreated plants 

for both species.  The application of a lateral branching agent produced similar sized 
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oleander cuttings, when compared to the control, however slightly shorter cuttings than 

the control were produced when Florel was provided at increasing concentrations to 

tecoma.  Stem diameter was generally not influenced by application of a branching agent, 

although Florel treatments had smaller stem diameters than untreated cuttings during the 

second harvest of both species.   

Application of branching agents did not influence percent survival of tecoma from 

the first harvest, while the second harvest produced cuttings with a lower survival rate 

when Fresco was provided to stock plants as compared to the control.  Subsequent 

rooting quality was also reduced for cuttings planted from Fresco treated stock plants, 

while all other treatments were similar to the control when planted from both harvests.   

Phytotoxicity may have increased disease incidence, however similar symptoms 

were observed with the control, which may be result of disease pressure.  From the 

second harvest phytotoxicity of Fresco sprays were evident as percent survival and 

subsequent rooting quality decreased as concentrations of Fresco increased, otherwise 

rooting was similar for all treatments, when compared to the control.  Dry weight was 

generally similar for all treatments and for both species, although tecoma cuttings from 

the second harvest had a larger root : shoot ratio than oleander. 

During the second study, phytotoxicity in response to treatment applications was 

similar to the first experiment, although overall performance of cuttings during the 

second experiment was generally improved by comparison.   

During the first harvest, tecoma showed a reduction in cutting quantity with 

increasing concentrations of branching agents applied, although Fresco and FAL-457 at 

lower rates tended to be similar to the control.  Length of cuttings was excessive when 
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stock plants were treated with Fresco and stunted when treated with Florel, as compared 

to cuttings harvested from untreated stock plants.  With few exceptions, branching agents 

applied at higher concentrations to stock plants of tecoma caused a reduction in 

subsequent rooting quality and total cutting dry weight when compared to the control.  

Root : shoot ratios however, tended to be similar to the control for all treatments, 

improved ratios occurred when Fresco or Florel was applied at 125 or 500 mg·L-1, 

respectively.   

A reduction in cutting number occurred for all treatments during the second 

harvest, when compared to the first.  The number of tecoma cuttings was similar for both 

treated and untreated stock plants, except when treated with Florel at 1000 mg·L-1.  

Cutting length was also shorter during the second harvest, when compared to the first.  

Supplemental applications of lateral branching agents produced similar length cuttings 

except with Fresco at 500 mg·L-1.  Stock plants treated with Fresco at 500 mg·L-1 

produced cuttings with the same length (4.9 cm) as the untreated stock plants during the 

first harvest; therefore no cuttings would be considered excessive in length from the 

second harvest.   

Benefits to supplemental application of branching agents to stock plants were not 

shown with percent survival and rooting quality because all treatments were similar to the 

untreated cuttings.  Differences in total cutting dry weight follow a similar trend with 

differences in cutting length.  Cuttings from stock plants treated with Florel at 1000 

mg·L-1 were shorter than the control, but also lower total cutting dry weight.  Phytotoxic 

responses such as shoot tip desiccation, defoliation, or excessive stunting as a result of 

Florel applied at 1000 mg·L-1 caused an impractically high root : shoot ratio, otherwise all 
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branching treatments were similar to the control.  In studies conducted on other 

floriculture species, undesirable stunting has been reported in response to Florel (Faust 

and Lewis, 2005). 

During the first harvest of oleander, cutting quantity was improved when Fresco 

and Florel were applied at 250 to 500 mg·L-1; all other treatments were similar to the 

control.  Compared to tecoma, oleander stock plants did not show the same reduction in 

yield with application of branching agents.  Increasing concentrations of Florel applied to 

stock plants decreased yield, although quantities harvested were still greater than or equal 

to the control.  Generally lengths of cuttings were similar to the control, yet were 

excessive when harvested from stock plants treated with Fresco at higher concentrations.   

All treatments rooted with similar percent survival when compared to the control, 

except for reduced survivability with Florel at 1000 mg·L-1.  Despite similar percent 

survival, all treatments had a reduced visual rooting quality when compared to the 

control.  Among the least affected by treatment with respect to root quality rankings were 

those harvested from stock plants treated with Fresco and lower concentrations of FAL-

457 or Florel.  Both total cutting dry weight and the root : shoot ratio seem to coincide 

with differences observed with rooting quality.   

During the second harvest, all treatments produced the same number of cuttings, 

yet comparable to other harvests, cutting length was similar for most treatments with 

stunting and stretching of propagules when stock plants were treated with Florel or 

Fresco, respectively.  Percent survival was 100% for all treatments except poor survival 

rates associated with increasing concentrations of Fresco.  Rooting quality was also 

reduced with all Fresco concentrations and quality declined as concentration increased.  
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Total cutting dry weight was lower than the control for all treatments except FAL-457 at 

250 to 500 mg·L-1, which were similar.  Lower total cutting dry weights, coupled with 

increased root : shoot ratios for both Fresco at 500 mg·L-1 and Florel at 1000 mg·L-1 

reflected desiccation of the shoot tip or stunting, respectively.  Similar root : shoot ratios 

for nearly all other treatments were similar, which may be a better indication of rooting 

performance relative to cutting size than visual evaluations, therefore oleander cuttings 

performed similarly to the control when treated with branching agents prior to the second 

harvest.   

Fresco applications to the stock plants exhibited many phytotoxic symptoms that 

would be considered highly undesirable for cutting propagation.  Similar phytotoxic 

responses were observed when Fresco was applied to stock plants of Clematis spp. and 

Rhododendron spp. (Bell et al., 1997; Puglisi, 2002).  Symptoms were more severe on 

oleander than tecoma.  The undesirable effects of BA+GA4+7 (active ingredient in Fresco) 

have been attributed to spray burn as a result of BA in the treatment formulation (Bell et 

al., 1997).  When Clematis spp., were treated with different ratios of BA and GA to 

reduce phytotoxicity, all combinations had similar effects.  The 1:1 ratio (similar 

formulation to Fresco) produced the lowest degree of phytotoxicity (Puglisi, 2002).  

Cuttings harvested from stock plants treated with FAL-457 did not express the same 

symptoms; therefore it is hypothesized that the phytotoxicity is a species-dependant 

outcome, and may be the result of other components such as the chemical carrier.   

Concentrations of FAL-457 at 125 mg·L-1 were shown to improve yield in 

oleander, but reduced success in propagation limits its use by growers.  In tecoma, FAL-

457 produced similar or lower quality cuttings than the untreated plants.  Although 
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application of FAL-457 was not shown to be consistently beneficial to either species; 

further investigation should be conducted to determine the efficacy of FAL-457 as a 

possible tank mix with other formulations.  Perhaps FAL-457 and Florel could be mixed 

to capitalize on the benefits to yield and rooting of both treatments.   

Applications of Florel at 250 to 500 mg·L-1 to stock plants of oleander were shown 

to increase yield with similar rooting when compared to the control, yet results were not 

consistent.  Florel applications to stock plants of tecoma were not shown to be 

advantageous.  Variability in response to Florel for increasing cutting quantity has been 

reported with many floriculture species (Faust and Lewis, 2005), therefore benefits to its 

application may been seen at lower concentrations or with other tropical species.  Further 

study should be conducted on the efficacy of these and other lateral branching agents 

during other seasons and on other tropical species.  

Conclusion 

At the concentrations investigated, none of the lateral branching agents was proven 

to be consistently advantageous when compared to untreated plants.  Phytotoxic 

responses were shown that could potentially damage crops in production, therefore 

growers should consider testing sprays on a smaller portion of plants before applications 

are made to the entire greenhouse.  The cost of applying these products should be 

compared to the benefits achieved in production.  While tecoma and oleander appeared to 

not benefit from branching treatments at the concentrations investigated, trends were 

observed that may assist future research. 
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Table 3-10.  Significance levels for effects of harvest date, cultivar, and lateral branching 
treatment on percent survival, visual rooting quality (1=poor; 5=best), total 
cutting dry weight (root weight + shoot weight) and root : shoot ratio (root 
weight / shoot weight) of cuttings planted from stock plants of oleander and 
tecoma during the cool season (Expt. 2). 

Source df 
Percent 
survival 

Rooting 
quality 

Total dry 
weight 

Root : 
shoot ratio 

Rep 3 NS NS 0.0106 NS 
Harvest date (H) 1 0.0001 0.0001 0.0001 0.0004 
Cultivar (C ) 1 NS NS NS 0.0001 
H x C 1 0.0012 0.0001 0.0001 0.0198 
Branching treatment (T) 9 0.0001 0.0001 0.0001 0.0001 
H x T 9 0.0001 0.0004 0.0001 0.0257 
C x T 9 0.0001 0.0001 0.0001 0.0454 
H x C x T 9 0.0009 0.0001 0.0013 0.0278 
NS Nonsignificant at P ≤ 0.05. 
 

 



 

 

CHAPTER 4 
ROOTING HORMONES 

Introduction 

Vegetative propagation has become an established system for reproducing tropical 

plants.  Treating stem cuttings with auxin increases rooting percentage, accelerates root 

formation, and enhances uniformity of rooting (Davis et al., 1988).  This is important in 

the production of tropical plants because many species often require extensive rooting 

time in propagation where there is an inherent risk of air and waterborne pathogens 

(Howard, 1994).  In order to limit time in propagation, studies have been conducted on 

the stimulatory influence of auxin on numerous difficult-to-root species (Bhattacharjee 

and Balakrishna, 1983; Bhat et al., 1988; Czekalski, 1989).  Preference for the sythentic 

compounds indolebutyric acid (IBA) and napthaleneacetic acid (NAA) compared to 

naturally occurring, indoleacetic acid (IAA), is illustrated by the large number of 

commercially-available rooting products containing one or both in solution (Blazich, 

1988a).  There are also potassium salt (K+) formulations available that enable IBA 

(KIBA) and NAA (KNAA) to be dissolved in water, which may be beneficial for some 

tropical species expressing sensitivity to alcohol-based formulations.  Certain tropical 

species, such as oleander (Nerium oleander L.) and bougainvillea (Bougainvillea glabra 

Choisy.), have been shown to benefit from applications of talc-based formulations at 

concentrations of 3,000 mg.L-1 IBA and 4,000 to 16,000 mg.L-1 IBA, respectively 

(Hartmann et al., 2002).  For other difficult-to-root tropical species an evaluation of 
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commercially-available rooting hormones should be conducted to determine the optimum 

concentration to achieve the highest rooting percentage. 

The objectives of our experiment were to determine the optimum concentration of 

water-soluble KIBA necessary to effectively root stem cuttings of select tropical species 

and to compare the viability of KIBA as an alternative rooting hormone to an industry 

formulation containing IBA 1%: NAA 0.5% at 1500 mg·L-1.  

Materials and Methods 

Experiment 1 

Rooted liners of Allamanda schottii (Pohl.), Bougainvillea glabra (Choisy.) 

‘California Gold’ and ‘Helen Johnson’, Mandevilla splendens (Hook. f.) ‘White’, and 

Nerium oleander (L.) ‘Dwarf Salmon’ were planted, 3-per pot, into 16 d x 18.5 h cm 

round plastic containers on 18 April 2005.  The root substrate used was Fafard 4-P 

(Fafard, Anderson, S.C.), which contained: 4 sphagnum peat: 2 pine bark: 2 vermiculite: 

1 perlite (v/v).  Controlled release fertilizer (19N-2.6P-9.9K) was incorporated into the 

substrate prior to planting, at a rate of 3.21 g·m-3 (1.33 oz/ft3).  The plants were then 

provided a once-weekly liquid fertilization of 14N-1.7P-11.6K with N at 200 mg·L-1.  

Plants were established for 4 weeks, until roots reached the bottom of the pot, and then 

provided a soft pinch to encourage canopy growth on 16 May.  Cuttings were harvested 

every three weeks, on 6 June (H1), 27 June (H2), 18 July (H3), and 8 Aug. (H4).  

Mandevilla was harvested three times on different dates with H1, H2, and H3 occurring 6 

June, 8 Aug. and 29 Aug., respectively.  Photosynthetic photon flux (PPF) was recorded 

each day at or near solar noon using a Quantum Meter (Spectrum Technologies, East-

Plainfield, Ill.).  Average PPF was 453, 586, and 426 µmol·m-2s-1, for June, July, and 

Aug., respectively. 
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Harvesting procedure 

 At each harvest, 6.0 cm terminal stem cuttings were removed from stock plants of 

allamanda and oleander.  Sub-terminal bougainvillea ‘California Gold’ and ‘Helen 

Johnson’ stem cuttings were harvested in lengths of 6.5 cm, measured 0.5 cm above first 

mature leaf.  Mandevilla was harvested by removing all 2-node, sub-terminal, stem 

cuttings 1 cm above and below the top and bottom nodes.  Cuttings, with bottom leaves 

removed, were inserted into perforated plastic bags with stem bases wrapped in moist 

paper towels.  The bags were placed into boxes, along with a sensor (Hobo Pro, model 

number H08-032-08) (Onset Computer, Bourne, Mass.) that recorded temperature and relative 

humidity every 15 s.  The boxes were stored overnight in a cooler at 10 C.  Boxes were 

sealed and then cuttings were shipped 24 h, to simulate industry handling.  Upon arrival, 

boxed cuttings were left intact until the following morning, unpacked and treated with 

rooting hormones before planting, totaling approximately 72 h from excision to planting 

(Table 4-1).  Cuttings were dipped 0.5 cm, for 3s, in a solution containing 1% 

indolebutyric acid (IBA) : 0.5% napthaleneacetic acid (NAA) (Dip n’ Grow, Dip n’ Grow 

Inc., Clackamas, Ore.) at 1,500 mg.L-1 or Indolebutyric acid, potassium salt (KIBA) at 

1,500, 3,000, or 6,000 mg·L-1 and then inserted in a substrate containing 4 perlite: 1 

vermiculite (v/v).  Cuttings were assigned to a completely randomized design (CRD) and 

propagated under mist (5s every 20 min).  Each species was randomized separately and 

was assigned, when numbers were available, with 6 sub-samples and 4 replications of 

each treatment.  Sub-sample means were pooled to reduce variability of the replicate. 

Cutting evaluations 

Cuttings were evaluated on two occasions from each harvest.  Allamanda was 

evaluated 2 and 4 weeks after planting (WAP), oleander and mandevilla 4 and 6 WAP, 
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and both bougainvillea cultivars 5 and 7 WAP.  At the first evaluation of each harvest 

percent survival, rooting quality, number of primary roots (≥1.0 mm), number of lateral 

roots, total cutting dry weight (root weight + shoot weight), and cutting root : shoot ratio 

(root weight/ shoot weight) were recorded.  At the second evaluation all other parameters 

except root number were recorded.  Visual rooting quality ratings were assigned on a 1 to 

5 scale, relative to each species, with a general ranking system as follows: 1=callus 

formation, with no roots; 2=minimal rooting; 3=some root growth and development; 

4=increased root growth and development; 5= best rooting performance.  Cuttings were 

prepared for dry weight measurement by excision of the rooted portion 1 cm above the 

cutting base, and then placed in a drying oven for 3 d at 70 C.  All data were subjected to 

analysis of variance using generalized linear model procedure in SAS (SAS institute, 

Cary, N.C.) and means separated using LSD with P ≤ 0.05. 

Experiment 2 

The second experiment was replicated in the same manner as the first experiment, 

with the following exceptions: Stock plants were transplanted 1 Aug., and given a soft 

pinch on 17 Aug. 2005.  Cuttings were again harvested every three weeks on 6 Sept. 

(H1), 27 Sept. (H2), 18 Oct. (H3), and 8 Nov. (H4).  Average PPF was 596, 647, and 355 

µmol·m-2s-1, for Sept., Oct., and Nov., respectively.  Cuttings were handled in the same 

manner as the first experiment, except were shipped to Gainesville, Fla. using Federal 

Express 24 h service (Table 4-1).   
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Results 

Allamanda schottii 

Experiment 1 

There was a harvest date x evaluation week x treatment interaction for percent 

survival (Table 4-2).  Differences in percent survival were not significant amongst 

treatments for all cutting evaluations, except those from H3, 2 WAP and H4, 4 WAP.  

For cuttings planted from H3 and evaluated 2 WAP, all rooting hormone concentrations 

provided similar percent survival and were greater than the control, except those treated 

with KIBA at 1500 mg·L-1, which were similar to all treatments.  Cuttings evaluated 4 

WAP from H4 were all similar to the control when treated with any rooting hormone 

concentration except Dip n’ Grow at 1500 mg·L-1, which had better survival.  

Concentrations of KIBA at 3000 mg·L-1 had similar percent survival to Dip n’ Grow at 

1500 mg·L-1, and expressed greater survivability than KIBA at 1500 or 6000 mg·L-1.  

Generally, cuttings evaluated 4 WAP had a similar percent survival to 2 WAP, except 

those treated with KIBA at 6000 mg·L-1 and planted from H4, which were greater 2 WAP 

than 4 WAP.  When evaluating cuttings 2 WAP, all treatments had a similar response 

throughout the experiment; some differences occured with respect to harvest date 4 

WAP.  For untreated cuttings or cuttings treated with KIBA at 3000 mg·L-1, all harvest 

dates had similar percent survival 4 WAP.  Cuttings treated with Dip n’ Grow at 1500 

mg·L-1 had similar percent survival at all harvest dates except H3, which was lower.  

When cuttings treated with either KIBA at 1500 or 6000 mg·L-1 were evaluated 4 WAP, 

all harvest dates were similar, except H4, which produced lower survival rates.  

There was a harvest x treatment interaction for rooting quality (Table 4-3); main 

effects for evaluation week will be presented separately.  Cuttings evaluated 4 WAP had 
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higher root quality rankings than at 2 WAP (data not shown).  Differences in rooting 

quality were not significant amongst treatments for H1, H2, or H4.  For cuttings planted 

from H3, rooting hormone applications at any concentration had better rooting quality, 

when compared to the control, except those treated with KIBA at 1500 mg·L-1.  Rooting 

quality of cuttings treated with KIBA at 1500 mg·L-1 was similar to all treatments except 

was lower than KIBA at 3000 mg·L-1.  Cuttings treated with KIBA at 3000 mg·L-1 had 

greater rooting quality than cuttings treated with KIBA at 1500 mg·L-1 or the control.  

When considering cuttings that were untreated or treated with KIBA at 1500 mg·L-1, 

those planted from H4 were similar to all other harvests, while cuttings planted from H1 

or H2 had greater rooting quality than H3.  When cuttings were treated with Dip n’ Grow 

at 1500 mg·L-1, all harvest dates were similar, except H3.  Rooting quality was similar for 

all harvest dates when treated with KIBA at 3000 or 6000 mg·L-1, respectively.   

Table 4-3.  Harvest date (H) by treatment interaction for visual rooting quality (1-5; 
1=poor, 5=best) of allamanda cuttings planted during the warm season (Expt. 
1). 

Treatment 
Concn (mg·L-

1) H1 H2 H3 H4  LSD 
Control 0 3.9 3.5 2.5 3.2 * 0.9 
Dip n' Grow 1500 4.1 4.3 3.2 4.2 ** 0.5 
KIBA 1500 4.2 3.9 3.1 3.7 * 0.7 
KIBA 3000 4.1 4.1 3.9 3.9 NS  
KIBA 6000 4.3 4.3 3.8 3.8 NS  
        
Significance  NS NS ** NS   
LSD       0.7     
NS, *, **, *** Nonsignificant or significant at P ≤ 0.05, 0.01, 0.001, respectively. 
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
 

 
There was a harvest date x treatment interaction for number of primary roots.  From 

H1, cuttings treated with KIBA at 1500 to 3000 mg·L-1 had a similar number of primary 
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roots to the control (Table 4-4).  Dip n’ Grow at 1500 mg·L-1 had more primary roots 

than the control and KIBA at 6000 mg·L-1 rooted similarly to all treatments except the 

control.  From H2, cuttings treated with KIBA at 6000 mg·L-1 had at least 159% more 

primary roots than the control or cuttings treated with KIBA at 1500 or 3000 mg·L-1.  

While Dip n’ Grow at 1500 mg·L-1 had a similar number of primary roots to all 

treatments except the control, KIBA at 1500 mg·L-1 produced a similar number of 

primary roots to the control and to all treatments except KIBA at 6000 mg·L-1.  For 

cuttings planted from H3, the untreated cuttings produced a similar number of primary 

roots to both KIBA and Dip n’ Grow at 1500 mg·L-1, respectively.  Cuttings treated with 

KIBA at 3000 to 6000 mg·L-1 had at least 199% more primary roots than KIBA at 1500 

mg·L-1 or the control, while cuttings treated with Dip n’ Grow at 1500 mg·L-1 produced a 

similar number of primary roots to all treatments.  From H4 all treatments were similar to 

the control except Dip n’ Grow at 1500 mg·L-1, which had at least 161% more primary 

roots than all other treatments.   

When comparing harvest dates, both the control and KIBA at 1500 mg·L-1 had a 

greater quantity of primary roots from H1 than other harvest dates (Table 4-4).  Similarly, 

Dip n’ Grow at 1500 mg·L-1 had more primary roots when planted from H1 than H3 or 

H4; however, H2 was similar to all harvest dates.  When considering only cuttings treated 

with KIBA at 6000 mg·L-1, H2 had more primary roots per cutting than H3, yet both were 

similar to H1.  Cuttings evaluated from H4 produced the lowest number of primary roots 

as compared to all other harvest dates.  Cuttings treated with KIBA at 3000 mg·L-1 

produced a similar number of primary roots, 18.4 per cutting, amongst harvest dates. 
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Table 4-4.  Harvest date by treatment interaction for number of primary roots of stem 
cuttings of allamanda planted during the warm season (Expt 1).  

Treatment 
Concn 
(mg·L-1) H1 H2 H3 H4  LSD 

Control 0 17.8 9.2 6.7 7.1 * 7.4 
Dip n' Grow 1500 38.6 25.7 12.9 20.5 * 14.9 
KIBA 1500 24.8 13.4 10.4 10.6 * 7.6 
KIBA 3000 18.7 21.7 20.6 12.7 NS  
KIBA 6000 30.3 34.5 21.3 11.6 * 9.7 
        
Significance * * * *  
LSD   11.9 12.3 8.5 7.2   
NS, * Nonsignificant or significant at P ≤ 0.05, respectively. 
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
 

 
Table 4-5.  Harvest date (H) by treatment interaction for number of lateral roots of 

allamanda cuttings planted during the warm season (Expt. 1).  
  Number of lateral roots   

Treatment 
Concn 
(mg·L-1) H1 H2 H3 H4  LSD 

Control 0 33.6 2.0 0.6 10.2 *** 13.1 
Dip n' Grow 1500 18.2 0.8 14.0 31.2 ** 13.8 
KIBA 1500 42.9 4.8 5.6 16.5 *** 13.6 
KIBA 3000 43.8 3.1 7.6 20.0 *** 7.9 
KIBA 6000 27.5 1.4 11.2 21.6 * 17.5 
        
Significance  NS NS * NS   
LSD       8.5     
NS,*, **, *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001, respectively. 
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
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There was a harvest date x treatment interaction for number of lateral roots.  

Differences in quantity of lateral roots were not significant amongst treatments for 

cuttings evaluated from H1, H2, or H4.  For cuttings evaluated from H3, those treated 

with KIBA at 1500 or 3000 mg·L-1 had a similar number of lateral roots to the control 

(Table 4-5).  Dip n’ Grow at 1500 mg·L-1 had at least 250% more lateral roots than KIBA 

at 1500 mg·L-1 or the control, yet all concentrations of KIBA were similar.  When 

considering only the control, all harvests were similar except H1, which had a greater 

quantity of lateral roots than the rest.  When Dip n’ Grow at 1500 mg·L-1 was applied, the 

number of lateral roots decreased considerably when cuttings were propagated from H2, 

as compared to H1.  For H3 Dip n’ Grow at 1500 mg·L-1 produced a similar amount of 

lateral roots to H1 and H2.  For H4 the number of lateral roots produced was similar to 

H1 and greater than H2 or H3.  KIBA at 1500 mg·L-1 had similar rooting with all harvests 

except H1, which had the highest numbers of lateral roots, comparatively.  When treated 

with KIBA at 3000 mg·L-1, cuttings planted from H2 and H3 were similar and at least 

62% and 83% lower than H1 and H4, respectively.  Cuttings treated with KIBA at 6000 

mg·L-1 had the lowest quantity of lateral roots from H4 as compared to other harvest 

dates.  Harvest 2 rooted better than H3, yet both had a similar lateral root number to H1. 

There was a harvest date x treatment interaction for both cutting total dry weight 

and root : shoot ratio.  There was also a harvest date x evaluation week interaction for 

total cutting dry weight.  When cuttings were planted from H1, all treatments were 

similar to the control except KIBA at 3000 mg·L-1, which was similar in total cutting dry 

weight to KIBA at 6000 mg·L-1 and Dip n’ Grow at 1500 mg·L-1.  For cuttings planted 

from H2, H3, or H4, differences in total cutting dry weight were not significant amongst 
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treatments.  When considering only untreated cuttings, total dry weight was similar for 

H1 and H4, which were greater than H3; harvest 3 was similar to H2.  Additionally, H2 

had a similar dry weight to H4 and H3, but was less than H1 (Table 4-6).  Cuttings 

treated with Dip n’ Grow at 1500 mg·L-1 had similar total dry weight for H1, H2, and H4, 

all of which were at least 154% greater than H3.  Response to KIBA at 1500 mg·L-1 

amongst harvest dates was similar to the control.  Differences in total cutting dry weight 

were not significant amongst harvest dates when treated with KIBA at 3000 mg·L-1 (182 

mg).  Cuttings treated with KIBA at 6000 mg·L-1 had greater total dry weight from H1 

than all other harvests.  For cuttings planted from H1, those evaluated 4 WAP had higher 

total dry weight than those evaluated 2 WAP (data not shown). 

Untreated cuttings planted from H1 had a similar root : shoot ratio to cuttings 

treated with any concentration of KIBA (Table 4-7).  Cuttings treated with Dip n’ Grow 

at 1500 mg·L-1 had a greater root : shoot ratio than most treatments except were similar to 

KIBA at 6000 mg·L-1.  For H2, differences in root : shoot ratio were not significant 

amongst treatments.  For cuttings planted from H3, all rooting hormone concentrations 

showed improved root : shoot ratios when compared to the control.  When treated with 

KIBA at 6000 mg·L-1, cuttings had the highest root : shoot ratio, and while KIBA at 3000 

mg·L-1 and Dip n’ Grow at 1500 mg·L-1 were similar, both were larger than KIBA at 

1500 mg·L-1 or the control.  When considering only untreated cuttings, those planted 

from H4 had similar root : shoot ratio to those planted from all other harvests (Table 4-7).  

Cuttings planted from H1 had a similar root: shoot ratio to H2 and H4, yet were greater 

than those planted from H3.  Untreated cuttings from H3 were similar to all other 

harvests except H1.  When considering Dip n’ Grow at 1500 mg·L-1 and KIBA at 
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concentrations from 1500 to 6000 mg·L-1, differences in root : shoot ratio were not 

significant amongst harvest date (Table 4-7).   

Table 4-6.  Harvest date by treatment interaction for total cutting dry weight of allamanda 
cuttings planted during the warm season (Expt. 1). 

  Total cutting dry weight (mg)   

Treatment 
Concn 
(mg·L-1) H1 H2 H3 H4 Significance LSD 

Control 0 247 142 124 198 * 67 
Dip n' Grow 1500 219 197 128 223 NS  
KIBA 1500 260 166 136 209 ** 54 
KIBA 3000 200 172 159 198 NS  
KIBA 6000 241 167 139 171 ** 46 
        
Significance * NS NS NS   
LSD  40      
NS, *, ** Nonsignificant or Significant at P ≤ 0.05 or 0.01, respectively. 
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
 

Table 4-7.  Harvest date by treatment interaction for the cutting root : shoot ratio of 
allamanda cuttings planted during the warm season (Expt. 1). 

  Root : shoot ratio   

Treatment 
Concn 
(mg·L-1) H1 H2 H3 H4  LSD 

Control 0 0.47 0.34 0.23 0.30 * 0.17 
Dip n' Grow 1500 0.62 0.42 0.52 0.45 NS  
KIBA 1500 0.47 0.32 0.35 0.37 NS  
KIBA 3000 0.42 0.36 0.52 0.40 NS  
KIBA 6000 0.51 0.45 0.60 0.40 NS  
        
Significance * NS *** NS   
LSD  0.11  0.06    
NS, *, **, *** Non significant or significance at P ≤ 0.05, 0.001, or 0.0001, respectively. 
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
 

 
Experiment 2 

There was a harvest date x treatment interaction for percent survival; main effects 

for evaluation week are presented separately.  Differences in percent survival were not 

significant amongst treatments for cuttings planted from H1, H3, or H4 (98%, 96%, and 
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93%, respectively).  From H2, all treatments had similar percent survival (98%), except 

those treated with KIBA at 3000 mg·L-1 (83%) which was lower than any other treatment 

(LSD=9, n=7).  When considering each treatment individually, all treatments had similar 

rate of survival throughout the duration of the second experiment, except KIBA at 3000 

mg·L-1 from H2 (data not shown).  When comparing evaluation weeks, all cuttings 

evaluated 2 WAP had similar survival to those evaluated 4 WAP (96%). 

There was a harvest date x evaluation week x treatment interaction for rooting 

quality (Table 4-8).  Untreated cuttings and those treated with KIBA at 1500 mg·L-1 

planted from the first harvest and evaluated 2 WAP had similar rooting quality.  Cuttings 

treated with Dip n’ Grow at 1500 mg·L-1 had the best rooting quality when compared to 

all other treatments, except KIBA at 3000 mg·L-1.  KIBA at 1500 mg·L-1 had reduced 

quality compared to 3000 mg·L-1; however both were similar to 6000 mg·L-1.  For 

cuttings evaluated 4 WAP, all treatments were similar to the control, except Dip n’ Grow 

at 1500 mg·L-1, which was also similar to KIBA at concentrations of 3000 to 6000 mg·L-

1.  All concentrations of KIBA had similar rooting quality.  For cuttings planted from the 

second harvest, the control had lower rooting quality than any rooting hormone treatment 

at both 2 and 4 WAP.  Overall rooting quality was lowest at the third harvest and 

differences amongst treatments were not significant at either 2 or 4 WAP.  For cuttings 

planted from the fourth harvest, differences amongst treatments were not significant for 

those evaluated 4 WAP (3.7).  At 2 WAP however, all rooting hormone treatments 

performed similarly to each other and were all greater than the control, except KIBA at 

1500 mg·L-1, which was similar.  When comparing evaluation weeks for each treatment, 

cuttings evaluated 4 WAP generally had greater root quality ratings than 2 WAP.  
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Rooting quality was also less affected by hormone treatment or evaluation week as the 

season progressed, although overall quality at H4 tended to be lower than other harvest 

dates.  

The harvest date x treatment interaction was significant for number of primary 

roots.  The number of primary roots was at least 214% greater for cuttings treated with 

Dip n’ Grow at 1500 mg·L-1 or KIBA at 3000 mg·L-1, than for the control or KIBA at 

1500 mg·L-1 (Table 4-9).  Cuttings treated with KIBA at 1500 or 6000 mg·L-1 had a 

similar number of primary roots to the control, while all treatments were similar to KIBA 

at 6000 mg·L-1.  Number of primary roots for cuttings planted from H2 was highest when 

treated with KIBA at 6000 mg·L-1 and lowest for the control.  Dip n’ Grow at 1500 mg·L-

1 and KIBA at 1500 or 3000 mg·L-1 had a similar number of primary roots.  In general, 

the third harvest had very few primary roots, 0.2 per cutting, and differences amongst 

treatments were not significant.  For the H4 evaluation, treatments of KIBA at 1500 or 

3000 mg·L-1 were similar to the control.  KIBA at 6000 mg·L-1 had at least 192% more 

primary roots than either the control or KIBA at 1500 mg·L-1, while 3000 mg·L-1 was 

similar to all treatments.  Similarly, Dip n’ Grow at 1500 mg·L-1 had a similar numbers of 

primary roots to all treatments, except the control.   

When considering only untreated cuttings, differences in primary root counts were 

not significant amongst harvest dates.  Those cuttings treated with Dip n’ Grow at 1500 

mg·L-1 had a greater number of primary roots than from H3; while H2 had more than H1, 

both H1 and H2 were similar in number to H4.  KIBA at 1500 mg·L-1 had more primary 

roots from H4 than H3, while both were similar to H1.  Cuttings planted from H2 had a 

greater number of primary roots than any other harvest.  For cuttings treated with KIBA 
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at 3000 mg·L-1, those planted from H2 had a greater number of primary roots than H4, 

both being similar to H1, while H3 again, had the lowest number of any harvest. Cuttings 

treated with KIBA at 6000 mg·L-1 produced a different quantity of primary roots with 

each harvest evaluation.  Cuttings planted from H2 had the largest amount of roots, while 

H4 produced more than H1.  Cuttings planted from H3 produced the fewest number of 

primary roots.  

The harvest date x treatment interaction was not significant for number of lateral 

roots; therefore the main effects will be presented.  Allamanda cuttings generally had low 

lateral root numbers, with less than one per cutting and differences were not significant 

amongst treatments.  When comparing harvest dates, cuttings planted from H4 had more 

lateral roots than at any other harvest (data not shown).  

Table 4-9.  Harvest date by treatment interaction for number of primary roots of 
allamanda cuttings planted during the cool season (Expt. 2). 

  Number of primary roots   

Treatment 
Concn 
(mg·L-1) H1 H2 H3 H4  LSD 

Control 0 6.5 2.2 0.0 4.7 NS  
Dip n' Grow 1500 16.1 22.7 0.3 20.8 *** 6.2 
KIBA 1500 5.4 19.8 0.0 11.5 *** 6.6 
KIBA 3000 13.8 21.2 0.2 12.6 *** 7.5 
KIBA 6000 10.8 44.7 0.0 22.1 *** 6.5 
        
Significance ** *** NS *   
LSD   6.0 8.5   9.8   
NS, *, **, *** Nonsignificant or significant at P ≤ 0.05, 0.01, 0.001, respectively. 
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 

 

There was a harvest date x evaluation week interaction for total cutting dry weight.  

For H1, H2, and H4, cuttings evaluated 4 WAP had a higher total cutting dry weight than 

those evaluated 2 WAP (data not shown).  Cuttings planted from H3 had similar weights 

at both 2 and 4 WAP.   
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There was a harvest date x evaluation week x treatment interaction for the cutting 

root : shoot ratio (Table 4-10).  For cuttings planted from the first harvest and evaluated 2 

WAP, concentrations of KIBA at 1500 or 3000 mg·L-1 produced a similar root : shoot 

ratio to the control with a 31% lower ratio when compared to Dip n’ Grow at 1500 mg·L-

1.  KIBA at 6000 mg·L-1 produced cuttings with the highest root : shoot ratio, and were at 

least 135% and 195% greater than Dip n’ Grow at 1500 mg·L-1 and all other treatments, 

respectively.  Cuttings evaluated 4 WAP treated with KIBA at 6000 mg·L-1 or Dip n’ 

Grow at 1500 mg·L-1 had a similar growth response, which was better than all other 

treatments.  Additionally, treating cuttings with KIBA at 3000 mg·L-1 produced a 116% 

higher root : shoot ratio than at 1500 mg·L-1, yet both were similar to the control.  From 

H2 at 2 WAP cuttings treated with Dip n’ Grow at 1500 mg·L-1 were similar to KIBA at 

6000 mg·L-1.  Both treatments had at least a 151% higher root : shoot ratio than cuttings 

treated with KIBA at 3000 mg·L-1 or the control.  Cuttings treated with KIBA at 1500 

mg·L-1 had a similar root : shoot ratio to KIBA concentrations of 3000 and 6000 mg·L-1.  

Evaluations 4 WAP showed application of a rooting hormone at any concentration 

produced similar results that were at least 164% higher than the control.  Cuttings planted 

from H3 had at least a 148% higher root : shoot ratio 2 WAP when treated with KIBA at 

3000 mg·L-1 than all other treatments; all treatments were similar to the control.  Four 

weeks after planting, treatments of KIBA at 6000 mg·L-1 or Dip n’ Grow at 1500 mg·L-1 

had higher root : shoot ratios than the control and KIBA at 1500 or 3000 mg·L-1.  From 

H4, cuttings evaluated 2 WAP that were treated with KIBA at 6000 mg·L-1 or Dip n’ 

Grow at 1500 mg·L-1 had a higher root : shoot ratio than cuttings treated with KIBA at 

1500 mg·L-1.  KIBA at 3000 mg·L-1 was similar to all treatments except the control.  Root 
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: shoot ratios were lower for the control than from any other rooting hormone 

concentration.  When evaluated 4 WAP, cuttings treated with Dip n’ Grow at 1500 mg·L-

1 had a higher root : shoot ratio than those treated with KIBA at 1500 mg·L-1 or the 

control.  KIBA at all concentrations had similar root : shoot ratios, however only KIBA at 

3000 mg·L-1 produced a higher ratio than the control.  KIBA at 6000 mg·L-1 was similar 

to all treatments.  

Discussion 

During the first experiment rooting hormone applications to stem cuttings of 

allamanda generally did not influence percent survival.  Only KIBA at 3000 to 6000 

mg·L-1 improved rooting quality from the third harvest, otherwise all hormone treatments 

produced similar results to the control.  Cuttings treated with higher rates of KIBA also 

tended to have more primary roots than the control, yet lateral root number was generally 

similar for all treatments.  However, during evaluation of H3 rooting hormone application 

at any concentration improved lateral root number, when compared to the control.   

Results were similar for total cutting weight and the root : shoot ratio amongst 

treatments, therefore suggesting no benefit of hormone applications; however, the third 

harvest rooting hormone treatments produced greater root : shoot ratios when compared 

to the control.  This occurrence, in addition to improved visual rooting quality and 

increased numbers of primary and lateral roots, suggests application of KIBA at 

concentrations of 3000 to 6000 mg·L-1 is desirable, especially after successive harvesting 

Dip n’ Grow at 1500 mg·L-1 was also effective during the third harvest.  Upon comparing 

observed parameters over time, KIBA at 3000 mg·L-1 was the most consistent treatment, 

with similar results for visual rooting quality, number of primary roots, total cutting dry 

weight, and the root : shoot ratio throughout the study.   
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During the second experiment, percent survival was generally high for all 

treatments and was not influenced by hormone application, similar to the first 

experiment.  While the response to specific rooting hormones for either evaluation of 

each harvest was variable, certain trends emerged.  Generally, all concentrations of 

rooting hormone applied to cuttings tended to show an improvement in visual rooting 

quality when planted from the first and second harvests.  Rooting quality tended to be 

lower for all treatments as the experiment progressed and differences amongst treatments 

were not significant by H3 and H4.  This may be attributed to slower growth during 

natural short days, thus regardless of treatment, rooting quality was poor.   

The quantity of roots on untreated cuttings was similar at each harvest and tended 

to be lower than on hormone treated cuttings.  When cuttings were planted from the third 

harvest, rooting was poor with respect to primary root number, yet results from all other 

harvests showed application of Dip n’ Grow at 1500 mg·L-1 or KIBA at 3000 to 6000 

mg·L-1 generally showed improved rooting when compared to the control.  The lower 

concentration of KIBA tended to be similar to the control.  Lateral rooting was generally 

poor during the second study and was similar with all treatments.   

Differences were not significant amongst treatments when considering total cutting 

dry weight, however, when considering the root : shoot ratio cuttings treated with either 

Dip n’ Grow at 1500 mg·L-1 or KIBA at 6000 mg·L-1 showed greater ratios than the 

control.  Better root development, as compared to shoot growth would be desired by 

growers for easier transplanting.   

When comparing rooting hormone treatments during the first experiment, 

consistent rooting results occurred amongst harvests with KIBA at 3000 mg·L-1.  The 
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second study showed better rooting with KIBA at 3000 to 6000 mg·L-1 or Dip n’ Grow at 

1500 mg·L-1 as compared to the control or KIBA at 1500 mg·L-1.  During both studies, 

the third harvest generally exhibited the poorest rooting.  Although it is unclear why this 

occurred, it may be attributed to aggressive harvesting of cuttings by not allowing 

optimal levels of carbohydrates to accumulate.   

Conclusion 

Growers will want to consider the cost of rooting hormones and the labor costs 

associated with their application to the benefits achieved during propagation before 

deciding on a rooting hormone program.  Currently, KIBA has limited commercial 

availability with a cost of $81.60 per 25 g (Sigma-Aldrich Co., St. Lois, Mo.), while Dip 

n’ Grow is a commercially available product with a cost of $190.00 per 3.8 L (Morton’s 

Horticultural Products Inc., McMinnville, Tenn.).  Based on consistent allamanda results 

with KIBA at 3000 mg·L-1, its application at this concentration would cost a propagator 

$9.79 per L (excluding labor), while Dip n’ Grow at 1500 mg·L-1 would cost $5.02 per L.   

Bougainvillea glabra ‘California Gold’  

Experiment 1 

There was a harvest date x evaluation week interaction for both percent survival 

and rooting quality.  Differences in rooting quality were not significant amongst 

treatments, yet percent survival was greater for cuttings treated with any concentration of 

rooting hormone when compared to the control (data not shown).  For both rooting 

quality and percent survival, differences between evaluation weeks were not significant 

for cuttings planted from H1, H3 and H4.  Cuttings from H2 however, had a higher 

percent survival 7 WAP than at 5 WAP (98% vs 53%) (LSD=10, n=20).  Rooting quality 

was also greater 7 WAP than at 5 WAP (data not shown).   
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Table 4-2.  Influence of rooting hormone application on percent survival of allamanda 
cuttings evaluated 2 and 4 weeks after planting (WAP) from harvests (H) 1 to 
4 during the warm season (Expt. 1) 

      Percent survival (%)     

Treatment 
Concn 
(mg·L-1) Week H1 H2 H3 H4   LSD  

Control 0 2 WAP 100 96 67 96 NS  
  4 WAP 100 100 83 83 NS  
   NS NS NS NS   
         
Dip n' Grow 1500 2 WAP 92 96 96 100 NS  
  4 WAP 100 100 80 100 * 13 
   NS NS NS NS   
         
KIBA 1500 2 WAP 100 100 88 92 NS  
  4 WAP 100 100 100 79 ** 10 
   NS NS NS NS   
         
KIBA 3000 2 WAP 100 100 96 96 NS  
  4 WAP 100 96 96 96 NS  
   NS NS NS NS   
         
KIBA 6000 2 WAP 100 100 100 96 NS  
  4 WAP 100 100 100 75 *** 8 
   NS NS NS *   
      13   
 
Significance  2 WAP NS NS * NS   
LSD     22    
Significance  4 WAP NS NS NS **   
LSD      14   
         
Source of variance 
         
Harvest date (H)  ***      
Evaluation week (W)  NS      
H x W   *      
Treatment (T)  *      
H x T   ***      
W x T   NS      
H x W x T     *          
NS, *, **, *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001, respectively. 
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
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Table 4-8.  Influence of rooting hormone application on the visual rooting quality of 
allamanda cuttings evaluated 2 and 4 weeks after planting (WAP) from 
harvests (H) 1 to 4 of the cool season (Expt. 2). 

      Rooting quality (1-5)     

Treatment 
Concn 
(mg·L-1) Week H1 H2 H3 H4   LSD 

Control 0 2 WAP 1.9 1.7 1.0 2.0 * 0.7 
  4 WAP 3.3 3.5 2.5 3.7 * 0.9 
   NS * NS **   
LSD    0.9  0.7   
         
Dip n' Grow 1500 2 WAP 3.8 3.2 1.1 3.7 *** 0.8 
  4 WAP 4.4 4.4 3.5 4.2 NS  
   NS * ** NS   
LSD    0.8 1.2    
         
KIBA 1500 2 WAP 2.2 3.0 1.0 2.8 ** 1.0 
  4 WAP 3.8 4.4 2.7 3.4 ** 0.7 
   * * * NS   
LSD   1.0 0.8 1.2    
         
KIBA 3000 2 WAP 3.0 3.1 1.1 3.1 *** 0.5 
  4 WAP 3.8 4.7 2.9 3.7 ** 0.9 
   * * * NS   
LSD   0.6 0.9 1.1    
         
KIBA 6000 2 WAP 2.7 3.4 1.0 3.5 *** 0.4 
  4 WAP 3.8 4.7 3.5 3.7 NS  
   * * ** NS   
LSD   0.6 0.9 0.8    
         
Significance 2 WAP ** * NS *   
LSD   0.8 0.7  0.9   
Significance 4 WAP * * NS NS   
LSD   0.6 0.6     
         
Source of variance         
Harvest date (H)  ***      
Evaluation week (W)  ***      
H x W   ***      
Treatment (T)  ***      
H x T   *      
W x T   NS      
H x W x T     *          
NS, *, **, *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001, respectively.  
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
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Table 4-10.  Influence of rooting hormone on cutting root : shoot ratio of allamanda cuttings evaluated 2 and 4 weeks after planting 
(WAP) of harvests (H) 1 to 4 of the cool season (Expt. 2). 

  Root : shoot ratio 
  H1  H2  H3  H4 

Treatment 
Concn 
(mg·L-1) 2WAP 4WAP  2WAP 4WAP  2WAP 4WAP  2WAP 4WAP

Control 0 0.10 0.29   0.09 0.28   0.10 0.23   0.12 0.22 
Dip n' Grow 1500 0.22 0.39  0.32 0.52  0.14 0.40  0.28 0.41 
KIBA 1500 0.10 0.28  0.23 0.46  0.12 0.24  0.20 0.28 
KIBA 3000 0.15 0.33  0.18 0.46  0.21 0.28  0.23 0.39 
KIBA 6000 0.30 0.42  0.27 0.47  0.12 0.40  0.29 0.32 
             
Significance  *** ***  * *  * *  * * 
LSDz   0.06 0.05   0.09 0.13   0.06 0.10   0.07 0.11 
             
Source of variance            
Harvest date (H)      ***      
Evaluation week (W)      ***      
H x W      ***      
Treatment (T)      ***      
H x T     **      
W x T      NS      
H x W x T    **      
NS, *, **, *** Significant at P ≤ 0.05, 0.01, 0,001. 
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
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The harvest date x treatment interaction was not significant for number of primary 

roots or lateral roots, therefore the main effects will be presented.  Differences in 

numbers of roots were not significant amongst treatments.  Cuttings planted from H2, H3, 

and H4 had similar numbers of primary roots, 4.0 per cutting, which was at least 32% 

less than H1 (7.1) (LSD=1.8, n=20).  Number of lateral roots was also greater from H1 

(15.6) than H2 to H4, which rooted similarly with 8.6 lateral roots per cutting (LSD=4.3, 

n=20).   

There was a harvest date x evaluation week and a harvest date x treatment 

interaction for cutting total dry weight.  Cuttings evaluated 7 WAP from H1 had a total 

dry weight of 355 mg per cutting, which was 113% greater than those evaluated 5 WAP 

(0.313 g) (LSD=25, n=20).  Similarly, for H2, cuttings evaluated 5 WAP had a lower 

total dry weight than 7 WAP (data not shown).  Differences in cutting total dry weight 

were not significant between evaluation weeks for H3 (326 mg) or H4 (144 mg).   

Upon comparison of rooting hormone treatments, cuttings planted from H1 had a 

similar dry weight to the control when treated with Dip n’ Grow at 1500 mg·L-1 or KIBA 

at 3000 mg·L-1 (Table 4-11).  Cuttings treated with KIBA at 3000 or 6000 mg·L-1 

weighed the same and were at least 12% lighter than the control.  Cuttings treated with 

Dip n’ Grow at 1500 mg·L-1 had similar dry weight to all treatments except lighter 

cuttings with KIBA at 6000 mg·L-1.  Differences in cutting total dry weight were not 

significant amongst treatments for H2 (227 mg) or H3 (325 mg).  Cuttings planted from 

H4 had greater dry weight with any rooting hormone treatment when compared to the 

control (Table 4-11).  Cuttings treated with KIBA at 3000 mg·L-1 had greater dry weight 
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than 6000 mg·L-1, yet KIBA at 1500 mg·L-1 was similar to all concentrations.  Dip n’ 

Grow at 1500 mg·L-1 also had similar total dry weight to all treatments except the control.   

When considering only untreated cuttings, those planted from H1 and H3 had 

similar total dry weights and were at least 133% greater than H2 and H4, which were also 

similar.  Cuttings treated with Dip n’ Grow at 1500 mg·L-1 had the same total dry weight 

when planted from H1, H3, and H4, while those planted from H2 were at least 27% 

lighter than all other harvests.  Similarly, cuttings treated with KIBA concentrations from 

1500 to 6000 mg·L-1 had the lowest total dry weight at H2, while H1, H3 and H4 were 

similar and at least 143% greater than H2.   

There was a harvest date x evaluation week interaction for the cutting root : shoot 

ratio.  The main effects for treatment will be presented separately.  Amongst harvest dates 

and evaluation weeks, cuttings treated with rooting hormone at all concentrations had a 

similar root : shoot ratio, and were at least 118% greater than the control (Data not 

shown).  For cuttings planted from H1, those evaluated 5 WAP (0.12) had a 32% lower 

root : shoot ratio than at 7 WAP (0.36) (LSD=0.03, n=20).  Similarly, cuttings evaluated 

from H2 had a greater root : shoot ratio at 7 WAP than at 5 WAP (Data not shown).  For 

cuttings planted from H3, differences in root : shoot ratios were not significant between 

evaluation weeks (0.14).  Cuttings planted from H4 had a root : shoot ratio of 0.15 seven 

WAP, which was 149% higher than at 5 WAP (0.10) (LSD=0.02, n=20).   

Experiment 2 

There was a harvest date x evaluation week interaction for percent survival.  Main 

effects for treatment were not significant.  For rooting quality, the harvest date x 

evaluation week x treatment interactions were not significant, therefore the main effects 

are presented separately.  Differences between evaluation dates were not significant for 
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H1, H2, and H4; while cuttings planted from H3 had a greaer percent survival when 

evaluated 5 WAP than 7 WAP (68% vs 45%) (LSD=13 n=19).  Differences amongst 

treatments for rooting quality were not significant.  Cuttings planted from H1, H2, H3, 

and H4 had visual rankings of 2.9, 3.3, 2.0, and 1.4, respectively (LSD=0.3, n=35).   

Table 4-11.  Harvest date (H) by treatment interaction for bougainvillea ‘California Gold’ 
cuttings planted during the warm season (Expt. 1). 

  Total cutting dry weight (mg)   

Treatment 
Concn 
(mg·L-1) H1 H2 H3 H4  LSD 

Control 0 362 247 328 220 *** 48 
Dip n' Grow 1500 342 245 340 334 ** 56 
KIBA 1500 317 220 312 330 *** 48 
KIBA 3000 357 217 347 383 *** 58 
KIBA 6000 293 205 300 296 ** 55 
        
Significance * NS NS ***   
LSD  40   67   
NS, *, **, *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001, respectively. 
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
 

 
For both number of primary and lateral roots, the harvest date x treatment 

interaction was not significant, therefore the main effects are presented.  Cuttings planted 

from H3 and H4 (1.2 and 0.5) had similar numbers of primary roots, and were less than 

H1 and H2.  Cuttings planted from H2 had 7.0 primary roots per cutting, which was 

196% more than H1 (3.6) (LSD=1.4, n=17).  Similar to primary root number, lateral root 

number was highest for cuttings planted from H2 (14.9), while cuttings from H3 and H4 

(2.2 and 1.5) had at least 68% less lateral roots than H1 (7.0) (LSD=3.9, n=17). 

There was a harvest date x evaluation week x treatment interaction for cutting total 

dry weight and a harvest date x evaluation week interaction for the cutting root : shoot 

ratio.  For cuttings planted from H1 and evaluated 5 WAP, the control (363 mg) had a 
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higher cutting total dry weight than those treated with Dip n’ Grow at 1500 mg·L-1 (207 

mg), while cuttings treated with KIBA at concentrations from 1500 to 6000 mg·L-1 had 

similar dry weight to all other treatments (LSD=124, n=3).  Differences in total cutting 

dry weight were not significant amongst treatments 7 WAP.  For cuttings planted from 

H2, those evaluated 5 WAP had similar total cutting dry weights when treated with a 

rooting hormone, all of which were at least 173% greater than the control (data not 

shown).  Total cutting dry weight was similar 7 WAP for cuttings treated with KIBA at 

3000 or 6000 mg·L-1 (350 or 366 mg), which was at least 155% higher than those treated 

with Dip n’ Grow at 1500 mg·L-1, KIBA at 6000 mg·L-1, or the control (226, 224, or 147 

mg, respectively) (LSD=104, n=3).  Differences in total cutting dry weight were not 

significant amongst treatments or between evaluation weeks from H3 or H4.   

There was a harvest date x evaluation week interaction for the cutting root : shoot 

ratio, however differences amongst treatments were not significant.  For the first harvest, 

cuttings evaluated 5 WAP had a root : shoot ratio of 0.32, while 7 WAP the ratio was 

42% lower at 0.19 (LSD=0.07, n=16).  Cuttings planted from the second harvest had a 

higher root : shoot ratio when evaluated 7 WAP than 5 WAP (0.27 vs 0.23) (LSD=0.03, 

n=15).  Differences in the cutting root : shoot ratios were not significant between 

evaluation dates for either H3 or H4.   

Discussion 

During the first experiment, application of a rooting hormone improved survival, as 

compared to the control.  For visual rooting quality and number of both primary and 

lateral roots, rooting hormone treated cuttings performed to the control; However, when 

considering the root : shoot ratio, all rooting hormone treatments reflected greater ratios 

than the control.  When comparing total dry weight, benefits of a rooting hormone 
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application were demonstrated by increased dry weight when planted from H4, as 

compared to the control.  Generally KIBA at 3000 mg·L-1 or Dip n’ Grow at 1500 mg·L-1 

were shown to have the largest benefit in propagation of ‘California Gold’. 

Regardless of rooting hormone treatment, duration of propagation time should be 

considered when rooting Bougainvillea ‘California Gold’. For H3, cuttings were shown 

to have nearly a 200% higher rate of survival at 7 WAP than 5 WAP; therefore it is 

recommended that propagators allow bougainvillea cuttings to remain under mist for 

acceptable root development.  Generally, cuttings showed improved rooting quality 7 

WAP when compared to evaluations at 5 WAP, opposite results may be due to disease 

pressure, nutrient leaching, and overall decline in quality.  Growers should consider 

application of fungicides to reduce the incidence of disease and once weekly applications 

of fertilizer to cuttings. 

During the second experiment, percent survival, visual rooting quality, primary and 

lateral root number, and the cutting root : shoot ratios were all similar amongst rooting 

hormone treatments and were not shown to enhance rooting quality and performance, as 

compared to the control.  Differences in total cutting dry weight were less apparent as 

time progressed.   

Over time, reduced rooting occurred as the duration of the study progressed into 

fall, except for cuttings planted from H2 which tended to root better than H1, H3, and 

H4;.  This reduction in rooting performance could be the result of physiological changes 

within the cutting as a result of flowering under naturally shorter days in fall or possibly 

diminishing nutritional status of cuttings and stock plants.   
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Conclusion 

Cuttings of ‘California Gold’ rooted with increased quality during the first 

experiment (warm season) when rooting hormone was applied, however treatment 

differences were not significant during the fall (cool) growing season.  Regardless of 

rooting hormone treatment, overall rooting performance decreased in fall.  Growers will 

want to consider planting more cuttings during the summer months and application of 

rooting hormone to hasten the rooting process and improve quality during those months.  

Currently, KIBA has limited commercial availability with a cost of $81.60 per 25 g 

(Sigma-Aldrich Co., St. Lois, Mo.), while Dip n’ Grow is a commercially available 

product with a cost of $190.00 per 3.8 L (Morton’s Horticultural Products Inc., 

McMinnville, Tenn.).  Application of Dip n’ Grow or KIBA mixed at 1500 mg·L-1 would 

cost a propagator $5.02 and $4.90 per L (excluding labor), respectively.   

Bougainvillea glabra ‘Helen Johnson’ 

Experiment 1 

There was a harvest date x evaluation week x treatment interaction for percent 

survival.  Differences in percent survival were not significant amongst treatments 5 or 7 

WAP for H1 and H2.  For cuttings planted from H3 and evaluated 5 WAP, all rooting 

hormone treatments had a 98% survival, which was greater than the control (83%) 

(LSD=7, n=4).  At 7 WAP, differences in percent survival were not significant amongst 

treatments (90%).  From H4, cuttings evaluated 5 WAP had greater percent survival with 

application rooting hormone than when left untreated (data not shown).  Differences in 

percent survival were not significant amongst treatments when evaluated 7 WAP.   

For untreated cuttings, those evaluated at both 5 and 7 WAP had similar percent 

survival, except those planted from H2, which had greater survival 5 WAP than at 7 
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WAP (100% vs 75%) (LSD=15, n=4).  For cuttings treated with Dip n’ Grow at 1500 

mg·L-1 or KIBA at 3000 mg·L-1, differences between cuttings evaluated 5 and 7 WAP 

were not significant for all harvest dates.  Cuttings treated with KIBA at 1500 or 6000 

mg·L-1 had greater percent survival from H1 when evaluated 5 WAP as compared to 7 

WAP (data not shown); however, differences between evaluation weeks were not 

significant for H2, H3, or H4.   

There was a harvest date x treatment interaction for rooting quality.  Main effects 

for evaluation week will be presented separately.  Amongst all harvest dates, cuttings 

evaluated 7 WAP had an average rooting quality of 2.4, which was greater than 5 WAP at 

2.0 (LSD=0.2, n=80).  For H1, H2, and H4 differences in rooting quality were not 

significant amongst treatments, with an average rooting quality of 1.6, 2.4, and 1.7, 

respectively.  For cuttings planted from H3, rooting quality of cuttings treated with KIBA 

at 3000 or 6000 mg·L-1 (2.6 or 3.0, respectively) had similar rooting quality as compared 

to the control (2.5), while Dip n’ Grow at 1500 mg·L-1 (3.8) was similar to KIBA at 1500 

mg·L-1 (3.3) (LSD=0.7, n=8).  Additionally, cuttings treated with KIBA at 1500 mg·L-1 

had greater rooting quality than at 3000 mg·L-1, yet both were similar to KIBA at 6000 

mg·L-1.   

When considering only untreated cuttings, those planted from H3 (2.5) had greater 

rooting quality than all other harvests, except H2 (1.9).  Untreated cuttings planted from 

H2 were similar in rooting quality to both H3 and H4 (1.6), while H1 (1.2) was lower 

than all harvests except H4 (LSD= 0.7, n=8).  Cuttings treated with Dip n’ Grow at 1500 

mg·L-1, from H1 (1.5) had lower rooting quality than all harvest dates, except H4 (2.0), 

which was similar to H2 (2.7).  Cuttings planted from H3 (3.8) had the highest rooting 



109 

 

quality (LSD=0.9, n=8).  When considering only cuttings treated with KIBA at 1500 

mg·L-1, those planted from H3 (3.3) had greater rooting quality than all other harvest 

dates. While H2 (2.2) was greater than H4 (1.3), cuttings planted from H1 (1.8) had 

similar rooting quality to both H2 and H4 (LSD=0.7, n=8).  For cuttings treated with 

KIBA at 3000 mg·L-1, H2 and H3 (2.6) had similar rooting quality, yet were greater than 

H4 (1.6).  Cuttings planted from H1 (1.9) were similar to all other treatments. (LSD=0.8, 

n=8).  Rooting quality of cuttings treated with KIBA at 6000 mg·L-1 was similar when 

planted from H2 and H3, both were greater than H4 and H1, which were also similar 

(data not shown).   

The harvest date x treatment interaction was not significant for either primary or 

lateral root number, therefore the main effects will be presented.  When considering the 

number of primary roots, cuttings treated with Dip n’ Grow or KIBA at 1500 mg·L-1 (2.6 

or 1.9, respectively) had a similar number of primary roots to the control (1.6) (LSD=1.5, 

n=16).  Additionally, KIBA at 1500 mg·L-1 was similar in rooting to KIBA at 3000 mg·L-

1 (7.9); concentrations of 3000 to 6000 mg·L-1 produced at least 208% more primary roots 

than the control.  Cuttings treated with Dip n’ Grow at 1500 mg·L-1 (2.6) had a similar 

number of primary roots to all treatments.  Amongst treatments, H2 (4.0) and H3 (4.2) 

produced a similar number of primary roots per cutting, which were at least 253% greater 

in number than from H1 (0.6) or H4 (1.6) (LSD=1.4, n=20).  For number of lateral roots, 

cuttings treated with KIBA at 3000 or 6000 mg·L-1 (7.9 or 9.4) were similar, and had at 

least 231% more lateral roots than either the control (2.2) or KIBA at 1500 mg·L-1 (3.4), 

while cuttings treated with Dip n’ Grow at 1500 mg·L-1 (5.8) were similar to all 

treatments (LSD=4.4, n=16).  Amongst treatments, cuttings from H3 produced 9.2 lateral 
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roots per cutting, which was at least 213% more than H1 or H4 (3.3 or 4.3), while H2 

(6.2) was similar to all harvests (LSD=4.0 n=20). 

The harvest date x treatment interaction was not significant for total cutting dry 

weight; therefore the main effects will be presented separately.  Differences in total 

cutting dry weight were not significant amongst treatments.  Cuttings planted from H1 

(213 mg) and H2 (199 mg) had similar total cutting dry weight, and were at least 15% 

less and 120 % greater than H3 and H4, respectively (250 or 166 mg) (LSD=23, n=40).   

Table 4-12.  Harvest date (H) by treatment interaction for root : shoot ratio (root weight + 
shoot weight) of ‘Helen Johnson’ bougainvillea cuttings planted during the 
warm season (Expt. 1).  

  Root : shoot ratio   

Treatment 
Concn 
(mg·L-1) H1 H2 H3 H4  LSD 

Control 0 0.12 0.18 0.20 0.17 NS  
Dip n' Grow 1500 0.13 0.32 0.53 0.23 ** 0.18 
KIBA 1500 0.09 0.22 0.29 0.15 ** 0.10 
KIBA 3000 0.13 0.30 0.21 0.17 ** 0.08 
KIBA 6000 0.20 0.34 0.28 0.18 * 0.11 
        
Significance  * * * NS   
LSD  0.07 0.12 0.12    
NS, *, **, *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001, respectively 
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
 

 
There was a harvest date x evaluation week, harvest date x treatment, and 

evaluation week x treatment interaction for cutting root : shoot ratio.  For H1, cuttings 

treated with KIBA at 6000 mg·L-1, had a greater root : shoot ratio than all other 

treatments (Table 4-12).  Cuttings treated with KIBA at 6000 mg·L-1 or Dip n’ Grow at 

1500 mg·L-1 had a higher ratio than the control from H2.  Untreated cuttings had a similar 

root : shoot ratio when treated with KIBA at 1500 mg·L-1.  Cuttings treated with KIBA at 

3000 mg·L-1 had a similar root : shoot ratio to all other treatments, while Dip n’ Grow at 
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1500 mg·L-1 had a similar root : shoot ratio to all concentrations of KIBA.  Harvest 3 

cuttings had a higher root : shoot ratio when treated with Dip n’ Grow at 1500 mg·L-1, 

when compared to all other treatments.  Cuttings treated with all concentrations of KIBA 

were similar to the control.  Differences in cutting root : ratio were not significant 

amongst treatments for cuttings planted from H4 (0.18).  When considering only 

untreated cuttings, all harvest dates produced similar root : shoot ratios of 0.13.  For 

cuttings treated with Dip n’ Grow at 1500 mg·L-1, those planted from H3 had greater root 

: shoot ratio than all other harvest dates.  While H2 had greater root : shoot ratio than H1, 

H4 ratios were similar to both.  KIBA at 1500 mg·L-1 had a greater root : shoot ratio from 

H3 than H4.  Cuttings planted from H1 were similar in root : shoot ratio only to H4.  

When considering only cuttings treated with KIBA at 3000 mg·L-1, H2 had larger ratio 

than all other harvests. Harvest 3 cuttings were greater than H1, and both H1 and H3 

were similar to H4.  Cuttings treated with KIBA at 6000 mg·L-1 had greater root : shoot 

ratio from H2 than H1 and H4.  Cuttings from all harvests were similar in root : shoot 

ratio to H3.  

Differences between evaluation weeks were not significant amongst treatments for 

H1; however, from H2, H3, and H4 cuttings evaluated 7 WAP had larger root : shoot 

ratios than at 5 WAP (data not shown).  Amongst all harvest dates, cuttings evaluated 5 

WAP showed at least a 145% higher root : shoot ratio with KIBA at 6000 mg·L-1 (0.24) 

or Dip n’ Grow at 1500 mg·L-1 (0.21) than KIBA at 1500 mg·L-1 (0.15) or the control 

(0.13) (LSD=0.06, n=16).  Cuttings treated with KIBA at 1500 or 3000 mg·L-1 were 

similar to the control, while those treated with Dip n’ Grow at 1500 mg·L-1 were similar 

to both KIBA at 3000 or 6000 mg·L-1.  At 7 WAP cuttings treated with Dip n’ Grow at 
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1500 mg·L-1 had a higher root : shoot ratio than all other treatments, while KIBA at all 

concentrations were similar to the control (data not shown).  

Experiment 2 

There was a harvest date x treatment interaction for both percent survival and 

rooting quality.  Additionally there was a harvest date x evaluation week interaction for 

percent survival.  Main effects for evaluation week will be presented separately for 

rooting quality.  For cuttings planted from H1, differences in percent survival were not 

significant amongst treatments (70%).  Cuttings planted from H2 had a similar percent 

survival when treated with KIBA at 3000 or 6000 mg·L-1 or Dip n’ Grow at 1500 mg·L-1 

(93%, 98%, and 92%, respectively) all of which were greater than the control or KIBA at 

6000 mg·L-1 (LSD=18, n=8).  From H3, the control (50%) was similar to all treatments, 

as was KIBA at 1500 mg·L-1 (60%).  Cuttings treated with Dip n’ Grow at 1500 mg·L-1 

(48%) had a similar percent survival to all treatments except KIBA at 6000 mg·L-1 (71%), 

which was at least 150% greater than cuttings treated with KIBA at 3000 mg·L-1 (43%) 

(LSD=22, n=6).  Differences in percent survival for cuttings planted from H4 were not 

significant amongst treatments.  Differences amongst harvest dates were not significant 

for untreated cuttings (68%) and KIBA at 6000 mg·L-1 (72%).  For cuttings treated with 

either Dip n’ Grow or KIBA at concentrations of 1500 mg·L-1, those planted from H2 and 

H4 had similar percent survival values.  Both H2 and H4 survived better than H1 and H3 

(data not shown).  KIBA at 3000 mg·L-1 produced similar survival rates from H2 and H4 

(98% and 87%), yet was at least 19% and 51% greater than H1 (71%) and H3 (43%), 

respectively (LSD=17, n=6).   

For cuttings planted from H1, H2, and H4, those evaluated 7 WAP survived 

similarly as compared to 5 WAP (data not shown).  Cuttings planted from H3 and 
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evaluated 7 WAP had a 63% survival amongst treatments, which was greater than 5 

WAP (41%) (LSD=14, n=16).  Comparatively, cuttings evaluated at 5 WAP or 7 WAP 

from H1, H2, or H4 had similar survival rates, while H3 had a lower survival percentage 

at both 5 and 7 WAP.   

Rooting quality of cuttings planted from H1 was similar amongst treatments with a 

mean value of 2.7.  From H2, the rooting quality of cuttings treated with KIBA at 6000 

mg·L-1 was similar to the control, while both were less than all other treatments (Table 4-

13).  Dip n’ Grow at 1500 mg·L-1 and KIBA at 1500 or 3000 mg·L-1 all had similar 

rooting quality values.  Cuttings planted from H3 had similar rooting quality to the 

control when treated with KIBA at 1500 or 6000 mg·L-1.  Cuttings treated with Dip n’ 

Grow at 1500 mg·L-1 had greater rooting quality than KIBA at 6000 mg·L-1, however 

both were similar to KIBA at 3000 mg·L-1.  KIBA at 1500 mg·L-1 was similar to 6000 

mg·L-1, yet was lower than all other hormone treatments.  For H4, cuttings treated with 

Dip n’ Grow at 1500 mg·L-1 had greater rooting quality than all other treatments except 

KIBA at 1500 mg·L-1, which was similar to all treatments.  Cuttings had similar rooting 

quality values when untreated or treated with KIBA at 3000 or 6000 mg·L-1.  KIBA at all 

concentrations produced similar rooting quality values.  When considering only cuttings 

treated with KIBA at 1500 mg·L-1, 6000 mg·L-1, or the control, those planted from H1, 

H2, and H4 produced similar rooting quality values, all of which were greater than H3 

(Table 4-13).  Cuttings treated with Dip n’ Grow at 1500 mg·L-1 had similar rooting 

quality for H2 and H4, and both were greater than H1 and H3.  KIBA at 3000 mg·L-1 had 

similar results from H1 and H4, yet H2 and H3 had higher and lower quality ratings than 
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H1 and H4, respectively.  Amongst all treatments, cuttings evaluated 7 WAP had greater 

rooting quality than those evaluated 5 WAP (2.8 vs 2.5) (LSD=0.2 n=65). 

There was a harvest date x treatment interaction for both primary and lateral root 

number.  Differences in number of primary roots were not significant amongst treatments 

for H1, H2, and H3, with 4.1, 6.1, and 0.7 primary roots produced per cutting, 

respectively (Table 4-14).  For cuttings planted from H4, all treatments were similar to 

the control, except those treated with Dip n’ Grow at 1500 mg·L-1, which had at least 

193% more roots than all other treatments.  When considering only untreated cuttings, 

H2 had more primary roots than H3, while H1 and H4, were similar to all harvest dates.  

When cuttings were treated with Dip n’ Grow at 1500 mg·L-1, H2 had the same number 

of primary roots as both H4 and H1, while H1 was similar to H3.  Harvest 4 had a greater 

number of primary roots than both H1 and H3.  Differences in primary roots were not 

significant amongst treatments for cuttings treated with KIBA at 1500 mg·L-1.  When 

treated with KIBA at 3000 mg·L-1, cuttings planted from H2 had more primary roots than 

all other harvest dates.  Cuttings treated with KIBA at 6000 mg·L-1 had more primary 

roots when planted from H2 than from H4, however both were similar to H1.  

Additionally, cuttings planted from H3 had a lower number of primary roots than H1, yet 

both H1 and H3 were similar to H4.   

Differences in lateral root number were not significant amongst treatments for H1 

(9.2) and H3 (0.7).  For cuttings planted from H2, all treatments, except those treated 

with KIBA at 3000 mg·L-1, had a similar number of lateral roots, including the control 

(Table 4-15).  For cuttings planted from H4, all treatments, except Dip n’ Grow at 1500 

mg·L-1, had a similar number of lateral roots when compared to the control.  When 
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considering only untreated cuttings, KIBA at 1500 mg·L-1, or KIBA at 6000 mg·L-1, 

differences in lateral root number were not significant amongst harvest dates.  For 

cuttings treated with Dip n’ Grow at 1500 mg·L-1 or KIBA at 3000 mg·L-1 H2 had the 

same number of lateral roots as both H4 and H1, while H1 was similar to H3.  Harvest 4 

had a greater number of lateral roots than both H1 and H3.  This was a similar trend to 

primary root number.   

Cutting total dry weight was 300 mg per cutting, which was not significantly 

different amongst treatments or harvest dates.  There was a harvest date x evaluation 

week and a harvest date x treatment interaction for the cutting root : shoot ratio.  

Differences in cutting root : shoot ratio were not significant amongst treatments for those 

planted from H1 and H3.  Cuttings planted from H2 had a root : shoot ratio of 0.57 when 

treated with Dip n’ Grow at 1500 mg·L-1, which was similar to all other hormone 

treatments, except KIBA at 6000 mg·L-1 (0.38) or the control (0.28) (LSD=0.15, n=8).  

Additionally, KIBA at all concentrations had similar root : shoot ratios, although 

concentrations of 1500 to 3000 mg·L-1 produced larger ratios than the control (0.46 vs 

0.28).  For cuttings planted from H4, those treated with a rooting hormone at any 

concentration had a similar root : shoot ratio, which was at least 145% higher than the 

untreated cuttings (data not shown).  For each treatment, cuttings planted from H2 had a 

greater root : shoot ratio than from all other harvest dates.  When considering evaluation 

week, differences in cutting root : shoot ratio were not significant between 5 and 7 WAP 

for harvests H1, H3, and H4, while cuttings evaluated 7 WAP (0.48) from H2, had a 

128% higher root : shoot ratio than at 5 WAP (0.38) (LSD=0.10, n=20). 
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Table 4-13.  Harvest date (H) by treatment interaction for visual rooting quality (1-5; 
1=poor, 5=best) of bougainvillea ‘Helen Johnson’ cuttings planted during the 
cool season (Expt. 2).  

  Rooting quality   

Treatment 
Concn 
(mg·L-1) H1 H2 H3 H4  LSD 

Control 0 2.4 3.0 1.2 2.5 *** 0.6 
Dip n' Grow 1500 2.2 3.4 2.0 3.5 *** 0.2 
KIBA 1500 3.0 3.2 1.2 3.1 *** 0.8 
KIBA 3000 2.8 4.1 1.8 2.7 *** 0.7 
KIBA 6000 2.9 3.3 1.4 2.7 *** 1.0 
        
Significance NS * ** **   
LSD   0.7 0.5 0.6   
NS, *, **, *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001, respectively. 
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
 

 
Table 4-14.  Harvest date (H) by treatment interaction for number of primary roots of 

bougainvillea ‘Helen Johnson’ cuttings planted during the cool season (Expt. 
2).   

  Number of primary roots   

Treatment 
Concn 
(mg·L-1) H1 H2 H3 H4  LSD 

Control 0 2.9 5.4 0.0 2.1 * 3.7 
Dip n' 
Grow 1500 4.0 8.7 1.1 9.5 * 5.5 
KIBA 1500 4.2 8.2 0.8 4.9 NS  
KIBA 3000 4.0 12.5 1.5 3.5 *** 3.2 
KIBA 6000 5.4 6.7 0.3 2.1 * 4.5 
        
Significance NS NS NS *   
LSD     4.2   
NS, *, **, *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001, respectively. 
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
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Table 4-15.  Harvest date (H) by treatment interaction for number of lateral roots of 
bougainvillea ‘Helen Johnson’ cuttings planted during the cool season (Expt. 
2).   

  Number of lateral roots   

Treatment 
Concn 
(mg·L-1) H1 H2 H3 H4  LSD 

Control 0 6.2 8.6 0.0 9.8 NS  
Dip n' 
Grow 1500 6.1 14.1 1.3 25.0 ** 11.8 
KIBA 1500 12.1 11.6 0.0 9.3 NS  
KIBA 3000 9.7 29.0 2.0 11.6 *** 9.8 
KIBA 6000 12.0 14.4 0.0 4.0 NS  
        
Significance NS * NS **   
LSD   10.6  9.5   
NS, *, **, *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001, respectively. 
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
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Discussion 

During the first experiment, the application of a rooting hormone at H1 and H2 did 

not improve percent survival.  By the third harvest however, all concentrations of rooting 

hormones improved survival, as compared to the control when evaluated 5 WAP, but not 

at 7 WAP; results were similar for the fourth harvest.  This suggests the benefit to 

application of rooting hormone is achieved through hastening early establishment of 

cuttings, but is less important for survival as duration under mist increases.  

In most instances application of a rooting hormone did not improve visual rooting 

quality, when compared to the control  When planted from the third harvest however, 

cuttings showed improved rooting with applications of Dip n’ Grow or KIBA at 1500 

mg·L-1 when compared to the control.  Primary and lateral root numbers were improved 

when cuttings were provided KIBA at concentrations of 3000 to 6000 mg·L-1.  This 

enhancement of roots with hormones should provide benefit to propagators when 

transplanting bougainvillea cuttings with fragile root systems.  This research also 

demonstrated the importance of measuring root number vs. visual estimation of quality.  

Total cutting dry weight was similar amongst treatments, while the root : shoot rati, 

was improved early in the experiment with applications of Dip n’ Grow or KIBA at 

concentrations of 1500 and 6000 mg·L-1, respectively.  When cuttings were evaluated 

from H4, all treatments had similar root : shoot ratios.  When ratios were pooled amongst 

harvest dates to investigate evaluation date, treating cuttings with Dip n’ Grow at 1500 

mg·L-1 was shown to benefit the root : shoot ratio 7 WAP. 

During the second experiment, percent survival was generally improved when 

cuttings were provided Dip n’ Grow at 1500 mg·L-1 or KIBA at 3000 to 6000 mg·L-1.  



119 

 

Percent survival was similar at both evaluation fates except at H3 when cuttings 

evaluated 7 WAP survived better than 5 WAP.   

Rooting quality was similar for all treatments at the first harvest, but for H2 to H4, 

rankings were generally improved by application of Dip n’ Grow at 1500 mg·L-1 or 

KIBA at 1500 to 3000 mg·L-1.  From H4 primary root number was improved with Dip n’ 

Grow at 1500 mg·L-1 as compared to the control, otherwise root number was similar 

amongst treatments from all harvests.  Lateral root number was similar amongst 

treatments when planted at all harvests, except H3 in which rooting was improved with 

KIBA at 3000 mg·L-1, as compared to the control.  Generally applications of Dip n’ Grow 

at 1500 mg·L-1 or KIBA at 1500 to 3000 mg·L-1 were shown to have greater root : shoot 

ratios than the control, however total cutting dry weights was similar amongst treatments.   

In both experiments differences between cuttings evaluated 5 and 7 WAP tended to 

be similar with regards to percent survival.  It is therefore recommended to remove 

cuttings from mist early (5 WAP) during the active growth season, rather than allowing 

extensive time in propagation.  All other parameters showing improvement 7 WAP, as 

compared to 5 WAP would otherwise indicate growth and development with time, and 

may be enhanced with once-weekly fertilizer applications.   

Conclusion 

Application of rooting hormones to stem cuttings of ‘Helen Johnson’ generally 

improved rooting performance as compared to the control, with Dip n’ Grow at 1500 

mg·L-1 or KIBA at 3000 mg·L-1, producing the best results.  Currently, KIBA has limited 

commercial availability with a cost of $81.60 per 25 g (Sigma-Aldrich Co., St. Lois, 

Mo.), while Dip n’ Grow is a commercially available product with a cost of $190.00 per 

3.8 L (Morton’s Horticultural Products Inc., McMinnville, Tenn.).  Application of Dip n’ 
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Grow or KIBA mixed at 1500 mg·L-1 would cost a propagator $5.02 and $4.90 per L 

(excluding labor), respectively.  Propagators should consider cost of application and 

benefits achieved in rooting performance before deciding on a rooting hormone program.  

Mandevilla splendens ‘White’ 

Experiment 1 

The harvest date x evaluation week x treatment interaction was not significant for 

percent survival; therefore the main effects will be presented.  Differences in percent 

survival were not significant amongst treatments.  Mandevilla cuttings planted from H3 

(81%) had greater percent survival than either H1 or H2 (59%) (LSD=10, n=40).  When 

comparing evaluation dates, those cuttings evaluated 6 WAP (77%) had a higher survival 

percentage than at 4 WAP (55%) (LSD=8, n=60).   

There was a harvest date x evaluation week interaction for rooting quality. Main 

effects for treatment will be presented separately.  Cuttings planted from H1 had an 

average visual ranking of 1.7 and 3.8 for evaluations 4 and 6 WAP, respectively 

(LSD=0.6, n=20).  Results from H2 and H3 also had greater rooting quality 6 WAP as 

compared to 4 WAP (data not shown).  Differences in rooting quality were not significant 

amongst treatments.   

The harvest date x treatment interaction was not significant for number of primary 

or lateral roots, therefore the main effects are presented separately.  Differences in 

primary or lateral root number were not significant amongst treatments.  Rooted cuttings 

from the three harvests of mandevilla had 1.9, 3.4 and 5.3 primary roots per cutting 

respectively; each harvest had a greater number of roots than the previous (LSD=1.4 

n=20).  Differences in lateral root number were not significant amongst harvest dates.   
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Differences in either total cutting dry weight or the root : shoot ratio were not 

significant amongst treatments.  Both total dry weight and root : shoot ratio were greater 

when evaluated 6 WAP than cuttings evaluated 4 WAP (data not shown).  Cuttings 

planted from H1 had a total dry weight of 424 mg, which was 164% and 146% higher 

than H2 (258 mg) and H3 (290 mg), respectively (LSD=28, n=40).  Differences in cutting 

total dry weight were not significant between harvests. 

 Experiment 2 

The harvest date x treatment interaction was not significant for percent survival; 

therefore the main effects will be presented.  All mandevilla cuttings planted during the 

cool season had similar percent survival as compared to the control, while those treated 

with KIBA at 1500 or 6000 mg·L-1 (82% and 79%, respectively) had a greater survival 

rate than those treated with Dip n’ Grow at 1500 mg·L-1 (67%) (LSD=9, n=32).  

Additionally, all concentrations of KIBA had similar percent survival.  Cuttings from H1 

and H2 expressed an 85% survival rate, which was greater than H3 (75%) and H4 (60%) 

(LSD=8, n=40).   

There was a harvest date x treatment interaction for rooting quality.  The main 

effects for evaluation week will be presented separately.  For H1, cuttings treated with 

Dip n’ Grow at 1500 mg·L-1 had greater rooting quality than all other rooting hormone 

treatments, which were all similar (Table 4-16).  For cuttings planted from H2, all 

treatments were similar to the control except KIBA at 1500 mg·L-1.  All rates of KIBA 

had similar rooting quality, while those treated with KIBA at 1500 or 3000 mg·L-1 had 

greater root quality ratings than cuttings treated with Dip n’ Grow at 1500 mg·L-1.  

Rooting quality was similar for all treatments when cuttings were planted from H3 or H4.  

When considering untreated cuttings or KIBA at 6000 mg·L-1, results from each harvest 
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planting were similar, while cuttings treated with Dip n’ Grow at 1500 mg·L-1 had higher 

rooting quality from H1 as compared to all other harvest dates.  For cuttings treated with 

KIBA at 1500 mg·L-1, H1 had similar rooting quality to all harvest dates, although H2 

was greater than H3 and H4.  Cuttings treated with KIBA at 3000 mg·L-1 had similar 

rooting quality from all harvests except H4, which was the lowest.  Amongst all 

treatments, cuttings evaluated 6 WAP had a root quality ranking of 3.2, which was higher 

than cuttings evaluated 4 WAP (2.7) (LSD=0.2, n=79). 

Table 4- 16.  Harvest date by treatment interaction for visual rooting quality (1-5; 1=poor, 
5=best) of mandevilla cuttings planted during the cool season (Expt. 2). 

    Rooting quality   

Treatment 
Concn 
(mg·L-1) H1 H2 H3 H4  LSD 

Control 0 2.9 2.8 2.5 2.7 NS  
Dip n' Grow 1500 4.0 2.7 3.1 2.5 ** 0.8 
KIBA 1500 3.0 3.7 2.5 2.6 * 0.8 
KIBA 3000 3.0 3.4 2.8 1.9 ** 0.7 
KIBA 6000 2.9 3.3 3.1 3.0 NS  
        
Significance * * NS NS   
LSD   0.7 0.6      
NS, *, **, *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001, respectively.  
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
 

 
The harvest date x treatment interaction was not significant for number of primary 

or lateral roots; therefore the main effects will be presented.  Differences in primary root 

number were not significant amongst harvests or treatments.  Number of lateral roots was 

similar for all harvests (6.7), except H3 (0.3), which was at least 94% lower than other 

harvest dates (LSD=4.8, n=20).   

There was a harvest date x evaluation week interaction for both cutting total dry 

weight and the root : shoot ratio.  Additionally, there was a harvest date x treatment 
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interaction for cutting total dry weight.  Differences in total cutting dry weight were not 

significant amongst treatments for all harvest plantings during the cool season.  When 

considering Dip n’ Grow at 1500 mg·L-1 or KIBA at 6000 mg·L-1 the total cutting dry 

weight was similar for cuttings planted from each harvest.  With untreated cuttings, total 

cutting dry weight tended to increase as the season progressed (data not shown).  Cuttings 

treated with KIBA at 1500 mg·L-1 had lower dry weight when planted from H1 (204 mg) 

than from H3 (293 mg), yet H2 (240 mg) and H4 (245 mg) were similar to all harvests 

(LSD=59, n=8).  When considering only cuttings treated with KIBA at 3000 mg·L-1, 

those planted from H1 (160 mg) had similar total dry weight to H4 (202 mg), while both 

H1 and H4 were at least 24% less than H2 (265 mg) and H3 (281 mg) (LSD=55, n=8).  

Cuttings planted from H1 and evaluated 4 WAP (212 mg) had 140% greater total dry 

weight than those evaluated 6 WAP (151 mg) (LSD=33, n=20).  For cuttings planted 

from H2, H3, and H4, cutting total dry weight was similar at both 4 and 6 WAP.  For root 

: shoot ratio, cuttings evaluated 6 WAP were 256%, 168%, 148%, and 189% greater than 

cuttings evaluated 4 WAP from harvests H1, H2, H3, and H4, respectively (data not 

shown).  

Discussion 

During the first experiment, rooting performance of mandevilla cuttings was 

generally similar between the untreated cuttings and those provided with rooting 

hormones, therefore application of rooting hormone was not shown to be beneficial 

during the warm season.  When comparing evaluation dates, cuttings evaluated 6 WAP 

tended to have greater survival than at 4 WAP, which suggests the importance of 

allowing plants to remain under mist for an extended period.  Decline in overall quality of 

propagules existed as length of time under mist increased, therefore application of 
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fungicide or a once-weekly fertilizers during propagation may be beneficial to 

propagators wishing to produce mandevilla liners. 

During the second experiment percent survival was similar for the control and 

hormone-treated cuttings.  Rooting hormones tended to improve rooting quality as 

compared to the control early in the fall growing season.  Cuttings treated with Dip n’ 

Grow at 1500 mg·L-1 or KIBA at 1500 mg·L-1, were shown to improve rooting at H1 and 

H2, respectively.  As the study progressed, application of rooting hormone to cuttings 

produced similar rooting quality values to the control. Both primary and lateral root 

numbers, along with total dry weight and the root : shoot ratio, were not significant 

amongst treatments.  When comparing each treatment over time, KIBA at 6000 mg·L-1 

was consistent from each harvest with respect to rooting quality and total dry weight, 

therefore this treatment may have merit when evaluating other propagation factors with 

mandevilla.   

Conclusion 

Over both studies, propagation of Mandevilla splendens ‘White’ was generally 

similar amongst all treatments.  However, application of a rooting hormone during the 

second study (cool season) produced better rooting quality values with Dip n’ Grow or 

KIBA at 1500 mg·L-1, when compared to the control.  KIBA at 6000 mg·L-1 was 

consistent in rooting quality throughout the study, when compared to other treatments 

and may be an important characteristic for investigation of stock plant parameters in 

future research, however both Dip n’ Grow at 1500 mg·L-1 and KIBA at 1500 mg·L-1 

would be economically feasible.  There was also a trend toward increased propagation 

success during the cooler growing season.  Further investigation should be conducted to 

more fully define the seasonal effects when propagating mandevilla.  Growers will want 
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to compare cost of application of rooting hormone to benefits achieved in rooting quality.  

Currently, KIBA has limited commercial availability with a cost of $81.60 per 25 g 

(Sigma-Aldrich Co., St. Lois, Mo.), while Dip n’ Grow is a commercially available 

product with a cost of $190.00 per 3.8 L (Morton’s Horticultural Products Inc., 

McMinnville, Tenn.).  Application of Dip n’ Grow or KIBA mixed at 1500 mg·L-1 would 

cost a propagator $5.02 and $4.90 per L (excluding labor), respectively.  Propagators 

should consider cost of application and benefits achieved in rooting performance before 

deciding on a rooting hormone program. 

Nerium oleander ‘Dwarf Salmon’ 

Experiment 1 

There was a harvest date x treatment interaction for both percent survival and 

rooting quality.  Main effects for evaluation week will be presented separately.  

Differences in percent survival were not significant amongst treatments for cuttings 

planted from H1, H2, and H4.  For cuttings planted from H3, percent survival was similar 

for all hormone treated cuttings (95%), which were greater than the control (73%) 

(LSD=11, n=8).  For all treatments, cuttings planted from H4 had the lowest survival 

percentage, while H1 through H3 were similar, except those treated with KIBA at 6000 

mg·L-1, which resulted in low survival rates from H1 (data not shown).   

Cutting rooting quality from H1 improved when treated with a rooting hormone 

except for KIBA at 3000 mg·L-1, which was similar to the control (Table 4-17).  For 

cuttings planted from H2, visual rooting quality was similar for all treatments.  When 

cuttings were planted from H3, quality ratings of cuttings treated with KIBA at 3000 or 

6000 mg·L-1 were the only treatments to show improved rooting, as compared to the 

control.  While all KIBA concentrations had similar rooting quality, KIBA at 6000 mg·L-
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1 had better rooting quality than Dip n’ Grow at 1500 mg·L-1, which was similar to all 

other treatments.  For cuttings planted from H4 rooting quality was generally poor.  All 

treatments were similar to the control, except Dip n’ Grow at 1500 mg·L-1, which was 

lower.  While KIBA at 3000 mg·L-1 was similar to the control, it expressed better rooting 

quality than KIBA or Dip n’ Grow at 1500 mg·L-1.  When considering the rooting 

response to each treatment over time, both the untreated cuttings and KIBA at 3000 

mg·L-1 had similar results when planted from H1 to H4.  Cuttings treated with Dip n’ 

Grow at 1500 mg·L-1 or KIBA at 1500 or 6000 mg·L-1, had reduced rooting quality from 

H4, when compared to any other harvest date.  Differences in percent survival were not 

significant between evaluation dates; however, cuttings evaluated 6 WAP had better 

rooting quality than those evaluated 4 WAP (3.2 vs 2.9) (LSD=0.3, n=78). 

Table 4-17.  Harvest date (H) by treatment interaction for visual rooting quality (1-5; 
1=poor, 5=best) of oleander cuttings planted during the warm season (Expt. 
1). 

  Rooting quality   

Treatment 
Concn 
(mg·L-1) H1 H2 H3 H4  LSD 

Control 0 2.8 3.1 3.1 2.5 NS  
Dip n' Grow 1500 3.9 3.5 3.3 0.4 *** 0.7 
KIBA 1500 3.9 3.4 3.3 0.4 *** 0.9 
KIBA 3000 3.5 3.7 3.7 2.9 NS  
KIBA 6000 3.8 3.9 3.8 1.9 * 1.5 
        
Significance * NS * *   
LSD  0.8  0.5 1.5   
NS, *, *** Nonsignificant or significant at P ≤ 0.05 or 0.001, respectively. 
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
 

 
The harvest date x treatment interaction was not significant for number of primary 

roots, yet results for lateral root number were significant.  The main effects for primary 

roots will be presented separately.  Differences in the number of primary roots were not 
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significant amongst treatments.  When comparing harvest dates, cuttings planted from H4 

had the lowest number of primary roots and were at least 74% lower than other harvest 

dates (data not shown).  For lateral root number, cuttings planted from H1 had more roots 

than the control when treated with either Dip n’ Grow or KIBA at 1500 mg·L-1 (Table 4-

18).  Cuttings treated with KIBA at 3000 to 6000 mg·L-1 produced a similar number of 

lateral roots, when compared to all treatments.  When planted from H2, lateral root 

number was greater when cuttings were treated with KIBA at 6000mg·L-1 than any other 

treatment, except KIBA at 3000 mg·L-1.  Cuttings treated with KIBA at 3000 mg·L-1 had 

a similar number of lateral roots to all treatments, including the control.  Differences in 

lateral root number were not significant amongst treatments for cuttings planted from H3 

or H4.  When treated with Dip n’ Grow at 1500 mg·L-1 or left untreated, cuttings planted 

from all harvests had a similar number of lateral roots.  Cuttings treated with KIBA at 

1500 mg·L-1 had the greatest quantity of lateral roots when planted from H1.  As the 

duration of the experiment progressed, lateral root numbers decreased, as H2 was greater 

than H4, yet both H2 and H4 were similar to H3.  For cuttings treated with KIBA at 3000 

mg·L-1, H2 had more lateral roots when compared to H3 or H4, yet H1 was similar to 

those planted from all harvests.  Similarly, cuttings treated with KIBA at 6000 mg·L-1 had 

the highest number of lateral roots when planted from H2.  Harvest 1 had greater 

quantities of lateral roots than H4, while both H1 and H4 were similar to H3.   

There was a harvest date x treatment interaction for total cutting dry weight.  Main 

effects for evaluation week will be presented separately.  Differences in total cutting dry 

weight were not significant amongst treatments for cuttings planted from H2 or H4 

(Table 4-19).  For cuttings planted from H1, those treated with Dip n’ Grow or KIBA at 
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1500 mg·L-1 were lighter than the other treatments, while KIBA at 3000 to 6000 mg·L-1 

were similar to the control.  Cuttings planted from H3 had greater dry weight when 

treated with concentrations of KIBA, as compared to the control, while Dip n’ Grow at 

1500 mg·L-1 was similar to all treatments. 

Table 4-18.  Harvest date (H) by treatment interaction for number of lateral roots of 
oleander cuttings planted during the warm season (Expt. 1). 

  Number of lateral roots   

Treatment 
Concn 
(mg·L-1) H1 H2 H3 H4  LSD 

Control 0 10.3 22.9 9.9 4.1 NS  
Dip n' Grow 1500 34.4 25.5 8.5 9.1 NS  
KIBA 1500 32.6 18.2 8.0 0.0 ** 13.5 
KIBA 3000 21.6 33.2 11.4 10.0 * 16.8 
KIBA 6000 20.8 50.0 6.7 1.7 ** 15.6 
        
Significance * * NS NS   
LSD  16.1 3.3     
NS, *, ** Nonsignificant or significant at P ≤ 0.05 or 0.01, respectively. 
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
 

When considering only untreated cuttings, those planted from H4 were similar to 

H2 and generally lower in total dry weight than H1 and H3.  Harvest 2 was similar to H3.  

Harvest 1 cuttings were only similar in dry weight to H3 and were heavier than the rest.  

For cuttings treated with Dip n’ Grow at 1500 mg·L-1 all harvest plantings resulted with 

similar weighted cuttings, except H3 had heavier cuttings than H4.  KIBA treatments 

produced the lowest total dry weight when cuttings were planted from H4, while the 

other harvest dates were similar.  Harvest 3 was greater than H1 for KIBA at 1500 mg·L-1 

and H1 was greater in total dry weight than H2.  Harvests 1, 2, and 3 were all similar 

when treated with KIBA at 3000 mg·L-1.  Amongst treatments, total cutting dry weight 

was 584 mg per cutting 6 WAP, which was 116% greater than 4 WAP (505 mg) 

(LSD=39, n=71).   
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The harvest date x treatment interaction was not significant for cutting root: shoot 

ratio, therefore the main effects will be presented separately.  When comparing harvests, 

cuttings planted from H4 had at least a 37% lower root : shoot ratio than H1 to H3 (data 

not shown).  For cuttings evaluated 4 WAP, the root : shoot ratio was 44% less than 6 

WAP (0.10 vs 0.18) (LSD=0.02, n=71).  Amongst all harvests, cuttings treated with 

KIBA at 1500 or 3000 mg·L-1 or Dip n’ Grow at 1500 mg·L-1 had similar root : shoot 

ratios (0.15), which was at least 138%  greater than the control (0.11).  Cuttings treated 

with KIBA at 6000 mg·L-1 (0.13) were similar to all treatments (LSD=0.03, n=28). 

Table 4-19.  Harvest date (H) by treatment interaction for total cutting dry weight of 
oleander cuttings planted during the warm season (Expt. 1).  

  Total cutting dry weight (mg)   

Treatment 
Concn 
(mg·L-1) H1 H2 H3 H4  LSD 

Control 0 653 479 534 354 *** 133 
Dip n' Grow 1500 491 482 606 371 * 136 
KIBA 1500 454 549 646 251 *** 132 
KIBA 3000 685 584 653 349 *** 150 
KIBA 6000 766 607 681 386 *** 139 
        
Significance *** NS * NS   
LSD  155  99    
NS, *, *** Nonsignificant or significant at P ≤ 0.05 or 0.001, respectively.  
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
 

Experiment 2 

There was a harvest date x evaluation week interaction for both percent survival 

and rooting quality.  There was also a harvest date x treatment interaction for rooting 

quality.  For percent survival, differences in evaluation week were not significant for 

cuttings planted from H1, H2, and H3, with survival rates of 99%, 100, and 98%, 

respectively.  For H4, cuttings evaluated 6 WAP had a 98% percent survival, which was 

greater than 4 WAP (91%) (LSD=6, n=20).  Differences in rooting quality were not 
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significant between evaluation weeks for H1 (3.4).  For H2, cuttings evaluated 4 WAP 

(3.7) had lower rooting quality than those evaluated 6 WAP (4.33) (LSD=0.3, n=20).  For 

H3 and H4, cuttings evaluated 6 WAP had higher rooting quality values than those 

evaluated 4 WAP (data not shown).   

Cuttings planted from H1 and treated with Dip n’ Grow at 1500 mg·L-1 or KIBA at 

6000 mg·L-1 were similar to the control, while KIBA at 1500 or 3000 mg·L-1 had the best 

rooting quality values (Table 4-20).  Differences in rooting quality were not significant 

amongst treatments for H2 or H4.  From H3 however, cuttings had a higher quality 

ranking when treated with KIBA at 1500 mg·L-1 than the control or KIBA at 3000 mg·L-

1.  Dip n’ Grow at 1500 mg·L-1 and KIBA at 6000 mg·L-1 were similar in rooting quality 

to all treatments.  When considering only untreated cuttings, all harvests produced 

cuttings with similar rooting quality values, except when planted from H2, which was 

higher than the rest.  For all rooting hormone concentrations, rooting quality was similar 

from each harvest throughout the experiment.   

There was a harvest date x treatment interaction for both primary and lateral root 

number.  Cuttings planted from H1 had a similar number of primary roots when treated 

with Dip n’ Grow at 1500 mg·L-1 or left untreated; both of these treatments expressed a 

38 % lower number of primary roots than any concentration of KIBA (Table 4-21).  

Cuttings had 16.7, 8.1, and 4.3 primary roots per cutting from H2, H3, and H4, 

respectively, and were not significantly different amongst treatments.   

Untreated cuttings planted from all harvests had similar quantities of primary roots 

except H2, which had more than H1, H3, and H4.  For cuttings treated with Dip n’ Grow 

at 1500 mg·L-1, those planted from H2 had a greater number of primary roots than H4.  
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Harvest 3 and H1 had a similar number of primary roots to all harvest dates.  Cuttings 

treated with KIBA at 1500 mg·L-1 were generally similar when planted from each 

harvest, although H2 had a greater number of primary roots than H4.  When considering 

higher rates of KIBA, those cuttings treated with concentrations of 3000 mg·L-1 had at 

least 272% more primary roots from H1 and H2, than either H3 or H4.  Similarly, when 

treated with KIBA at 6000 mg·L-1, number of primary roots tended to decrease as the 

experiment progressed into December.   

Table 4-20.  Harvest date (H) by treatment interaction for visual rooting quality (1-5; 
1=poor, 5=best) of oleander cuttings planted during the cool season (Expt. 2).   

  Rooting quality   

Treatment 
Concn 
(mg·L-1) H1 H2 H3 H4  LSD 

Control 0 3.0 4.3 3.3 2.9 ** 0.8 
Dip n' Grow 1500 2.9 3.9 3.7 3.3 NS  
KIBA 1500 3.9 4.3 4.0 3.1 NS  
KIBA 3000 4.1 3.8 3.5 3.0 NS  
KIBA 6000 3.2 4.1 3.6 3.2 NS  
        
Significance  *** NS * NS   
LSD  0.5  0.5    
NS, *, **, *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001, respectively. 
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
 

When considering the lateral root number, cuttings of oleander responded similarly 

to all treatments when planted from all harvests except H3.  This particular harvest had 

similar rooting with all hormone treatments except KIBA at 1500 mg·L-1, which had a 

greater number of lateral roots than the rest (Table 4-22).  When considering only 

untreated cuttings, H2 had the most lateral roots per cutting, and while H3 and H4 were 

similar in quantity, both were at least 148% greater than H4.  Similarly, when treated 

with Dip n’ Grow at 1500 mg·L-1, cuttings planted from H2 produced more lateral roots 

than any other harvest.  Harvest 3 produced more lateral roots than H4, yet both were 
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similar to H1.  Differences in number of lateral roots were not significant amongst 

harvest dates when treated with KIBA at 1500 mg·L-1.  Harvests 1 and 2 produced more 

lateral roots than H4, while H3 was similar to all harvest dates when treated with KIBA 

at 3000 mg·L-1.  When treated with KIBA at 6000 mg·L-1 H2 produced more lateral roots 

than H1, while later harvests produced similar and lower values than the rest.   

Table 4-21.  Harvest date (H) by treatment interaction for number of primary roots of 
oleander cuttings planted during the cool season (Expt. 2). 

  Number of primary roots   

Treatment 
Concn 
(mg·L-1) H1 H2 H3 H4  LSD 

Control 0 7.5 15.8 7.7 5.4 * 6.3 
Dip n' Grow 1500 7.6 11.9 9.1 4.9 * 2.3 
KIBA 1500 12.3 18.7 9.3 3.6 ** 6.9 
KIBA 3000 16.3 16.7 6.0 3.0 *** 3.7 
KIBA 6000 14.7 20.2 8.5 4.6 *** 5.3 
        
Significance  ** NS NS NS   
LSD  4.3      
NS, *, **, *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001, respectively. 
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
 

The harvest date x treatment interaction was not significant for total cutting dry 

weight; therefore the main effects will be presented.  Total cutting dry weight was similar 

for all treatments at 604 mg per cutting.  For cuttings evaluated 6 WAP (671 mg), total 

cutting dry weight was 125% greater than 4 WAP (537 mg) (LSD=37, n=80).  When 

considering harvest date, cuttings planted from H2 had the greatest total cutting dry 

weight and as the experiment progressed, reductions in dry weight occurred (data not 

shown). 

There was a harvest date x treatment and a harvest date x evaluation week 

interaction for the cutting root : shoot ratio.  From H1, KIBA treated cuttings had higher 

root : shoot ratios when compared to the control or Dip n’ Grow at 1500 mg·L-1 (Table 4-
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23).  Cuttings planted from H2 had similar root : shoot ratios for those treated with Dip n’ 

Grow, KIBA at 1500 mg·L-1, or left untreated.  Cuttings treated with KIBA at 6000 mg·L-

1 had similar root : shoot ratios to all treatments, except KIBA at 3000 mg·L-1, which was 

at least 17 % lower,.  For cuttings planted from H3, all concentrations of KIBA were 

similar and at least 129% greater than the control, however those treated with Dip n’ 

Grow at 1500 mg·L-1 had similar root : shoot ratios to all treatments.  The cutting root : 

shoot ratios were similar for all treatments when cuttings were planted from H4.   

Table 4-22.  Harvest date (H) by treatment interaction for number of lateral roots of 
oleander cuttings planted during the cool season (Expt. 2).  

  Lateral roots   

Treatment 
Concn 
(mg·L-1) H1 H2 H3 H4  LSD 

Control 0 17.8 54.4 19.5 1.2 *** 11.8 
Dip n' Grow 1500 10.7 44.9 18.0 2.3 *** 14.4 
KIBA 1500 37.7 40.1 39.1 3.9 NS  
KIBA 3000 33.7 33.6 14.7 3.1 * 20.9 
KIBA 6000 25.1 34.8 13.8 5.6 ** 12.3 
        
Significance  NS NS * NS   
LSD    17.7    
NS, *, **, *** Nonsignificant or significant at P ≤ 0.05, 0.01, or 0.001, respectively. 
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
 

When considering only the control, H2 had greater root : shoot ratios as compared 

to all other harvests.  For cuttings treated with Dip n’ Grow at 1500 mg·L-1, H2 was 

greater than H1 or H4, yet H3 was similar to all harvests.  When treated with KIBA at 

1500 mg·L-1, cuttings had higher root : shoot ratios from H2 than H4, while H1 and H3 

were similar to all harvests.  KIBA at concentrations of 3000 mg·L-1 produced cuttings 

with greater root : shoot ratios from H1 than H4, while the other harvest dates were 

similar.  For cuttings treated with KIBA at 6000 mg·L-1 those planted from H4 had a 

lower root : shoot ratio than H1 or H2, while H3 was similar to all harvests.  When 
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comparing evaluation date, cuttings planted from H1 had greater root : shoot ratios 6 

WAP than 4 WAP (0.15 vs 0.11) (LSD=0.02, n=20).  Similarly, cuttings evaluated 6 

WAP had greater root : shoot ratios than 4 WAP for all other harvest dates, although as 

the experiment progressed differences between evaluation dates tended to increase (data 

not shown). 

Table 4-23.  Harvest date (H) by treatment interaction for root : shoot ratio (shoot dry 
weight / root dry weight) of oleander cuttings planted during the cool season 
(Expt. 2). 

  Root : shoot ratio   

Treatment 
Concn 
(mg·L-1) H1 H2 H3 H4  LSD 

Control 0 0.10 0.16 0.09 0.08 *** 0.03 
Dip n' Grow 1500 0.11 0.15 0.12 0.09 * 0.04 
KIBA 1500 0.15 0.16 0.13 0.11 NS  
KIBA 3000 0.15 0.13 0.12 0.09 * 0.04 
KIBA 6000 0.14 0.14 0.12 0.09 NS  
        
Significance  *** * * NS   
LSD  0.02 0.02 0.03    
NS, *, *** Nonsignificant or significant at P ≤ 0.05 or 0.001, respectively. 
Dip n’ Grow = 1% indolebutyric acid : 0.5% napthaleneacetic acid  
KIBA = indolebutyric acid, potassium salt 
 

Discussion 

During the first experiment percent survival of cuttings was generally not enhanced 

by rooting hormone applications when compared to the control; however at H3, 

applications of all rooting hormone treatments were shown to have greater survival 

percentages than the untreated cuttings.  Visual root quality ratings were generally greater 

for KIBA treatments as compared to the control, yet Dip n’ Grow was shown to be either 

similar or in lower quantity when compared to the control.  Number of primary roots was 

not influenced by hormone treatments.  Application of rooting hormones improved lateral 
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root number when cuttings were planted from H1 and H2.  As the season progressed, 

lateral root number was less responsive to treatment.   

Total dry weight was generally not influenced by application of rooting hormones, 

although from H3 all concentrations of KIBA had a greater total cutting dry weight than 

the control.  The cutting root : shoot ratio was also enhanced with application of KIBA at 

1500 to 3000 mg·L-1 or Dip n’ Grow at 1500 mg·L-1.   

During the second experiment, percent survival was similar for all treatments.  

Supplemental applications of KIBA at concentrations of 1500 to 3000 mg·L-1 were 

generally shown to improve visual rooting quality of cuttings planted from H2 and H4, 

otherwise all treatments had similar results.  Cuttings treated with KIBA tended to have a 

greater number of primary roots as compared to Dip n’ Grow or the control, although 

most harvests showed similarities amongst treatments with respect to number of primary 

roots.  Similarly, lateral roots were enhanced by application of KIBA at 1500 mg·L-1 

from H3, and generally not influenced from other harvests.  Total cutting dry weight was 

similar for all treatments, yet the root : shoot ratio was generally greater when cuttings 

were treated with KIBA.   

When considering both experiments, there was an overall decline in quality of 

oleander cuttings as the duration of the studies progressed.  This could be attributed to 

many physiological factors such as season, nutrient content, or deficiencies in 

carbohydrate accumulation do to aggressive harvesting of stock plants.  Although the two 

experiments were not compared, both suggest a similar trend toward reduction of quality 

at later harvests, therefore the effect does not appear to be seasonal.   
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At times application of Dip n’ Grow at 1500 mg·L-1 produced lower rooting values 

than the control and this may suggest sensitivity of oleander cuttings to alcohol-based 

rooting hormone formulations.   

Conclusion 

Evidence was provided in support of enhanced propagation of oleander through 

application of KIBA at concentrations of 1500 to 3000 mg·L-1 during both seasons.  

Currently, KIBA has limited commercial availability with a cost of $81.60 per 25 g 

(Sigma-Aldrich Co., St. Lois, Mo.), while Dip n’ Grow is a commercially available 

product with a cost of $190.00 per 3.8 L (Morton’s Horticultural Products Inc., 

McMinnville, Tenn.).  Application of Dip n’ Grow or KIBA mixed at 1500 mg·L-1 would 

cost a propagator $5.02 and $4.90 per L (excluding labor), respectively.  Propagators 

should consider cost of application and benefits achieved in rooting performance before 

deciding on a rooting hormone program.   
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Table 4-1.  Temperature and relative humidity data as recorded during simulated and 
actual shipping (excision to planting) of cuttings from Harvests (H) 1, 2, 3, 
and 4 of Expt. 1 and 2, respectively. 

Expt 1 Temperature (C) Relative Humidity (%) 
Harvest Date Max Min Avg Max Min Avg 
H1 6 June 33 11 20 95 48 81 
H2 27 June 31 14 23 96 49 80 
H3 18 July 34 20 26 94 57 78 
H4 
 

8 Aug. 
 

43 
 

20 
 

26 
 

86 
 

43 
 

67 
 

Expt 2  Temperature Relative Humidity 
Harvest Date Max Min Avg Max Min Avg 
H1 6 Sept. 34 2 24 85 31 65 
H2 27 Sept. 32 3 19 93 32 73 
H3 18 Oct. 31 3 21 92 31 69 
H4 8 Nov.  33 3 17 80 21 46 
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CHAPTER 5 
RESEARCH SUMMARY 

A series of greenhouse-based experiments were conducted during the 2005 summer 

(warm season) and 2005-2006 fall/winter (cool season) to investigate the influence of 

nutrition, chemical branching agents, or rooting hormone treatments on stock plant yield 

of tropical perennials and subsequent rooting performance harvested of cuttings.   

In the first set of experiments stock plants of Bougainvillea glabra (Choisy.) 

'Raspberry Ice' and 'Purple Small Leaf' were fertilized with three concentrations of 

nitrogen (N) at 100, 200, or 300 mg·L-1 to determine optimum N fertigation standards for 

maximizing yield of high quality stem cuttings that root the best.  Of the concentrations 

studied, the range of 200 to 300 mg·L-1 was shown to effectively increase cutting yield 

and improve subsequent rooting performance.  Concentrations should be provided at 300 

mg·L-1 during the active growth periods associated with summer, and reduced to 200 

mg·L-1 as daylength becomes shorter, temperatures decrease, and light quantity is reduced 

during fall/winter months.   

In order for growers to profit from the specialized handling of tropical perennials, 

production protocols must be established.  One step towards establishing a 

comprehensive stock plant management program was defining the optimal nitrogen (N) 

fertilization rates for maximum cutting quantity and high rooting performance.  By 

implementing these recommendations growers can be better prepared to meet the 

increased market demands for tropical perennials.  Further research should be conducted 
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to determine if the recommended N concentration range is appropriate application on 

other tropical species.   

In a second set of experiments, stock plants of Tecoma stans (L.) Juss. ‘Esperanza’ 

and Nerium oleander (L.) ‘Dwarf Salmon’ were sprayed with commercially available 

lateral branching agents to identify appropriate treatments for increasing yield and 

enhancing harvested cutting rooting performance.  Results indicated that concentrations 

greater than 125 mg·L-1 may have been excessive, as phytotoxic symptoms were shown 

to damage or distort cutting tissue and limit rooting.  Fresco, although highly phytotoxic 

to both species, tended to increase cutting yield in oleander.  FAL-457 was shown to 

increase yield, however rooting was hindered.  Florel was shown to increase yield with 

similar rooting to the control, unfortunately cutting stunting and tip-burn occurred at the 

concentrations applied.  Although the lateral branching treatments applied did not prove 

to be beneficial at the concentrations investigated, the trends in Chapter 3 coupled with 

other background research on traditional floriculture crops support a need for future 

research on oleander and tecoma and other tropical species.  Some areas for further 

investigation may include synergistic tank mixes to create desired attributes in both stock 

plant and liner tray cuttings.  One example of employing strengths of one ingredient to 

compensate for weaknesses of another may be the combination of Florel (ability to 

increase yield and subsequent rooting) and Fresco (stem elongation) to produce optimally 

sized liners.   

There is an increasing demand for cuttings of tropical perennials to root more 

uniformly and in less time under mist.  In a third series of experiments several species of 

tropical perennials were treated with commercially-available rooting hormones to 
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measure the impact on rooting performance.  Treatments consisted of an untreated 

control, a water-soluble rooting hormone indole-3-butyric acid potassium salt (KIBA) 

applied at concentrations of 1500 to 6000 mg·L-1, or the standard alcohol-based Dip N’ 

Grow at 1500 mg·L-1.  .  Results indicated KIBA was an effective formulation for 

propagation of alcohol-sensitive species such as oleander, and was comparable to Dip N’ 

Grow.  Although recommended concentrations vary with species investigated, a KIBA 

range of 3000 to 6000 mg·L-1 was shown to be most effective for increasing cutting 

rooting performance.  Currently, KIBA has limited commercial availability with a cost of 

$81.60 per 25 g (Sigma-Aldrich Co., St. Lois, Mo.), while Dip n’ Grow is a commercially 

available product with a cost of $190.00 per 3.8 L (Morton’s Horticultural Products Inc., 

McMinnville, Tenn.).  Application of Dip n’ Grow or KIBA mixed at 1500 mg·L-1 would 

cost a propagator $5.02 and $4.90 per L (excluding labor), respectively.  Before 

propagators decide on a rooting hormone treatment they should consider both the cost of 

a rooting hormone application and the benefits achieved in propagation.  Further research 

should investigate optimum rooting hormone concentrations for propagation of other 

tropical species.   
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