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ABSTRACT 

 Passage of Acts 73 and 236 in 1992 and 1994 by the Hawaiʻi State 

Legislature, requires landscape contractors who bid on public projects to use 

Hawaiʻi‟s indigenous species in the landscaping of public buildings, facilities, and 

housing projects developed by the State, and has created a potentially lucrative 

niche market for Hawaiʻi‟s nurseries to create stock plantings of new, unique, and 

highly desirable species of native Hawaiian plants for use by the landscape 

industry.  

 Pittosporum confertiflorum Gray is an endemic Hawaiian plant known as 

hōʻawa. This species is characterized as a dense, slow-growing, handsome 

broad-leaved evergreen that can be used as landscape ornamentals. However 

their use in local landscapes has not reached full potential due to its lengthy 

germination period and slow growth habit, making micropropagation suitable for 

its clonal multiplication.  There are no studies that report any type of tissue 

culture protocol for any Hawaiian species of Pittosporum. 

  Establishing Stage 1 contamination free explants without browning is a 

major challenge in creating a micropropagation method for P. confertiflorum. 

Several experiments were evaluated for control of phenolic oxidation and surface 

sterilization.  Antioxidants citric acid (0.15 g/l) and ascorbic acid (0.10 g/L) were 

first used as a dip/rinse, and in later experiments, added to bleach surface 

sterilization solutions, sterile distilled water, and the media to reduce phenolic 

browning.   Best practices for stock plant conditioning including preconditioning 

plants by rotating them from the glasshouse and into the lab, pruning and treating 

cuts with 0.4% BA at cuts after being brought indoors, and spraying buds with 

70% ethanol the day prior to harvesting.  Pretreated axillary explants were 

exposed to a two-step sterilization process using two different concentrations of 

bleach solution (10% and 5%) at different stages in the process for varying 

periods of time in the sonicator (Sonication 1—10, 15, or 20 m; Sonication 2—5, 

10, or 15 m)  (3 x 3 = 9 treatments).  The effectiveness of these treatments were 

compared.  Of 450 explants, 30% were contaminated and 42% exhibited 
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necrosis.  The best two-step sterilization treatment based on the mean was 10:5 

minutes. 

 Modifying the use of axillary bud explants to shoot tip culture and 

eliminating the second sonication reduced contamination to 6% and 25% 

necrosis.  Revised sterilization methods as well as preconditioning of stock plants 

contributed to improved rates of contamination and necrosis. 
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CHAPTER I.  Introduction  

 Landscaping with native Hawaiian plants is a current trend. In 1992 and 

1994, the Hawaiʻi State Legislature approved and passed Acts 73 (Appendix A) 

and 236 (Appendix B), requiring landscape contractors who bid on public projects 

to use Hawaiʻi‟s indigenous species, where possible, in the landscape to prevent 

the decline of Hawaiʻi‟s unique native flora by encouraging its use in the 

landscaping of public buildings, facilities, and housing projects developed by the 

State (Criley, 1998). Passage of this Act has created a potentially lucrative niche 

market for Hawaiʻi‟s nurseries to propagate and create stock plantings of new, 

unique, and highly desirable species of Hawaiian native plants for evaluation of 

use by the landscape industry; a number of species within the native Hawaiian 

flora are of great value for the landscape (Weissich, 1994).  

 The endemic Pittosporum, referred to as hōʻawa, is comprised of 11 

species (Wagner et al., 1999). Some species, namely P. confertiflorum, P. 

floculosum, and P. hosmeri are dense, slow-growing, handsome broad-leaved 

evergreens (Criley, 1998) that can be used as landscape ornamentals. However, 

their use in local landscapes has not reached its full potential.  Hōʻawa is 

propagated primarily through seeds, and its lengthy germination period can take 

3 to 9 months or longer (Lilleeng-Rosenberger, 2005).  The lengthy germination 

period coupled with the relatively slow growth of the plant, are among the 

reasons why it is not widely used.  In order to promote the wider horticultural use 

of this plant in Hawaiʻi, the need to mass produce them becomes vital (Tan, 

2001).    

 The requirements to produce large quantities, as well as the slow growth 

of hōʻawa make micropropagation suitable for its clonal multiplication.  An 

assessment of the response of a related species, P. napaulensis to tissue culture 

(Dhar et. al., 2000) and preliminary experiments modified from that assessment 

has shown promising results for tissue culture of P. confertiflorum Gray.  
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 Dodds and Roberts (1995) report the rapid progress in micropropagation 

techniques using multiple-shoot formation was due largely to the efforts of 

Murashige (1974), who subdivided the procedure into three stages: Stage I—

establishment of the aseptic culture; Stage II—multiplication of propagula by 

repeated subcultures on a multiplication medium; and Stage III—preparation of 

the plantlets for establishment in the soil, but now also recognize Stage 0 

(Debergh and Maene, 1981)—preparation of the mother plant prior to explant 

removal.  

 The objective of this study is to prepare plant material for culture in both 

Stage 0 and Stage I to successfully achieve Stage I—in vitro establishment 

through approaches in controlling phenolic browning and decontamination to 

reduce contaminants and necrosis.  

 The data collected from this study will help determine a tissue culture 

protocol method for Stage I—explant sterilization and establishment of 

Pittosporum confertiflorum Gray.  
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CHAPTER II. REVIEW OF LITERATURE 

Description 

 Pittosporum Banks ex. Gaertn. (Pittosporaceae) is a genus of about 150 

species distributed from sub-tropical Africa through Asia to Australia, New 

Zealand, islands of the South Pacific, and the Hawaiian archipelago (Bohm, 

2004).  This genus is characterized by a high degree of endemism throughout its 

geographical range; of the 11 native Hawaiian Pittosporum or hōʻawa, seven are 

single-island endemics (Gemmill et al., 2002).   

 Within the Pacific species of Pittosporum, considerable variation occurs 

with respect to the characters of shape, size, and texture of the leaf blade (Haas, 

1977).  Rock (1974) noted in his revised treatment of Hawaiian tree species that 

there were as many different forms for the species confertiflorum as there were 

Pittosporum trees.  Hōʻawa ranges in size from shrubs to medium-sized trees 

and populates a vast habitat range from sea level to over 2,000 m (6,600 ft.), with 

most species adapted to mesic conditions (Culliney and Koebele, 1999).   

 Many species are very attractive, displaying shiny bright green mature 

leaves crowded towards the ends of the branches that contrast with new growth 

usually covered by dense brown, reddish-brown, or yellow hairs; flowers are 

small, tubular, white or yellow and borne in clusters along the stems, just below 

the leaves or in the leaf axils (Lilleeng-Rosenberger, 2005).  

Propagation Methods for Pittosporum 

 Hawaiian Pittosporum species are not widely cultivated as ornamental 

plants. There are no studies regarding economic value and a limited number of 

studies focused on seed propagation exist for its use for horticultural purposes 

(Lilleeng-Rosenberger, 2005; Culliney and Koebele, 1999; Lamb 1981; Obata, 

1997a; Obata, 1997b; Wagner, 1999; Woolliams, 1976). Furthermore, no 

standard protocol for the micropropagation of any species of hōʻawa exists. 

Therefore it was necessary to take information from propagation studies of  
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non-native Pittosporum napaulensis (Dhar et al., 2000) to utilize in developing a 

protocol for the micropropagation of hōʻawa.  

 The seeds of P. tenuifolium, of New Zealand origin and P. tobira, native to 

Japan and China, germinate freely and thus are commonly propagated by seed 

or by using semi-hardwood cuttings with an IBA quick-dip or talc application (Dirr 

and Heuser, 1987; Hartmann et. al., 2002), making micropropagation 

unnecessary.  Bruschi et. al. (1998) studied the effects of surfactants on plant 

materials and reported P. tobira callus was obtained from stem explants excised 

from young stems of adult plants and cultured on Murashige and Skoog (MS) 

(1962) basal medium supplemented with 3 mg 1-1 naphthalene acetic acid (NAA) 

plus 3 mg 1-1 benzyladenine (BA), 30 g 1-1 sucrose, and solidified with 8 g 1-1 

Difco Bacto agar.  However, a complete protocol was not provided.   

 Dhar et. al. (2000) developed an in vitro protocol from mature trees of P. 

napaulensis, a rare, endemic Himalayan medicinal tree.  Although this species of 

Pittosporum generally propagates by seed, desirable characteristics may not be 

transmitted when propagated through seed, therefore, clonal propagation 

assumes importance especially in view of the rarity of the species and the need 

to produce large numbers of planting material (Dhar et. al., 2000).  This 

experiment yielded the best bud proliferation, shoot number (axillary 

shoots/explant), and shoot length when cultured in full-strength MS medium 

supplemented with 1 mg/L BA and 0.02 mg/L NAA.   

 As this is the only fully developed micropropagation protocol for any 

Pittosporum species, it provides the basis for the development of tissue culture 

protocol for hōʻawa.  However, based on preliminary experiments which resulted 

in high rates of contamination, browning, and necrosis, it is important to review 

the medium recipe, as well as to examine two critical aspects of 

micropropagation protocol: preparing plant material for culture, Stages 0 and I, 

and control of phenolic browning to further aid in achieving an in vitro protocol.  
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Plant Tissue Culture Media 

 Nutrient Support 

 Nutrient media are obviously an important factor in cell and tissue culture 

and most media have been developed slowly by continual trial and error (Bonga 

and Von Aderkas, 1992).  Ingredients of the culture medium vary with the kind of 

plant and the propagation stage at which one is working, and empirical trials may 

be necessary to test available combinations of ingredients when dealing with a 

new kind of plant (Hartmann et. al., 2002).  The components of plant tissue 

culture media include inorganic salts—macro- and microelements—and organic 

compounds like carbohydrates, vitamins, amino acids, and plant growth 

regulators.  Although many media formulations have been reported, they often 

need to be further modified and adjusted for specific plant species (Liu, 1993).  

Murashige and Skoog‟s (MS) medium designed for tobacco cells is the most 

popular among all plant media (Bonga and Von Aderkas, 1992) because it 

contains the correct amounts and proportion of inorganic nutrients to satisfy the 

nutritional as well as the physiological needs of many plant cells in culture. The 

recommended amounts of vitamins, sucrose, and inositol in MS medium is 

suggested as a starting point for modifications and the formulation of a medium 

adequate for cultures of different plant genera (Gamborg, 1976).  

 Salt Formulations 

 The MS-based media have been used extensively for herbaceous plants 

(Hartmann et. al., 2002) and in the early attempts to culture shoots from woody 

species, it soon became apparent that the standard media formulations 

commonly used for herbaceous plants did not support the growth of many woody 

plants (McCown and Sellmer, 1987) because the high salt concentrations were 

inhibitory.  The macroelements of MS medium are often diluted to ½ to 1/3 of 

their original level for tissue culture of conifers and hardwoods (Bonga and von 

Aderkas, 1992); however, Lloyd and McCown (1980) developed Woody Plant 

Medium (WPM) for micropropagation of woody plants by using a low salt 

concentration for the base formulation.   
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 It is probably prudent, then, to first isolate and establish a woody species 

new-to-culture on a low salt formulation and then determine whether a higher 

nutrient content provides optimal growth (McCown and Sellmer, 1987).  In most 

cases, a comparative study using different mineral salt formulations at different 

dilutions has been sufficient to select a basal medium, which can then be used to 

optimize other factors like phytohormones and cultural environmental conditions 

(Thorpe, 1990). 

 Gelling Agents 

 Another aspect of medium preparation to consider is gelling agents versus 

a liquid medium solution.  Plant material can be cultured either in a liquid medium 

or on a medium which has been partially solidified with a gelling agent; the 

method employed will depend on the type of culture and its objective (George, 

1993).  

 Nutrient solutions without agar have an advantage for some plants, but 

some type of support is required to keep explants and cultures from sinking in the 

liquid medium (Hartmann et. al., 2002).  Very small explants such as meristem 

tips which may be lost if placed in a rotated or agitated liquid medium, can be 

successfully cultured if placed in the center of an M-shaped strip of filter paper, or 

filter paper bridge (Pierik, 1997; Hartmann et. al., 2002; Dirr and Heuser, Jr., 

1987); when the folded paper is placed in a tube of liquid medium, the side arms 

act as a wick (George, 1993; Hartmann et. al., 2002) and ensures excellent 

tissue aeration, reduction of plant polarity, uniform distribution of nutrients, and 

the dilution of toxic explant exudates (George, 1993; Hartmann et. al., 2002).  

 Although plant cultures can be grown in liquid media, for many purposes 

there are advantages in supporting explants above the surface of the medium 

and agar solidified media were first used for this purpose (George, 1993).   

 Agar is a seaweed derivative which can be used as a gelling agent in most 

nutrient media (Pierik, 1997) and its value in culture systems is the ability to melt 

when heated, change to a semisolid gel at room temperatures, and relative 
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biological inertness (Hartmann et.al., 2002). Agar has been traditionally used as 

the preferred gelling agent for tissue cultures, and is very widely employed for the 

preparation of semi-solid culture media (George, 1993).  Hartmann et. al., (2002) 

advise that the lowest concentration of agar that will support the explants is best, 

about 0.5 to 0.6 percent, to allow good contact between explant and medium and 

adequate movement of nutrients by diffusion.  

 Gelrite or Phytagel are highly purified gelling agents (Pierik, 1997) made 

from gellan gum and are being used to an increasing extent as an attractive 

alternative with successful results to agar for plant tissue culture because their 

cost per liter of medium is less, and they produce a clear gel which assists the 

proper observation of cultures and their possible contamination (George, 1993).  

The required concentration is less than agar (Hartmann et. al., 2002) and may be 

used at approximately half the concentration of agar; for plant tissue culture 0.2% 

Gelrite is advised (Pierik, 1997).   

 In their treatment of P. napaulensis, Dhar and colleagues (2000) 

compared the response of explants cultured on various media types solidified 

with 0.8% agar —MS, WPM, Gamborg B5 (Gamborg, et. al., 1968) or half-

strength MS.  They determined that cultures growing on MS produced 

significantly more axillary shoots per explant than produced on WPM and B5 

while reduced salt concentration in half-strength MS resulted in poor shoot 

number and shoot length of cultures. In personal communication (2005), Sugii 

recommended using 0.3% gellan gum, either Phytagel or Gelrite as a suitable 

substitute for agar in Dhar et. al.ʻs (2000) optimal Pittosporum initiation medium. 

Preparing Plant Material for Culture 

 Information regarding Pittosporum micropropagation is very scarce and 

there are no published studies regarding Hawaiian varieties.  While the study, by 

Dhar and colleagues (2000), has shown success in micropropagating 

Pittosporum napaulensis, factors regarding plant preparation and any problems 

with contamination or browning, if any, were not reported.  Preliminary 
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micropropagation studies of hōʻawa (Sugii, personal communication, 2005) have 

shown that its establishment as a viable plant for tissue culture has been limited 

by high levels of contamination, necrosis, and browning. 

 P. confertiflorum is a woody plant with hairy new growth, which makes it 

difficult to sterilize explants effectively without first pre-treating stock plants.  One 

of the main problems that arose in initial trials of establishing hōʻawa was high 

contamination percentages when using axillary buds.  Therefore, to reduce this 

problem, practical preventative methods in the modification of mother plants were 

used to reduce contamination and develop a protocol for Stage 0.   

 Stock Plant Conditioning  

 Microbial contamination is one of the most critical and frequently occurring 

problems in plant tissue culture (Szendrak et. al., 1997).  In vitro contamination 

by fungi, bacteria, or yeast is one of the most serious problems (Niedz and 

Bausher, 2002) and the single most important cause of losses in both 

commercial and scientific tissue culture laboratories (Leifert et. al., 1994).  To 

survive and grow properly, in vitro plant cultures need to be largely free of pests, 

fungi and most bacterial infections (George, 1993).   

 Before micropropagation can begin, careful attention must be given to the 

selection of stock plants; they should be typical of the variety of species and free 

from symptoms of virus, fungi, bacteria, mites, etc. (George, 1993; Pierik, 1997). 

Reduction in surface contaminants begins with the stock plants used as the 

source of explants and this reduction aids later disinfestation attempts for Stage I 

establishment; stock plants grown under controlled conditions in a greenhouse or 

growth room are “cleaner” sources of explants than those growing out of doors 

(Hartmann et. al., 2002; Pierik, 1997; George, 1993).  Growing stock plants for 

tissue culture under hygienic conditions can help a lot to overcome contamination 

problems during the initiation of the cultures, including trickle irrigation, keeping 

plant parts off the ground, and reducing humidity, but source stock plants can be 
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also be treated to provide explants that perform better in tissue culture (Dodd and 

Roberts, 1995; Pierik, 1997; Debergh and Maene, 1985; Hartmann et. al., 2002).  

 According to George (1993), Debergh and Maene (1985), Read (1988), 

Dodds and Roberts (1995), and Norton and Norton (1988), the influence of plant 

growth regulating chemicals, such as cytokinins and auxins, frequently induce 

axillary bud break, increase the number of shoots from which explants can be 

taken, and promote some degree of rejuvenation of woody plants.  

 Control of Contamination   

 Tissue culture contamination frequently originates with the introduction 

into culture of explants contaminated with endophytic microorganisms or surface 

sterilization resistant microorganisms (Cassells, 2001).  However, failure to 

obtain proper sterilization is often due to the surface characteristics of the plant 

material; microorganisms lodged in crevices in the bark, in leaf axils or at the 

base of hairs, may never come in contact with the sterilant because contact is 

prevented by air bubbles entrapped in these positions (Bonga and von Aderkas, 

1992).  Pierik (1997) notes that chemical sterilization can be made more effective 

with the removal of air bubbles and enabling the sterilizing liquid to have better 

access to the plant material by placing the plant material in 70% alcohol for a few 

seconds, before chemical sterilization, and carrying out the sterilization with 

bleach under vacuum.  

 The establishment of an in vitro culture requires the removal of culturable 

fungal and bacterial contaminants (Niedz and Bausher, 2002). Many different 

materials have been used to surface disinfest explants,  but the most commonly 

used are 1% (v/ v) sodium hypochlorite (commercial bleach contains 5% sodium  

hypochlorite), 70% alcohol, or 10-12% hydrogen peroxide while others include 

using a 7% saturated solution of calcium hypochlorite, 1-2% solution of bromine 

water, 0.2% mercuric chloride solution, or 1% silver nitrate solution (Beyl, 2000; 

Bonga and von Aderkas, 1992; Hartmann et. al., 2002; Liu, 1993; Pierik, 1997; 

Sharp and Crocomo, 1975; Smith, 1992).   
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 The major problem in sterilization of plant materials is the removal or 

destruction of superficial microorganisms without excessive damage to the plant 

itself (Sharp and Crocomo, 1975).  The type of disinfectant used, the 

concentration, and the amount of exposure time (1 to 30 minutes) vary 

depending on the sensitivity of the tissue and how difficult it is to disinfest.  

Woody or field-grown plants are sometimes very difficult to disinfest and explants 

from these sources may benefit from being placed in a beaker with cheesecloth 

over the top and placed under running water overnight. In many cases, 

employing a succession of protocol treatments (70% ethanol followed by bleach) 

and adding a wetting agent such as Tween 20 or detergent helps to increase 

effectiveness (Beyl, 2000).   

 For aseptic culture, Dhar and colleagues (2000) washed P.  napaulensis 

explants vigorously with a 2% (v/ v) Tween 20 solution for 5 minutes and surface 

sterilized in 80% (v/ v) ethyl alcohol for 30 minutes followed by an 8 minute soak 

in 0.1% (w/v) mercuric chloride (highly toxic) solution.  Contamination rates, if 

any, were not reported.  

Control of Phenolic Browning 

 Some kinds of plants, particularly tropical species, contain high 

concentrations of phenolic substances which are oxidized when cells are 

wounded or senescent, and exude brown or black pigments which are often 

growth-inhibiting (Dodds and Roberts, 1995; Pierik, 1997; Hartmann et. al., 2002; 

George, 1993).  

 Production of phenolics by tree tissues, especially when derived from 

adult material, is of common occurrence and causes browning of the medium 

which is toxic to the explant, making growth and development impossible, and 

often resulting in its death prior to its establishment in cultures (Pierik, 1997; 

Hartmann et. al., 2002; Debergh and Maene, 1983; Paranjothy et. al., 1990; 

Bhojwani and Razdan, 1996). 



11 
 

 Browning of explants can be significantly reduced by treating the explant 

with an antioxidant (citric or ascorbic acid or a combination of both) prior to 

culture, adding antioxidants to the medium, and frequent subculturing to fresh 

medium (Hartmann et. al., 2002; Pierik, 1997; Herman, 2000; Dodds and 

Roberts, 1995). 

 Dhar and colleagues (2000) did not report problems with phenolic 

exudates or use of antioxidants as part of their micropropagation protocol for P. 

napaulensis.  In initial trials of P. confertiflorum, browning of explants was a 

major problem in micropropagation. 

Impact 

 Attaining a reliable procedure to prepare plant material for culture from 

Stage 0 through  Stage I to successfully achieve in vitro hōʻawa establishment, 

by controlling phenolic browning and reducing contaminants and necrosis, will 

allow successful clonal multiplication. Ultimately by producing a steady and 

reliable supply of planting materials, the range of plants used by local 

landscapers will be expanded and at the same time, current trend of consumers‟ 

desire to use an unusual and endemic Hawaiian plant in public and private 

landscapes can be satisfied. 

Objectives 

 The objective of this study is to create a protocol for in vitro establishment 

of Pittosporum confertiflorum Gray that includes control of phenolic browning, 

stock plant preparation for explant selection, and evaluating methods for 

sterilization of plant material. 
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CHAPTER III. Control of Phenolic Browning 

Introduction 

 In vitro propagation of hōʻawa presents some serious challenges; among 

them is the plant‟s strong oxidative capacity due to the high content of phenolic 

compounds. Treatments from experiments in 2005 showing some restraining 

influence on oxidative browning were modified and combined to reduce explant 

browning in later trials.   

 The initial investigation in 2004 was modified from research of non-native 

P. napaulensis (Dhar, et. al., 2000), which used varied concentrations of 

benzyladenine (BA) and naphthalene acetic acid (NAA) to promote bud 

proliferation. 

Materials and Methods 

 Experiment 1—Preliminary 

 Stem cuttings were collected from Queen Liliʻuokalani Gardens in Nuʻuanu  

Defoliated stems brushed were vigorously with a soft toothbrush and mild 

detergent to remove exogenous dirt and surface sterilized in 70% ethyl alcohol 

for 1 minute.  Axillary buds, 5-10 mm in size, were excised, placed in a 500 mL 

beaker and sonicated (Branson 2510, Branson Ultrasonic Corporation, Danbury, 

CT) for 10 minutes in 10% Clorox solution with 0.1% (v/v) Tween 20.  

  Explants were rinsed 3x with sterile distilled (DI) water, then given a 20 

minute soak in 2% Clorox solution.  They were rinsed again 3x with sterile DI 

water then taken to the laminar flow hood for trimming and given a fresh cut 

before inserting 2-3 mm into the medium.  Two replications of 10 explants per 

treatment of BA at 2.5 or 5.0 micromoles (µM) and NAA at 0.0, 0.05, 0.1, or 0.25 

µM gave a total of 180 explants. Control was a treatment of MS medium without 

growth regulators.  
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 Culture Medium 

 The culture medium consisted of full-strength Murashige and Skoog (MS) 

(1962) (MS Basal Salt Mixture medium (MS5524, Sigma-Aldrich Chemical 

Company, St. Louis, MO), and 1 ml/L of MS Vitamin Stock (1000X MS Vitamin 

Stock (M7150, Sigma-Aldrich Chemical Company), 30 g/L sucrose and pH 5.7-

5.8. The medium was supplemented with BA at 2.5 or 5.0 micromoles (µM) and 

NAA at 0.0, 0.05, 0.1, or 0.25 µM  

 Culture medium (10 mL) was dispensed into 25 x 150 mm glass test tubes 

and capped with Kaput (Bellco Glass Inc., Vineland, NJ) caps and sterilized 20 

minutes at 15 psi and 121°C. 

 Culture Conditions 

 All cultures were placed on a metal shelf under a 12-hour day length with 

two 40W cool white fluorescent tubes at room temperature (25°C ± 2°C).  

Results and Discussion  

 Experiment 1 in 2004, using field-grown source material, resulted in a very 

high rate of explant contamination, 60-100%, observed within 2 weeks after 

culture initiation (Table 1). Additionally, 0-40% of the explants observed were 

browned. No callus or shoots were present in any of the treatments and explant 

survival was fair. 

  High contamination results reflect that field-grown material is difficult to 

disinfest; bacterial and fungal contamination may vary between plants from 

different sites.  It is especially high on the shoots of plants growing in hot, humid 

areas and microorganisms are often prevalent on tree species, older tissues, or 

on those with a rough surface (George, 1993). 

 Those explants that did not get contaminated, exhibited browning, which 

means that P. confertiflorum Gray is highly oxidative and phenolic compounds 

need to be controlled to establish in vitro. Contamination and browning are the 

main challenges in establishing hōʻawa.  
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Table 1.  Explant survival 2 weeks from culture initiation (n=180). 

BA 

(µM) 

NAA 

(µM) 

Contamination 

% 

Browning 

% 

Explant Survival 

% 

0  0  80  10  10  

2.5  0  70  15  15  

2.5 0.05  100  0  -  

2.5 0.1  100  0  -  

2.5 0.25  80  10  10  

5.0  0  60  20  20  

5.0 0.05  100  0  -  

5.0 0.1  100  0  -  

5.0 0.25  100  0  -  

 

 During Experiment 2, beginning in late 2005, the use of a sterile 

antioxidant solution (0.15g/L citric acid and 0.10 g/L ascorbic acid and distilled 

water) to rinse or hold the explants until ready for culture was recommended by 

personal communication (2005) with Nellie Sugii, and helped control browning.    

 Even with the success of that treatment, a further modification to prevent 

phenolic browning during disinfestation was made to the 2%, 5%, and 10% 
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bleach surface sterilizing solutions used in preliminary research by substituting in 

sterile distilled antioxidant water, or SDAW.  In addition, SDAW was utilized in 

the vacuum-filtered treatments and antioxidant powders were added to the 

medium.  

 These adjustments virtually eliminated browning of explants and provided 

a basis for the continued use of antioxidants in the current study of tissue culture 

establishment of hōʻawa.  

Materials and Methods 

 Experiment 2—Control of Phenolic Oxidation  

 Citric acid (0.15 g/L) and ascorbic acid (0.10 g/L) were weighed out and 

added to approximately 700 mL distilled water in a large flask (1L) and dissolved.   

The total volume was brought up to 1 liter using distilled water.  The antioxidant 

solution was autoclaved at 121°C for 15 minutes. This solution is henceforth  

referred to as sterile distilled antioxidant water (SDAW), and used for rinsing and 

dipping explants and for the vacuum infiltration treatments.  SDAW was used to 

make the sodium hypochlorite (Clorox) (2, 5, and 10%) solutions.   

 Citric acid (0.15 g/L) and ascorbic acid (0.10 g/L) were added to the 

medium, which was dispensed into 25 x 150 mm glass test tubes and autoclaved 

at 121° C. 

 Stems with buds were harvested and were prepared by running under tap 

water for 30 minutes, washed with soap to remove dirt, sprayed with 70% 

ethanol. Stems were trimmed to 5-8 cm length and subjected to two-step 

sterilization using combinations of 2, 5, and 10 % Clorox prepared with SDAW.  

During each step of sterilization explants were sonicated for either 15 or 20 

minutes. 

 The bleach solutions and pieces were poured into a Steriflip and vacuum 

filtered.  The contents were given three 5 minute rinses with SDAW and vacuum 

filtered in the Steriflip after each rinse.   
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 The explant pieces were covered with SDAW to take to the transfer hood 

after the final rinse.  The pieces were held in SDAW in the hood while individually 

cleaning bark, removing primordia, and trimming each piece to the final explant 

size under a microscope.  Fully cleaned explants were placed in SDAW in a petri 

dish in the hood until all pieces were prepared and ready to culture in vitro into 

full-strength MS with SDAW.  

 Three hundred and fifty axillary bud explants were cultured between 

October 2005 and October 2006.  All explants were subjected to the SDAW 

dip/rinse and a 2%, 5%, or 10% bleach solution double disinfestation, then 

placed in vitro in medium supplemented with antioxidants 

Results and Discussion 

 .  The majority of explants exhibited vibrant green color until or unless they 

were overcome by fungus and/or necrosis. 

  As compared with the initial experiments, which used no antioxidants at all 

and resulted in up to 40% of explants with browning caused by phenolic 

exudation, these preliminary experiments were moderately successful (65.7%) in 

controlling phenolic browning (Table 2).   

 Table 2.  Effect of SDAW on browning of explants 3 weeks after culture (n = 

350). 

 

 

Browned Explant survival Contamination 

Number of Explants 10  230  110  

Percentage  0.03  65.7  31.4  
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 Adding antioxidants to sterile distilled water and using as a dip/rinse, in 

disinfestation solutions, and in the medium recipe all contributed to keeping 

browning to a minimum, so were subsequently utilized in the current study of 

establishing hōʻawa in vitro.  Reducing the problem of browning in the preliminary 

study allowed for the focus of controlling necrosis and contamination in the 

present research. 
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Chapter IV. General Surface Sterilization 

Introduction 

 Surface Sterilization 

 Contamination is another major challenge in establishing new plants in 

culture.  To initiate plant tissue cultures, the explants must be disinfected to rid 

them of surface microorganisms; common disinfecting agents include bleach 

(sodium hypochlorite, NaOCl), ethanol, and hydrogen peroxide (H2O2).  Mercuric 

chloride (HgCl2) is also a useful disinfectant, but it is so potentially toxic that it is 

not recommended (Skirvin et. al., 1999).  In the first few trials of hōʻawa tissue 

culture, it was discovered that each bud has several layers of leaf primordia to 

remove before exposing the innermost primordia nearest to the meristem and 

must be trimmed and cleaned under a microscope to prevent damaging the 

meristem. 

 In 2005, Experiment 3 continued utilizing field-grown plants as an explant 

source, but in 2006, source material for experiments was changed to greenhouse 

plants which were preconditioned to reduce the potential for contamination in 

vitro.   

 Experiment 3 of disinfestation of P. confertiflorum Gray in 2005 was then 

modified for the current research. 

Materials and Methods 

 Experiment 3--Sterilization 

 Experiment 1 was modified for this experiment to disinfest one time in the 

sonicator and begin using SDAW. Stem cuttings were collected from plants 

growing at Queen Liliʻuokalani Gardens in Nuʻuanu. Defoliated stems were 

vigorously brushed with a soft toothbrush and mild detergent to remove 

exogenous dirt and surface sterilized in 70% ethyl alcohol for 1 minute. Axillary 

buds were then excised, put into a 500 mL beaker and disinfested in a sonicator 
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(Branson 2510, Branson Ultrasonic Corporation, Danbury, CT) for 10 minutes in 

a 10% hypochlorite solution.    

 After sonication, explants were rinsed 3x with distilled sterile water, then 

taken to the laminar flow hood and transferred to SDAW in a sterile petri dish.  

Explants were left to sit in the SDAW filled petri dish until ready to trim and 

culture.  Explants were cut either in a sterile petri dish or a sterile paper towel 

and leaves were removed until the meristem was exposed.  The explants were 

cubed into an approximate 5x1x1 mm block following steps 7 and 8 of Stage I of 

Kunisaki, Araki, and Sagawa‟s (2003) protocol for micropropagation of ʻawa, and 

given a fresh cut before being inserted 2-3 mm into the medium. Twenty 

replications of 10 explants each produced a total of 200 explants for this study. 

 Culture Medium  

 The culture medium consisted of full-strength Murashige and Skoog (MS) 

(1962) (MS Basal Salt Mixture medium (MS5524, Sigma-Aldrich Chemical 

Company, St. Louis, MO), and 1 ml/L of MS Vitamin Stock (1000X MS Vitamin 

Stock (M7150, Sigma-Aldrich Chemical Company), 30 g/L sucrose and pH 5.7-

5.8. 

 Culture medium (10 mL) was dispensed into 25 x 150 mm glass test tubes 

and capped with Kaput (Bellco Glass Inc., Vineland, NJ) caps and sterilized 20 

minutes at 15 psi and 121°C. 

 Culture Conditions 

 All cultures were placed on a metal shelf under a 12-hour day length with 

two 40W cool white fluorescent tubes at room temperature (25°C ± 2°C). 

Results and Discussion 

 Explant contamination due to fungi and/or bacteria was observed from 7 

days to 2 weeks after initiation (Table 3).  Because the contamination occurred 

soon after initiation, it is likely that the surface sterilization method was ineffective 

in removing the fungi and/or bacteria. While necrosis did affect buds, it was 

primarily as a result of explant rescue attempts in hydrogen peroxide, which 
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immediately blackened buds.  SDAW worked in reducing browning, so it was 

also added to Clorox surface sterilizing solutions, used in vacuum-filtered 

treatments, and added to the medium for use in the following experiments. 

Therefore, it is clear that contamination was primarily the limiting factor in this 

study and remains a challenge in establishing hōʻawa in vitro.    

Table 3. Effect of disinfestation via sonication in 10% Clorox solution on P. 

confertiflorum Gray 7 days to 2 weeks from culture initiation (n=200). 

 Contaminated Dead Clean 

Number of 

explants 
115 83 2 

Percentage 57.5 41.5 1 

 

 As contamination (57.5%) prevented explant establishment and 

subsequent shoot induction, further experimentation by varying the disinfestation 

treatments was necessary to successfully prepare sterilized explants for in vitro 

culture. 

 Results from this experiment refined the methods used for the current 

study.  Pre-conditioning of greenhouse-grown plants through best practices was 

applied to reduce the amount of contaminants adhering to those plants before 

selecting explants for tissue culture. 

 

Introduction  

 Stock Plant Conditioning 

 P. confertiflorum is a woody plant with hairy new growth, which makes it 

difficult to sterilize explants effectively without first pre-treating stock plants.  One 
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of the main problems that arose in initial trials of establishing hōʻawa was high 

contamination percentages when using axillary buds.  Therefore, to reduce this 

problem, practical preventative methods in the modification of mother plants were 

used to reduce contamination and develop a protocol for Stage 0.   

 The explants source can influence growth and development in vitro and 

many factors must be taken into consideration including the age of the plant, the 

age of the tissue or organ, the physiological state of the plant, the state of health, 

growth conditions, position of the explant within the plant, size of the explant, and 

preparation of the experimental material via artificial modification of the 

physiological state of the plant (Pierik, 1997).  In addition, care of the plant 

material is essential to limit infections once in vitro. 

 Initial tissue culture experiments in 2005 using lateral buds from field 

grown plants were unsuccessful due to high rates of contamination in vitro.  Dhar 

et. al., (2000) used single axillary nodes to micropropagate P. napaulensis.  

Materials and Methods 

 Experiment 4—Procedure of Best Practices 

 To reduce contamination rates, the stock plant source changed from field 

grown to greenhouse grown and measures were taken to modify mother plants 

including pruning selected branches to stimulate bud growth and treating cuts 

with cytokinin (BA), hand irrigation, cycling glasshouse plants indoors every 3-6 

weeks after BA treatment in order to reduce humidity and therefore exogenous 

contaminants, and spraying shoot tips with 70% ethanol the day before 

harvesting for culture. Stock plant conditioning was not done as an experiment; 

best practices were selected to assist in reducing contamination of explants in 

vitro. 

 P. confertiflorum Gray stock plants were obtained from the University of 

Hawaiʻi, Mānoa (UHM) Magoon greenhouse and moved to UHM‟s Pope 

Laboratory glasshouses to reduce contamination.  Stock plants were selected for 



22 
 

size, proliferation of branching and/or leaves, general health and bud growth, and 

were about 4 years old.   

 Glasshouse plants were hand-watered every two days to prevent water 

splashing onto plant parts. Two to three plants were brought indoors to the 

laboratory for explant harvesting and rotated out every few weeks back to the 

glasshouse. Plants kept in the laboratory were put in an area separate from the 

tissue culture area to prevent contamination.  These plants were checked daily 

for health, soil was checked for moisture, and then watered as needed.  

 In both the glasshouse and laboratory, branches with several immature 

buds were selected for cutting and applying BA. Axillary bud growth was then 

stimulated by applying approximately 0.1- 0.3 mL of 0.04% BA to freshly cut 

terminal ends of branches with a volumetric pipette. Plants were checked for bud 

development weekly.  

 Twenty-four hours prior to explant sterilization, branches with developed 

buds were liberally sprayed with 70% ethanol to reduce the amount of 

contaminants present.   

Results and Discussion 

 Applying the best practices for pre-conditioning stock plants is highly 

recommended for P. confertiflorum Gray. Within three to five weeks of applying 

BA, axillary buds were swollen and ready for harvesting. Branches with 

developed buds were cut and surface sterilized for tissue culture (described later 

in this chapter). Results for contamination rates taken for surface sterilization 

methods are reported later in this chapter. 
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Materials and Methods 

 Experiment 5—Sterilization of Preconditioned Plants  

 Pre-conditioned Pittosporum confertiflorum Gray stock plants using best 

practices were obtained from the University of Hawaiʻi, Mānoa (UHM) Magoon 

greenhouse and gradually moved to St. John‟s 104 Laboratory from the Pope 

Laboratory glasshouse and prepared for tissue culture as follows.    

 Surface Sterilization of Axillary Buds:  

  Branch pieces with one or more immature axillary buds were sprayed with 

70% EtOH one day prior to harvesting.  After removing the leaves, the stems 

were then cut into 5-8 cm long segments with a surface sterilized pruning shears, 

then gently scrubbed down using concentrated Versaclean (Fisher Scientific; 

Pittsburgh, PA) and a soft toothbrush until soap lather was no longer dirty, and 

finally, rinsed under tap water until clear.   

 Stem segments were then placed in a clean graduated cylinder (Thakur 

and Sood, 2006) and left under running water for 30 minutes to remove all traces 

of the soap and minimize penetration of contaminants.  Segments were then 

removed and allowed to air dry on a sterile paper towel for approximately 15 

minutes.  

 Once dry, stem segments were inserted into a 50 mL disposable Steriflip 

(Millipore, Bedford, MA) with 0.22 μm Millipore Express membrane containing a 

prepared solution of 10% Clorox (5.25% NaOCl) plus 0.1% (v/v) Tween 20, made 

with sterile distilled water containing antioxidants, 0.15 g/L of citric acid and 0.10 

g/L of ascorbic acid, to eliminate phenolic browning.   

 The Steriflip was covered with its cap to prevent water from splashing into 

it and put into a sonicator (Branson 2510, Branson Ultrasonic Corporation, 

Danbury, CT) for 10, 15, or 20 minutes.  The pieces were vacuum-filtered and 

then transferred to a new Steriflip to be rinsed and vacuum-filtered three times, in 

succession, with SDAW under a fume hood.  
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 Stem segments were transferred with sterile forceps into a new Steriflip 

and covered with SDAW to take to the laminar flow hood while performing viable 

bud check under a microscope.  Cleaned woody stems as well as emerging bud 

segments were cut to about 3- 12 mm in length and held in a petri dish with 

SDAW until all explants were prepared.  Explants were put into a new Steriflip 

and covered with a 5% Clorox solution with Tween 20 and antioxidants, then 

placed in the sonicator for 5, 10, or 20 minutes.  The explants were again 

vacuum-filtered and rinsed three times and returned back to the hood in SDAW 

to be trimmed a final time under a microscope for in vitro placement.    

 Final explant sizes varied from 2 -10 mm in length, depending on the initial 

size of the explant. Cleaned and trimmed explants were exposed to two different 

concentrations of bleach solution (10% and 5%) at two different stages in the 

sterilization process for different periods of time in the sonicator (Sonication 1—

10, 15, or 20 min.; Sonication 2—5, 10, or 20 min.) (3 x 3 = 9 treatments). Two 

replications of 25 explants for each treatment produced 450 total explants for 

axillary bud surface sterilization experiments.  

 

 Efficacy of Silver Nitrate as a Sterilant  

 The potential of AgNO3 as a chemical sterilant was investigated (Bhojwani 

and Razdan, 1996) because of its effectiveness on surface disinfestation of plant 

tissues.  General surface sterilization was the same except for omitting the 

sonication of explants in 10% bleach solution; instead they were placed in a 

Steriflip and covered with 1.699% of 0.1 N AgNO3  and agitated for 30 seconds.  

The second sonication was also eliminated, but all other steps were followed.  A 

small sample size of one replicate of ten explants was used to investigate the 

use of AgNO3 on hōʻawa.  A primary challenge was obtaining non-necrotic Stage 

I cultures. 
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 Surface Sterilization of Shoot Tips 

 Surface sterilization procedures used for axillary bud explants were 

modified for shoot tip explants to one sonication for 15 minutes in 10% bleach 

solution, no vacuum-filtering, removing some, but not all, leaf primordia after 

cutting shoot apex away from the stem segment, eliminating the second 

sonication, and placement of the explant onto a filter paper bridge (Whatman 

3mm chromatography paper 20mm x 100 m) set in liquid half-strength MS 

medium with vitamins, 3% sucrose, 15% citric acid and 10% ascorbic acid and 

no hormones. Ten replications of 15 explants for this experiment produced 150 

total explants.  

 Culture Medium  

 For axillary bud and silver nitrate experiments, the culture medium 

consisted of full-strength Murashige and Skoog (MS) (1962) (MS Basal Salt 

Mixture medium (MS5524, Sigma-Aldrich Chemical Company, St. Louis, MO), 

and 1 ml/L of MS Vitamin Stock (1000X MS Vitamin Stock (M7150, Sigma-

Aldrich Chemical Company), 30 g/L sucrose and pH 5.7-5.8. Shoot tip explants 

were cultured on half-strength MS (1962) with all other components remaining 

the same as the axillary bud medium. 

 Citric acid (0.15 g/L) and ascorbic acid (0.10 g/L) were added as 

antioxidant supplements to the medium recipe for both axillary and shoot apex 

explants.   

  Shoot tip explants were cultured in liquid medium, while axillary buds 

were cultured in medium solidified with 3 g/L Phytagel (Sigma-Aldrich Chemical 

Company, St. Louis, MO). 

 All culture medium was dispensed into 25 x 150 mm glass test tubes 

containing 10 mL of either medium and capped with Kaput (Bellco Glass Inc., 

Vineland, NJ) caps and sterilized 20 minutes at 15 psi and 121°C. 
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 Culture Conditions 

 Cultures were maintained on metal shelf under a 12-hour day length with 

two 40W cool white fluorescent tubes at room temperature (25°C ± 2°C).   

 

Results and Discussion 

 Surface Sterilization of Axillary Buds   

 Contamination and necrosis were major deterrents to the establishment of 

hōʻawa in vitro (Figure 1).  Of 450 explants, 30% were contaminated and 42% 

exhibited necrosis 7 days after initiation (Table 4).  Necrosis was likely due to 

tissue damage from vacuum-filtering as well as overexposure to the bleach 

because of double sonications.  

 

Figure 1.  Comparison of two-step sonication disinfestation treatments for P. 
confertiflorum Gray 7 days after initiation. 
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Table 4. Raw data from two-step sterilization treatments for P. confertiflorum 

Gray (n= 50 for all treatments). 

                 Duration of Second Sonication  

First Sonication Duration   5 min 10 min 20 min 

10 min   
 

  
 

# Contaminated  17  11  18  

# Clean cultures  36  0  0  

# Dead  0  39  32  

    

15 min   
 

  

# Contaminated  49  12  16  

# Clean cultures  1  30  19  

# Dead  0  0  13  

    

20 min   
 

 

# Contaminated  9  4  0  

# Clean cultures  23  3  0  

# Dead  16  41  50  

 

 The results of surface disinfestation of hōʻawa were fairly variable. One 

source of variation is the different sizes of explant pieces used for the 

experiments.  It was difficult to obtain uniformity in explants.  There is a need to 

grade explants so that different sterilization protocols are necessary depending 

on physiological state and explant size. Smaller buds were a little more difficult to 

clean as the leaf primordia is more compact and the stem piece can be subject to 

damage as it is difficult to hold with the forceps while cleaning or trimming.   
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 After 7 days, severity of contamination in explants ranged from slightly 

contaminated with fungi to overrun with fungus. Of the clean cultures established, 

in vitro material can be maintained for up to 4 weeks post culture before 

desiccation begins.  The best two-step sterilization treatment based on the mean 

was 10:5 (Table 5). However, the rate of contamination was still too high (Figure 

1), so the experiment was modified to use shoot tip culture and to change the 

sterilization procedure to improve contamination rates. 

Table 5.  Mean comparisons of % clean cultures resulting from two-step 

sonications with different duration times.1  

Two-Step Sonication Times  Mean  

10 min and 5 min  35.7 a2  

15 min and 5 min 0.33 e  

15 min and 10 min 30.0 b  

15 min and 20 min 18.7 d  

20 min and 5 min 23.0 c  

20 min and 10 min 3.33 e  

1 
ANOVA of data—Pr < 0.0001 

2 
Means separated by different letters indicate significant differences between sonication 

times at 0.05 level of significance 

  

 Silver Nitrate Experiment 

 Explants were immediately stained black and were necrotic within one 

week.  Further use was not investigated. 

 Shoot Tip Experiment 

 This experiment produced a low contamination rate (6%), as well as lower 

necrotic rate (25%) than the previous experiments (Table 6).  Although the 
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sample size was small, the procedure using meristems from pre-conditioned 

stock plants, using a liquid medium, as well as adding antioxidants contributed to 

the overall success of establishment in vitro.  Eliminating both the second 

sonication as well as vacuum filtering the explants improved survival rates.    

Table 6.  Results 6 weeks after culture initiation following disinfestation of P. 

confertiflorum Gray shoot tips in 10% Clorox solution for 15 minutes (n = 140). 

 

 Revised sterilization methods contributed to improved rates of 

contamination and necrosis. Necrosis was a problem in this experiment, but can 

be attributed to the small size of the final explants (less than 0.3 cm), which were 

not large enough to sustain. Once a clean culture is established, in vitro material 

can be maintained or transferred for up to 6 weeks post culture. 

  

 

 

 

 

 

 

 

 

 

 Contaminated Dead Clean 

Number of 

explants 
9 38 103 

Percentage 6 25 68 
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Chapter V. Conclusions 

 The overall objective of this study was to create a protocol for in vitro 

establishment for the development of a micropropagation system for Pittosporum 

confertiflorum Gray, in order to promote the wider horticultural use of this plant in 

Hawaiʻi, a unique crop that can be used as landscape ornamentals.  Plant 

material for hōʻawa is abundant from field grown plants, but a major problem with 

this practice is contamination of the plant material with fungi.  

 Challenges associated with establishing hōʻawa included browning of 

explants and contamination in vitro.  To control browning, antioxidants were 

added to the medium, sterile distilled water, and bleach solutions used in the 

experiments.  To assist in controlling contamination, best practices were 

instituted to greenhouse grown plants to reduce contaminants and microbial 

growth and condition stock plants for use as source material.  Applying 

approximately 0.1- 0.3 mL of 0.4% BA to freshly cut terminal ends of branches 

with a volumetric pipette stimulated axillary bud growth.  Twenty-four hours prior 

to explant sterilization, branches with developed buds were liberally sprayed with 

70% ethanol to reduce the amount of contaminants present. Shoot tip culture 

results in less contamination and necrosis than axillary bud culture and explants 

can be sustained for at least 6 weeks in vitro before desiccating. 

 Other avenues to explore regarding control of contamination include the 

use of antibiotics, PPM, and pretreatment of explants in sucrose to stimulate 

contaminants to grow before surface sterilizing (PLANT-TC Listserv, 2007) as 

well as the use of a two-step sterilization method using fungicides and acidified 

bleach overnight to produce clean explants (Webster, et. al., 2003).  A fungicide 

spray treatment (Pence, 1998) might also be added to stock plant conditioning of 

P. confertiflorum Gray or added to the medium to suppress fungal contamination 

(Pence, 2005; PLANT-TC Listserv, 2010). 
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 To help protect plant tissues during sonication due to heating of water or 

sterilant, the use of ice packs has been effective when sonicating for durations of 

10 minutes or more (Sugii, 2005).  

 The protocol developed here, including the use of shoot tip explants and 

culturing explants onto a filter paper bridge set in half-strength MS (1962), which 

has a lower salt concentration than full-strength MS, contributed to the 

establishment of hōʻawa in vitro. 

 The results of this study provide a basis and opportunity for the study and 

development of a micropropagation protocol since it has shown that 

establishment of hōʻawa is possible.  Several other aspects need to be evaluated 

before a tissue culture program can be recommended.  The shoot multiplication 

stage must be developed so that the program is commercially viable and rooting 

of shooting explants must also be investigated. 

 The ability to mass produce hōʻawa in tissue culture provides a new 

evergreen native plant to the landscape industry and in vitro culture allows for the 

production of consistent plant materials.  Another application of this technology 

might also be the selection and mass clonal propagation of superior individuals 

within the plant population. 
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APPENDIX A. SESSION LAWS OF HAWAIʻI: ACT 73 

ACT 73: Hawaiʻi Revised Statutes (1992): Act 73, Section 1 and 2, Chapter 

103 

Section 1. Pursuant to chapter 195D, the legislature recognized that many plant 

species indigenous only to Hawaiʻi have become or are in danger of becoming 

extinct primarily because of increased land use resulting in disturbance of native 

ecosystems. These indigenous species are a component of Hawaiʻi‟s culture, to 

a significant degree, is intertwined and dependent on certain indigenous plants, 

many of which have unique scientific, medicinal, educational, environmental and 

economic value. The legislature is firm in its commitment to protect Hawaiʻi‟s 

indigenous plant species and is prepared to take affirmative action to ensure their 

survival. In this regard, the legislature finds that carefully monitored release of 

Hawaiʻi‟s indigenous land plant species for use in landscaping will heighten 

public awareness and promote public appreciation of the impending horticultural 

holocaust. Use in landscaping will also promote needed research on care and 

propagation. The purpose of this Act is to encourage the propagation of Hawaiʻi‟s 

indigenous species of land plants by requiring that they be employed, where 

feasible, in the landscaping of public buildings, facilities, and housing projects 

developed by the State. In so doing, it is also the purpose of this Act to foster 

public awareness and appreciation of these land plants through labeling and 

identification in the landscaped environments. 

Section 2. Chapter 103, Hawaiʻi Revised Statutes, is amended by adding a new 

section to be appropriately designated and to be read as follows: indigenous 

plants: use in public landscaping. (A) Wherever and whenever feasible, all 

plans, designs, and specifications for new or renovated landscaping of any 

building, complex of buildings, facility, complex of facilities, or housing 

development by the State with public moneys shall incorporate indigenous land 

plant species, as defined in section 195D-2; provided that suitable species can 

be transplanted or otherwise made available for this purpose without jeopardizing 

other species or any natural habitat; and provided further that wherever and 
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whenever possible, indigenous land plants shall be used for landscaping on the 

island or islands on which the species originated. (B) Each indigenous plant or 

group of plants used pursuant to subsection (A) shall be clearly identified with 

appropriate signs for the edification of the general public. 
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APPENDIX B. SESSION LAWS OF HAWAIʻI: ACT 236 

ACT 236: Hawaiʻi Revised Statutes (1993): Act 236 Section 1, 2 and 3, 

Chapter 103-24.6. 

Indigenous and Polynesian introduced plants; use in public landscaping. 

(A) Wherever and whenever feasible, all plans, designs, and specifications for 

new or renovated landscaping of any building, complex of buildings, facility, 

complex of facilities, or housing development by the State with public moneys 

shall incorporate indigenous land plant species, as defined in section 195D-2[:], 

and plant species brought to Hawaiʻi by Polynesians before European contact, 

such as the kukui, noni, and coconut: provided that suitable [species] cultivated 

plants can be [transplanted or otherwise] made available for this purpose without 

jeopardizing [other species or any] wild plants in their natural habitat; and 

provided further that wherever and whenever possible, indigenous land plants 

shall be used for landscaping on the island or islands on which the species 

originated. (B) Each [indigenous] plant or group of plants used pursuant to 

subsection (A) shall be clearly identified with [appropriate] signs for edification of 

the general public. 

 

ACT 236: Hawaiʻi Revised Statutes (1994): Chapter 103-24.6. 

Indigenous and Polynesian introduced plants; use in public landscaping. 

(A) Wherever and whenever feasible, all plans, designs, and specifications for 

new or renovated landscaping of any building, complex of buildings, facility, 

complex of facilities, or housing development by the State with public moneys 

shall incorporate indigenous land plant species, as defined in section 195D-2, 

and plant species brought to Hawaiʻi by Polynesians before European contact, 

such as the kukui, noni, and coconut; provided that suitable cultivated plants can 

be made available for this purpose without jeopardizing wild plants in their 

habitat: and provided further that wherever and whenever possible, indigenous 

land plants shall be used for landscaping on the islands or islands on which the  
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species originated, (B) Each plant or group of plants used pursuant to subsection 

(A) shall be clearly identified with signs for the edification of the general public. 
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